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B.1 Decision problem, description of the technology and

clinical care pathway

B 1.1 Decision problem

This submission focusses on part of the technology’s Marketing Authorisation,
namely patients who have failed with three or more prior migraine preventive
treatments (with failure defined as a lack of a clinically meaningful improvement,
intolerance or contraindication/unsuitability). The proposed position in the treatment
pathway is narrower than the Marketing Authorisation because:

e This is relevant to NHS clinical practice, as corroborated by clinical opinion; it
is unlikely that fremanezumab would be used in place of current oral
preventive therapies (such as topiramate, propranolol or amitriptyline) due to
the low cost of these therapies

e This position allows fremanezumab treatment to be focussed on patients who
do not respond sufficiently to other preventive therapies, and matches the
population where onabotulinumtoxin A has been approved; these patients
currently have a high unmet need with few treatment options available,
especially for those with episodic migraine for whom onabotulinumtoxin A is

not available.

A summary of how the decision problem is addressed by this submission is provided
in Table 1. It can be seen that in most aspects the published scope from NICE is
followed. This submission considers chronic migraine (CM) and episodic migraine
(EM) as separate populations wherever possible; as these populations have different
comparators (onabotulinumtoxin A is only recommended for use within CM).
Fremanezumab is available in two different dosing regimens, as a monthly or as a
quarterly subcutaneous injection(s). These two regimens deliver an equivalent dose
of fremanezumab (225mg per month/675mg quarterly) and have equivalent efficacy.
Data on the efficacy of the two dosing regimens are presented separately, as
reported in the clinical trials. Whereas cost-effectiveness is reported for both
regimens of fremanezumab together, based on the equivalence in dose, efficacy,

safety and price of the two regimens.
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The scope defines subgroups of interest as: chronic and episodic migraine; the
number of previous preventive treatments; and defined by the frequency of episodic
migraine. As mentioned above, chronic and episodic migraine are presented
separately wherever possible and the main focus of this submission is patients who
have failed three or more previous preventive treatments. This submission also
considers high-frequency episodic migraine (HFEM) as a separate subgroup
(defined as eight to fourteen monthly headache days). These patients have a high
unmet need due to onabotulinumtoxin A being unavailable to them, whilst having a

substantial burden of disease that has been found to be comparable to CM."
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Table 1 The decision problem

Final scope issued by NICE Decision problem addressed in | Rationale if different from
the company submission the final NICE scope
Population Adults with chronic or episodic migraine As per scope, with chronic and As onabotulinumtoxin A is only
episodic migraine considered recommended for use within
separately chronic migraine populations,
chronic and episodic migraine
have different comparators;
therefore, these populations
were considered separately
wherever possible.
Intervention Fremanezumab As per scope
Comparator(s) | Established clinical management for migraine Established clinical management | Other oral preventive
prevention without fremanezumab, including: for migraine prevention without treatments were not
e Oral preventive treatments (such as fremanezumab, including: considered as relevant
topiramate, propranolol, amitriptyline) e Onabotulinumtoxin A comparators for the proposed
Onabotuli toxin A Best i positioning of fremanezumab
o nabotulinum o.xm | o est supportive care (after three prior preventive
e Erenumab (subject to ongoing NICE treatment failures). Erenumab
appraisal) was not considered as a
e Best supportive care relevant comparator as it is not
currently approved by NICE
and hence is not a part of
current standard NHS practice
Outcomes The outcome measures to be considered include: As per scope
e Frequency of headache days per month
¢ Frequency of migraine days per month
e Severity of headaches and migraines
e Number of cumulative hours of headache or
migraine on headache or migraine days
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Final scope issued by NICE

Decision problem addressed in
the company submission

Rationale if different from
the final NICE scope

e Reduction in acute pharmacological
medication

e Adverse effects of treatment
e Health-related quality of life

Economic
analysis

The reference case stipulates that the cost
effectiveness of treatments should be expressed in
terms of incremental cost per quality-adjusted life
year.

If the technology is likely to provide similar or greater
health benefits at similar or lower cost than
technologies recommended in published NICE
technology appraisal guidance for the same
indication, a cost-comparison may be carried out.

The reference case stipulates that the time horizon
for estimating clinical and cost effectiveness should
be sufficiently long to reflect any differences in costs
or outcomes between the technologies being
compared.

Costs will be considered from an NHS and Personal
Social Services perspective.

The availability of any commercial arrangements for
the intervention, comparator and subsequent
treatment technologies will be taken into account

As per scope

Subgroups to
be considered

If the evidence allows, the following subgroups will be
considered:

e People with chronic or episodic migraine

e Subgroups defined by the number of previous
preventive treatments

As per scope
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Final scope issued by NICE

Decision problem addressed in
the company submission

Rationale if different from
the final NICE scope

e Subgroups defined by the frequency of
episodic migraine
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B 1.2 Description of the technology being appraised

Further regulatory details of fremanezumab are included within appendix C.

Table 2 Technology being appraised

UK approved name
and brand name

Ajovy® (fremanezumab)

Mechanism of action

Fremanezumab is a humanised IgG2Aa/kappa monoclonal
antibody derived from a murine precursor. Fremanezumab
selectively binds the calcitonin gene-related peptide (CGRP)
ligand and blocks both CGRP isoforms (a-and B-CGRP)
from binding to the CGRP receptor. While the precise
mechanism of action by which fremanezumab prevents
migraine attacks is unknown, it is believed that prevention of
migraine is obtained by its effect on modulating the
trigeminal system. CGRP levels have been shown to
increase significantly during migraine and return to normal
with headache relief

Marketing
authorisation/CE mark
status

Marketing Authorisation was granted on 28 March 2019

Indications and any
restriction(s) as
described in the
summary of product
characteristics (SmPC)

Fremanezumab is indicated for the prophylaxis of migraine
in adults who have at least four migraine days per month.

Fremanezumab is contraindicated in patients with a
hypersensitivity to the active substance or to any of the
excipients within the medicine.

Warnings and precautions for use:

e The name and the batch number of the administered
product should be clearly recorded to allow
traceability

e Hypersensitivity reactions were reported in less than
1% of patients in clinical trials; if a hypersensitivity
reaction occurs, discontinuation of fremanezumab
administration should be considered and appropriate
therapy should be initiated

¢ Patients with certain major cardiovascular diseases
were excluded from clinical studies and so no safety
data are available in these patients

e This product contains less than 1 mmol sodium per
dose and is essentially “sodium-free”.

Method of
administration and
dosage

Fremanezumab is administered by subcutaneous injection
at a dose of 225mg monthly, or at a dose of 675mg (3x
225mg) every 3 months (quarterly). Patients can self-inject
after instruction in subcutaneous self-injection technique by
a healthcare professional

Additional tests or
investigations

No additional tests or investigations are needed
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List price and average | £450 per 225mg injection
cost of a course of £5,400 per year
treatment

Calcitonin gene-related peptide (CGRP) is a 37 amino acid pro-inflammatory
neuropeptide which plays a key role in the underlying pathophysiology of migraine
and is present in the central and peripheral nervous systems, including the trigeminal
ganglion,? and has been proposed to contribute to pain transmission and
vasodilation.® In particular, it appears to play a major role in migraine development,
as CGRP levels have been found to be increased during migraine attacks;* and

when symptoms improve, CGRP serum levels were found to decrease.®

Fremanezumab is a fully humanised anti-CGRP monoclonal antibody developed for
the preventive treatment of migraine.® Fremanezumab potently and selectively binds
to both isoforms of CGRP (a and ), whilst its design ensures that the antibody does
not cross react with CGRPs’ closely related family members.® Fremanezumab
differs from erenumab, another monoclonal anti-CGRP developed for migraine
prevention, in the fact that the latter targets the CGRP receptor, giving both

antibodies differences in mechanism of action.6’

During a migraine attack, it has been demonstrated that CGRP levels are elevated.*
Fremanezumab sequesters CGRP thus interfering with the ligands ability to bind to
its receptor and hence prevent downstream signaling induced by the receptor.® This
in turn is thought to lead to the reduction in the frequency and severity of migraines

experienced by individuals.

Patient safety was a key focus during the development of this novel therapy. The
bioengineering of fremanezumab, an IgG2Aa antibody, enables the introduction of a
non-natural, human-mimicking sequence that does not activate complement
dependent lysis or trigger cytotoxic activities, whilst retaining the desirable IgG
properties, and therefore fremanezumab is postulated to have reduced
immunogenicity. This is demonstrated by the low rate of anti-drug antibodies in the
pivotal Phase Il studies.® Furthermore, fremanezumab has been developed with
patient convenience in mind, and so offers two dosing regimens (monthly or

quarterly), the only anti-CGRP therapy to do so.°
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In the clinical trials of fremanezumab involving patients with CM, a loading dose of
675mg was used in the monthly regimen. However, the Marketing Authorisation has
been granted without this loading dose in order to harmonise the dosing for
fremanezumab to 675mg every three months or 225mg every month. This
simplification of the dosing of fremanezumab was granted based on data
demonstrating equivalence in efficacy of the monthly regimen without the loading
dose to the quarterly regimen.? The first of these analyses was based on data from
the HALO and Phase Il studies of fremanezumab and compared efficacy between
patients with EM who had 212 headache days per month (considered as a good
surrogate for patients with CM) receiving monthly dosing (no loading dose) and
patients with CM receiving quarterly dosing. Analysis of the primary endpoint of
mean monthly migraine days in comparison to placebo showed a similar effect size
between these two groups, with no clinically meaningful difference in effect size
(least square mean difference versus placebo of [JJJli] for monthly fremanezumab in
patients with EM and [l for quarterly fremanezumab in patients with CM).
Furthermore, comparisons between all treatment groups in these patient populations
(patients with EM with =212 headache days per month and patients with CM) showed
no meaningful differences. A further analysis was conducted using exposure-
response models (built using clinical data from Phase Il and Phase lIb trials of
fremanezumab), which were developed to characterise the relationship between
plasma fremanezumab concentration and efficacy outcomes. This model was able
to predict responses consistent with clinical results, and predicted a treatment effect
of a comparable size in patients with CM receiving quarterly fremanezumab and
monthly fremanezumab (with no loading dose). Furthermore, it was found that a
single dose of 225mg or 675mg fremanezumab had very similar median times to
maximum concentration (tmax) of 5 to 7 days. The removal of the loading dose has
the advantage of simplifying the dosing of fremanezumab for both patients and
clinicians, whilst decreasing the risk of incorrect dosing. These data were
considered sufficient for the Marketing Authorisation to be granted without the
loading dose in CM, and the license to be granted for 675mg every three months or

225mg every month.
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B 1.3 Health condition and position of the technology in the

treatment pathway

B 1.3.1 Disease overview

Migraine is a common neurological disorder that is ranked amongst the top ten
causes of disability globally.® Additionally, migraine is recognised as the most
burdensome disease amongst neurological conditions evaluated as well as being
globally the sixth leading cause of years of life lost to disability.'%'" Migraine is a
complex condition that is characterised by recurrent attacks usually lasting for four to
72 hours and involving pulsating head pain of moderate to severe intensity.'?
Typically, the pain is unilateral, may be aggravated by normal physical activity and
can be accompanied by other physical symptoms such as nausea or vomiting,
photophobia and phonophobia.'? Ninety percent of patients report experiencing
moderate to severe pain during a migraine attack and 75% of patients experience
reduced functional ability.’ Some patients may experience a gradual development
of visual, sensory or other central nervous system symptoms prior to the onset of the

headache, this is described as a “migraine with aura”.?

Migraine can be classified by frequency of attacks as either EM or CM. The
definitions of the International Headache Society (IHS) (ICHD-3 criteria) are the most
widely accepted, and these define EM as headaches occurring on less than 15 days
per month.'? Whereas CM comprises headache occurring on 15 or more days per
month for more than three months, which exhibits migraine characteristics on at least
eight days per month.'> These guidelines define a migraine attack (without aura) as
a headache lasting at least four hours that includes at least two of the following
characteristics (unilateral location, pulsating quality, moderate or severe pain
intensity, aggravation by or causing avoidance of routine physical activity) and at
least one of the following characteristics (nausea/vomiting, photophobia and
phonophobia).’? For classification as “migraine with aura” it is required that one or
more aura symptoms has at least three of the following characteristics (at least one
aura symptom spreads gradually over 25 minutes; two or more aura symptoms occur
in succession; each individual aura symptom lasts 5-60 minutes; at least one aura
symptom is unilateral; at least one aura symptom is positive; the aura is
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accompanied, or followed within 60 minutes, by headache).'?> The British
Association for the Study of Headache (BASH) guidelines refer to the IHS ICHD-3
guidelines as being the internationally recognised standards for diagnosis in

migraine.™

The classification of HFEM applies to patients with EM at the upper end of attack
frequency. In a comparative study involving 1,109 patients with migraine, patients
with HFEM were found to have similar migraine characteristics as patients with CM
and were notably different from other patients with EM.! This study demonstrated
that the EM population of patients were not homogenous; statistically significant
differences were observed across multiple variables when comparing HFEM and
low-frequency EM (LFEM) patients. Such differences included migraine disability
assessment (MIDAS) score, State/Trait Anxiety Inventory and Beck Depression
Inventory, where HFEM patients are more severely affected compared to LFEM
patients. Indeed, when HFEM was compared to CM, there was no statistical
significance in any of these aforementioned parameters,' demonstrating that the
reduced quality of life and unmet need in HFEM is comparable to that in CM

patients.

In the study above, HFEM was defined as patients experiencing ten to fourteen
headache days per month." However, a definition of HFEM has not been set within
the ICHD-3 guidelines,'? and no clearly accepted definition has been consistently
adopted within research literature. Therefore, based on the advice received from
clinical experts and the definitions used within clinical trials of fremanezumab, Teva

has considered HFEM to be those patients with eight to 14 monthly headache days.

Accurate classification of migraine can also be difficult in some patients as headache
characteristics can be inconsistent over time;'? patients can present with either
episodic or chronic migraine and their condition can worsen or improve over the
course of the disease with or without treatment intervention. Globally, it is
recognised that around 3% of patients per year can progress from EM to CM,'® and
a similar or higher number revert from CM to EM."® Based on an adult population of
43.7 million in England in 2017 (latest available figures),!” there are estimated to be

over 6 million adults who experience migraine. As EM accounts for around 90% of
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patients,'®° this it would mean that approximately 160,000 episodic migraine
patients are at risk of progressing to CM every year. However, there is a lack of
long-term data on the clinical course of migraine within patients and any possible

reasons behind these changes.

Changes in migraine frequency over time can be driven by fluctuation in hormone
levels (e.g. with the onset of menopause).?® Poor management of migraine, due to
ineffective acute treatment,?! is also associated with an increased risk of migraine
chronification. Particularly for CM patients, an increased risk of medication overuse
headache is a substantial concern, with around half of patients reverting to EM once
their acute medication overuse is stopped.’? Other risk factors for CM include
obesity (especially when in combination with insulin resistance or other symptoms of
metabolic syndrome), craniomandibular disorders and psychological factors (such as

depression or stressful life events).??

In summary, the relationship between headache frequency, levels of disability and
quality of life is not linear. This is further complicated by the fact that migraine
characteristics can change over the course of the disease, in terms of frequency and
severity. Taken together, this highlights the need for effective and well-tolerated
treatments that are available across the full migraine spectrum of EM and CM,;
especially as some EM patients have a level of disability and quality of life
comparable to that of CM patients. Currently, EM patients are excluded from

receiving onabotulinumtoxin A treatment, which is reserved for CM.

B 1.3.2 Epidemiology

Migraine has an estimated global lifetime prevalence of 13%.° This disease is known
to affect women more frequently than men, with migraine prevalence rates in
Western Europe and North America of 5-9% for men and 12-25% for women.?® In
the UK, the lifetime prevalence of migraine has been reported based on a database
analysis of the National Child Development Studies.?* This study followed 17,415
individuals born in one week of March 1958, and found the lifetime prevalence of
migraine was 11% for women and 5% for men (in the 5,799 participants analysed for
migraine).?* Figures from a systematic survey in England during the early 2000s

reported the one-year prevalence of migraine at 14%, with a rate two times higher in

Company evidence submission for fremanezumab for preventing chronic and episodic
migraine [ID1368]

© Teva UK Limited (2019). All rights reserved Page 16 of 183



women than in men (18% versus 7%).?5> Migraine prevalence has been shown to
rise through early adult life with a peak at 30 to 40 years.?®> The incidence of
migraine has been less reported in the literature, but results from a UK study using
the General Practice Research Database found an incidence rate of migraine of 3.7
per 1,000 person-years.?® Again, this study showed a higher rate of migraine in
women (5.2 per 1,000 person-years) than men (2.1 per 1,000 person-years).?8
Based on an adult population of 43.7 million in England in 2017 (latest available
figures),'” there are estimated to be over 6 million adults who experience migraine
and over 150,000 new adult cases each year. Furthermore, it is recognised that the
prevalence and frequency of migraine attacks decrease with age. Reports state that
for two-thirds of migraine patients, frequency of attacks decrease with age.
Specifically in females who have started their menopause, studies suggest that 20%
of migraineurs lose their attacks per 10 years of life,?” highlighting that migraine is
not a lifelong disease. Taken together, it is clear that migraine is not only a prevalent
disease but also one that impacts individuals during some of the most productive

years of their lives.

There is a general lack of studies investigating the relative prevalence of EM and
CM. Within the literature, two large studies from the USA have been identified which
report that CM makes up 9-12% of adult migraine cases.'®'® Therefore, EM can be

reasoned to account for the remaining 88-91% of patients.'819

When considering the population relevant to this appraisal it is notable that many
patients with migraine will not be able to manage their migraine through non-
pharmacological means or through acute treatment of migraine attacks. Data from
the UK show that around 28% of patients with EM and 32% of patients with CM
require preventive migraine therapies.?® Only 9% of EM and 28% of CM patients

have used more than three different preventive treatments.?®

Based on the available evidence, migraine does not appear to substantially impact
mortality, as was concluded in a meta-analysis conducted in 2011.3° A population-
based cohort study from 2015 in Norway gave similar results, with no significant

difference in the adjusted hazard ratios for mortality between patients with migraine

and those without.3"
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B 1.3.3 Disease burden

B 1.3.3.1 Clinical burden

Migraine can be a hugely disabling condition due to the attacks that characterise this
condition. Globally migraine is recognised at the sixth leading cause of years of life
lost to disability. Evidence also suggests that disability is not only associated with
the migraine attack itself but also the periods in between attacks, the interictal
period, where patients experience functional impairment, with physical, emotional,

economic, and social ramifications.3?

It is not surprising that CM causes higher migraine-related disability than EM.282°
The UK results from two large multinational surveys show that 88% of CM patients

reported very severe disability, whereas for EM this was 20-24% (Table 3).282°

Table 3: Reported disability of CM and EM in UK patients?82°

2012 2013
MIDAS score EM (n=1,013) | CM (n=57) EM (n=107) CM (n=50)
Grade 1 o 0 o o
(little disability) 28% 5% 29% 2%
Grade 2 o o o o
(mild disability) 22% 2% 29% 4%
Grade 3 o o o o
(moderate disability) 26% 5% 22% 6%
Grade 4
(severelvery severe | 24% 88% 20% 88%
disability)

However, it should be noted that the EM population of patients is not considered to
be homogenous. In a clinical comparison of migraine types (n=1,109), there were
clear differences in migraine-related disability between EM and CM with the latter
exhibiting a greater burden.” However, patients with HFEM were more closely
aligned to patients with CM regarding headache-related disability outcomes and
impact on daily life than to patients with LFEM." When LFEM was compared to
HFEM, MIDAS score, State/Trait Anxiety Inventory and Beck Depression Inventory
differed significantly, with patients with HFEM being more severely affected.
However, when HFEM was compared to CM, there was no statistical significance in

any of these parameters.! Based on these findings, the traditional way of classifying
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migraine, based on numbers of headache days, may prevent patients with HFEM
from accessing therapies that are available to patients with CM, even though the
disability, reduced quality of life and unmet need between the two groups is

comparable.

Patients with migraine are often affected by other conditions, with 79% of patients
reporting at least one comorbidity and some reporting as many as seven.*
Depression (33%) and anxiety (31%) were the most frequently listed conditions.33
Notably, patients with CM are more likely to be affected by comorbidities than
patients with EM.2® Studies have also shown that patients with migraine have
reduced quality of life (QoL).2* In a population-based survey undertaken in England,
patients with migraine scored lower in eight out of nine tested aspects in the Medical
Outcomes Study Short Form 36-Item Health Survey (a generic instrument for
measuring self-reported QoL in chronic conditions) compared to matched controls

without migraine.3®

Furthermore, migraine has been found to negatively impact the family lives of
patients, from causing relationship difficulties and breakups to causing children and
partners to miss out on school or social activities.®® Almost half of migraine patients
have reported that they miss family, social and leisure activities and almost a third of
patients avoided planning future activities or events, in the fear that they may suffer

from a migraine.®’

B 1.3.3.2 Economic burden

Migraine causes a substantial economic burden on healthcare systems. In the UK,
the annual direct costs per person with migraine have been estimated to be £736.58
for EM and £3,160.67 for CM in 2010.22 Based on these figures, the annual direct
cost of migraine on the NHS could be as high as £6 billion. While there appear to be
clear differences regarding the economic burden between EM and CM, HFEM

appears to be relatively similar to CM (Table 4).38
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Table 4: Resource use of patients with high-frequency EM and CM38

Category High-frequency CM (n=128) p-value
EM (n=105)

Mean ER visits (SD) 1.0 (2.2) 1.0 (2.6) NS

Mean hospitalisations (SD) 0.2 (1.0) 0.2 (1.5) NS

Mean HCP visits (SD) 5.6 (5.7) 9.6 (11.4) <0.05

Patients paying >$100 for 13 (12.4) 18 (14.1) NS

migraine prescription therapies

(%)

Patients paying >$200 for 9 (8.6) 9 (7.0) -

migraine-related HCP visits (%)

The impact of migraine extends beyond its direct costs on healthcare systems and
absenteeism is a common occurrence for many patients with migraine. This impact
is particularly important for migraine due to its prevalence in adults of working age.?®
An international survey (n=8,271) reported that more than a quarter of people with
migraine lost more than five days of work, household, family, social or leisure
activities in the previous three months, with 10% of men and 16% of women losing
more than 20 days.3® A survey that compared the impact of EM and CM found that
patients with EM missed a mean of four work/school days during a four-week period,
whereas patients with CM missed a mean of nine days during the same period.3°
Patients with CM also reported more work/school days where they experienced
headache symptoms compared to patients with EM (17 versus five days,
respectively).®® A UK-based study reported the number of days of absenteeism by
MIDAS category, with higher grades of disability associated with more days of work
missed.3® Patients with severe disability (Grade 4) missed 48 days during a three-
month period.3? It is estimated that in the UK, over 100,000 people are absent due to
migraine every day, leading to 25 million lost school or work days every year.?®> The
economic burden caused by absenteeism and reduced productivity in migraine is
very large and is estimated to be around €27 billion in Europe (€3.2 billion in the
UK).4% Overall, indirect costs (such as absenteeism) account for more than 90% of
the total cost of migraine.*! A more recent report, developed by the Work
Foundation, reported that 43 million work days are lost to absenteeism every year in
the UK and additional 43 million work days are lost due to presenteeism. Together,

this was estimated to impose a total cost of just under £8.8 billion every year.?
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In summary, migraine is a prevalent condition that impacts many individuals’ lives,
their families and friends. This neurological condition is disabling, during attacks and
between attacks, and negatively impacts a patient’s quality of life. Disease burden is
higher in CM compared to EM; however, HFEM patients are thought to be
comparable to CM in terms of disability, reduced quality of life and unmet need.
Migraine patients not only contribute to an economic burden on healthcare systems

but also on society as a whole, through loss of productivity.

B 1.3.4 Current guidelines for prophylaxis in migraine

The following NICE guidelines and guidance are potentially relevant to this appraisal:

e Headaches in over 12s: diagnosis and management (CG150)*

e Headaches in over 12s (QS42)*

e Botulinum toxin type A for the prevention of headaches in adults with chronic
migraine (TA260)*

e Transcranial magnetic stimulation for treating and preventing migraine
(IPG477)4

e Percutaneous closure of patent foramen ovale for recurrent migraine
(IPG370)*

e Occipital nerve stimulation for intractable chronic migraine (IPG452)*

e Transcutaneous electrical stimulation of the supraorbital nerve for treating and
preventing migraine (IPG559)*°

e Transcutaneous stimulation of the cervical branch of the vagus nerve for
cluster headache and migraine (IPG552)°°

e Implantation of a sphenopalatine ganglion stimulation device for chronic
cluster headache (IPG527).%

The current treatment pathway for preventive therapies in patients with EM and CM
based on NICE guidance is summarised in Figure 1. This pathway is based mainly
on CG150, which recommends topiramate and propranolol as treatment options.*3
These guidelines also recommend considering amitriptyline and advising that
riboflavin may be effective in reducing frequency and intensity of migraine attacks.*3
The guidelines also recommend offering a course of up to 10 sessions of
acupuncture to patients for whom topiramate and propranolol are ineffective or not

Company evidence submission for fremanezumab for preventing chronic and episodic
migraine [ID1368]

© Teva UK Limited (2019). All rights reserved Page 21 of 183



suitable.*® Within the guidance of CG150, there is also a recommendation that the
need for preventive treatment is reviewed after 6 months.** For chronic migraine,
TA260 adds onabotulinumtoxin A as an option for patients who have failed three
other preventive therapies.*® Anti-CGRP therapies, such as fremanezumab, are

expected to fit as an alternative option to onabotulinumtoxin A.

Figure 1: NICE preventive treatment pathways for patients with migraine
(including proposed positioning of fremanezumab)*345

Patients with episodic migraine Patients with chronic migraine

v v
First-line therapy Topiramate OR propranolol Topiramate OR propranolol
OR amitriptyline OR amitriptyline

Inadequate response OR intolerance

Second-line Topiramate OR propranolol Topiramate OR propranolol
therapy OR amitriptyline OR amitriptyline

Inadequate response OR intolerance

Third-line therapy Topiramate OR propranolol Topiramate OR propranolol
OR amitriptyline OR amitriptyline

i 1

Inadequate respo:nse OR intolerance OR not suitable/contraindicated

Onabotulinumtoxin A OR
best supportive care OR

fremanezumab

Fourth-line Best supportive care OR
therapy fremanezumab

There are two other major UK guidelines related to migraine. The BASH guidelines
differs from those of NICE in that they recommend topiramate as a second-line
therapy in the prevention of migraine.' Amitriptyline and beta blockers (propranolol)
are recommended as a first-line treatment options. Gabapentin, which is not
recommended by NICE,* is included as a third-line treatment in the BASH
guidelines.' In contrast, riboflavin, which is recommended for consideration by
NICE,* is not recommended by BASH due to insufficient evidence.' BASH
recommends that treatment is continued for six months before withdrawal is

considered.™
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The other guideline of interest is published by the Scottish Intercollegiate Guidelines
Network (SIGN) and is generally in line with the recommendations made by NICE.>?
Notably, the SIGN guidelines recommend candesartan as a preventive treatment
option, mainly due to it being an inexpensive drug with a well-established safety
profile. Sodium valproate and flunarizine are also included as options for the
prevention of migraine.>?> The SIGN guidelines include a recommendation that
efficacy should be evaluated over at least three months and that the need for

ongoing prevention should be considered after six to twelve months of treatment.5?

In addition to the general guidelines on the treatment of migraine summarised above,
the European Headache Federation (EHF) has recently published guidelines on the
specific usage of anti-CGRP therapies.>® These consensus guidelines summarise
the current available evidence for the efficacy of anti-CGRP therapies and
recommend that these treatments are used in patients who have failed two or more
available migraine preventive therapies.>®* The EHF guidelines also recommend that
continuation on treatment should be managed in the same way as for other
preventive therapies; in that treatment should continue for at least 6-12 months in

patients who have shown an adequate response before stopping is considered.53

Clinical experts consulted by Teva in preparation for this appraisal advised that a
variety of clinical practice currently exists within the NHS regarding migraine
prevention.>* This tends to follow the above guidelines, but often with local variation
in the treatments offered and the order in which treatments are likely to be
prescribed. In addition, there was likely to be consideration of more invasive
procedures (such as occipital nerve block and trigeminal nerve stimulation) should all

other therapies fail.

The current treatment pathway highlights the need for new preventive therapies in
the field of migraine that are specifically designed to target the underlying
pathophysiology of the condition. There are currently very limited treatment options
for those intolerant to the three first-line therapies and onabotulinumtoxin A.#3 Even
for those patients where onabotulinumtoxin A is a treatment option, often it can be
burdensome. Onabotulinumtoxin A treatment needs to be administered in a clinic by

a trained healthcare professional,*®> meaning that clinic capacity may cause a delay
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in receiving treatment cycles. In addition to this, this therapy is a relatively invasive
technique, consisting of 31 injections in the head and neck region over

approximately a 30 minute period.*®

It has been shown that a subset of patients will fail to respond to at least three
preventive therapies.?® For example, 46% of patients may not respond to
topiramate, 68% may not respond to propanolol and 54% may not respond to
amitriptyline.5%56.57.58  As demonstrated in the previous sections, these patients may
face substantial disability and, currently, there are no further recommended
treatment options available to them (except for onabotulinumtoxin A for patients with
CM).43

B 1.4 Equality considerations

Migraine is a condition that is more common in women. In a survey conducted in
England during the early 2000s, women had an approximately two times higher
migraine prevalence compared to men (18% vs 7%).2°> Therefore, restricting access
to migraine therapies will disadvantage women to a greater extent than men. There

are no other equality factors that require consideration in this appraisal.
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B.2 Clinical effectiveness

B 2.1 Identification and selection of relevant studies

See Appendix D for full details of the process and methods used to identify and

select the clinical evidence relevant to the technology being appraised.

B 2.2 List of relevant clinical effectiveness evidence

There are three relevant randomised-controlled trials (RCTs) that have been
conducted that provide evidence on the efficacy and safety of fremanezumab in
patients with migraine. The key trials used to provide data within the application for
a Marketing Authorisation are the HALO CM and EM trials. These trials investigated
the efficacy and safety of fremanezumab in EM and CM patients (EM NCT02629861;
CM NCT02621931). In addition, the FOCUS trial (NCT03308968) has recently been
completed, which investigated the efficacy and safety of fremanezumab in patients
with EM and CM who have had an inadequate response to two to four previous
classes of preventive therapy (defined as a lack of a clinically meaningful
improvement as per treating physician’s judgement after at least 3 months of therapy
at a stable dose, intolerance to the treatment or contraindication/unsuitability for a
treatment). The FOCUS trial therefore provides data that are highly relevant to this
appraisal and the expected place of fremanezumab in the migraine treatment
pathway for patients with three or more treatment failures. No relevant non-RCT
evidence for fremanezumab was identified through the systematic literature review

conducted.
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Table 5 Clinical effectiveness evidence — HALO EM trial

Study

HALO EM

Primary study reference

Dodick et al. 2018°%°

Study design

Multicentre, randomised, double-blind, placebo-controlled,
parallel-group trial

Population

Adults with a history of migraine for at least 12 months and
episodic migraine

Intervention(s)

¢ Fremanezumab (225mg monthly)
o Fremanezumab (675mg quarterly)

Comparator(s)

Placebo

Indicate if trial supports
application for
marketing authorisation

Indicate if trial used in the | Yes

economic model

Yes X

No No X

Rationale for use/non-
use in the model

The HALO EM trial does not provide data on the patient
population (3+ previous therapies) included within the
economic modelling

Reported outcomes
specified in the decision
problem

¢ Mean change from baseline in monthly average number
of migraine days (primary endpoint)

¢ Mean change from baseline in monthly average number
of days of use of any acute headache medication
(secondary endpoint)

e Migraine Disability Assessment (severity & HRQoL,
secondary endpoint)

¢ Migraine-Specific Quality of Life Questionnaire (HRQoL,
exploratory endpoint)

¢ Mean change from baseline in monthly average number
of headache days (exploratory endpoint)

¢ Mean change from baseline in monthly average number
of headache hours of any severity (exploratory endpoint)

¢ Mean change from baseline in monthly average number
of headache hours of at least moderate severity
(exploratory endpoint)

All other reported
outcomes

o Patients with at least 50% reduction from baseline in
monthly average number of migraine days (secondary
endpoint)
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Table 6 Clinical effectiveness evidence — HALO CM trial

Study

HALO CM

Primary study reference

Silberstein et al. 201790

Study design

Multicentre, randomised, double-blind, placebo-controlled,
parallel-group trial

Population

Adults with a history of migraine for at least 12 months and
chronic migraine

Intervention(s)

¢ Fremanezumab (675mg followed by 225mg monthly)
e Fremanezumab (675mg quarterly)

Comparator(s) e Placebo

Indicate if trial supports | Yes X Indicate if trial used in the | Yes
application for economic model

marketing authorisation | NO No X

Rationale for use/non-
use in the model

The HALO CM ftrial does not provide data on the patient
population (3+ previous therapies) included within the
economic modelling

Reported outcomes
specified in the decision
problem

¢ Mean change from baseline in monthly average number
of headache days of at least moderate severity (primary
endpoint)

¢ Mean change from baseline in monthly average number
of migraine days (secondary endpoint)

¢ Mean change from baseline in monthly average number
of days of use of any acute headache medication
(secondary endpoint)

e Six-ltem Headache Impact Test (severity & HRQoL,
secondary endpoint)

¢ Migraine-Specific Quality of Life Questionnaire (HRQoL,
exploratory endpoint)

¢ Mean change from baseline in monthly average number
of headache hours of any severity (exploratory endpoint)

¢ Mean change from baseline in monthly average number
of headache hours of at least moderate severity
(exploratory endpoint)

All other reported
outcomes

e Patients with at least 50% reduction from baseline in
monthly average number of migraine days (exploratory
endpoint)
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Table 7 Clinical effectiveness evidence — FOCUS trial

Study

FOCUS

Primary study reference

FOCUS results®?

Study design

Multicentre, randomised, double-blind, placebo-controlled,
parallel-group trial

Population

Adults with migraine and inadequate response to 2 to 4
classes of prior preventive treatments

Intervention(s)

¢ Fremanezumab (225mg monthly [EM patients] or 675mg
followed by 225mg monthly [CM patients])

¢ Fremanezumab (675mg quarterly) [both EM and CM
patients]

Comparator(s) Placebo

Indicate if trial supports | Yes Indicate if trial used in the | Yes X
application for economic model

marketing authorisation | NO X No

Rationale for use/non-
use in the model

The FOCUS trial includes only patients who have had an
inadequate response to prior preventive treatments for
migraine, which includes the most relevant data on the
population of interest for this appraisal

Reported outcomes
specified in the decision
problem

¢ Mean change from baseline in monthly average
number of migraine days (primary endpoint)

¢ Mean change from baseline in monthly average number
of headache days of at least moderate severity
(secondary endpoint)

¢ Mean change from baseline in monthly average number
of days of use of any acute headache medication
(secondary endpoint)

¢ Six-ltem Headache Impact Test (severity & HRQoL,
exploratory endpoint)

¢ Migraine-Specific Quality of Life Questionnaire
(HRQoL, exploratory endpoint)

¢ Mean change from baseline in monthly average number
of headache hours of at least moderate severity
(exploratory endpoint)

All other reported
outcomes

e Patients with at least 50% reduction from baseline in
the monthly average number of migraine days
(secondary endpoint)
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B 2.3 Summary of methodology of the relevant clinical

effectiveness evidence

B 2.3.1 Summary of clinical trial methodologies

The two HALO trials were 16-week RCTs that consisted of an initial screening visit to
confirm eligibility and confirm enrolment; a 28-day run-in period (for establishment of
baseline); and a 12-week (84-day) treatment period. Patients were seen at five
scheduled clinic visits: at screening, baseline (dose 1), weeks 4 (dose 2) and 8 (dose
3), and week 12 (end of treatment), or at the time of withdrawal from the trial.
Headache information was captured daily throughout study participation using an
electronic headache diary device. Within the study, patients were randomised 1:1:1
between the three arms (monthly fremanezumab, quarterly fremanezumab and
placebo), stratified by sex, country, and baseline preventive migraine medication
use. Randomisation was performed using centrally located electronic interactive
response technology. All patients and investigators were blinded to treatment
assignments. Fremanezumab and placebo injection kits were identical in

appearance and placebo was administered at the same volume as fremanezumab.

The FOCUS trial was a 16-week RCT that consisted of an initial screening visit to
confirm eligibility and confirm enrolment; a 28-day run-in period; and a 12-week (84-
day) treatment period. Patients were seen at five scheduled clinic visits: at
screening, baseline (dose 1), weeks 4 (dose 2) and 8 (dose 3), and week 12 (end of
treatment), or at the time of withdrawal from the trial. Headache information was
captured daily throughout study participation using an electronic headache diary
device. Within the study, patients were randomised 1:1:1 between the three arms
(monthly fremanezumab, quarterly fremanezumab and placebo) stratified by sex,
country, and baseline preventive migraine medication use. Randomisation was
performed using centrally located electronic interactive response technology. All
patients and investigators were blinded to treatment assignments. Placebo
injections were designed to match fremanezumab injections and consisted of the

same vehicle and excipients.
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Table 8 Comparative summary of clinical trial methodology

Trial acronym

HALO EM

HALO CM

FOCUS

Episodic migraine

Chronic migraine

Location International study in nine countries (USA, Canada, Czech | International study in fourteen countries (USA, Belgium,
Republic, Finland, Israel, Japan, Poland, Russia, Spain) Czech Republic, Denmark, Finland, France, Germany,
Italy, Netherlands, Poland, Spain, Sweden, Switzerland,
UK)
Trial design Phase lll, multicentre, randomised, double-blind, placebo- | Phase llIb, multicentre, randomised, double-blind,

controlled, parallel-group trial

placebo-controlled, parallel-group trial

Eligibility criteria for
participants

Have episodic migraine
during the 28-day run-in
period (headache on 6-14
days, with 24 days fulfilling
ICHD-3 beta criteria for
migraine with or without
aura, probable migraine, or
required use of triptans or
ergot derivatives)

Have chronic migraine
during the 28-day run-in
period (headache on 215
days, with 28 days fulfilling
ICHD-3 beta criteria for
migraine with or without
aura, probable migraine, or
required use of triptans or
ergot derivatives on)

Have episodic migraine
during the 28-day run-in
period (headache on 6-14
days, with 24 days fulfilling
ICHD-3 beta criteria for
migraine with or without
aura, probable migraine, or
required use of triptans or
ergot derivatives)

Have chronic migraine
during the 28-day run-in
period (headache on 215
days, with 28 days fulfilling
ICHD-3 beta criteria for
migraine with or without
aura, probable migraine, or
required use of triptans or
ergot derivatives on)

Key inclusion criteria
e Aged 18 to 70 years

¢ History of migraine based on ICHD-3 beta criteria for at
least 12 months prior to screening

e Migraine onset at or prior to age 50
Key exclusion criteria

e Use of onabotulinumtoxin A during previous four months
before screening

e Use of interventions or devices for migraine, such as
nerve blocks and transcranial magnetic stimulation,
during previous two months prior to screening

Key inclusion criteria
e Aged 18 to 70 years

¢ History of migraine based on ICHD-3 beta criteria for at
least 12 months prior to screening

e Migraine onset at or prior to age 50

¢ Documented inadequate response to 2 to 4 classes of
prior preventive migraine medications* within the past
10 years (defined as a lack of a clinically meaningful
improvement after at least 3 months of therapy,
intolerance to the treatment or
contraindication/unsuitability for a treatment)

Key exclusion criteria

Company evidence submission for fremanezumab for preventing chronic and episodic migraine [ID1368]

© Teva UK Limited (2019). All rights reserved

Page 30 of 183




Use of onabotulinumtoxin A during previous three
months prior to screening

Use of interventions or devices for migraine, such as
nerve blocks and transcranial magnetic stimulation,
during previous two months prior to screening

Use of opioids or barbiturate medications on more than
four days during the 28-day run-in period

¢ Use of preventive migraine medication for longer than 5

e Use of opioid or barbiturate medications on more than o
four days during the 28-day run-in period
¢ A lack of efficacy after 23 months of treatment of at least | e
two of four classes of preventive medications

Full inclusion and exclusion criteria are given in Appendix
L o

days prior to the screening visit
o Use of triptans/ergots as preventive therapies
Full inclusion and exclusion criteria are given in Appendix

L

Settings and locations
where the data were
collected

136 centres in nine
countries (United States
(n=88), Canada (n=5),
Czech Republic (n=6),
Finland (n=3), Israel (n=6),
Japan (n=12), Poland (n=5),
Russian Federation (n=7),
Spain (n=4))

132 sites in nine countries
(United States (n=87),
Canada (n=4), Czech
Republic (n=6), Finland
(n=3), Israel (n=4), Japan
(n=12), Poland (n=5),
Russian Federation (n=7),
Spain (n=4))

113 sites in nine countries (United States (n=30), Belgium
(n=4), Czech Republic (n=10), Denmark (n=5), Finland
(n=6), France (n=6), Germany (n=12), ltaly (n=2),
Netherlands (n=4), Poland (n=9), Spain (n=11), Sweden
(n=5), Switzerland (n=3), United Kingdom (n=6))

Trial drugs

Patients were randomised
1:1:1 (stratified by sex,
country, and baseline
preventive migraine
medication use) to receive:

e Fremanezumab monthly
n=290 (one 225mg
fremanezumab injection
(1.5mL) and two 1.5mL
placebo injections at
baseline; one 225mg

Patients were randomised
1:1:1 (stratified by sex,
country, and baseline
preventive migraine
medication use) to receive:

e Fremanezumab monthly
n=379 (675mg (three
225mg injections
[1.5mL]) fremanezumab
at baseline; one 225mg
fremanezumab injection
(1.5mL) at weeks 4&8)

Patients were randomised
1:1:1 (stratified by gender,
country, and special
treatment failure defined as
inadequate response to
valproic acid and two to
three other migraine
preventive medication) to
receive:

e Fremanezumab monthly
n=110 (one 225mg
fremanezumab injection

Patients were randomised
1:1:1 (stratified by gender,
country, and special
treatment failure defined as
inadequate response to
valproic acid and two to
three other migraine
preventive medication) to
receive:

e Fremanezumab monthly
n=173 (675mg (three
225mg injections
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fremanezumab injection
(1.5mL) at weeks 4&8)

e Fremanezumab quarterly
n=291 (675mg (three
225mg injections
[1.5mL]) fremanezumab
at baseline; one 1.5mL
placebo injection at
weeks 4&8)

o Placebo n=294 (three
1.5mL placebo injections
at baseline; one 1.5mL
placebo injection at
weeks 4&8)

Administration of study
drugs was conducted at
study centres during
scheduled study visits

¢ Fremanezumab quarterly
n=376 (675mg (three
225mg injections
[1.5mL]) fremanezumab
at baseline; one 1.5mL
placebo injection at
weeks 4&8)

¢ Placebo n=375 (three
1.5mL placebo injections
at baseline; one 1.5mL
placebo injection at
weeks 4&8)

Administration of study
drugs was conducted at
study centres during
scheduled study visits

(1.5mL) and two 1.5mL
placebo injections at
baseline; one 225mg
fremanezumab injection
(1.5mL) at weeks 4&8)

o Fremanezumab quarterly
n=107 (675mg (three
225mg injections
[1.5mL]) fremanezumab
at baseline; one 1.5mL
placebo injection) at
weeks 4&8

e Placebo n=112 (three
1.5mL placebo injections
at baseline; one 1.5mL
placebo injection at
weeks 4&8)

Administration of study
drugs was conducted at
study centres during
scheduled study visits

[1.5mL]) fremanezumab
at baseline; one 225mg
fremanezumab injection
(1.5mL) at weeks 4&8)

e Fremanezumab quarterly
n=169 (675mg (three
225mg injections
[1.5mL]) fremanezumab
at baseline; one 1.5mL
placebo injection at
weeks 4&8)

e Placebo n=167 (three
1.5mL placebo injections
at baseline; one 1.5mL
placebo injection at
weeks 4&8)

Administration of study
drugs was conducted at
study centres during
scheduled study visits

Permitted and disallowed
concomitant medication

A subset of patients were allowed to continue use of one
preventive migraine medication if dosing had been stable

for =2 months

Acute headache medications were permitted

At least five half-lives of prior preventive migraine

therapies must have passed

Acute medication to treat migraine and drugs to treat
adverse events were permitted

Primary outcome

Mean change from baseline
in monthly average number
of migraine days (defined
as day with either at least 2
consecutive hours of a
headache meeting criteria
for migraine (with or without
aura); probable migraine

Mean change from baseline
in monthly average number
of headache days of at least
moderate severity (defined
as day with headache pain
that lasted at least 4
consecutive hours and had
a peak severity of at least

Mean change from baseline in the monthly average
number of migraine days (defined as a day with either at
least four consecutive hours of a headache meeting
criteria for migraine (with or without aura); probable
migraine (only one migraine criterion missing); or
headache of any duration treated with migraine-specific
acute medication) during the 12-week period after the first

dose
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(only one migraine criterion
absent); or day when acute
migraine medication was
required) during 12-week
period after the first dose

moderate; or day when
when acute migraine
medication was required)
during the 12-week period
after the first dose

Assessment methods for
primary outcomes

Clinical data were derived from an electronic headache
diary device used daily by study participants, which
recorded headache durations, symptoms, severity and
acute medication usage. Patients were seen at five
scheduled visits for protocol-specified evaluations: at
screening, baseline, weeks 4 and 8, and week 12, or at the
time of early withdrawal from the trial

Clinical data were derived from an electronic headache
diary device used daily by study participants, which
recorded headache durations, symptoms, severity and
acute medication usage. Patients were seen at scheduled
visits for protocol-specified evaluations: at screening,
baseline, weeks 4, 8, 12, 16 and week 20 or at the time of

early withdrawal from the trial

Other outcomes used in
the economic
model/specified in the
scope

¢ Mean change from ¢ Mean change from
baseline in monthly baseline in monthly
average number of days average number of
of use of any acute migraine days
headache medication (secondary endpoint)
(secondary endpoint) e Mean change from

e Migraine Disability baseline in monthly
Assessment (secondary average number of days
endpoint) of use of any acute

« Patients with at least headache medication
50% reduction from (secondary endpoint)
baseline in monthly ¢ Six-ltem Headache
average number of Impact Test (secondary
migraine days endpoint)
(secondary endpoint) e Patients with at least

¢ Migraine-Specific Quality 50% reduction from
of Life Questionnaire baseline in monthly
(exploratory endpoint) average number of

e Mean change from migraine days .
baseline in monthly (exploratory endpoint)
average number of

¢ Mean change from
baseline in monthly
average number of days
of use of any acute
headache medication
(secondary endpoint)

e Migraine Disability
Assessment (secondary
endpoint)

o Patients with at least
50% reduction from
baseline in monthly
average number of
migraine days
(secondary endpoint)

¢ Migraine-Specific Quality
of Life Questionnaire
(exploratory endpoint)

¢ Mean change from
baseline in monthly
average number of

¢ Mean change from
baseline in monthly
average number of days
of use of any acute
headache medication
(secondary endpoint)

¢ Six-ltem Headache
Impact Test (secondary
endpoint)

e Patients with at least
50% reduction from
baseline in monthly
average number of
migraine days
(secondary endpoint)

¢ Migraine-Specific Quality
of Life Questionnaire
(exploratory endpoint)

¢ Mean change from
baseline in monthly
average number of
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headache days
(exploratory endpoint)

e Mean change from
baseline in monthly
average number of
headache hours of any
severity (exploratory
endpoint)

¢ Mean change from
baseline in monthly
average number of
headache hours of at
least moderate severity
(exploratory endpoint)

e Migraine-Specific Quality
of Life Questionnaire
(exploratory endpoint)

¢ Mean change from
baseline in monthly
average number of
headache hours of any
severity (exploratory
endpoint)

¢ Mean change from
baseline in monthly
average number of
headache hours of at
least moderate severity
(exploratory endpoint)

headache hours of any
severity (exploratory
endpoint)

¢ Mean change from
baseline in monthly
average number of
headache hours of at
least moderate severity
(exploratory endpoint)

headache hours of any
severity (exploratory
endpoint)

Mean change from
baseline in monthly
average number of
headache hours of at
least moderate severity
(exploratory endpoint)

Pre-planned subgroups

Pre-planned subgroup analyses were carried out for the
monthly average number of migraine days and the monthly
average number of headache days of at least moderate
severity for the following subgroups:

o Patients receiving or not receiving concomitant

preventive treatment

e Sex

Patients with past topiramate use for migraine

Patients with past onabotulinumtoxin A use for migraine
Age groups (18-45 years; >45 years)

Race groups (Caucasian; non-Caucasian)

Pre-planned subgroup analyses were carried out for:

e Special treatment failure group (patients with
inadequate response to valproic acid plus two to three
other migraine preventive medications)

e Age groups (18-45 years; >45 years)

e Sex

e Region (North America; Europe)
¢ Migraine classification (CM; EM)

¢ Valproic acid failure (yes; no)

*The classes included the following: beta-blockers (propranolol, metoprolol, atenolol, and bisopropol), anticonvulsants (topiramate), tricyclics
(amitriptyline), calcium channel blocker (flunarizine), angiotensin |l receptor antagonist (candesartan), onabotulinumtoxinA and valproic acid.
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B 2.3.2 Patient baseline characteristics

B 2.3.2.1 HALO EM

Baseline demographics and clinical characteristics were similar among all treatment

groups in the HALO EM trial, with no significant differences observed (Table 9).

Table 9 Baseline characteristics of patients in HALO EM trial

HALO EM Placebo (n=294) Fremanezumab Fremanezumab
Baseline quarterly (n=291) monthly (n=290)
characteristic
Age, years

Mean (SD) 41.3 (12.0) 41.1 (11.4) 42.9 (12.7)

Median (range) 41.0 (18-70) 42.0 (18-69) 43.0 (18-70)
Sex, n (%)

Male 47 (16) 40 (14) 46 (16)

Female 247 (84) 251 (86) 244 (84)
Weight, kg

Mean (SD) 75.3 (16.0) 74.2 (15.4) 72.1 (15.8)

Median (range)

74.3 (43-118)

73.0 (45-120)

69.3 (45-119)

Time since initial migraine diagnosis, yea

rs

Mean (SD) 19.9 (11.9) 20.0 (12.1) 20.7 (12.9)

Median (range) 17.5 (1-51) 19.0 (1-65) 19.0 (0-58)
Preventive medication use during run-in period, n (%)

Yes 62 (21) 58 (20) 62 (21)

No 232 (79) 233 (80) 228 (79)
Previous topiramate use for migraine, n (%)

Yes 53 (18) 51 (18) 64 (22)

No 241 (82) 240 (82) 226 (78)
Number of headache days of at least moderate severity during run-in period

n 293 291 288

Mean (SD) 6.9 (3.1) 7.2 (3.1) 6.8 (2.9)

Median (range) 7.0 (0-15) 7.0 (0-16) 6.5 (0-15)
Number of migraine days during run-in period

n 293 291 288

Mean (SD) 9.1(2.7) 9.3 (2.7) 8.9 (2.6)

Median (range) 9.0 (4-15) 9.0 (4-17) 9.0 (3-16)

Number of days of u

se of any acute headache medications during run-in period

n 293 291 288
Mean (SD) 7.7 (3.6) 7.8 (3.7) 7.7 (3.4)
Median (range) 8.0 (0-15) 8.0 (0-16) 7.7 (0-15)
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HALO EM Placebo (n=294) Fremanezumab Fremanezumab
Baseline quarterly (n=291) monthly (n=290)

characteristic

Number of days of use of migraine-specific acute headache medications during
run-in period

n 137 152 148

Mean (SD) 7.1 (3.0) 6.6 (3.1) 6.1 (3.1)

Median (range) 7.0 (1-14) 7.0 (1-14) 6.0 (1-14)
Migraine Disability Assessment (MIDAS) total score

n 290 287 287

Mean (SD) 37.3 (27.6) 41.7 (33.0) 38.0 (33.2)

Median (range) 32.5 (0-156) 33.0 (0-206) 33.0 (0-306)

B 2.3.2.2 HALO CM

Baseline demographics and clinical characteristics were similar among all treatment

groups in the HALO CM trial, with no significant differences observed (Table 10).

Table 10 Baseline characteristics of patients in HALO CM trial

HALO CM Placebo (n=375) Fremanezumab Fremanezumab
Baseline quarterly (n=376) monthly (n=379)
characteristic
Age, years

Mean (SD) 41.4 (12.0) 42.0 (12.4) 40.6 (12.0)

Median (range) 41.0 (19-70) 43.0 (18-71) 40.0 (18-70)
Sex, n (%)

Male 45 (12) 45 (12) 49 (13)

Female 330 (88) 331 (88) 330 (87)
Weight, kg

Mean (SD) 72.6 (15.6) 72.4 (15.8) 72.5(16.4)

Median (range) 71.2 (45-119) 70.5 (45-132) 69.8 (44-119)
Time since initial migraine diagnosis, years

Mean (SD) 19.9 (12.9) 19.7 (12.8) 20.1 (12.0)

Median (range) 17.0 (1-57) 18.0 (1-61) 18.0 (1-55)
Preventive medication use during run-in period, n (%)

Yes 77 (21) 77 (20) 85 (22)

No 298 (79) 299 (80) 294 (78)
Previous topiramate use for migraine, n (%)

Yes 117 (31) 106 (28) 117 (31)

No 258 (69) 270 (72) 262 (69)
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HALO CM

Baseline
characteristic

Placebo (n=375)

Fremanezumab
quarterly (n=376)

Fremanezumab
monthly (n=379)

Previous onabotulin

umtoxin A use for migraine, n (%)

Yes 49 (13) 66 (18) 50 (13)
No 326 (87) 310 (82) 329 (87)
Any acute headache medication use during run-in period, n (%)
Yes 358 (95) 359 (95) 360 (95)
No 17 (5) 17 (5) 19 (5)
Total number of headache days of any duration and any severity during run-in
period
Mean (SD) 20.3 (4.2) 20.4 (3.9) 20.3 (4.3)
Median (range) 19.3 (11-28) 20.0 (13-28) 19.0 (8-28)
Number of headache days of at least moderate severity during run-in period
Mean (SD) 13.3 (5.8) 13.2 (5.5) 12.8 (5.8)
Median (range) 12.6 (0-28) 13.0 (1-28) 12.0 (0-28)
Number of migraine days during run-in period
Mean (SD) 16.4 (5.2) 16.2 (4.9) 16.0 (5.2)
Median (range) 15.5 (7-28) 15.9 (7-28) 15.4 (5-28)
Number of days of use of any acute headache medications during run-in period
Mean (SD) 13.0 (6.9) 13.1 (6.8) 13.1 (7.2)
Median (range) 13.5 (0-28) 14.0 (0-28) 13.6 (0-28)

Number of days of u
run-in period

se of migraine-specific acute headache medications during

n 192 208 187

Mean (SD) 10.7 (6.3) 11.3 (6.2) 11.1 (6.0)

Median (range) 10.0 (1-28) 11.0 (1-28) 10.3 (1-27)
Headache Impact Test (HIT-6) Disability score

n 373 370 377

Mean (SD) 64.1 (4.8) 64.3 (4.7) 64.6 (4.4)

Median (min, max) | 64.0 (48-78) 65.0 (42-78) 64.0 (50-78)

B 2.3.2.3 FOCUS

Baseline demographics and clinical characteristics were similar among all treatment

groups within the FOCUS trial, with no significant differences observed (Table 11).
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Table 11 Baseline characteristics of patients in FOCUS trial

FOCUS Placebo (n=279) Fremanezumab Fremanezumab
Baseline quarterly (n=276) monthly (n=283)
characteristic
Age, years
Mean (SD) 46.8 (11.1) 45.8 (11.0) 459 (11.1)
Medan(range) |HIIIHE T BHEEE 2|
Sex, n (%)
Male 46 (16) 47 (17) 45 (16)
Female 233 (84) 229 (83) 238 (84)
Weight, kg
Mean (SD) 71.4 (13.7) 70.7 (13.4) 71.0 (13.7)
Medan(ange) N T B |
Time since initial migraine diagnosis, years
Mean (SD) 24.3 (13.6) 24.3 (12.8) 24.0 (13.7)
Median(range) |HIIIE @ HEEEEE HBHEEE |
Number of migraine days during run-in period
Mean (SD) 14.3 (6.1) 14.1 (5.6) 14.1 (5.6)
Median(range) |HIIIIE @ 'HEEEE BHEEE |
Number of headache days of at least moderate severity during run-in period
Mean (SD) 12.8 (5.9) 12.4 (5.8) 12.7 (5.8)
Median(range) IR @ 'HEEEEE HBHEEE
Number of days of use of any acute headache medications during run-in period
Mean (SD) 12.3 (6.3) 12.8 (6.2) 12.2 (6.0)
Median(range) I @ 'HEEEEE BHEEE |

run-in period

Mean (SD)

Median (range)

'

Number of days of use of migraine-specific acute headache medications during

Migraine Disability Assessment (MIDAS) total score

n

Mean (SD)

Median (range)

HIT-6 total score

n

Mean (SD)

Median (range)

e

ubnb
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B 2.4 Statistical analysis and definition of study groups in the relevant clinical effectiveness

evidence

Statistical considerations related to the two HALO studies and the FOCUS study are summarised in Table 12, and CONSORT

diagrams providing a full summary of the participant flow in both trials are provided in Appendix D.

Table 12 Summary of statistical analyses in included studies

Trial acronym

Hypothesis
objective

Statistical analysis

Sample size, power
calculation

Data management, patient
withdrawals

HALO EM

Null hypothesis:
change from baseline
in the monthly
average number of
migraine days is the
same between
treatment groups.

Alternative
hypothesis: change
from baseline in the
monthly average
number of migraine
days is not the same
between treatment
groups.

Pre-specified comparisons
between treatment groups were
conducted by ANCOVA of the
change from baseline. The least-
square means (LSM),
corresponding 95% Cls and
associated p-value were
calculated. The Wilcoxon rank-
sum test was performed if there
was deviation from normality as

assessed by the Shapiro-Wilk test.

A mixed-effects repeated-
measures (MMRM) analysis was
implemented as a sensitivity
analysis.

A fixed-sequence (hierarchical)
testing procedure was
implemented to control the type 1
error rate at 0.05

The target sample
size for this trial was
calculated to be at
least 768 total
patients (256 patients
per treatment group);
based on having at
least 90% power to
detect a 1.6 difference
in migraine days
between active and
placebo arms and
assuming a common
SD of 5.2 days and a
12% discontinuation
rate

All efficacy analyses were
conducted on the full analysis set
(FAS) (patients who received at
least one dose of study drug and
had at least 10 days of post-
baseline efficacy assessments).
Safety analyses were conducted
on all patients who received
treatment (only one randomised
patient in monthly fremanezumab
group did not receive treatment).

For withdrawals or patients with
missing e-diary data, data was
either prorated (=10 days data) or
considered as missing (<10 days
data). A multiple imputation
method was conducted as a
sensitivity analysis
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change from baseline
in the monthly
average number of
migraine days for the
fremanezumab
treatment group and
the placebo group is
the same.

Alternative
hypothesis: change
from baseline in the

between treatment groups were
conducted by ANCOVA of the
change from baseline. LSM,
corresponding 95% Cls and
associated p-value were
calculated.

A mixed-effects repeated-
measures (MMRM) analysis was
implemented as a sensitivity
analysis.

A fixed-sequence (hierarchical)
testing procedure was

size for this trial was
calculated to be at
least 804 total
patients (268 patients
per treatment group);
based on having at
least 90% power to
detect a 1.8 difference
in migraine days
between active and
placebo arms and
assuming a common
SD of 6.0 days and a

Trial acronym | Hypothesis Statistical analysis Sample size, power | Data management, patient
objective calculation withdrawals

HALO CM Null hypothesis: Pre-specified comparisons The target sample All efficacy analyses were
change from baseline | between treatment groups were size for this trial was conducted on the FAS (patients
in the monthly conducted by ANCOVA of the calculated to be at who received at least one dose of
average number of change from baseline. LSM, least 1020 total study drug and had at least one
headache days of at corresponding 95% Cls and patients (340 patients | post-baseline efficacy
least moderate associated p-value were per treatment group); | assessment). Safety analyses
severity is the same calculated. The Wilcoxon rank- based on having at were conducted on all patients
between treatment sum test was performed if there least 90% power to who received treatment (only one
groups. was deviation from normality as detect a 1.7 difference | randomised patient in monthly
Alternative assessed by the Shapiro-Wilk test. | in migraine days fremanezumab group did not
hypothesis: change | A mixed-effects repeated- between active and receive treatment).
from baseline in the measures (MMRM) analysis was placeb_o arms and For withdrawals or patients with
monthly average implemented as a sensitivity assuming a common | mjssing e-diary data, data were
number of headache | analysis. SD of 6.3 daysand a | gjther prorated (=10 days data) or
days of at least A fixed-sequence (hierarchical) 15% discontinuation | considered as missing (<10 days
moderate severity is | testing procedure was rate. data). A multiple imputation
not the same between | jmplemented to control the type 1 method was conducted as a
treatment groups. error rate at 0.05. sensitivity analysis.

FOCUS Null hypothesis: Pre-specified comparisons The target sample All efficacy analyses were

conducted on the modified
intention-to-treat (mITT) cohort
(patients who received at least
one dose of study drug and had
at least 10 days post-baseline
efficacy assessment). Safety
analyses were conducted on all
patients who received at least
one dose of study drug during the
open-label phase (ITT cohort).

For withdrawals or patients with
missing e-diary data, data were
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Trial acronym

Hypothesis
objective

Statistical analysis

Sample size, power
calculation

Data management, patient
withdrawals

monthly average
number of migraine
days for the
fremanezumab
treatment group and
the placebo group is
not the same.

implemented to control the type 1
error rate at 0.05.

12% discontinuation
rate.

either prorated (=10 days data for
monthly variables and =3 days
data for weekly variables) or
considered as missing (<10 days
data for monthly variables and <3
days data for weekly variables).
A multiple imputation method was
conducted as a sensitivity
analysis.
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B 2.4.1 HALO EM

B 2.4.1.1 Sample size

The HALO EM required sample size was calculated based on having at least 90%
power to detect a difference of 1.6 in migraine days between active and placebo
arms, at an alpha level of 0.05, and assuming a common SD of 5.2 days. Based on
these assumptions, it was calculated that a sample size of 675 patients (225 patients
per treatment group) was required. With the discontinuation rate assumed to be
12%, a target sample size of at least 768 patients was therefore set (256 patients per

treatment group).

B 2.4.1.2 Analyses sets

All 875 randomised patients were included in the intention-to-treat (ITT) cohort. Only
one patient (in the monthly fremanezumab group) did not receive treatment. The full
analysis set (FAS) included all randomised patients who received at least one dose
of study drug and had at least 10 days of post-baseline efficacy assessments for the
primary endpoint. There were four randomised patients in the placebo group, three
patients in the quarterly fremanezumab group and three patients in the monthly
fremanezumab group not included in the FAS. All efficacy analyses were conducted
on the FAS and safety analyses were conducted on all patients who received

treatment.

B 2.4.1.3 Withdrawals and discontinuations

Withdrawals or patients with missing diary data were managed in the following way:
e |If patient had 210 days of data for a month, number of days/hours was
prorated to 28 days for that month, and a multiple imputation method was
also conducted as a sensitivity analysis
e |f patient had <10 days data for a month, the monthly number of days of
efficacy variables was considered missing before the multiple imputation

procedure

Patients in active treatment groups who discontinued because of adverse events or

lack of efficacy were assigned to the placebo group.
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There were no interim analyses planned for this trial, but following completion of the
trial, patients had the option to enter an extension to evaluate the long-term safety
and efficacy of fremanezumab. There were no formal rules for early termination of
this trial. All serious adverse events were reviewed as they were reported; patients
were able to discontinue participation at any time for any reason and the investigator

and/or sponsor could withdraw a patient at any time for any reason.

B 2.4.1.4 Statistical analysis

This trial aimed to demonstrate the efficacy of fremanezumab compared to placebo
in reducing the monthly average number of migraine days. Statistical analysis of the
primary outcome was conducted by analysis of covariance (ANCOVA) of the change
from baseline. The ANCOVA model included treatment, sex, region, and baseline
preventive migraine medication use as fixed effects and the baseline number of
migraine days and years since onset of migraine as covariates. The least square
means (LSM) and corresponding 95% confidence intervals (Cl) for the treatment
differences and associated p-value were calculated. The Wilcoxon rank-sum test
was performed as the primary analysis if there was deviation from normality as
assessed by the Shapiro-Wilk test. A mixed-effects, repeated-measures (MMRM)
analysis was implemented as a sensitivity analysis to estimate the mean change
from baseline in the monthly average number of migraine days for the overall 3-

month treatment period and for each month.

An ANCOVA method similar to that used for the primary outcome analysis was used
for all relevant secondary outcomes and a Cochran Mantel-Haenszel test stratified
by baseline preventive migraine medication use was used for analysing the
proportion of patients reaching at least 50% reduction in the monthly average
number of migraine days. A fixed-sequence (hierarchical) testing procedure was
implemented to control the type 1 error rate at 0.05. Pre-defined subgroup analyses
(see Table 8 for details) were conducted using the ANCOVA and MMRM methods
described above.
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B 2.4.2 HALO CM

B 2.4.2.1 Sample size

The HALO CM required sample size was calculated based on having at least 90%
power to detect a difference of 1.7 in headache days between active and placebo
arms, at an alpha level of 0.05, and assuming a common SD of 6.3 days. Based on
these assumptions, it was calculated that a sample size of 867 patients (289 patients
per treatment group) was required. With the discontinuation rate assumed to be
12%, a target sample size of at least 1020 patients was therefore set (340 patients

per treatment group).

B 2.4.2.2 Analyses sets

All 1130 randomised patients were included in the ITT cohort and received at least
one dose of treatment. The FAS included all randomised patients who received at
least one dose of study drug and had at least one post-baseline efficacy assessment
for the primary endpoint. There were four randomised patients in the placebo group,
one patient in the quarterly fremanezumab group and four patients in the monthly
fremanezumab group not included in the FAS. All efficacy analyses were conducted
on the FAS and safety analyses were conducted on the ITT cohort (all patients who

received treatment).

B 2.4.2.3 Withdrawals and discontinuations

Withdrawals or patients with missing diary data were managed in the following way:
e |If patient had =210 days of data for a month, number of days/hours was
prorated to 28 days for that month, and a multiple imputation method was
also conducted as a sensitivity analysis
e |If patient had <10 days data for a month, the monthly number of days of
efficacy variables was considered missing before the multiple imputation

procedure.

Patients in active treatment groups who discontinued because of adverse events or

lack of efficacy were assigned to the placebo group.
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There were no interim analyses planned for this trial, but following completion of the
trial, patients had the option to enter an extension to evaluate the long-term safety
and efficacy of fremanezumab. There were no formal rules for early termination of
this trial. All serious adverse events were reviewed as they were reported; patients
were able to discontinue participation at any time for any reason and the investigator

and/or sponsor could withdraw a patient at any time for any reason.

B 2.4.2.4 Statistical analysis

This trial aimed to demonstrate the efficacy of fremanezumab compared to placebo
in reducing the monthly average number of headache days of at least moderate
severity. Statistical analysis of the primary outcome was conducted by ANCOVA of
the change from baseline. The ANCOVA model included treatment, sex, country,
and baseline preventive migraine medication use as fixed effects and the baseline
number of headache days and years since onset of migraine as covariates. The
LSM and corresponding 95% Cls for the treatment differences and associated p-
value were calculated. The Wilcoxon rank-sum test was performed as the primary
analysis if there was deviation from normality as assessed by the Shapiro-Wilk test.
A MMRM analysis was implemented as a sensitivity analysis to estimate the mean
change from baseline in the monthly average number of headache days for the

overall 3-month treatment period and for each month.

An ANCOVA method similar to that used for the primary outcome analysis was used
for all relevant secondary outcomes and a Cochran Mantel-Haenszel test stratified
by baseline preventive migraine medication use was used for analysing the
proportion of patients reaching at least 50% reduction in the monthly average
number of headache days. A fixed-sequence (hierarchical) testing procedure was
implemented to control the type 1 error rate at 0.05. Pre-defined subgroup analyses
(see Table 8 for details) were conducted using the ANCOVA and MMRM methods

described above.
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B 2.4.3 FOCUS

B 2.4.3.1 Sample size

The sample size required in the FOCUS trial was calculated based on having at least
90% power to detect a difference of 1.8 in migraine days between active and

placebo arms, at an alpha level of 0.05, and assuming a common SD of 6.0 days.
Based on these assumptions, it was calculated that a sample size of 705 patients
(235 patients per treatment group) was required. With the discontinuation rate
assumed to be 12%, a target sample size of at least 804 patients was therefore set

(268 patients per treatment group).

B 2.4.3.2 Analyses sets

All 838 patients were included in the ITT cohort and received at least one dose of
treatment. The modified intention-to-treat (mITT) cohort included all randomised
patients who received at least one dose of study drug and had at least 10 days of
post-baseline efficacy assessment for the primary endpoint. There was a single
patient with EM in the placebo group who was not included in the mITT cohort. All
efficacy analyses were conducted on the mITT and safety analyses were conducted

on the ITT cohort (all patients who received treatment).

B 2.4.3.3 Withdrawals and discontinuations

Withdrawals or patients with missing diary data were managed in the following way:
e |If patient had 210 days of data for a month, number of days/hours was
prorated to 28 days for that month, and a multiple imputation method was
also conducted as a sensitivity analysis
e |If patient had <10 days data for a month, the monthly number of days of
efficacy variables was considered missing before the multiple imputation

procedure.

In terms of weekly variables, patients with three or more days of electronic headache
diary data for a week had their number of days of efficacy variables prorated to
seven days for that week. For patients with less than three days of data, these

variables were considered as missing for that week. For patients who withdrew from
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the trial, their safety data at the early termination visit was excluded from the by-visit

summaries but was included in the last assessment summaries.

There were no interim analyses planned for this trial, but the trial does include a pre-
planned open-label extension. There were no formal rules for early termination of
this trial. All serious adverse events were reviewed as they were reported; patients
were able to discontinue participation at any time for any reason and the investigator

and/or sponsor could withdraw a patient at any time for any reason.

B 2.4.3.4 Statistical analysis

This trial aimed to demonstrate the efficacy of fremanezumab compared to placebo
in reducing the monthly average number of migraine days in patients who had
previously had an inadequate response to two to four previous classes of migraine
preventive treatments. Statistical analysis of the primary outcome was conducted by
ANCOVA of the change from baseline. The ANCOVA model included treatment,
sex, region, inadequate response to valproic acid (and 2 to 3 other classes of
migraine preventive medications), migraine classification (CM or EM), and treatment-
by-migraine classification interaction as fixed effects and the baseline number of
migraine days and years since onset of migraine as covariates. The LSM difference
and corresponding 95% Cls for the treatment differences and associated p-value
were calculated. A MMRM analysis was implemented as a sensitivity analysis to
estimate the mean change from baseline in the monthly average number of migraine

days for the overall 3-month treatment period and for each month.

An ANCOVA method similar to that used for the primary outcome analysis was used
for all relevant secondary outcomes and a logistic regression model was used for
analysing the proportion of patients reaching at least 50% reduction in the monthly
average number of migraine days, with the following effects: treatment, sex, region,
inadequate response to valproic acid (and two to three other classes of migraine
preventive medications) and migraine classification (CM or EM). A fixed-sequence
(hierarchical) testing procedure was implemented to control the type 1 error rate at
0.05. Pre-defined subgroup analyses (see Table 8 for details) were conducted using
the ANCOVA and MMRM methods described above.
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B 2.5 Quality assessment of the relevant clinical effectiveness

evidence

The HALO clinical trials were prospective, multicentre, randomised, double-blind,
placebo-controlled, parallel-group, Phase lll trials in episodic and chronic migraine
patients. The FOCUS clinical trial, also conducted in both chronic and episodic
migraine patients, was a prospective, multicentre, randomised, double-blind,
placebo-controlled, parallel-group, Phase llIb trial. A summary of the quality
assessment of these trials is presented in Table 13 and further details are given in
Appendix D. These trials were conducted in accordance with the International
Conference for Harmonisation Guidelines for Good Clinical Practice, the Declaration
of Helsinki, and all relevant national and local regulations. Randomisation and
blinding methods were appropriate and described in detail. There were no
significant differences in the baseline characteristics of the study groups, and there
was no obvious difference in drop-out rates between groups for either trial. There
was no evidence that other endpoints beyond those described were investigated.
The safety analysis was conducted on the intention-to-treat cohort (as long as they
had received at least one dose of study drug), and the efficacy analyses were
conducted on all patients who received at least one dose of study drug and had post-
baseline efficacy assessment (which excluded only small numbers of patients from
each group). The use of this group for efficacy analyses can be considered
appropriate as this group had the minimum requirements needed in order for a
meaningful assessment of efficacy to be conducted. The methodology for dealing
with missing data can also be considered appropriate, with a sensitivity analysis

conducted to assess this assumption.

In addition to the above, the design of the CM studies fulfilled the recommendations
produced by the International Headache Society in the Guidelines for controlled trials
of preventive treatment of chronic migraine in adults (2018) across multiple domains;
including, but not limited to, duration of the observation period, primary and
secondary endpoints, inclusion of patients with medication overuse, duration and
age of onset of disease, use of concomitant preventive medications, and acute

medication use.??
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The patient population that was included in the FOCUS study reflected the UK
patient population in consideration for this appraisal and included UK clinical trial
centres. Over 95% of the study participants were aged between 18-65 years,®’
which reflects the population of people that are most commonly affected by migraine
in the UK?® — the age group that reflects the period of peak economic productivity. In
addition to this, as found globally and in the UK,%3?* over 80% of trial participants
were women.®! The maijority of participants had a diagnosis of migraine for over 20
years and experienced [JJj or ] migraine days at baseline for EM and CM,
respectively. In addition, at baseline, patients reported using acute headache
medication on [ days and ] days for EM and CM, respectively, with disability
scores for HIT-6 and MIDAS in the | category 8’ These
characteristics suggest that the patients enrolled within the FOCUS study had a high
disease burden, for several years, that was substantially impacting their quality of
life. This reflects the population of patients that are not achieving meaningful benefit
to a number of preventives and are seen in UK headache clinics; as confirmed by

clinical experts.

Patients enrolled into the study were able to continue to use their acute headache
medications due to the fact that it is recognised that often patients need both acute
and preventive treatment to manage their migraines.®' 63 Furthermore, headache
guidelines written by BASH recommend that, when indicated, preventive therapy is
used in addition to acute treatment and not in place of it.' This highlights that the
FOCUS study, not only included patients with baseline demographics that reflected
the UK migraine population, but also patients were able to continue managing their

condition with acute therapy as they would do in the real-world.

The FOCUS study enrolled EM and CM patients whom had failed 2 to 4 classes of
prior preventives. The number of treatment failures were based on classes rather
than individual drugs, to ensure that patients within the study had failures on
medications that have distinct mechanisms of action. This highlights the robust
design of the FOCUS trial, as patients recruited had tried several different
medication classes that have distinct mechanisms in reducing migraine frequency;

just as the NICE treatment pathway for migraine recommends patients to be offered
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preventive treatment with medications from different classes.*® Additionally,
preventive medications classes, considered for failures, included NICE

recommended treatments for migraine prevention.*3

The FOCUS trial consisted of patients whom had an inadequate response to two to
four classes of preventive therapy; therefore, further post-hoc subgroup analyses on
the most relevant population for this submission were conducted (inadequate
response to three or more previous preventive therapies). This data therefore
provides the best available data in a group that it is very similar to those expected to
receive this therapy in UK practice. Therefore, these data should be considered to
be generalisable to the population considered in this appraisal. The comparator of
placebo was chosen to demonstrate the efficacy and safety in a straightforward
manner and consistent with other trials conducted in this area. These trials were

funded by Teva.

Table 13 Quality assessment results for parallel group RCTs

Trial acronym HALO EM HALO CM FOCUS
Was randomisation carried out Yes Yes Yes
appropriately?

Was the concealment of Yes Yes Yes
treatment allocation adequate?

Were the groups similar at the Yes Yes Yes

outset of the study in terms of
prognostic factors?

Were the care providers, Yes Yes Yes
participants and outcome
assessors blind to treatment

allocation?

Were there any unexpected No No No
imbalances in drop-outs between

groups?

Is there any evidence to suggest No No No

that the authors measured more
outcomes than they reported?

Did the analysis include an Yes Yes Yes
intention-to-treat analysis? If so,
was this appropriate and were
appropriate methods used to
account for missing data?
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B 2.6 Clinical effectiveness results of the relevant trials

B 2.6.1 HALO trials

B 2.6.1.1 Episod

ic migraine

All efficacy outcomes of the HALO EM trial were assessed in the FAS, which

included 290 patients who received placebo, 288 who received the quarterly dose of

fremanezumab and 287 who received the monthly dose of fremanezumab.

Adherence to study medication was very high in all groups, with six placebo (2.0%),

three quarterly fremanezumab (1.0%) and five monthly fremanezumab patients

(2.0%) having noncompliance with the study medication. A summary of the key

efficacy results are included below in Table 14. For all outcomes, fremanezumab (in

both dosing regimens) was significantly more effective than placebo (p<0.0001).

Table 14 Summary of main efficacy outcomes in HALO EM trial

Placebo Fremanezumab Fremanezumab
(n=290) quarterly monthly
(n=288) (n=287)
Mean monthly migraine days
Baseline (SD) 9.1 (2.7) 9.3 (2.7) 8.9 (2.6)
LSM change (95% CI) -2.2 (-2.68 to - -3.4 (-3.94 to -2.96) | -3.7 (-4.15t0 -3.18)
1.71)

Difference vs placebo
(95% ClI)

1.3 (-1.79 to -0.72)

1.5 (-2.01 to -0.93)

P-value vs placebo

<0.0001

<0.0001

Patients with at least 50%

reduction in monthly average migraine days

Number achieving
endpoint (%)

81 (27.9%)

128 (44.4%)

137 (47.7%)

Difference vs placebo
(95% ClI)

16.5 (8.9 to 24.1)

19.8 (12.0 to 27.6)

P-value vs placebo <0.0001 <0.0001

Mean monthly days of use of any acute headache medication

Baseline (SD) 7.7 (3.6) 7.8 (3.7) 7.7 (3.4)

LSM change (95% Cl) -1.6 (-2.04 to - -2.9 (-3.34 to -2.48) | -3.0 (-3.41 to -2.56)
1.20)

Difference vs placebo
(95% ClI)

1.3 (-1.76 to -0.82)

1.4 (-1.84 to -0.89)

P-value vs placebo

<0.0001

<0.0001
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Placebo Fremanezumab Fremanezumab
(n=290) quarterly monthly
(n=288) (n=287)

Migraine Disability Assessment score

Baseline (SD) 37.3 (27.6) 41.7 (33.0) 38.0 (33.2)

LSM change (95% CI) -17.5 (-20.62 to - -23.0 (-26.10 to - -24.6 (-27.68 to -
14.47) 19.82) 21.45)

Difference vs placebo -5.4 (-8.90 to -1.93) | -7.0 (-10.51 to -

(95% ClI) 3.53)

P-value vs placebo <0.0001 <0.0001

B 2.6.1.1.a) Change in monthly average number of migraine days (primary endpoint)
Fremanezumab (in both dosing regimens) reduced the average monthly number of
migraine days to a significantly greater degree than was seen with placebo treatment
over the period from baseline to week 12 (p<0.0001 for both dosing regimens).
Placebo treatment provided a median change of -2.7 monthly migraine days ([IQR -
4.7, -0.5; mean change -2.2 migraine days, 95% CI -2.68, -1.71). In comparison, the
median overall change from baseline for quarterly fremanezumab was -4.0 migraine
days (IQR -6.4, -1.9; mean change -3.4 migraine days, 95% CI -3.94, -2.96); and for
monthly fremanezumab was -4.2 migraine days (IQR -6.2, -2.0; mean change -3.7
migraine days, 95% CI -4.15, -3.18). Results of the ANCOVA analysis showed a
LSM difference versus placebo of -1.3 migraine days (95% CI -1.79, -0.72, p<0.0001
Wilcoxon rank-sum test) for quarterly fremanezumab and -1.5 migraine days (95%
Cl-2.01, -0.93, p<0.0001 Wilcoxon rank-sum test) for monthly fremanezumab.

The MMRM sensitivity analysis supported the above results, with a LSM difference
versus placebo of -1.2 migraine days (95% CI -1.74, -0.69, p<0.0001) for quarterly
fremanezumab and -1.4 migraine days (95% CI -1.96, -0.90, p<0.0001) for monthly
fremanezumab. The MMRM analysis also showed that fremanezumab treatment
resulted in a greater reduction from baseline in the average number of migraine days
compared to placebo throughout the study period (up to 12 weeks, p=0.0013 and

p=0.0002 for quarterly and monthly fremanezumab, respectively).
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The results of the primary outcome demonstrate the efficacy of fremanezumab and
its ability to reduce the number of migraine days experienced by patients. Further
confidence in these results can be taken from the fact that the two separate analysis

techniques used produced very similar overall results for the treatment effect.

B 2.6.1.1.b) Patients with at least 50% reduction in monthly average number of
migraine days
The reduction of at least 50% in the average monthly migraine days with
fremanezumab was investigated as a secondary outcome for the HALO EM trial.
With fremanezumab, significantly more patients experienced a reduction of at least
50% in the average monthly number of migraine days compared to placebo
(p<0.0001 for both dosing regimens). Overall, 128 patients (44.4%) treated with
quarterly fremanezumab and 137 patients (47.7%) treated with monthly
fremanezumab reached this threshold of migraine days reduction, which compared
to 81 patients (27.9%) in the placebo group. Analysis through the trial period
demonstrated that fremanezumab resulted in a higher proportion of patients reaching
at least 50% reduction in monthly migraine days at months one, two, and three
compared to placebo treatment (Table 15). Furthermore, similar results were seen
in an analysis of cumulative reduction of at least 75% in monthly migraine days; this
was achieved in 25.8% and 27.2% of patients for the quarterly and monthly

fremanezumab groups, respectively, compared to 15.4% of patients in the placebo

group.

Table 15 Proportion of patients with 50% or greater reduction in average
monthly migraine days

Time point | Placebo Fremanezumab | p-value Fremanezumab | p-value
statistic N/n (%) quarterly quarterly | monthly monthly
N/n (%) Vs N/n (%) VS
placebo placebo
Month 1 73/290 (25.2) 127/288 (44.1) <0.0001 135/287 (47.0) <0.0001
Month 2 101/274 (34.8) | 135/274 (46.9) 0.0032 139/274 (48.4) 0.0010
Month 3 108/268 (37.2) | 141/269 (49.0) 0.0048 147/263 (51.2) 0.0003
Overall 81/290 (27.9) 128/288 (44.4) <0.0001 137/287 (47.7) <0.0001
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B 2.6.1.1.c) Mean change in weekly average number of migraine days during the 4-
week period after first dose of study drug
The reduction in weekly number of migraine days over the first month of treatment
was another secondary outcome in the HALO trial. This analysis helps to provide
information about speed of onset of fremanezumab. These results are shown in
Figure 2 and demonstrate that there was a statistically significant difference between
placebo and fremanezumab from the first time point of one week (p<0.0001 for both
dosing regimens). The efficacy of fremanezumab remains almost constant
throughout the first month. These results demonstrate that fremanezumab has a
rapid onset of action, with clinically significant effects seen within a week of initiating

therapy.

Figure 2 Change in weekly migraine days over time (MMRM analysis)
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B 2.6.1.1.d) Mean change in monthly average number of days of use of any acute
headache medication

Overuse of acute headache medication is a concern in migraine, therefore, one of

the goals of preventive therapy is to reduce the need for acute medication. The

HALO trials investigated the change in monthly average number of days where any
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acute headache medication was used. Fremanezumab (in both dosing regimens)
reduced the average monthly number of days with acute headache medication use
to a significantly greater degree than was seen with placebo treatment (p<0.0001 for
both dosing regimens). Placebo treatment provided a median change of -1.7 days
with acute headache medication use (IQR -4.0, 0.0; mean change -1.6 days, 95% CI
-2.04, -1.20). In comparison, the median overall change from baseline for quarterly
fremanezumab was -3.0 medication days (IQR -5.6, -0.8; mean change -2.9 days,
95% CI -3.34, -2.48); and for monthly fremanezumab was -3.2 medication days (IQR
-5.2, -1.2; mean change -3.0 days, 95% CI -3.41, -2.56). Results of the ANCOVA
analysis showed a LSM difference versus placebo of -1.3 medication days (95% CI -
1.76, -0.82, p<0.0001 Wilcoxon rank-sum test) for quarterly fremanezumab and -1.4
medication days (95% CI -1.84, -0.89, p<0.0001 Wilcoxon rank-sum test) for monthly
fremanezumab. The MMRM sensitivity analysis supported the above results, with a
LSM difference versus placebo of -1.3 medication days (95% CI -1.76, -0.82,
p<0.0001) for quarterly fremanezumab and -1.4 medication days (95% CI -1.84, -
0.89, p<0.0001) for monthly fremanezumab.

These results show a similar efficacy to that seen in the primary trial outcome, and
demonstrate that fremanezumab is able to reduce medication usage in patients with

migraine to a significant degree.

B 2.6.1.1.e) Quality of life measures

The quality of life for patients with migraine is a key measure by which to judge the
overall impact of a treatment. A number of HRQoL measures were investigated in
the HALO trials, and results from the MIDAS and Migraine-Specific Quality of Life

Questionnaire (MSQoL) are presented herein.

Fremanezumab (in both dosing regimens) reduced the average MIDAS score (at
four weeks after final dose) to a significantly greater degree than was seen with
placebo treatment (p=0.0023 and p=0.0021 for quarterly and monthly
fremanezumab, respectively). Placebo treatment provided a median change of -12.5
(IQR -29.5, -2.0; mean change -17.5, 95% CI -20.62, -14.47). In comparison, the
median overall change from baseline for quarterly fremanezumab was -18.0 (IQR -
39.0, -6.0; mean change -23.0, 95% CI -26.10, -19.82); and for monthly
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fremanezumab was -19.0 (IQR -36.0, -7.0; mean change -24.6, 95% CI -27.68,
-21.45). Results of the ANCOVA analysis showed a LSM difference versus placebo
of -5.4 (95% CI -8.90, -1.93, p=0.0023 Wilcoxon rank-sum test) for quarterly
fremanezumab and -7.0 (95% CI1 -10.51, -3.53, p=0.0021 Wilcoxon rank-sum test)

for monthly fremanezumab.

Analysis of the mean change from baseline in the MSQoL scores at four weeks after
final dose showed differences from placebo in favour of fremanezumab for all three
domains (role function — restrictive, role function — preventive and emotional state).
The LSM differences with placebo for role function — restrictive domain were 4.1 and

7.0 for quarterly and monthly fremanezumab, respectively (p<0.01).

B 2.6.1.1.f) Other outcomes
Further outcomes in the HALO EM trial investigated other aspects of disease impact

and severity and results for relevant outcomes are summarised below.

Mean change in monthly average number of headache days of at least moderate
severity during the 12-week trial period showed a significant difference from placebo
in favour of fremanezumab (p<0.0001 for both dosing regimens). The LSM
difference versus placebo was -1.5 headache days (95% CI -1.96, -1.04, p<0.0001)
for quarterly fremanezumab and -1.5 headache days (95% CI -1.92, -0.99,

p<0.0001) for monthly fremanezumab.

Mean change in monthly average number of headache hours of any severity during
the 12-week trial period showed a significant difference from placebo in favour of
fremanezumab (p=0.0007 and p<0.0001 for quarterly and monthly fremanezumab,
respectively). The LSM difference versus placebo was -8.8 headache hours (95% CI
-13.28, -4.32, p=0.0001) for quarterly fremanezumab and -12.5 headache hours
(95% CI -16.99, -8.03, p<0.0001) for monthly fremanezumab. When headache
hours of at least moderate severity were considered, the LSM difference versus
placebo was -6.4 headache hours for quarterly fremanezumab and -7.4 headache

hours for monthly fremanezumab (p<0.0001 for both dosing regimens).
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B 2.6.1.2 Chronic migraine

All efficacy outcomes in the HALO CM trial were assessed in the FAS, which

included 375 who received the quarterly dose of fremanezumab, 375 who received

the monthly dose of fremanezumab and 371 patients who received placebo.

Adherence to study medication was very high in all groups, with two quarterly

fremanezumab (0.5%), six monthly fremanezumab (1.6%) and eight placebo (2.1%)

patients having noncompliance with the study medication. A summary of the key

efficacy results are included below in Table 16. Across all outcomes, fremanezumab

(in both dosing regimens) was significantly more effective than placebo treatment

(p<0.001).

Table 16 Summary of main efficacy outcomes in HALO CM trial

Placebo Fremanezumab Fremanezumab
(n=371) quarterly monthly
(n=375) (n=375)
Mean monthly headache days of at least moderate severity
Baseline (SD) 13.3 (5.8) 13.2 (5.5) 12.8 (5.8)
LSM change (95% CI) -2.5 (-3.06 to - -4.3 (-4.87 to -3.66) | -4.6 (-5.16 to -3.97)
1.85)

Difference vs placebo
(95% ClI)

1.8 (-2.46 to -1.15)

2.1 (-2.76 to -1.45)

P-value vs placebo <0.0001 <0.0001

Mean monthly migraine days

Baseline (SD) 16.4 (5.2) 16.2 (4.9) 16.0 (5.2)

LSM change (95% CI) -3.2 (-3.86 to - -4.9 (-5.59 to -4.20) | -5.0 (-5.70 to -4.33)
2.47)

Difference vs placebo
(95% CI)

1.7 (-2.48 to -0.97)

1.8 (-2.61 to -1.09)

P-value vs placebo

<0.0001

<0.0001

Patients with at least 50%

reduction in monthly average migraine days

Number achieving
endpoint (%)

74 (19.9%)

115 (30.7%)

125 (33.3%)

P-value vs placebo 0.0008 <0.0001

Mean monthly days of use of any acute headache medication

Baseline (SD) 13.0 (6.9) 13.1 (6.8) 13.1 (7.2)

LSM change (95% CI) -1.9 (-2.48 to - -3.7 (-4.25 10 -3.06) | -4.2 (-4.79 to -3.61)
1.28)

Difference vs placebo
(95% ClI)

1.8 (-2.43to0 -1.12)

2.3 (-2.97 to -1.67)
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Placebo Fremanezumab Fremanezumab
(n=371) quarterly monthly
(n=375) (n=375)
P-value vs placebo <0.0001 <0.0001

Headache Impact Test score

Baseline (SD) 64.1 (4.8) 64.3 (4.7) 64.6 (4.4)

LSM change (95% CI) -4.5 (-5.38 to - -6.4 (-7.31 t0 -5.52) | -6.8 (-7.71 to -5.97)
3.60)

Difference vs placebo -1.9 (-2.90 t0 -0.96) | -2.4 (-3.32 t0 -1.38)

(95% ClI)

P-value vs placebo <0.0001 <0.0001

B 2.6.1.2.a) Mean change in monthly average number of headache days of at least
moderate severity (primary endpoint)

The HALO CM trial used monthly average number of headache days as its primary

endpoint rather than monthly average number of migraine days as in the HALO EM

trial. Therefore, headache days are reported here as the primary outcome and

migraine days are reported in the section below.

Fremanezumab (in both dosing regimens) reduced the average monthly number of
headache days of at least moderate severity to a significantly greater degree than
was seen with placebo treatment over the period from baseline to week 12
(p<0.0001 for both dosing regimens). Placebo treatment provided a median change
of -2.5 monthly headache days (interquartile range [IQR] -5.6, 0.0; mean change -2.5
headache days, 95% CI -3.06, -1.85). In comparison, the median overall change
from baseline for quarterly fremanezumab was -4.2 headache days (IQR -7.7, -1.7;
mean change -4.3 headache days, 95% CI -4.87, -3.66); and for monthly
fremanezumab was -4.5 headache days (IQR -7.8, -1.7; mean change -4.6
headache days, 95% CI -5.16, -3.97). Results of the ANCOVA analysis showed a
LSM difference versus placebo of -1.8 headache days (95% Cl -2.46, -1.15,
p<0.0001 Wilcoxon rank-sum test) for quarterly fremanezumab and -2.1 headache
days (95% CI -2.76, -1.45, p<0.0001 Wilcoxon rank-sum test) for monthly

fremanezumab.
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The MMRM sensitivity analysis supported the above results, and showed a
significant greater reduction in headache days of at least moderate severity for
fremanezumab (both dosing regimens) compared to placebo (p<0.0001 Wilcoxon
rank-sum test). The MMRM analysis also showed that fremanezumab treatment
resulted in a greater reduction from baseline in the average number of headache
days of at least moderate severity compared to placebo treatment throughout the
study period (up to 12 weeks, p=0.0007 and p=0.0001 for quarterly and monthly

fremanezumab, respectively).

The results of the primary outcome demonstrate the efficacy of fremanezumab and
its ability to reduce the number of headache days of at least moderate severity
experienced by patients, with this result confirmed by two separate analysis

techniques.

B 2.6.1.2.b) Mean change in monthly average number of migraine days
Fremanezumab (in both dosing regimens) reduced the average monthly number of
migraine days to a significantly greater degree than was seen with placebo treatment
over the period from baseline to week 12 (p<0.0001 for both dosing regimens).
Placebo treatment provided a mean change of -3.2 monthly migraine days (95% CI -
3.86, -2.47). In comparison, the mean overall change from baseline for quarterly
fremanezumab was -4.9 migraine days (95% CI -5.59, -4.20); and for monthly
fremanezumab was -5.0 migraine days (95% CI -5.70, -4.33). Results of the
ANCOVA analysis showed a LSM difference versus placebo of -1.7 migraine days
(95% CI -2.48, -0.97, p<0.0001) for quarterly fremanezumab and -1.8 migraine days
(95% CI -2.61, -1.09, p<0.0001) for monthly fremanezumab. The MMRM analysis
supported the above results, with fremanezumab treatment demonstrating a greater
reduction from baseline in the average number of migraine days compared to
placebo treatment as early as one month after administration of the first dose (first
analysis point, p<0.0001 for both dosing regimens). This difference was maintained
through the rest of the trial (up to 12 weeks, p=0.0063 and p=0.0004 for quarterly

and monthly fremanezumab, respectively).

These results are more directly relevant to this submission than headache days, as

the economic model is driven by monthly migraine days. The results clearly
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demonstrate the efficacy of fremanezumab and its ability to reduce the number of
migraine days experienced by patients. This reduction in migraine days was rapidly

achieved and persisted throughout the study period.

B 2.6.1.2.c) Patients with at least 50% reduction in monthly average number of
migraine days
Significantly more patients experienced a reduction of at least 50% in the average
monthly number of migraine days with fremanezumab compared to placebo
treatment (p=0.0008 and p<0.0001 for quarterly and monthly fremanezumab,
respectively). Overall, 115 patients (30.7%) treated with quarterly fremanezumab
and 125 patients (33.3%) treated with monthly fremanezumab reached this threshold
of migraine days reduction, compared to 74 patients (19.9%) in the placebo group.
Analysis through the trial period demonstrated that fremanezumab resulted in a
higher proportion of patients reaching at least 50% reduction in monthly migraine

days at months one, two, and three compared to placebo treatment.

These results show that a substantial proportion of fremanezumab patients achieve
a highly relevant level of reduction in monthly migraine days, and this is significantly

greater than the proportion treated with placebo.

B 2.6.1.2.d) Mean change in weekly average number of migraine days over first
month of treatment
Another secondary outcome for the HALO CM trial was the reduction in weekly
number of migraine days over the first month of treatment. These results are shown
in Figure 3 for the combined fremanezumab dosing regimens and demonstrate that
there was a statistically significant difference between placebo and fremanezumab
from the first time point of one week (p<0.0001). The efficacy of placebo gradually
increased after this time point, whilst the efficacy of fremanezumab remained almost
constant. Overall, this led to a reduction in p-values for fremanezumab, with a p-
value of 0.01 at week 4. These results demonstrate the rapid onset of action with

fremanezumab.
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Figure 3 Change in weekly migraine days over time (MMRM analysis)
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B 2.6.1.2.e) Mean change from baseline in monthly average number of days of use
of any acute headache medication
Fremanezumab (in both dosing regimens) reduced the average monthly number of
days from baseline with acute headache medication use to a significantly greater
degree than was seen with placebo treatment (p<0.0001 for both dosing regimens).
Placebo treatment provided a median change from baseline of -2.0 days with acute
headache medication use (IQR -5.3, 0.2; mean change -1.9 days, 95% CI -2.48, -
1.28). In comparison, the median overall change from baseline for quarterly
fremanezumab was -3.6 medication days (IQR -7.3, -0.7; mean change -3.7 days,
95% ClI -4.25, -3.06); and for monthly fremanezumab was -4.2 medication days (IQR
-7.6, -1.1; mean change -4.2 days, 95% CI| -4.79, -3.61). Results of the ANCOVA
analysis showed a LSM difference versus placebo of -1.8 medication days (95% CI -

2.43, -1.12, p<0.0001 Wilcoxon rank-sum test) for quarterly fremanezumab and -2.3
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medication days (95% CI -2.97, -1.67, p<0.0001 Wilcoxon rank-sum test) for monthly
fremanezumab. The MMRM sensitivity analysis supported the above results, with a
significantly greater reduction for fremanezumab (both dosing regimens) compared
to placebo (p<0.0001 for both dosing regimens). These results show that
fremanezumab is able to reduce medication usage in patients with migraine to a

significant degree.

B 2.6.1.2.f) Quality of life measures
A number of HRQoL measures were investigated in the two HALO trials, and results

from the 6-item Headache Impact Test (HIT-6) and MSQoL will be presented here.

Fremanezumab (in both dosing regimens) reduced the average HIT-6 score (at four
weeks after final dose) to a significantly greater degree than was seen with placebo
treatment (p=0.0004 and p<0.0001 for quarterly and monthly fremanezumab,
respectively). Placebo treatment provided a median change from baseline of -4.0
(IQR -7.0, 0.0; mean change -4.5, 95% CI -5.38, -3.60). In comparison, the median
overall change from baseline for quarterly fremanezumab was -5.0 (IQR -10.0, -2.0;
mean change -6.4, 95% CI -7.31, -5.52); and for monthly fremanezumab was -6.0
(IQR -11.0, -2.0; mean change -6.8, 95% CI -7.71, -5.97). Results of the ANCOVA
analysis showed a LSM difference versus placebo of -1.9 (95% CI -2.90, -0.96,
p=0.0004 Wilcoxon rank-sum test) for quarterly fremanezumab and -2.4 (95% CI -

3.32, -1.38, p<0.0001 Wilcoxon rank-sum test) for monthly fremanezumab.

Analysis of the mean change from baseline in the MSQoL scores at four weeks after
final dose showed differences from placebo in favour of fremanezumab for all three
domains (role function — restrictive, role function — preventive and emotional state).
The LSM differences with placebo for role function — restrictive domain were 6.1 and

6.9 for quarterly and monthly fremanezumab, respectively (p<0.0001).

B 2.6.1.2.g) Other outcomes
Further outcomes in the HALO CM trial investigated other aspects of disease impact

and severity and results for relevant outcomes are summarised below.

Mean change from baseline in monthly average number of headache hours of any

severity during the 12-week trial period showed a significant difference from placebo
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in favour of fremanezumab (p=0.0003 and p<0.0001 for quarterly and monthly

fremanezumab, respectively). The LSM difference versus placebo was -13.7
headache hours (95% CI -21.10, -6.31, p=0.0003) for quarterly fremanezumab and -
18.6 headache hours (95% CI -25.96, -11.17, p<0.0001) for monthly fremanezumab.

When headache hours of at least moderate severity were considered,

fremanezumab demonstrated similar relative efficacy; the LSM difference versus

placebo was -10.3 headache hours for quarterly fremanezumab (p=0.0001) and -

12.3 headache hours for monthly fremanezumab (p<0.0001).

B 2.6.2 FOCUS trial

The FOCUS trial was designed and conducted as a single trial that covered both

chronic and episodic migraine. Results for the FOCUS trial were reported separately

for both chronic and episodic migraine populations, but its primary outcomes were

reported in the overall migraine population and so these will be summarised first.

All efficacy outcomes were assessed in the modified intention to treat cohort (mITT),

which included 278 patients who received placebo, 276 who received the quarterly

dose of fremanezumab and 283 who received the monthly dose of fremanezumab.

A summary of the key efficacy results are included below in Table 17, which shows

that fremanezumab (in both dosing regimens) was significantly more effective than

placebo treatment (p<0.0002) in all areas.

Table 17 Summary of main efficacy outcomes in FOCUS clinical trial

Placebo Fremanezumab Fremanezumab
(n=278) quarterly monthly
(n=276) (n=283)
Mean monthly migraine days
Baseline (SD) 14.3 (6.1) 14.1 (5.6) 14.1 (5.6)

LSM change (95% CI)

-0.6 (-1.25t0 0.07)

-3.7 (-4.38 to -3.05)

41 (-4.73 0 -3.41)

Difference vs placebo
(95% ClI)

-3.1 (-3.84 to -2.42)

3.5 (-4.19 to -2.78)

P-value vs placebo

<0.0001

<0.0001

Patients with at least 50%

reduction in monthly average migraine days

Number achieving
endpoint (%)

24 (8.6%)

95 (34.4%)

97 (34.3%)

Odds ratio vs placebo
(95% ClI)

5.84 (3.57 to 9.55)

5.82 (3.56 to 9.51)
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Placebo Fremanezumab Fremanezumab
(n=278) quarterly monthly
(n=276) (n=283)
P-value vs placebo <0.0001 <0.0001
Mean monthly days of use of any acute headache medication
Baseline (SD) 12.3 (6.3) 12.8 (6.2) 12.2 (6.0)

LSM change (95% CI)

-0.6 (-1.21 to 0.04)

-3.7 (-4.30 to -3.03)

-3.9 (-4.58 to -3.32)

Difference vs placebo
(95% ClI)

3.1 (-3.75 to -2.41)

3.4 (-4.03 to -2.69)

P-value vs placebo <0.0001 <0.0001

Migraine Disability Assessment score

Baseline (SD) I I I

LSM change (95% CI) -7.0 (-13.39to - -19.7 (-26.19 to - -24.7 (-31.09 to -
0.66) 13.30) 18.38)

Difference vs placebo -12.7 (-19.48 to - -17.7 (-24.45 to -

(95% ClI) 5.95) 10.97)

P-value vs placebo 0.0002 <0.0001

Headache Impact Test score

Baseline (SD) I I I

LSM change (95% CI)

22(-331to-
1.17)

-5.2 (-6.29 to -4.13)

6.1 (-7.12 to -4.99)

Difference vs placebo
(95% CI)

3.0 (-4.10 to -1.83)

-3.8 (-4.95 to -2.69)

P-value vs placebo

<0.0001

<0.0001

B 2.6.2.1 Mean change in monthly average number of migraine days

(primary endpoint)

Fremanezumab (in both dosing regimens) reduced the average monthly number of

migraine days to a significantly greater degree than was seen with placebo treatment

over the period from baseline to week 12 (p<0.0001 for both dosing regimens).

Placebo treatment provided a mean change of -0.6 monthly migraine days (95% CI -

1.25, 0.07). In comparison, the mean overall change from baseline for quarterly

fremanezumab was -3.7 migraine days (95% CI -4.38, -3.05); and for monthly

fremanezumab was -4.1 migraine days (95% ClI -4.73, -3.41). Results of the

ANCOVA analysis showed a LSM difference versus placebo of -3.1 migraine days
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(95% CI -3.84, -2.42, p<0.0001) for quarterly fremanezumab and -3.5 migraine days
(95% CI -4.19, -2.78, p<0.0001) for monthly fremanezumab.

The MMRM analysis of the treatment effect supported the above results, with a LSM
difference versus placebo of -3.1 migraine days (95% CI -3.84, -2.42, p<0.0001) for
quarterly fremanezumab and -3.5 migraine days (95% Cl -4.17, -2.77, p<0.0001) for

monthly fremanezumab.

The results of the primary outcome demonstrate the efficacy of fremanezumab and
its ability to reduce the number of migraine days experienced by patients who have
had at least two previous preventive treatment failures. Further confidence in these
results can be taken from the fact that the two separate analysis techniques used

produced overall results for the treatment effect that were similar.

B 2.6.2.2 Patients with at least 50% reduction in monthly average

number of migraine days

The proportion of patients who achieved a reduction of at least 50% in average
monthly migraine days was investigated as a secondary outcome. It was found that
significantly more patients experienced a reduction of at least 50% in the average
monthly number of migraine days with fremanezumab compared to placebo
treatment (Table 18, p<0.0001 for both dosing regimens). Overall, 95 patients
(34.4%) treated with quarterly fremanezumab and 97 patients (34.3%) treated with
monthly fremanezumab reached this threshold of migraine days reduction, which
compares to 24 patients (8.6%) in the placebo group. Analysis through the trial
period demonstrated that fremanezumab resulted in a higher proportion of patients
reaching at least 50% reduction in monthly migraine days at months one, two, and

three compared to placebo treatment.

Table 18 Proportion of patients with 50% or greater reduction in average
monthly migraine days

Time point | Placebo Fremanezumab | p-value Fremanezumab | p-value
statistic (n=278) quarterly quarterly | monthly monthly
(n=276) VS (n=283) VS
N (%) N (%) placebo N (%) placebo
Month 1 28 (10.1) 105 (38.0) <0.0001 101 (35.7) <0.0001
Month2 [ ' B B B
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vonths  HEE HEEE B EEEE B

Overall 24 (8.6) 95 (34.4) <0.0001 | 97 (34.3) <0.0001

B 2.6.2.3 Mean change in weekly average number of migraine days over

first month of treatment

The reduction in weekly number of migraine days over the first month of treatment
helps to show the speed of onset of treatment effect with fremanezumab. These
results (Figure 4) demonstrate that there was a statistically significant difference
between placebo and fremanezumab from the first time point of one week (p<0.0001
for both dosing regimens). This efficacy is maintained throughout the first month

(p<0.0001 for both dosing regimens at all time points).

Figure 4 Change in weekly migraine days over time (MMRM analysis)

‘I s placebo

B 2.6.2.4 Mean change in monthly average number of days of use of

any acute headache medication

Fremanezumab (in both dosing regimens) reduced the average monthly number of
days with acute headache medication use to a significantly greater degree than was
seen with placebo treatment (p<0.0001 for both dosing regimens). Placebo
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treatment provided a mean change of -0.6 days with acute headache medication use
(95% CI -1.21, 0.04). In comparison, the mean overall change from baseline for
quarterly fremanezumab was -3.7 medication days (95% CI -4.30, -3.03); and for
monthly fremanezumab was -3.9 medication days (95% CI -4.58, -3.32). Results of
the ANCOVA analysis showed a LSM difference versus placebo of -3.1 medication
days (95% CI -3.75, -2.41, p<0.0001) for quarterly fremanezumab and -3.4
medication days (95% CI -4.03, -2.69, p<0.0001) for monthly fremanezumab. The

MMRM sensitivity analysis supported the above results, with a LSM difference

versus placebo of ] medication days (95% C! | ) for
quarterly fremanezumab and JJJli] medication days (95% CI| | GG

for monthly fremanezumab.

B 2.6.2.5 QOL measures

A number of HRQoL measures were investigated in the FOCUS trial, and results
from the MIDAS, HIT-6 and MSQoL will be presented here.

Fremanezumab (in both dosing regimens) reduced the average MIDAS score (at
four weeks after final dose) to a significantly greater degree than was seen with
placebo treatment (p=0.0002 and p<0.0001 for quarterly and monthly
fremanezumab, respectively). Placebo treatment provided a mean change of -7.0
(95% CI -13.39, -0.66). In comparison, the mean overall change from baseline for
quarterly fremanezumab was -19.7 (95% CI -26.19, -13.30); and for monthly
fremanezumab was -24.7 (95% CI1 -31.09, -18.38). Results of the ANCOVA analysis
showed a LSM difference versus placebo of -12.7 (95% CI -19.48, -5.95, p=0.0002)
for quarterly fremanezumab and -17.7 (95% CI -24.45, -10.97, p<0.0001) for monthly

fremanezumab.

Fremanezumab (in both dosing regimens) reduced the average HIT-6 score (at four
weeks after final dose) to a significantly greater degree than was seen with placebo
treatment (p<0.0001 for both dosing regimens). Placebo treatment provided a mean
change from baseline of -2.2 (95% CI -3.31, -1.17). In comparison, the mean overall
change from baseline for quarterly fremanezumab was -5.2 (95% CI -6.29, -4.13);
and for monthly fremanezumab was -6.1 (95% CI -7.12, -4.99). Results of the
ANCOVA analysis showed a LSM difference versus placebo of -3.0 (95% CI -4.10, -
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1.83, p<0.0001) for quarterly fremanezumab and -3.8 (95% CI -4.95, -2.69,

p<0.0001) for monthly fremanezumab.

Analysis of the mean change from baseline in the MSQoL scores at four weeks after
final dose showed differences from placebo in favour of fremanezumab for all three
domains (role function — restrictive, role function — preventive and emotional state,
p<0.0001), see Table 19 for full results. The LSM differences with placebo for role
function — restrictive domain were - and - for quarterly and monthly

fremanezumab, respectively.

Table 19 MSQoL results from FOCUS trial

Placebo Fremanezumab Fremanezumab
(n=278) quarterly monthly
(n=276) (n=283)

Role function — Restrictive
Baseline (SD) HE T s
Lsmchange (95%Cl) | NN T B 2
Difference vs placebo R e
(95% ClI)
P-value vs placebo _—_—
Role function — Preventive
Baseline (SD) I T s
Lsmchange (95%Cl) | NN T B 2
Difference vs placebo R e
(95% ClI)
P-value vs placebo _—_—
Emotional function
Baseline (SD) I T s
LsMchange (95%Cl) | IH T B
Difference vs placebo _—_—
(95% ClI)
P-value vs placebo I N

B 2.6.2.5.a) Other outcomes
Further outcomes in the FOCUS trial investigated other aspects of disease impact

and severity and results for relevant outcomes are summarised below.
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Mean change in monthly average number of headache days of at least moderate
severity during the 12-week trial period showed a significant difference from placebo
in favour of fremanezumab (p<0.0001 for both dosing regimens). The LSM
difference versus placebo was -3.2 headache days (95% CI -3.93, -2.52, p<0.0001)
for quarterly fremanezumab and -3.6 headache days (95% CI -4.30, -2.91,

p<0.0001) for monthly fremanezumab.

Mean change in monthly average number of headache hours of at least moderate
severity during the 12-week trial period showed a significant difference from placebo
in favour of fremanezumab (p<0.0001 for both dosing regimens). The LSM
difference versus placebo was -14.4 headache hours (95% CI -20.93, -7.89,
p<0.0001) for quarterly fremanezumab and -16.6 headache hours (95% CI -23.07, -
10.08, p<0.0001) for monthly fremanezumab.

B 2.6.3 Long-term efficacy data from HALO extension

Patients who completed the HALO trials were eligible to participate in a multicentre,
randomised, double-blind, parallel-group extension to evaluate the long-term efficacy
of fremanezumab over 12 months. In addition, a group of new patients were
recruited for this extension following the same eligibility criteria as used in the main
study. Patients who participated in the original double-blind, placebo-controlled trials
and who received fremanezumab continued on the same dosing schedule; while
placebo patients and new patients were randomly assigned to either monthly or
quarterly fremanezumab (monthly fremanezumab in CM used a 675mg loading
dose, as was used in the main trial). There was no placebo group within this
extension, but patients were blinded as to the dosing schedule of fremanezumab that
they were receiving. The same clinical measures of efficacy were used in this

extension as were used within the main trial and are defined in the same manner.

There were - patients with EM and - patients with CM who rolled over from
the main HALO trials, with [l new patients recruited (i with EM and i} with
CM); and there were N screening failures. This gave a total population of Il
patients who were randomised or rolled over into this study. Within the patients with
EM, there were - who were received quarterly fremanezumab and - who

received monthly fremanezumab. Within the patients with CM, there were - who
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were received quarterly fremanezumab and ] who received monthly

fremanezumab. All patients randomised received at least one dose of study drug

and were included in the safety analysis population; except for || GcNGGG
1
I o did not receive a dose of study drug. The FAS

(patients who received at least one dose of study drug and had at least 10 days of
post-baseline efficacy assessments) included [l patients with EM receiving
quarterly fremanezumab, i} patients with EM receiving monthly fremanezumab,
I patients with CM receiving quarterly fremanezumab, and [l patients with CM
receiving monthly fremanezumab. There were a total of ] patients (JJlf) who
discontinued from the study for all causes. The baseline characteristics of these

patients are summarised in Appendix M.

As there was no placebo arm to evaluate the relative efficacy, the results are
presented as the mean changes compared to baseline. Efficacy results are
presented in the FAS, and are presented based on the timeframes of this extension
study, i.e. active rollover patients have already received 12 weeks of treatment
during the main trial. Therefore efficacy data for these patients at month one is after
four months of treatment, at month 3 is at six months of treatment and at month 12 is

after 15 months of treatment.

B 2.6.3.1 Episodic migraine

A summary of the key efficacy results within patients with EM are included below in
Table 20. These results demonstrate that for the key measure of monthly migraine
days, the newly treated patients achieved a response in the first month of treatment
similar in magnitude to that seen in the rollover patients (who had already received
three months of treatment at this point). The reduction in migraine days was then
maintained throughout the duration of the extension trial, with no evidence of any
waning in treatment effect or any difference in efficacy between the dosing regimens
of fremanezumab. Similar results were also seen in other efficacy outcomes, with a
relatively consistent proportion of patients showing at least a 50% reduction in mean
migraine days at each time point. Overall, these results provide evidence of the

efficacy of fremanezumab for up to 15 months of treatment.
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Table 20 Summary of main efficacy outcomes in HALO clinical trial extension for EM

Fremanezumab quarterly

Fremanezumab monthly

Active rollover
patients

(=)

Newly treated patients

(=)

Active rollover
patients

(n=H

Mean monthly migraine days

Baseline (SD)

Month 1 change (95% CI)

Month 3 change (95% ClI)

Month 6 change (95% CI)

Month 12 change (95% ClI)

"

Mean headache days of at least moderate severity

Baseline (SD)

Month 1 change (95% CI)

Month 3 change (95% CI)

Month 6 change (95% ClI)

Month 12 change (95% CI)

"

i

Patients with at least a 50% reduction in monthly migraine

Number in month 1 (%)

Number in month 3 (%)

Number in month 6 (%)

Number in month 12 (%)

"
"

days

Mean monthly days of use of any acute headache medicat

Baseline (SD)

Month 1 change (95% ClI)

Month 3 change (95% ClI)

Month 6 change (95% ClI)

"
"

on

wm{un
il
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Fremanezumab quarterly Fremanezumab monthly
Newly treated patients | Active rollover Newly treated patients | Active rollover

(n=l) patients (=l patients
(=)

(=)

Month 12 change (95% CI)
Headache hours of at least moderate severity
Baseline (SD)

Month 1 change (95% ClI)
Month 3 change (95% ClI)
Month 6 change (95% CI)
Month 12 change (95% ClI)

LI
L I
L I
L I
L I
L I

B 2.6.3.2 Chronic migraine

A summary of the key efficacy results within patients with CM are included below in Table 21. These results demonstrate that for
the key measure of monthly migraine days, the newly treated patients achieved a response in the first month of treatment similar
in magnitude to that seen in the rollover patients (who had already received three months of treatment at this point). The
reduction in migraine days was then maintained throughout the duration of the extension trial, with no evidence of any waning in
treatment effect or any difference in efficacy between the dosing regimens of fremanezumab. Similar results were also seen in
other efficacy outcomes, with a relatively consistent proportion of patients showing at least a 50% reduction in mean migraine
days at each time point. Overall, these results provide evidence of the efficacy of fremanezumab for up to 15 months of

treatment.
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Table 21 Summary of main efficacy outcomes in HALO clinical trial extension for CM

Fremanezumab quarterly

Fremanezumab monthly

Newly treated patients

(=)

Active rollover
patients

(=)

(n=H)

Newly treated patients

Active rollover
patients

(=)

Mean monthly migraine days

Baseline (SD)

Month 1 change (95% ClI)

Month 3 change (95% ClI)

Month 6 change (95% CI)

Month 12 change (95% ClI)

"

Mean headache days of at least moderate severity

Baseline (SD)

Month 1 change (95% CI)

Month 3 change (95% ClI)

Month 6 change (95% ClI)

Month 12 change (95% CI)

"

Patients with at least a 50% reduction in monthly migraine days

Number in month 1 (%)

Number in month 3 (%)

Number in month 6 (%)

Number in month 12 (%)

"

Mean monthly days of use of any acute headache medicat

on

Baseline (SD)

Month 1 change (95% ClI)

!

o
A
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Fremanezumab quarterly Fremanezumab monthly

Newly treated patients | Active rollover Newly treated patients | Active rollover

(n=l) patients (=l patients
(n=Hl

—_
=
11
!

Month 3 change (95% ClI)
Month 6 change (95% ClI)
Month 12 change (95% ClI)

"

Headache hours of at least moderate severity
Baseline (SD)

Month 1 change (95% CI)
Month 3 change (95% ClI)
Month 6 change (95% ClI)
Month 12 change (95% CI)

iy
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B 2.7 Subgroup analysis

The HALO clinical trials included the following predefined subgroup analyses:
patients receiving or not receiving concomitant preventive treatment; patients with or
without past topiramate use for migraine; patients with or without past
onabotulinumtoxin A use for migraine; age (18-45 years; >45 years); race
(Caucasian; non-Caucasian); sex. A summary of results from these subgroups is

included in Appendix E.

The FOCUS trial included the following predefined subgroup analyses: special
treatment failure group (patients with inadequate response to valproic acid plus two
to three other migraine preventive medications); valproic acid failure (yes; no); age
(18-45 years; >45 years); sex; region (North America; Europe). A summary of

results from these subgroups is included in Appendix E.

The FOCUS trial also included a predefined subgroup analysis based on migraine
classification (CM or EM). The results of this analysis are summarised below and
demonstrate that fremanezumab has comparable efficacy in both CM and EM

patient populations.

B 2.7.1 Episodic migraine

Baseline characteristics of the patients with EM within the FOCUS trial are
summarised in Appendix M. Efficacy outcomes were assessed in this group which
included 111 patients who received placebo, 107 who received the quarterly dose of

fremanezumab and 110 who received the monthly dose of fremanezumab.

The results for EM (Table 22) show that fremanezumab (in both dosing regimens)
reduced the average monthly number of migraine days to a significantly greater
degree than was seen with placebo treatment over the period from baseline to week
12 (p<0.0001 for both dosing regimens). Results of the ANCOVA analysis showed a
LSM difference versus placebo of -3.1 migraine days (95% CI -3.93, -2.19,
p<0.0001) for quarterly fremanezumab and -3.1 migraine days (95% CI -4.00, -2.25,
p<0.0001) for monthly fremanezumab. The MMRM analysis supported the above
results, with a LSM difference versus placebo of [Jl] migraine days (95% CI || ]
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B o quarterly fremanezumab and [l migraine days (95% CI |
) o' monthly fremanezumab. Similar results were also seen for

changes in mean headache days of at least moderate severity.

A significantly greater proportion of patients experienced a reduction of at least 50%
in the average monthly number of migraine days with fremanezumab compared to
placebo treatment ([l for both dosing regimens). Overall, ] patients
() treated with quarterly fremanezumab and [l patients (i) treated with
monthly fremanezumab reached this threshold of migraine days reduction, which
compares to ] patients (Jl]) in the placebo group. Within these patients with at
least a 50% response, fremanezumab was able to provide a mean change in
monthly migraine days of [} for quarterly dosing and [Jij for monthly dosing
compared to baseline, with mean monthly migraine days at 12 weeks after baseline

of il and [l for quarterly and monthly fremanezumab, respectively.

Table 22 Summary of main efficacy outcomes for patients with episodic
migraine in FOCUS clinical trial

Placebo Fremanezumab Fremanezumab
(n=111) quarterly monthly
(n=107) (n=110)

Mean monthly migraine days
Baseline (SD) I B el
LSM change (95% CI) -0.7 (-1.50t0 0.19) | -3.7 (-4.59 t0 -2.84) | -3.8 (-4.66 to -2.90)
Difference vs placebo -3.1(-3.93 t0 -2.19) | -3.1 (-4.00 to -2.25)
(95% ClI)
P-value vs placebo <0.0001 <0.0001

Patients with at least 50% reduction in monthly average migraine days

Number achieving I

endpoint (%)

Odds ratio vs placebo
(95% CI)

P-value vs placebo
Mean headache days of at least moderate severity
Baseline (SD) t

LSMchange (95%Cl) || Iz

Difference vs placebo
(95% CI)

P-value vs placebo

]

h
bbb
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B 2.7.2 High-frequency episodic migraine
Baseline characteristics of the patients with HFEM within the FOCUS trial are

summarised in Appendix M. Efficacy outcomes were assessed in this group which
included i} patients who received placebo, ] who received the quarterly dose

of fremanezumab and | who received the monthly dose of fremanezumab.

For the purposes of this submission, HFEM has been defined as EM patients who
have between eight and 14 monthly headache days. This is the subgroup of interest
for this appraisal as the high frequency of headaches mean that the impact of the

disease in this group can be as significant as for those patients with CM.'

The results for HFEM (Table 23) show that fremanezumab (in both dosing regimens)
reduced the average monthly number of migraine days to a significantly greater
degree than was seen with placebo treatment over the period from baseline to week
12 (I for both dosing regimens). Results of the ANCOVA analysis showed
a LSM difference versus placebo of [l migraine days (95% C! | Gz
B o quarterly fremanezumab and [JJli] migraine days (95% CI |
B o' monthly fremanezumab. The MMRM analysis supported the
above results, with a LSM difference versus placebo of ] migraine days (95% CI

) o quarterly fremanezumab and [l migraine days (95%
c'IEEEEEEEEE) o monthly fremanezumab.

A significantly greater proportion of patients experienced a reduction of at least 50%
in the average monthly number of migraine days with fremanezumab compared to
placebo treatment ([l for dosing regimens). Overall, [l patients ()
treated with quarterly fremanezumab and [l patients (i) treated with monthly
fremanezumab reached this threshold of migraine days reduction, which compares
to [l patients (Jll) in the placebo group. In these patients with at least a 50%
response, fremanezumab was able to provide a mean change in monthly migraine
days of [} for quarterly dosing and [} for monthly dosing compared to baseline;
monthly migraine days at 12 weeks after baseline were i} and [l for quarterly

and monthly fremanezumab, respectively.
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Table 23 Summary of main efficacy outcomes for patients with high-frequency
episodic migraine in FOCUS clinical trial

Placebo Fremanezumab Fremanezumab
(r=-l quarterly monthly
(n=H) (n=H)

Mean monthly migraine days
Baseline (SD) 1B
LSMchange (95%Cl) || IIGIzNz

Difference vs placebo
(95% ClI)

P-value vs placebo
Patients with at least 50% reduction in monthly average migraine days

Number achieving B

endpoint (%)

Odds ratio vs placebo
(95% ClI)

P-value vs placebo

b

B 2.7.3 Chronic migraine

Baseline characteristics of the patients with CM within the FOCUS trial are
summarised in Appendix M. Efficacy outcomes were assessed in this group which
included 167 patients who received placebo, 169 who received the quarterly dose of

fremanezumab and 173 who received the monthly dose of fremanezumab.

The results for CM (Table 24) show that fremanezumab (in both dosing regimens)
reduced the average monthly number of migraine days to a significantly greater
degree than was seen with placebo treatment over the period from baseline to week
12 (p<0.0001 for both dosing regimens). Results of the ANCOVA analysis showed a
LSM difference versus placebo of -3.2 migraine days (95% Cl -4.16, -2.18,
p<0.0001) for quarterly fremanezumab and -3.8 migraine days (95% CI -4.76, -2.80,
p<0.0001) for monthly fremanezumab. The MMRM analysis supported the above
results, with a LSM difference versus placebo of [JJl] migraine days (95% ClI

) o' quarterly fremanezumab and [l migraine days (95%
c' ) o monthly fremanezumab. Similar results were also

seen for changes in mean headache days of at least moderate severity.
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A significantly greater proportion of patients experienced a reduction of at least 30%
in the average monthly number of migraine days with fremanezumab compared to
placebo treatment ([l for dosing regimens). Overall, [l patients ()
treated with quarterly fremanezumab and [l patients (i) treated with monthly
fremanezumab reached this threshold of migraine days reduction, which compares
to [l patients (Jll) in the placebo group. In these patients with at least a 30%
response, fremanezumab was able to provide a mean change in monthly migraine
days of [} for quarterly dosing and [} for monthly dosing compared to baseline;
with monthly migraine days at 12 weeks after baseline of [JJlij and [l for quarterly

and monthly fremanezumab, respectively.

Table 24 Summary of main efficacy outcomes for patients with chronic
migraine in FOCUS clinical trial

Placebo Fremanezumab Fremanezumab
(n=167) quarterly monthly
(n=169) (n=173)

Mean monthly migraine days
Baseline (SD) I B el
LSM change (95% CI) -0.7 (-1.64 10 0.20) | -3.9 (-4.7910-2.99) | -4.5 (-5.39 t0 -3.61)
Difference vs placebo -3.2(-4.16 t0 -2.18) | -3.8 (-4.76 to -2.80)
(95% ClI)
P-value vs placebo <0.0001 <0.0001

Patients with at least 30% reduction in monthly average migraine days

Number achieving B

endpoint (%)

Odds ratio vs placebo
(95% CI)

P-value vs placebo
Mean headache days of at least moderate severity
Baseline (SD)

B
LSMchange (95%Cl) || TG

Difference vs placebo
(95% CI)

P-value vs placebo

]

h
Lokb
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B 2.7.4 Patients who have failed three or more classes of preventive

migraine treatment

The main subgroup of interest is patients who have failed three or more prior
preventive migraine treatments as these patients are the focus of this submission.

Therefore, the efficacy in this group of patients is highly relevant.

The FOCUS trial defined treatment failure by class of treatment and not simply by

number of treatments, i.e. patients could not have just failed three different beta
blockers. In theory, this makes the study design more robust and more in line with

UK clinical practice and guidelines, e.g. NICE guidelines (Headaches in over 12s:

diagnosis and management [CG150]). In practice, | KEGTKTcKcNGNGGGGEEEE

. All

results presented here are based on the FOCUS defined criteria of classes of

treatments split by type of migraine (EM/HFEM or CM).

B 2.7.4.1 Episodic migraine

Baseline characteristics of the patients with EM who have failed three or more
classes of preventive therapy within the FOCUS trial are summarised in Appendix M.
Baseline characteristics were similar between groups. Efficacy outcomes were
assessed in this group which included [l patients who received placebo, ] who
received the quarterly dose of fremanezumab and - who received the monthly

dose of fremanezumab.

The results for EM (Table 25) show that fremanezumab (in both dosing regimens)
reduced the average monthly number of migraine days to a significantly greater
degree than was seen with placebo treatment over the period from baseline to week
12 (I for both dosing regimens). Results of the ANCOVA analysis showed
a LSM difference versus placebo of [l migraine days (95% C! | N

) for quarterly fremanezumab and [JJl] migraine days (95% C! |
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B o monthly fremanezumab. The MMRM analysis supported the

above results, with a LSM difference versus placebo of il migraine days (95% CI
) o quarterly fremanezumab and ] migraine days (95%
c'IHEEEEEEEE) o monthly fremanezumab. Similar results were also

seen for changes in mean headache days of at least moderate severity.

A significantly greater proportion of patients experienced a reduction of at least 50%
in the average monthly number of migraine days with fremanezumab compared to
placebo treatment ([ GGG o quarterly and monthly
fremanezumab, respectively). Overall, |l patients (Jlll) treated with quarterly
fremanezumab and [l patients (Jl) treated with monthly fremanezumab
reached this threshold of migraine days reduction, which compares to - patients
() in the placebo group. Within these patients with at least a 50% response,
fremanezumab was able to provide a mean change in monthly migraine days of i}
for quarterly dosing and [JJli] for monthly dosing compared to baseline, with mean
monthly migraine days at 12 weeks after baseline of [} and [l for quarterly and

monthly fremanezumab, respectively.

Table 25 Summary of main efficacy outcomes for patients with episodic
migraine who have failed three or more classes of preventive therapy in
FOCUS clinical trial

Placebo Fremanezumab Fremanezumab
s ) quarterly monthly
(n=ll (n=ll

Mean monthly migraine days

Baseline (SD) B

LsMchange (5% Cl) | IIIHG TN |

Difference vs placebo t

(95% ClI)

P-value vs placebo t

Patients with at least 50% reduction in monthly average migraine days

Number achieving I B Il
endpoint (%)
Odds ratio vs placebo N B 2
(95% CI)

I

P-value vs placebo
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Placebo Fremanezumab Fremanezumab
s ) quarterly monthly

(n=ll (n=ll
Mean headache days of at least moderate severity
Baseline (SD) I

LSMchange (95%Cl) || TGKGTcz

Difference vs placebo
(95% ClI)

P-value vs placebo
Mean monthly days of use of any acute headache medication
Baseline (SD)

B
LSMchange (95% Cl) | IIIGczczNN

Difference vs placebo
(95% ClI)

P-value vs placebo
Mean monthly headache hours of at least moderate severity
Baseline (SD) T

LSMchange (95% Cl) || IIIGczcNNz

Difference vs placebo
(95% ClI)

P-value vs placebo

b

h
Lobbobb

b

Further outcomes within this patient group were also investigated. Fremanezumab
(in both dosing regimens) reduced the average monthly number of days with acute
headache medication use to a significantly greater degree than was seen with
placebo treatment ([l for both dosing regimens). The LSM difference

versus placebo was ] medication days (95% CI | GGG o
quarterly fremanezumab and [Jlj medication days (95% C! | EEEEEEE
B or monthly fremanezumab.

Mean change from baseline in monthly average number of headache hours of at
least moderate severity during the 12-week trial period showed a significant
difference from placebo in favour of fremanezumab ([l for both dosing
regimens). The LSM difference versus placebo was [JJJll headache hours (95% ClI

) o quarterly fremanezumab and il headache hours
95% C! | G o' monthly fremanezumab.
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Results from the change in weekly migraine days over the first month of therapy
demonstrate that there was a statistically significant difference between placebo and
fremanezumab from the first time point of one week ([ Gz and G for
quarterly and monthly fremanezumab, respectively). At this time point there was a
LSM difference versus placebo of il migraine days (95% C| | N
B o quarterly fremanezumab and [Jli] migraine days (95% CI | R
) o' monthly fremanezumab. This efficacy was maintained
throughout the first month ([l for both dosing regimens at all time points).

These results demonstrate that fremanezumab is an effective treatment in patients
with EM who have failed three or more preventive therapies. The treatment effect is

comparable in size to that seen within the overall EM population of the FOCUS trial.

B 2.7.4.1.a) Quality of life outcomes

Fremanezumab (in both dosing regimens) reduced the average MIDAS score (at
four weeks after final dose) to a significantly greater degree than was seen with
placebo treatment ([l for both dosing regimens). Placebo treatment
provided a mean change of [} (95% C! ). 'n comparison, the mean
overall change from baseline for quarterly fremanezumab was i} (95% C! I IR
IB); and for monthly fremanezumab was [l (95% C| | ). Results of
the ANCOVA analysis showed a LSM difference versus placebo of Il (95% CI
) o quarterly fremanezumab and [l (95% CI
I o monthly fremanezumab.

Fremanezumab (in both dosing regimens) reduced the average HIT-6 score (at four
weeks after final dose) to a significantly greater degree than was seen with placebo
treatment ([ GGG for quarterly and monthly fremanezumab,
respectively). Placebo treatment provided a mean change of i} (95% C! |}
-). In comparison, the mean overall change from baseline for quarterly
fremanezumab was || (95% C! | EEEE); and for monthly fremanezumab
was [l (95% C' ). Results of the ANCOVA analysis showed a LSM
difference versus placebo of il (95% C! | ) o quarterly
fremanezumab and [l (95% C! | ) o' monthly

fremanezumab.
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Analysis of the mean change from baseline in the MSQoL scores at four weeks after

final dose showed differences from placebo in favour of fremanezumab for all three

domains (role function — restrictive, role function — preventive and emotional state,
B, sc< Table 26 for full results. The LSM differences with placebo for role
function — restrictive domain were [JJJlij and |l for quarterly and monthly

fremanezumab, respectively.

Table 26 Quality of life results for patients with episodic migraine who have
failed three or more classes of preventive therapy in FOCUS clinical trial

Placebo

(=l

Fremanezumab
quarterly

(n=H

Fremanezumab
monthly

(n=H

Migraine Disability Assess

ment score

Baseline (SD)

LSM change (95% CI)

Difference vs placebo
(95% ClI)

P-value vs placebo

Headache Impact Test score

Baseline (SD)

LSM change (95% CI)

Difference vs placebo
(95% ClI)

P-value vs placebo

Role function — Restrictive

Baseline (SD)

LSM change (95% CI)

Difference vs placebo
(95% CI)

P-value vs placebo

Role function — Preventive

Baseline (SD)

LSM change (95% CI)

o]l

Difference vs placebo
(95% ClI)

P-value vs placebo

lIRIRI

Lokbobbhbn
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Placebo Fremanezumab Fremanezumab
s ) quarterly monthly

(n=H (n=H

Emotional function

Baseline (SD) R
LSMchange (95%Cl) || TGKGTcz

Difference vs placebo
(95% ClI)

P-value vs placebo

h
L,

B 2.7.4.2 High-frequency episodic migraine

Baseline characteristics of the patients with HFEM who have failed three or more
classes of preventive therapy within the FOCUS trial are summarised in Appendix M.
Efficacy outcomes were assessed in this group which included B patients who
received placebo, - who received the quarterly dose of fremanezumab and -

who received the monthly dose of fremanezumab.

The results for HFEM (Table 27) show that fremanezumab (in both dosing regimens)
reduced the average monthly number of migraine days to a significantly greater
degree than was seen with placebo treatment over the period from baseline to week
12 (I for both dosing regimens). Results of the ANCOVA analysis showed
a LSM difference versus placebo of [l migraine days (95% C! | Gz
B o quarterly fremanezumab and [Jli] migraine days (95% CI | R
B o' monthly fremanezumab. The MMRM analysis supported the
above results, with a LSM difference versus placebo of il migraine days (95% CI

) o' quarterly fremanezumab and [l migraine days (95%
c' I o monthly fremanezumab. Similar results were also

seen for changes in mean headache days of at least moderate severity.

A significantly greater proportion of patients experienced a reduction of at least 50%
in the average monthly number of migraine days with fremanezumab compared to
placebo treatment (GGG o' quarterly and monthly
fremanezumab, respectively). Overall, ] patients (i} treated with quarterly
fremanezumab and [} patients (i) treated with monthly fremanezumab
reached this threshold of migraine days reduction, which compared to [l patients
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() in the placebo group. Within these patients with at least a 50% response,

fremanezumab was able to provide a mean change in monthly migraine days of i}

for quarterly dosing and - for monthly dosing compared to baseline, with monthly

migraine days at 12 weeks after baseline of ] and [l for quarterly and monthly

fremanezumab, respectively.

Table 27 Summary of main efficacy outcomes for patients with high-frequency
episodic migraine who have failed three or more classes of preventive therapy

in FOCUS clinical trial

Fremanezumab
quarterly

(n=H)

Fremanezumab
monthly

(n=I)

Mean monthly migraine days

Baseline (SD)

LSM change (95% CI)

Difference vs placebo
(95% ClI)

P-value vs placebo

h
L,

Patients with at least 50%

reduction in monthly average migraine days

Number achieving
endpoint (%)

Odds ratio vs placebo
(95% ClI)

P-value vs placebo

i

Mean headache days of at least moderate severity

Baseline (SD)

LSM change (95% CI)

:

Difference vs placebo
(95% ClI)

P-value vs placebo

b

Mean monthly days of use

of any acute headache medication

Baseline (SD)

LSM change (95% CI)

Difference vs placebo
(95% ClI)

P-value vs placebo

b

Lobb.hlt
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Placebo Fremanezumab Fremanezumab
s ) quarterly monthly
(n=ll (n=ll

Mean monthly headache hours of at least moderate severity
Baseline (SD) I B el
Lsmchange(@5%Cl) |HIIH T BN |
Difference vs placebo tt
(95% ClI)
P-value vs placebo I

Further outcomes within this patient group were also investigated. Fremanezumab
(in both dosing regimens) reduced the average monthly number of days with acute
headache medication use to a significantly greater degree than was seen with
placebo treatment ([ llfor both dosing regimens). The LSM difference versus

placebo was ] medication days (95% C! | N ) for quarterly
fremanezumab and ] medication days (95% C! [ N GGG o

monthly fremanezumab.

Mean change from baseline in monthly average number of headache hours of at
least moderate severity during the 12-week trial period showed a significant
difference from placebo in favour of fremanezumab (Il for both dosing
regimens). The LSM difference versus placebo was [l headache hours (95% CI

) o quarterly fremanezumab and il headache hours
95% C! | I o' monthly fremanezumab.

Results from the change in weekly migraine days over the first month of therapy
demonstrate that there was a statistically significant difference between placebo and
fremanezumab from the first time point of one week ([ Gz and G o
quarterly and monthly fremanezumab, respectively). At this time point there was a
LSM difference versus placebo of ] migraine days (95% CI | GEIHN
B o quarterly fremanezumab and ] migraine days (95% CI | R
B o monthly fremanezumab. This efficacy is maintained throughout
the first month (il for both dosing regimens at all time points).
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These results demonstrate that fremanezumab is an effective treatment in patients
with HFEM who have failed three or more preventive therapies. The treatment effect
is comparable in size to that seen within the overall EM population of the FOCUS

trial.

B 2.7.4.2.a) Quality of life outcomes

Fremanezumab (in both dosing regimens) reduced the average MIDAS score (at
four weeks after final dose) to a significantly greater degree than was seen with
placebo treatment ([ GGG o quarterly and monthly
fremanezumab, respectively). Placebo treatment provided a mean change from
baseline of [l (95% C! ). n comparison, the mean overall change
from baseline for quarterly fremanezumab was [l (95% C! | NEEEEEE); and for
monthly fremanezumab was [l (95% C! | ). Results of the ANCOVA
analysis showed a LSM difference versus placebo of |l (95% C! | EIGzcIz
B o quarterly fremanezumab and [l (95% ClI
) o' monthly fremanezumab.

Fremanezumab (in both dosing regimens) reduced the average HIT-6 score (at four
weeks after final dose) to a significantly greater degree than was seen with placebo
treatment ([ o uarterly and monthly fremanezumab,
respectively). Placebo treatment provided a mean change of [} (95% C! |}
-). In comparison, the mean overall change from baseline for quarterly
fremanezumab was [l (95% C! | E); and for monthly fremanezumab
was [l 5% C/ ). Results of the ANCOVA analysis showed a LSM

difference versus placebo of [} (95% C! | GGG o quarterly
fremanezumab and [l (95% C! | ) or monthly

fremanezumab.

Analysis of the mean change from baseline in the MSQoL scores at four weeks after
final dose showed differences from placebo in favour of fremanezumab for all three
domains (role function — restrictive, role function — preventive and emotional state,
B); scc Table 28 for full results. The LSM differences with placebo for role
function — restrictive domain were [JJlij and |l for quarterly and monthly

fremanezumab, respectively.
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Table 28 Quality of life results for patients with high-frequency episodic
migraine who have failed three or more classes of preventive therapy in

FOCUS clinical trial

Placebo

(=l

Fremanezumab

Fremanezumab
monthly

(=)

Migraine Disability Assess

ment score

Baseline (SD)

LSM change (95% CI)

Difference vs placebo
(95% ClI)

P-value vs placebo

Headache Impact Test score

Baseline (SD)

LSM change (95% CI)

Difference vs placebo
(95% ClI)

P-value vs placebo

Role function — Restrictive

Baseline (SD)

LSM change (95% CI)

Difference vs placebo
(95% ClI)

P-value vs placebo

Role function — Preventive

Baseline (SD)

LSM change (95% CI)

Difference vs placebo
(95% ClI)

P-value vs placebo

Emotional function

Baseline (SD)

LSM change (95% CI)

ol

Difference vs placebo
(95% CI)

P-value vs placebo

hohhubbrhbushb
bobbubbohisbb
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B 2.7.4.3 Chronic migraine

Baseline characteristics of the patients with CM who have failed three or more
classes of preventive therapy within the FOCUS trial are summarised in Appendix M.
Efficacy outcomes were assessed in this group that included i patients who
received placebo, - who received the quarterly dose of fremanezumab and -

who received the monthly dose of fremanezumab.

The results for CM (Table 29) show that fremanezumab (in both dosing regimens)
reduced the average monthly number of migraine days to a significantly greater
degree than was seen with placebo treatment over the period from baseline to week
12 (I for both dosing regimens). Results of the ANCOVA analysis showed
a LSM difference versus placebo of [l migraine days (95% C! | Gz
B or quarterly fremanezumab and [Jli] migraine days (95% CI | R
B or monthly fremanezumab. The MMRM analysis supported the
above results, with a LSM difference versus placebo of il migraine days (95% CI

) o' quarterly fremanezumab and [l migraine days (95%
Cl _) for monthly fremanezumab.

A significantly greater proportion of patients experienced a reduction of at least 30%
in the average monthly number of migraine days with fremanezumab compared to
placebo treatment ([l for dosing regimens). Overall, |l patients ()
treated with quarterly fremanezumab and Bl patients (-) treated with monthly
fremanezumab reached this threshold of migraine days reduction, which compares
to [l patients (Jll) in the placebo group. In these patients with at least a 30%
response, fremanezumab was able to provide a mean change in monthly migraine
days of il for quarterly dosing and [} for monthly dosing compared to baseline,
with monthly migraine days at 12 weeks after baseline of i and [l for quarterly

and monthly fremanezumab, respectively.
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Table 29 Summary of main efficacy outcomes for patients with chronic
migraine who have failed three or more classes of preventive therapy in

FOCUS clinical trial

Placebo Fremanezumab Fremanezumab
(n=ll) quarterly monthly
(n=H (n=H

Mean monthly migraine days
Baseline (SD) I N 2
LSM change (95% Cl) I e 2
Difference vs placebo R e
(95% ClI)
P-value vs placebo tt

Patients with at least 30%

reduction in monthly average migraine days

Number achieving
endpoint (%)

|

Odds ratio vs placebo
(95% CI)

P-value vs placebo

]

Mean headache days of at least moderate severity

Baseline (SD)

LSM change (95% CI)

Difference vs placebo
(95% ClI)

P-value vs placebo

b

Mean monthly days of use

of any acute headache medication

Baseline (SD)

LSM change (95% CI)

Difference vs placebo
(95% ClI)

P-value vs placebo

b

Mean monthly headache hours of at least mode

Baseline (SD)

LSM change (95% CI)

:

rate severity

Difference vs placebo
(95% ClI)

P-value vs placebo

b

Lobbohbuhit

Further outcomes within this patient group were also investigated. Fremanezumab

reduced the average monthly number of days with acute headache medication use

to a significantly greater degree than was seen with placebo treatment ([ | lGzG
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for both dosing regimens). The LSM difference versus placebo was [JJl] medication

days (95% C| | GGG o quarterly fremanezumab and [l
medication days (95% C! | | ) for monthly fremanezumab.

Mean change in monthly average number of headache hours of at least moderate
severity during the 12-week trial period showed a significant difference from placebo
in favour of fremanezumab ([ o quarterly and monthly
fremanezumab, respectively). The LSM difference versus placebo was ||}
headache hours (95% C| | ) o quarterly fremanezumab and
Il headache hours (95% C| | ) o1 monthly fremanezumab.

Results from the change in weekly migraine days over the first month of therapy
demonstrate that there was a statistically significant difference between placebo and
fremanezumab from the first time point of one week (| GGG o
quarterly and monthly fremanezumab, respectively). At this time point there was a
LSM difference versus placebo of il migraine days (95% C| | N
B o quarterly fremanezumab and ] migraine days (95% C! | R
B or monthly fremanezumab. This efficacy is maintained throughout the
first month (il for both dosing regimens at all time points, except week 2 for

monthly dosing ().

These results demonstrate that fremanezumab is an effective treatment in patients
with CM who have failed three or more preventive therapies. The treatment effect is

comparable in size to that seen within the overall CM population of the FOCUS trial.

B 2.7.4.3.a) Quality of life outcomes

Fremanezumab (in both dosing regimens) reduced the average MIDAS score (at
four weeks after final dose) to a significantly greater degree than was seen with
placebo treatment ([ GGG o quarterly and monthly
fremanezumab, respectively). Placebo treatment provided a mean change of |JJili}
95% C! ). 'n comparison, the mean overall change from baseline for

quarterly fremanezumab was [} (95% C! | ); and for monthly
fremanezumab was [l (95% C! ). Results of the ANCOVA analysis

showed a LSM difference versus placebo of [} (95% C| GG
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for quarterly fremanezumab and [l (95% C! | ) for monthly

fremanezumab.

Fremanezumab (in both dosing regimens) reduced the average HIT-6 score (at four
weeks after final dose) to a significantly greater degree than was seen with placebo
treatment ([ o' quarterly and monthly fremanezumab,
respectively). Placebo treatment provided a mean change of [} (95% C! I}
-). In comparison, the mean overall change from baseline for quarterly
fremanezumab was [JJl] (95% C! | ); and for monthly fremanezumab was
B 95% C' ). Results of the ANCOVA analysis showed a LSM

difference versus placebo of [Jll (95% C! | ) o quarterly
fremanezumab and [l (95% C! | ) or monthly

fremanezumab.

Analysis of the mean change from baseline in the MSQoL scores at four weeks after
final dose showed differences from placebo in favour of fremanezumab for all three

domains (role function — restrictive, role function — preventive and emotional state,

e
B, << T:ble 30 for full results. The LSM differences with

placebo for role function — restrictive domain were i} and [l for quarterly and

monthly fremanezumab, respectively.

Table 30 Quality of life results for patients with chronic migraine who have
failed three or more classes of preventive therapy in FOCUS clinical trial

Placebo Fremanezumab Fremanezumab
s ) quarterly monthly

= (n=I)

—_—

Migraine Disability Assessment score

Baseline (SD) I
LSMchange (95% Cl) || IIIGczcNNz

Difference vs placebo
(95% ClI)

P-value vs placebo

b
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Placebo Fremanezumab Fremanezumab
s ) quarterly monthly

(=l (=l

Headache Impact Test score
Baseline (SD)
LSM change (95% CI)

Difference vs placebo
(95% ClI)

P-value vs placebo

Role function — Restrictive
Baseline (SD)

LSM change (95% CI)

Difference vs placebo
(95% ClI)

P-value vs placebo

Role function — Preventive
Baseline (SD)

LSM change (95% CI)

Difference vs placebo
(95% ClI)

P-value vs placebo
Emotional function
Baseline (SD)

LSM change (95% CI)

Difference vs placebo
(95% CI)

P-value vs placebo

ol

INIRIWiS
bokbohbhb

B 2.8 Meta-analysis

No meta-analysis of the fremanezumab results presented in the previous sections
have been conducted. This is because the trials presented have investigated the
efficacy of fremanezumab in different patient populations. The HALO trials focussed
on EM and CM separately, whilst the FOCUS trial investigated patients who had
failed on two to four classes of previous migraine preventive therapy in both EM and
CM. Therefore, any comparison pooling these results is not appropriate and would

not yield any meaningful results.
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B 2.9 Indirect and mixed treatment comparisons

A network meta-analysis (NMA) was conducted to compare relevant treatments
within the population of interest for this appraisal (patients who have failed three or
more prior migraine preventive therapies). Full details on the methodology of this
NMA are included within Appendix D. This analysis was done using Bayesian
principles, and so results are presented alongside credible interval (Crl) values. The
use of a Bayesian approach also means that direct statistical comparison between
treatments is not possible and so a significant effect is assumed when the credible
intervals do not cross. The results of this analysis are presented below for CM, and
no indirect treatment comparison was conducted in EM as no relevant comparators

with appropriate efficacy data were available.

B 2.9.1 Chronic migraine

In order to strength the network within the CM patient population, all available clinical
data in a population who had failed on three or more previous preventive therapies
was utilised. This allowed the inclusion of four clinical trials to inform the network,
and therefore allowed the inclusion of fremanezumab, onabotulinumtoxin A and
placebo as relevant treatments. Clinical data for erenumab was included in order to
strengthen the network, but as this is not a comparator of interest for this appraisal,
no results are reported. No appropriate clinical data was found to allow the inclusion

of any other treatments within this NMA.

There were no active comparator studies identified and so all comparisons are made
through the placebo arms. Table 31 summarises the trials included and the
interventions within them, with the network diagram shown in Figure 5. No valid
heterogeneity comparisons exist in these data and so a fixed effects model using a
Bayesian approach was used. Two outcomes were analysed, the reduction in
monthly migraine days and the proportion of patients with at least a 50% reduction in
monthly migraine days. These outcomes were chosen as those where the best
comparable evidence between treatments exists, and as these inputs were required
for the economic model. At least a 30% reduction in monthly migraine days has
been identified as a clinically relevant endpoint; however, there were not sufficient
data available for this endpoint to be analysed in this NMA.
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Table 31 Clinical trials included in network meta-analysis for chronic migraine

FOCUS Study 295* PREEMPT | and Il
(NCT03308968)%" | (NCT02066415)%* | (NCT00156910,
NCT00168428)4%5%
66
Placebo Yes Yes Yes

Fremanezumab monthly | Yes

Fremanezumab quarterly | Yes

Erenumab 70mg Yes

Erenumab 140mg Yes
Onabotulinumtoxin A Yes
155U-195U

*Phase |l study

Figure 5 Network diagram for network meta-analysis of chronic migraine

Fremanezumab monthly

. Fremanezumab quarterly
Erenumab 70mg

. Placebo
. Onabotulinumtoxin A

Erenumab 140 mg R

B 2.9.1.1 Monthly migraine days

The results for reductions in monthly migraine days are summarised in Figure 6,
which shows the pairwise treatment effect versus placebo, and in Table 32, which
shows the full NMA results. The results showed that whilst both investigated

treatments were superior to placebo, fremanezumab (monthly) had a numerically

greater treatment effect compared to onabotulinumtoxin A. || GcCcNGGE

1
|
I he results suggest a higher probability of a greater reduction in

monthly migraine days with fremanezumab than onabotulinumtoxin A.
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Figure 6 NMA results for treatment effect versus placebo for monthly migraine
days in chronic migraine

Crl: credible interval

Table 32 NMA results for monthly migraine days in chronic migraine

Placebo F monthly F quarterly O 155U-195U
Placebo | |
Fremanezumab
monthly
Fremanezumab . . | | .
quarterly
Onabotulinumtoxin A | |
155U-195U

F: fremanezumab; O: onabotulinumtoxin A
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B 2.9.1.2 Patients with at least 50% reduction in monthly average

number of migraine days

The results for proportion of patients with at least 50% reduction in monthly migraine
days are summarised in Figure 7, which shows the pairwise treatment effect versus
placebo, and in Table 33, which shows the full NMA results. These results were
used as the key efficacy input in the economic model. The results demonstrated that
both investigated treatments were superior to placebo. However, fremanezumab

had a numerically greater treatment effect compared to onabotulinumtoxin A. ||l

I Overall, these results suggest a higher probability of response with

fremanezumab than onabotulinumtoxin A.

Figure 7 NMA results for treatment effect versus placebo for at least a 50%
reduction in monthly migraine days in chronic migraine

Crl: credible interval
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Table 33 NMA results for at least a 50% reduction in monthly migraine days in
chronic migraine

Placebo F monthly F quarterly O 155U-195U
Placebo I F
Fremanezumab
monthly
Fremanezumab I
quarterly h h h
Onabotulinumtoxin A I
155U-195U

F: fremanezumab; O: onabotulinumtoxin A

B 2.9.2 Uncertainties in the indirect and mixed treatment comparisons

One of the main uncertainties in this NMA is the fact that no active controlled trials
comparing migraine treatments have been conducted and that all comparisons are
therefore made through the placebo arms of these trials. This allows no direct
comparison between the comparative results produced by the model and any real-
life data on the comparative efficacy of treatments. Another source of uncertainty is
that none of the clinical trials for migraine preventive therapies have focussed on a
patient population with three or more previous failed therapies. Therefore, all the
data included within this NMA comes from subgroup analyses. Further assumptions
have had to be made to ensure that all relevant data were included in this analysis,

and these were:

e The results for onabotulinumtoxin A are reported at 24 weeks and not 12
weeks as was the case for fremanezumab and erenumab; therefore, it has

been assumed that the efficacy was equivalent between these time points

e The results for response rates in onabotulinumtoxin A were reported as
reduction in monthly headache days; this has been assumed to be equivalent
to response in monthly migraine days. This is a conservative assumption, as
a migraine day has a more strict definition and so it would be expected that

the response rate based on migraine days would actually be lower

Company evidence submission for fremanezumab for preventing chronic and episodic
migraine [ID1368]

© Teva UK Limited (2019). All rights reserved Page 100 of 183



e The available published results for erenumab did not give full details in some
areas, hence, it was assumed that sample sizes and time points are
consistent between all outcomes.

Comparing the results versus placebo from the NMA to those of the clinical trials
revealed no major disparities and therefore gives confidence in the results of this

analysis.

B 2.10 Adverse reactions

The adverse reactions recorded during the clinical trials of fremanezumab will be
detailed in the following sections. These results present the full data on adverse
events within the full population of the fremanezumab clinical trials. Following this, a
separate section details the adverse events recorded in the subgroup of interest for
this appraisal (three or more previous failed migraine preventive treatments). There

are no other studies identified that provide details on adverse reactions.

B 2.10.1 HALO EM

An overall summary of the adverse events (AEs) recorded in the full population of
the HALO EM trial is presented in Table 34, with the associated relative risks and
risk differences shown in Table 35. Overall, the results show that the fremanezumab
groups had a slightly higher rate of adverse events (p=0.0476 and p=0.0511 for
quarterly and monthly fremanezumab, respectively) and treatment related adverse
events than the placebo group (p=0.0163 and p=0.0118 for quarterly and monthly
fremanezumab, respectively). There were very few serious adverse events, with
seven such events reported in the placebo group compared to three in each of the
fremanezumab groups (p=0.2219 and p=0.2238 for quarterly and monthly
fremanezumab, respectively). Importantly, there was no significant difference
between treatment groups in patients discontinuing treatment due to adverse events,
with five such instances in each treatment group (p=0.9921 and p=0.9882 for
quarterly and monthly fremanezumab, respectively). There was one death recorded
within the HALO EM trial, in the quarterly fremanezumab group, which was
determined to not be related to the study medication. These results show that
fremanezumab was generally a well-tolerated treatment with rates of serious AEs
and discontinuation due to AEs that were comparable to placebo.

Company evidence submission for fremanezumab for preventing chronic and episodic
migraine [ID1368]

© Teva UK Limited (2019). All rights reserved Page 101 of 183



Table 34 Summary of adverse event numbers in HALO EM trial

Placebo Fremanezumab Fremanezumab
(n=293) quarterly (n=291) | monthly (n=290)
N (%) N (%) N (%)

Number of patients with at least one | 171 (58.4) 193 (66.3) 192 (66.2)

AE

Number of patients with at least one | 109 (37.2) 137 (47.1) 138 (47.6)

treatment-related AE

Number of patients with at leastone | 7 (2.4) 3(1.0) 3(1.0)

SAE

Number of patients with at least one | 5 (1.7) 5(1.7) 5(1.7)

AE leading to study discontinuation

Number of patients with at least one | 1 (0.3) 1(0.3) 3(1.0)

protocol-defined AE of special

interest*

Death 0 (0.0) 1(0.3) 0 (0.0)

*Protocol-defined AEs of special interest included ophthalmic adverse events of at least
moderate intensity, events of possible drug-induced liver injury (AST or ALT =23x% the ULN,
total bilirubin 22x the ULN or INR >1.5), Hy’s Law events, or events of suspected

anaphylaxis and severe hypersensitivity reactions

Table 35 Relative risk and risk difference of adverse events in HALO EM trial

Fremanezumab quarterly

versus placebo

Fremanezumab monthly

versus placebo

Relative risk | Relative Relative risk | Relative
(95% ClI) difference (95% Cl) difference
(95% CI) (95% CI)
Number of patients with at 1.14 (1.00, 0.08 (0.00, 1.13 (1.00, 0.08 (0.00,
Number of patients with at 1.27 (1.04, 0.10 (0.02, 1.28 (1.06, 0.10 (0.02,
least one treatment-related 1.53) 0.18) 1.55) 0.18)
AE
Number of patients with at 0.43 (0.11, -0.01 (-0.03, 0.43 (0.11, -0.01 (-0.03,
least one SAE 1.65) 0.01) 1.66) 0.01)
Number of patients with at 1.01 (0.29, 0.00 (-0.02, 1.01 (0.30, 0.00 (-0.02,
least one AE leading to study | 3.44) 0.02) 3.45) 0.02)
discontinuation
Number of patients with at 1.01 (0.06, 0.00 (-0.01, 3.03 (0.32, 0.01 (-0.01,
least one protocol-defined 16.02) 0.01) 28.97) 0.02)
AE of special interest*

*Protocol-defined AEs of special interest included ophthalmic adverse events of at least
moderate intensity, events of possible drug-induced liver injury (AST or ALT =3% the ULN,
total bilirubin 22x the ULN or INR >1.5), Hy’s Law events, or events of suspected

anaphylaxis and severe hypersensitivity reactions
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Further details on the incidence of adverse events experienced by more than 2% in

any treatment group are presented in Table 36, with the associated relative risks and

risk differences shown in Appendix F. These data show that the most common

adverse events were injection site reactions in all treatment groups. The only

individual AE where there was a significant increase to the rate seen in placebo was

injection site induration for monthly dosing of fremanezumab (p=0.0066). The other

encountered AEs occurred in 5% or less of patients and there were no clear

differences between the rates of these conditions between the placebo and active

treatment groups.

Table 36 Incidence of adverse events within HALO EM trial

Placebo Fremanezumab Fremanezumab
(n=293) quarterly (n=291) monthly (n=290)
N (%) N (%) N (%)
General disorders and administration site conditions*
Injection site pain 76 (25.9) 86 (29.6) 87 (30.0)
Injection site induration 45 (15.4) 57 (19.6) 71 (24.5)
Injection site erythema 41 (14.0) 55 (18.9) 52 (17.9)
Injection site 6 (2.0) 9 (3.1) 3(1.0)
haemorrhage
Fatigue 4 (1.4) 6 (2.1) 2(0.7)
Infections and infestations
Upper respiratory tract 15 (5.1) 11 (3.8) 16 (5.5)
infection
Nasopharyngitis 9 (3.1) 11 (3.8) 11 (3.8)
Urinary tract infection 4(1.4) 10 (3.4) 7(2.4)
Bronchitis 3(1.0) 4 (1.4) 6 (2.1)
Sinusitis 8 (2.7) 2(0.7) 4 (1.4)
Gastrointestinal disorders
Nausea 15(1.7) |7 (24) [4(1.4)

* Injection site assessments were proactively performed immediately and one hour after
administration of fremanezumab, as opposed to only spontaneous adverse event reporting
of injection site reactions. If the patient had a severe injection site reaction at this point, the
patient was reassessed at 3 hours after administration and hourly thereafter until the

reaction/pain is of moderate or less severity.

Overall, these results demonstrate that fremanezumab is a well-tolerated treatment

with a low rate of serious AEs. The main class of AEs encountered in this trial was

injection site reactions, which in most cases were transient and not severe; all other
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adverse events showed no significant differences in incidence between

fremanezumab and placebo groups.

B 2.10.2 HALO CM
An overall summary of the AEs recorded in the full population of the HALO CM trial

is presented in Table 37, with the associated relative risks and risk differences
shown in Table 38. These figures show that the fremanezumab groups had a
slightly higher rate of adverse events (p=0.0589 and p=0.0341 for quarterly and
monthly fremanezumab, respectively) and treatment related adverse events than the
placebo group (p=0.0524 and p=0.0161 for quarterly and monthly fremanezumab,
respectively). However very few of these were serious adverse events, with six such

events reported in the placebo group compared to three and five in the quarterly and

monthly fremanezumab, respectively (p=0.3274 and p=0.7611 for quarterly and

monthly fremanezumab, respectively). In addition, there was no significant

difference between treatment groups in patients discontinuing treatment due to

adverse events, with eight such instances in the placebo group compared to five and

seven in the quarterly and monthly fremanezumab, respectively (p=0.4106 and

p=0.7909 for quarterly and monthly fremanezumab, respectively). There was one

death recorded within the HALO CM trial, in the quarterly fremanezumab group,

which was determined to not be related to the study medication. These results show

that fremanezumab was generally a well-tolerated treatment with rates of serious

AEs and discontinuation due to AEs that were comparable to placebo.

Table 37 Summary of adverse event numbers in HALO CM trial

Placebo Fremanezumab Fremanezumab
(n=375) quarterly (n=376) | monthly (n=379)
N (%) N (%) N (%)

Number of patients with at least one | 240 (64.0) 265 (70.5) 270 (71.2)

AE

Number of patients with at least one | 159 (42.4) 186 (49.5) 194 (51.2)

treatment-related AE

Number of patients with at least one | 6 (1.6) 3 (0.8) 5(1.3)

SAE

Number of patients with at leastone | 8 (2.1) 5(1.3) 7 (1.8)

AE leading to study discontinuation
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Placebo Fremanezumab Fremanezumab
(n=375) quarterly (n=376) | monthly (n=379)
N (%) N (%) N (%)

Number of patients with at leastone | 4 (1.1) 7(1.9) 9(2.4)

protocol-defined AE of special

interest*

Death 0(0.0) 1(0.3) 0(0.0)

*Protocol-defined AEs of special interest included ophthalmic adverse events of at least
moderate intensity, events of possible drug-induced liver injury (AST or ALT =3% the ULN,
total bilirubin 22x the ULN or INR >1.5), Hy’s Law events, or events of suspected

anaphylaxis and severe hypersensitivity reactions

Table 38 Relative risk and risk difference of adverse events in HALO CM trial

Fremanezumab quarterly

versus placebo

Fremanezumab monthly

versus placebo

Relative risk | Relative Relative risk | Relative
(95% CI) difference (95% Cl) difference
(95% CI) (95% CI)
Number of patients with at 1.10 (1.00, 0.06 (0.00, 1.11 (1.01, 0.07 (0.01,
least one AE 1.22) 0.13) 1.23) 0.14)
Number of patients with at 1.17 (1.00, 0.07 (0.00, 1.21 (1.04, 0.09 (0.02,
least one treatment-related 1.36) 0.14) 1.41) 0.16)
AE
Number of patients with at 0.50 (0.13, -0.01 (-0.02, 0.82 (0.25, 0.00 (-0.02,
least one SAE 1.98) 0.01) 2.68) 0.01)
Number of patients with at 0.62 (0.21, -0.01 (-0.03, 0.87 (0.32, 0.00 (-0.02,
least one AE leading to study | 1.89) 0.01) 2.36) 0.02)
discontinuation
Number of patients with at 1.75 (0.52, 0.01 (-0.01, 2.23 (0.69, 0.01 (-0.01,
least one protocol-defined 5.91) 0.03) 7.17) 0.03)
AE of special interest*

*Protocol-defined AEs of special interest included ophthalmic adverse events of at least
moderate intensity, events of possible drug-induced liver injury (AST or ALT =3x the ULN,
total bilirubin 22x the ULN or INR >1.5), Hy’s Law events, or events of suspected

anaphylaxis and severe hypersensitivity reactions

Further details on the incidence of all adverse events experienced by more than 2%

of any treatment group are presented in Table 39, with the associated relative risks

and risk differences shown in Appendix F. There were no significant differences in

incidence of any of these AEs between the placebo and fremanezumab groups (both

dosing regimens). The most common adverse events were injection site reactions in

all treatment groups. The other encountered AEs occurred in 5% or less of patients
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and there were no clear differences between the rates of these conditions between

the placebo and active treatment groups.

Table 39 Incidence of adverse events within HALO CM trial

Placebo Fremanezumab Fremanezumab
(n=375) quarterly (n=376) monthly (n=379)
N (%) N (%) N (%)
General disorders and
administration site conditions*
Injection site pain 104 (27.7) 114 (30.3) 99 (26.1)
Injection site induration 68 (18.1) 74 (19.7) 90 (23.7)
Injection site erythema 60 (16.0) 80 (21.3) 75 (19.8)
Injection site 10 (2.7) 7(1.9) 8 (2.1)
haemorrhage
Injection site pruritus 0 (0.0) 6 (1.6) 8 (2.1)
Infections and infestations
Nasopharyngitis 20 (5.3) 19 (5.1) 15 (4.0)
Upper respiratory tract 15 (4.0) 18 (4.8) 16 (4.2)
infection
Sinusitis 10 (2.7) 10 (2.7) 4(1.1)
Nervous system disorders
Dizziness 5(1.3) 9(2.4) 11 (2.9)
Migraine 8 (2.1) 4(1.1) 4(1.1)
Gastrointestinal disorders
Nausea [ 11(2.9) [4(1.1) 1 6(1.6)

* Injection site assessments were proactively performed immediately and one hour after
administration of fremanezumab, as opposed to only spontaneous adverse event reporting
of injection site reactions. If the patient had a severe injection site reaction at this point, the
patient was reassessed at 3 hours after administration and hourly thereafter until the
reaction/pain is of moderate or less severity.

B 2.10.3 FOCUS

An overall summary of the AEs recorded in the full population of the FOCUS trial is
presented in Table 40, with the associated relative risks and risk differences shown
in Table 41. These figures show that the fremanezumab groups had no significant
difference in rates of adverse events (p=0.1373 and p=0.4690 for quarterly and
monthly fremanezumab, respectively) and treatment related adverse events
compared to the placebo group (p=0.8272 and p=0.8773 for quarterly and monthly

fremanezumab, respectively). There were few serious adverse events, with four
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such events reported in the placebo group compared to two and four in the quarterly
and monthly fremanezumab, respectively (p=0.4317 and p=0.9707 for quarterly and
monthly fremanezumab, respectively). In addition, there was no significant
difference between treatment groups in patients discontinuing treatment due to
adverse events, with three such instances in the placebo group compared to one
and four in the quarterly and monthly fremanezumab, respectively (p=0.3472 and
p=0.7458 for quarterly and monthly fremanezumab, respectively). There were no
deaths recorded within the FOCUS trial. These results show that fremanezumab
was generally a well-tolerated treatment with rates of serious AEs and

discontinuation due to AEs that were comparable to placebo.

Table 40 Summary of adverse event numbers in FOCUS trial

Placebo Fremanezumab Fremanezumab
(n=277) quarterly (n=276) | monthly (n=285)
N (%) N (%) N (%)

Number of patients with at least one | 134 (48.3) 151 (54.7) 129 (45.3)

AE

Number of patients with at least one | 55 (19.9) 57 (20.6) 55 (19.3)

treatment-related AE

Number of patients with at leastone | 4 (1.4) 2(0.7) 4(1.4)

SAE

Number of patients with at leastone | 3 (1.1) 1(0.4) 4(1.4)

AE leading to study discontinuation

Number of patients with at least one ffr

protocol-defined AE of special

interest*

Death 0 (0.0) 0 (0.0) 0 (0.0)

*Protocol-defined AEs of special interest included ophthalmic adverse events of at least
moderate intensity, events of possible drug-induced liver injury (AST or ALT =3% the ULN,
total bilirubin 22x the ULN or INR >1.5), Hy’s Law events, or events of suspected
anaphylaxis and severe hypersensitivity reactions
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Table 41 Relative risk and risk difference of adverse events in FOCUS trial

Fremanezumab quarterly Fremanezumab monthly
versus placebo versus placebo
Relative risk | Relative Relative risk | Relative
(95% ClI) difference (95% Cl) difference
(95% Cl) (95% Cl)
Number of patients with at 1.13 (0.96, 0.06 (-0.02, 0.94 (0.78, -0.03 (-0.11,
least one AE 1.33) 0.15) 1.12) 0.05)
Number of patients with at 1.04 (0.75, 0.01 (-0.06, 0.97 (0.70, -0.01 (-0.07,
least one treatment-related 1.45) 0.07) 1.36) 0.06)
AE
Number of patients with at 0.50 (0.09, -0.01 (-0.02, 0.97 (0.25, 0.00 (-0.02,
least one SAE 2.72) 0.01) 3.85) 0.02)
Number of patients with at 0.33 (0.04, -0.01 (-0.02, 1.30 (0.29, 0.00 (-0.02,
least one AE leading to study | 3.20) 0.01) 5.74) 0.02)
discontinuation
least one protocol-defined
AE of special interest*

*Protocol-defined AEs of special interest included ophthalmic adverse events of at least
moderate intensity, events of possible drug-induced liver injury (AST or ALT =23% the ULN,
total bilirubin =22x the ULN or INR >1.5), Hy’s Law events, or events of suspected
anaphylaxis and severe hypersensitivity reactions

Further details on the incidence of all adverse events experienced by more than 2%
of any treatment group are presented in Table 42, with the associated relative risks
and risk differences shown in Appendix F. There were no significant differences in
incidence of any of these AEs between the placebo and fremanezumab groups (both
dosing regimens). The most common adverse events were injection site reactions in
all treatment groups. The other encountered AEs occurred in 5% or less of patients
and there were no clear differences between the rates of these conditions between

the placebo and active treatment groups.

Table 42 Incidence of adverse events within FOCUS trial

Placebo Fremanezumab Fremanezumab
(n=277) quarterly (n=276) monthly (n=285)
N (%) N (%) N (%)

General disorders and administration site conditions

Any injection site reaction _ _ _

Injection site erythema 15 (5.4) 19 (6.9) 16 (5.6)
Injection site induration 12 (4.3) 12 (4.3) 13 (4.6)
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Placebo Fremanezumab Fremanezumab
(n=277) quarterly (n=276) monthly (n=285)
N (%) N (%) N (%)

Injection site pain 8 (2.9) 11 (4.0) 9(3.2)

Fatigue 3(1.1) 9(3.3) 9(3.2)

Infections and infestations

Nasopharyngitis 11 (4.0) 13 (4.7) 7 (2.5)

Upper respiratory tract 3(1.1) 4(1.4) 9(3.2)

infection

Influenza 2(0.7) 2(0.7) 6 (2.1)

Gastroenteritis 7 (2.5) 3(1.1) 3(1.1)

Psychiatric disorders

Insomnia 12(0.7) 16(22) | 7(25)

Nervous system disorders

Migraine 19(3.2) [2(0.7) 13(1.1)

Gastrointestinal disorders

Diarrhoea 3(1.1) 7(2.5) 2(0.7)

Constipation 2(0.7) 7 (2.5) 1(0.4)

B 2.10.3.1 Patients who have failed three or more classes of preventive

migraine treatment

A post-hoc analysis was conducted on the FOCUS trial data to allow additional
reporting of adverse events within patients who have failed three or more classes of
preventive migraine treatment. In total, [l patients receiving placebo, ||l
receiving quarterly fremanezumab and - patients receiving monthly
fremanezumab failed three or more classes of preventive migraine treatment. This
included [l patients who had failed on four classes of migraine preventive
therapies, and [l who had failed two or three classes of migraine preventive
therapies and valproic acid. The results were similar to those reported above for the
overall trial population, with || | | Il of placebo patients reporting at least one
adverse event compared to || ] for quarterly fremanezumab and |
I for monthly fremanezumab. This equated to relative risks versus placebo of

I =o' [ for

quarterly and monthly fremanezumab, respectively; and to relative differences

versus placebo of NN - I for

quarterly and monthly fremanezumab, respectively. These results demonstrate that
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there was no significant difference in rates of adverse events between

fremanezumab groups and placebo. There were also no meaningful differences

between the rates of adverse events for patients with EM and CM within this group.
For patients with EM, |l of placebo patients reported at least one

adverse event compared to || ] for quarterly fremanezumab and |
B for monthly fremanezumab. For patients with CM, | | |l of placebo
patients reported at least one adverse event compared to || ] for quarterly

fremanezumab and | for monthly fremanezumab.

Further details on the incidence of all adverse events experienced by more than 2%

of any treatment group are presented in Table 43, with the associated relative risks

and risk differences shown in Appendix F. There were no significant differences in

incidence of any of these AEs between the placebo and fremanezumab groups (both

dosing regimens). The most common adverse events were injection site reactions in

all treatment groups. The other encountered AEs occurred in 5% or less of patients

(I ) 2nd there were no

clear differences between the rates of these conditions between the placebo and

active treatment groups.

Table 43 Incidence of adverse events for patients who have failed three or
more classes of preventive migraine treatment within FOCUS trial

Fremanezumab

quarterly (=]l
N (%)

Fremanezumab

monthly (n=]l)
N (%)

General disorders and administration site cond

Injection site erythema

Injection site induration

Injection site pain

Fatigue

Injection site bruising

Influenza like illness

Injection site pruritis

Injection site rash

Injection site paraesthesia

Asthenia

Injection site warmth

.
i
.
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Placebo Fremanezumab Fremanezumab
(=1 quarterly (n=lll) | monthly (n=1l)
N (%) N (%) N (%)

Infections and infestations
Nasopharyngitis
Gastroenteritis
Sinusitis

Urinary tract infection

Upper respiratory tract
infection

Psychiatric disorders
Insomnia |
Nervous system disorders
Migraine
Dizziness
Gastrointestinal disorders
Nausea

Diarrhoea
Constipation
Abdominal pain
Abdominal pain upper
Investigations
Weight increased | ] ] ]
Musculoskeletal and connective tissue disorders

Back pain
Neck pain
Skin and subcutaneous tissue disorders

Rash ‘ _ _ _

n
n
m

it
!
il

!
!
!

B 2.10.4 HALO extension

Further evidence regarding the safety of fremanezumab over a longer time period
came from the extension of the HALO trials. Safety data were collected within this
12-month extension for both quarterly and monthly fremanezumab. There was no
placebo arm within the extension trial and so the rates of adverse events cannot be

compared to placebo within this data.

An overall summary of the AEs in the full population of the HALO extension trial is
presented in Table 44. Overall, the results show that, compared to the double-blind

placebo-controlled HALO trials, over this longer time period a slightly higher
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proportion of fremanezumab patients experienced an adverse event or a treatment
related adverse event. Most of these adverse events were mild and only a low
proportion of patients had a serious adverse event or discontinued treatment due to
adverse events; although again these proportions were slightly higher than reported
in the main HALO trials. There were no deaths recorded within the HALO extension
trials. These results show that over longer term treatment, fremanezumab was
generally a well-tolerated treatment, across both monthly and quarterly dosing

regimens.

Table 44 Summary of adverse event numbers in HALO trial extension

Fremanezumab Fremanezumab
quarterly (=]l monthly (n=]l)
N (%) N (%)

Number of patients with at least one AE

Number of patients with at least one
treatment-related AE

Number of patients with at least one SAE

Number of patients with at least one AE
leading to study discontinuation

Number of patients with at least one
protocol-defined AE of special interest*

Death

bl
bbb

Further details on the incidence of all adverse events experienced by more than 2%
of any treatment group are presented in Table 45. These are a similar list of events
to that seen in the main HALO trials. The most common adverse events were
injection site reactions, and minor infections. The other encountered AEs occurred
in 5% or less of patients and there were no clear differences between the rates of

these conditions between treatment groups.
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Table 45 Incidence of adverse events within HALO trial extensions

Fremanezumab

quarterly (=]l
N (%)

General disorders and administration site conditions*

At least one injection site
reaction averse event

Injection site induration

Injection site pain

Injection site erythema

Injection site haemorrhage

Injection site pruritus

Fatigue

Infections and infestations

Upper respiratory tract infection

Nasopharyngitis

Urinary tract infection

Sinusitis

Bronchitis

Influenza

Gastroenteritis

Pharyngitis streptococcal

Musculoskeletal and connective tissue disorders

Back pain

Arthralgia

Neck pain

Gastrointestinal disorders

Diarrhoea

Nausea

Injury, poisoning and procedural complications

Procedural pain

Ligament sprain

Nervous system disorders

Migraine

Investigations

Alanine aminotransferase
increased

Weight increased

Respiratory, thoracic and mediastinal disorders

Cough L

Psychiatric disorders

Insomnia L | I
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Fremanezumab Fremanezumab monthly
quarterly (n=[lll) (n=1)
N (%) N (%)

Anxiety I I

Vascular disorders

Hypertension I I

* Injection site assessments were proactively performed immediately and one hour after
administration of fremanezumab, as opposed to only spontaneous adverse event reporting
of injection site reactions. If the patient had a severe injection site reaction at this point, the
patient was reassessed at 3 hours after administration and hourly thereafter until the
reaction/pain is of moderate or less severity.

B 2.11 Ongoing studies

The FOCUS trial has entered into an open-label extension, which will provide further
information on the longer-term efficacy and safety of fremanezumab in patients who
have failed on previous migraine preventive therapies. Results from this trial are

expected to be available in late 2019.

B 2.12 Innovation

Preventive treatment of migraine aims to reduce the frequency and impact of attacks
whilst also aiming to reduce attack duration and severity.?3 It is recognised that
although there are many licensed and unlicensed preventive treatments for migraine,
they are often insufficient to manage migraine effectively, with issues of efficacy,
tolerance, safety, and adherence, highlighting the need for new treatment options.®”
The reason for this may be due to the fact that current preventive therapies used to
manage migraine are repurposed drugs that were not designed to specifically
address the underlying biology of the condition and therefore may have a broader
mechanism of action. These treatments are effective in achieving the aim of a
migraine preventive in a proportion of patients; however, they may be associated
with poor tolerability.68 Data from over 30 published studies have reported poor
adherence to and persistence on oral migraine preventive drugs, which can

adversely affect treatment outcomes.°.70.71
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The novel treatment class of anti-CGRP therapies (including fremanezumab)
represent a ‘step-change’ in the management of migraine, being the first preventive
therapies that are targeted at the underlying biology of this condition. This has come
after almost 20 years since the advent of the triptan class of medications, which are
licensed only for acute migraine management. Clinical trials have demonstrated
fremanezumab to be generally well-tolerated, with an AE profile broadly similar to
that of placebo. Traditional preventive therapies largely need to be taken daily; this
fact, especially when compounded by issues around tolerability, as discussed above,
can reasonably be assumed to affect adherence and persistence to therapy in many
patients. Given the relatively low level of serious adverse events and
discontinuations due to adverse events in the fremanezumab trials, and the simplicity
of monthly and quarterly dosing regimens, it can be postulated that issues with

adherence and persistence may occur to a lesser extent with fremanezumab.

Fremanezumab is the first anti-CGRP therapy that can be administered as a
quarterly as well as monthly regimen, with monthly/4 weekly administration required
for all other currently available drugs in this class. Fremanezumab has the same
dose administered as either a monthly or quarterly regimen (225mg per month or
675mg every 3 months [total of 12 x 225mg injections per year]); patients inject their
fremanezumab either on the same day every month or every three months, meaning
that it is easier for patients to recall when their next dose is due, as opposed to 4-
weekly therapies. These two regimens are equivalent in total dose, efficacy, safety
and cost. In addition, as fremanezumab can be self-administered by patients, once
they are trained on the injection technique, there would be no expected difference in
resource requirements between the two regimens. The availability of these two
dosing regimens provides flexibility and choice to patients and physicians, with the
ability to choose a dosing regimen that best fits the patient’s personal requirements
and lifestyle, with the aim of helping to further improve adherence and persistence
on this therapy. Furthermore, the flexibility offered means that patients are able to

switch between dosing regimens to aid convenience through different life events.

Compared to the administration of onabotulinumtoxin A, the availability of

fremanezumab has the potential to reduce the current burden on migraine services,
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as well as on the patient. Onabotulinumtoxin A treatment requires a 30-minute
hospital appointment every 12 weeks for administration (as stated in the technology
appraisal for onabotulinumtoxin A).#> Administration of this treatment is associated
with high clinician burden; patients need to come back into the clinic every 12 weeks
for their next treatment cycle. This can have an impact on clinic capacity in terms of
waiting list for these clinics. Indeed, clinical experts have reported that these clinics
have waiting lists of 2-8 months for newly prescribed patients. In addition to this,
onabotulinumtoxin A treatment may place a burden on the patient whom has to take
time out of their professional or social life to attend clinics every 12 weeks to receive
treatment. Furthermore, onabotulinumtoxin A treatment consists of approximately 31
injections of the medication in the head and neck region, a procedure that may be

viewed as relatively invasive.

In contrast, fremanezumab requires only a single monthly injection or 3 injections
every quarter, all of which can be self-administered by the patient; thus,
fremanezumab offers a convenient alternative to onabotulinumtoxin A treatment, for
both the patient and their healthcare providers. Any reduction in use of
onabotulinumtoxin A due to the introduction of fremanezumab, therefore, has the

potential to reduce the burden on NHS migraine services.

In addition to its direct impact on migraine services, fremanezumab has the potential
to have a substantial positive societal impact that would not be captured within the
quality-adjusted life year (QALY) calculations. As discussed in Section B 1.3.3.2,
several studies have demonstrated that migraine has a tremendous impact on
society.3%4! Most recently it has been estimated that based on a prevalence rate of
23.3% (taken from Global Burden of Disease 2016) and average of 5.7 days lost per
person, in the UK it is estimated that 43 million work days are lost every year due to
migraine-related absenteeism, at a cost of almost £4.4 billion pounds.*?> The same
number of work days lost and attributed cost is associated to migraine-related
presenteeism, equating to a total cost of almost £8.8 billion every year in the UK.
Even using more conservative prevalence estimates of 15%, it is estimated that

migraine-related absenteeism and presenteeism result in 55 million work days lost at
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a cost of more than £5.6 billion per year.#? Whilst these indirect benefits fall outside

of the remit of NICE, they can be of great importance to patients and wider society.3¢

B 2.13 Interpretation of clinical effectiveness and safety
evidence

Fremanezumab is an effective preventive treatment for migraine

The results from the pivotal HALO EM and HALO CM trials demonstrate that
fremanezumab (both quarterly and monthly) is an effective preventive treatment for
migraine. In the HALO EM trial, fremanezumab was able to lead to a change from
baseline in monthly migraine days of -1.3 (quarterly) and -1.5 (monthly) over 12-
weeks of treatment when compared to placebo (p<0.0001 for both dosing regimens).
In the HALO CM trial, fremanezumab was able to lead to a change from baseline in
monthly headache days of at least moderate severity of -1.8 (quarterly) and -2.1
(monthly) over 12-weeks of treatment when compared to placebo (p<0.0001 for both
dosing regimens). In addition, both studies demonstrated that fremanezumab was
able to lead to a reduction in acute headache medication use, number of headache
hours, and improve patients’ quality of life to a greater degree than placebo. The
results from these trials demonstrate that fremanezumab has a significantly greater
efficacy than placebo, and the results of this trial formed the basis for the granting of

the Marketing Authorisation for this product.

Fremanezumab is an effective treatment for migraine patients that have failed

2-4 prior classes of preventive therapies

The results from the FOCUS trial provide additional evidence that demonstrates the
efficacy of fremanezumab in a population of patients with episodic or chronic
migraine who have failed previous preventive therapies. These patients represent a
population with a high disease burden, demonstrated by both the high number of
migraine days experienced by episodic and chronic migraine patients at baseline,
and the high levels of disability reported through the MIDAS and HIT-6 scores.

Furthermore, the vast majority of the EM and CM participants reported usage of
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migraine-specific acute medication at baseline; again highlighting the burden that the

condition was having on each individual.

For the FOCUS trial, failure on prior preventive therapies was defined as the failure
of two to four classes of migraine preventive therapy. Patients in this trial can be
considered to have a high unmet need, due to the number of treatment failures that
they have experienced, and subsequent limited treatment options still available to
them. This is of particular concern in the management of migraine, as it is known
that poor migraine management can increase the risk of chronification and further

complications with medication overuse headache (as discussed in Section B 1.3.1).

Fremanezumab was able to significantly reduce migraine days in this highly difficult
to treat population of patients. The overall FOCUS results demonstrated the efficacy
of fremanezumab in this population, with a change from baseline in monthly migraine
days of -3.1 (quarterly) and -3.5 (monthly) over 12-weeks of treatment when
compared to placebo (p<0.0001 for both dosing regimens). Similar results were
obtained in the subgroup analysis of the FOCUS data split by migraine classification.
For episodic migraine patients with a baseline of approximately . migraine days
per month, this resulted in those patients experiencing an average of less than i
migraine days per month. In chronic migraine, where patients started with an
average of [l migraine days per month, these patients were experiencing a
significantly smaller number of migraine days, of approximately . days, by the end
of the 12 week treatment period. Not only did fremanezumab decrease the number
of migraine days in this population, but it also reduced levels of disability and acute
headache medication use. These results clearly demonstrate how in these very

difficult to treat patients, fremanezumab is an effective treatment option.

Fremanezumab is effective in patients who have failed three or more previous

preventive therapies

The population of interest for this appraisal is patients who have failed three or more
prior preventive migraine treatments. As discussed above, patients whom have
failed three or more prior therapies have limited (CM) or no further treatment options

(EM). These patients often resort to alternative therapies or overuse acute treatment
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to try and achieve some level of symptomatic control. As such, this cohort of
patients is at risk of their condition worsening, through lack of effective management
or medication overuse. A post-hoc analysis of the FOCUS trial data demonstrated
that fremanezumab is equally effective in these patients where the unmet need is so
high.

For patients with EM who had failed three or more classes of previous therapy,
fremanezumab led to an average change from baseline in monthly migraine days of
B (quarterly) and [l (monthly) compared to placebo ([ l] for both dosing
regimens). In addition, fremanezumab led to a significantly greater proportion of
patients who experienced a reduction of at least 50% in the average monthly number
of migraine days compared to placebo. This endpoint was reached by - of
patients treated with quarterly fremanezumab and [l of those treated with
monthly fremanezumab, compared to [JJJili] of the placebo group (G
I for quarterly and monthly fremanezumab, respectively). Clinical experts
agree that for an episodic migraine patient, a reduction of at least 50% of their
migraine days is clinically meaningful. For fremanezumab, this meant that almost
half of the patients reached this important clinical milestone - approximately ] days
at baseline to approximately | days over the 12 week study. This alone is
postulated to have a significant impact on a patient’s day-to-day quality of life, where
the individual is potentially given back up to almost a whole working week that is

migraine free, each month.

Fremanezumab also demonstrated a significant reduction of headache days of at
least moderate severity from baseline in this patient population. On average patients
suffered from . headache days of at least moderate severity at baseline, this was
reduced to just over - days after fremanezumab treatment. The study also
deduced that the duration of these headaches was significantly reduced along with
the consumption of acute headache medication. Overall, this shows that
fremanezumab was able to reduce the number of migraines the patients suffered,
and also improve the remaining headache days too, in terms of frequency and
duration. The impact of this on the patient was demonstrated by the fact that

fremanezumab was able to reduce migraine related disability, measured using the
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HIT-6 and MIDAS scales, and improve quality of life, demonstrated through the
MSQoL results.

For patients with CM who had failed three or more classes of previous therapy,
fremanezumab led to an average change from baseline in monthly migraine days of
B (quarterly) and Il (monthly) compared to placebo (il for both dosing
regimens). Clinical experts claim that, in chronic migraine patients, a reduction of at
least 30% of migraine days is considered as an acceptable response to treatment
that would be meaningful to the patient, as opposed to the higher milestone of at
least a 50% reduction that is used in EM. Fremanezumab led to a significantly
greater proportion of patients who experienced a reduction of at least 30% in the
average monthly number of migraine days compared to placebo. This important
clinical milestone was achieved by [JJili] of patients treated with quarterly
fremanezumab and [l of those treated with monthly fremanezumab, compared
to [l of the placebo group (I o quarterly and monthly
fremanezumab, respectively). In addition to this, as with EM, CM patients
experienced fewer and shorter durations of headache days of at least moderate
severity, as well as reduced consumption of acute headache medication use and

improved disability and quality of life measures.

Fremanezumab is effective in patients with high-frequency episodic migraine

whom have failed three or more previous therapies

As discussed in Section B 1.3.1, HFEM patients are considered to be comparable to
CM patients in terms of disease burden and disability levels. Indeed, a study
published in 2016 demonstrated that HFEM patients, defined as 10-14 headache
days, had few clinical differences to CM patients, including poor outcomes related to
headache related disability and the impact that migraines have on the patient’s life.
From this study it was concluded that clinicians should consider HFEM patients to be
as disabled as CM patients due to the emotional and functional impact of their
migraines.! Therefore, EM patients should not be considered as a homogenous

population of patients.
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A post-hoc analysis of FOCUS data has shown that fremanezumab is an effective
treatment in patients with HFEM who had failed three or more classes of previous
preventive treatment. Fremanezumab treatment resulted in an average change from
baseline in monthly migraine days of i} (quarterly) and i} (monthly) compared
to placebo (I for both dosing regimens). In addition, fremanezumab led to
a significantly greater proportion of patients who experienced a reduction of at least
50% in the average monthly number of migraine days compared to placebo. This
endpoint was reached by [} of patients treated with quarterly fremanezumab and
I of those treated with monthly fremanezumab, compared to |l of the
placebo group (GG o quarterly and monthly fremanezumab,
respectively). The results also demonstrated that fremanezumab reduced acute

headache medication use and improved disability and quality of life measures.

The above results demonstrate the efficacy of fremanezumab (both quarterly and
monthly) in the patient group under consideration in this appraisal. This is verified
both in reduction in monthly migraine days and the proportion of patients reaching
the clinically important milestone of at least a 50% (for EM) or at least a 30% (for
CM) reduction in monthly migraine days. Furthermore, the administration of
fremanezumab resulted in the reduced consumption of acute headache medications.
For the patient, this is a benefit, as not only is it highlighting that the patient does not
need to rely on as many acute medications, it also reduces the risk of medication

overuse.

Migraine is ranked as the sixth global cause of years of life lost to disability.’® Three-
quarters of patients report to have reduced functional ability,’® and over 80 percent
report that they have reduced ability to carry out their usual activities such as
household work and chores.3” CM and EM patients whom had failed three or more
previous preventive therapies reported that their disability levels and quality of life
were improved following treatment with fremanezumab. In terms of the disability
outcomes assessed, this meant that patients found that their migraines had less of
an impact on their ability to function at work, their cognitive function, vitality levels,

psychological distress or social functioning after receiving fremanezumab treatment,
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which was significantly greater than the improvement observed in patients receiving

placebo.

In addition, the MSQoL data demonstrated that fremanezumab was able to improve
the impact the patient’s migraine had on one’s daily work and social activities, how
migraine may have prevented the individual from conducting these activities, as well

as improving the emotions the patient had toward their migraines.

In summary, it is widely accepted that migraine is not only a prevalent but also a
highly disabling condition. Migraine impacts the patients’ ability to carry out usual
activities not only during an attack but also during the interictal periods. A proportion
of patients are unable to manage their migraines effectively, this may be due to a
lack of efficacy, poor tolerability, contraindications or low adherence to existing
preventive migraine therapies. Given this, patients are at risk of their condition

worsening due to poor management and acute medication overuse.

Fremanezumab is a preventive therapy designed to target CGRP, a key player in the
underlying pathophysiology of migraine. This is the only available anti-CGRP that
offers a monthly and quarterly dosing regimen, allowing flexibility and convenience
for the patient and clinician. Fremanezumab has demonstrated efficacy and
tolerability in EM, including HFEM, and CM patients whom have failed three or more
prior preventive treatments. Treatment with fremanezumab significantly reduced
migraine days, the duration and frequency of headache days of at least moderate
severity, as well as improving disability levels and quality of life. Importantly, the
results for this sub-population are consistent with the overall findings from the
FOCUS trial.

Fremanezumab has an acceptable safety profile that is generally comparable

to placebo

As discussed in previous sections, traditional oral migraine preventive therapies may
or may not be specifically licensed for migraine. Given this, they often have a broad
mechanism of action and therefore this may explain why these therapies are often
associated with tolerability issues. This in turn has been one of the factors that is

thought to underlie the low adherence and persistence seen.
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The safety data collected for fremanezumab demonstrate that this treatment has an
adverse-event profile that is generally comparable to placebo. The results from the
HALO EM trial showed a slightly higher rate of AEs with fremanezumab compared to
placebo (p=0.0476 and p=0.0511 for quarterly and monthly fremanezumab,
respectively); similar results were reported in the HALO CM trial (p=0.0589 and
p=0.0341 for quarterly and monthly fremanezumab, respectively). The FOCUS trial
reported no significant difference in rates of AEs between fremanezumab and
placebo treated patients (p=0.1373 and p=0.4690 for quarterly and monthly
fremanezumab, respectively). The tolerability of fremanezumab is highlighted by the
low number of adverse events that are listed within its Summary of Product
Characteristics (see Appendix C); the low rate of discontinuations seen in all clinical
trials of fremanezumab (under 2% in active treatment groups) with no significant
difference versus placebo; and the low number of serious AEs seen (under 1.5% in

active treatment groups), again with no significant difference versus placebo.

The main class of AE commonly reported during clinical trials of fremanezumab was
injection site reactions. All injection site reactions resolved within a few hours or
days. Furthermore, injection site reactions did not generally necessitate
discontinuation of treatment. Injection site reactions are a common event
experienced with many injectable therapies. Training and education of patients on
correct injection technique, as well as the need to rotate sites can be used to reduce
the risk of injection site reactions or complications. However, it should also be
remembered that fremanezumab is injected only monthly or quarterly, and thus the
negative impact from each dosing cycle should be far less than many other chronic

conditions where far more injections would be needed across a similar time-frame.

Likelihood of treatment success favours fremanezumab over
onabotulinumtoxin A in patients with CM who have failed three or more

previous therapies

The results of the NMA provide evidence of numerically superior results across
outcomes for fremanezumab compared to onabotulinumtoxin A and, thereby, a
higher probability of treatment success with fremanezumab. For the key modelling

input of at least a 50% response, both dosing regimens of fremanezumab had
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favourable odds ratios compared to onabotulinumtoxin A, with monthly
fremanezumab having an odds ratio of |l (95% Cr! | ) and quarterly
fremanezumab had an odds ratio of ||l (95% Cr| ). As discussed in
the previous sections, it is also important to note that fremanezumab may be
deemed to be more convenient and less invasive for the patient, as they can self-
administer it as a single injection every month, or three every quarter. Whereas, for
onabotulinumtoxin A treatment, the patient is required to go into a clinic every 12
weeks and have approximately 31 injections in their head and neck region. In
addition, due to onabotulinumtoxin A requiring administration by a highly trained
specialist, it is associated with a greater burden on healthcare resources.
Furthermore, limited clinic capacity may mean that there are often long waiting lists
for these clinics. Overall, it can be concluded that fremanezumab has treatment

benefits when compared to onabotulinumtoxin A.
Long-term efficacy

EMA clinical trial guidelines recommend 12-week studies are undertaken when
assessing preventive therapies in migraine, however, in reality this may not be a long
enough duration to assess the full long-term impact a new preventive medication
may have in everyday clinical practice. The extension of the HALO CM and HALO
EM trials provide evidence for the efficacy of fremanezumab over a period of up to
15 months of treatment: 3 months of double-blind placebo-controlled phase followed
by a 12 months open label phase. The results show that over this time period the
efficacy of fremanezumab was maintained in both CM and EM patients for all
endpoints, with no evidence of any waning in the treatment effect over the time scale

of this trial.

Furthermore, the long term extension of the HALO studies has demonstrated that, in
comparison to the end of the double-blind phase of HALO EM and CM, the
proportion of patients experiencing at least a 50% reduction in migraine days is
maintained over time. Also, only 2% (38/1888) of patients developed anti-drug
antibodies after 12 months of fremanezumab treatment; even in these patients anti-
drug antibody titres were low and did not affect the safety or efficacy of

fremanezumab treatment. Additionally, migraine is not a neurodegenerative disorder;

Company evidence submission for fremanezumab for preventing chronic and episodic
migraine [ID1368]

© Teva UK Limited (2019). All rights reserved Page 124 of 183



taken together, this demonstrates the lack of waning in treatment effect observed

over 15 months of fremanezumab treatment

The FOCUS trial has now entered into its open-label extension phase which will be
able to provide further evidence of the long-term efficacy in patients who have failed

on previous migraine preventive therapies.

Fremanezumab monthly and quarterly dosing regimens demonstrate

equivalent levels of efficacy and safety

Fremanezumab is available in two dosing regimens: monthly (225mg per month) or
quarterly (675mg per quarter). The total dose a patient receives is the same over a
12 month period. The fremanezumab clinical trials have confirmed equivalence of

both efficacy and safety for the monthly and quarterly dosing regimens.

The availability of two dosing regimens aims to provide flexibility and convenience for
both the patient and the clinician. Patients are able to choose a regimen that will fit
with their professional and personal lifestyle. In addition, fremanezumab offers the
patient the flexibility to switch between dosing regimens to aid convenience through
different life events. It can be postulated that the level of flexibility offered by

fremanezumab may contribute to improved medication adherence.
Strengths and weaknesses in efficacy evidence

The clinical trial programme for fremanezumab was designed to follow relevant
European Medicines Agency guidance on trials in migraine.”> Procedures were put
in place to minimise any risks of bias and the trials were well powered, including
large patient cohorts to ensure robust analyses. These factors, alongside a clear

statistical analysis plan, give confidence in the internal validity of these trials.

The HALO trials included 875 patients with EM and 1130 with CM and provide strong
evidence of the efficacy in a general migraine population, which formed the basis of
the evidence considered for the granting of a Marketing Authorisation for
fremanezumab. FOCUS was conducted as an additional trial to demonstrate the
efficacy in a population of patients with previous preventive therapy failures. The
size of the population included within the FOCUS trial (838 patients) allowed a
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thorough demonstration of efficacy in this important patient group. Post-hoc analysis
of this study revealed that there were over 400 patients whom had failed three or
more prior preventive therapies. This provides a robust level of evidence for the
population of interest in this appraisal (three or more previous failed migraine

preventive treatments).

The clinical trials of fremanezumab were of a sufficient length to demonstrate
efficacy in reducing monthly migraine days, and were in line with EMA guidance for
clinical trials in migraine.”? The double-blind portion of these trials was 12 weeks in
length and has been followed (for both FOCUS and HALO trials) by an open-label
extension phase to allow longer-term data on the efficacy and safety of

fremanezumab to be collected.

A further strength of the FOCUS trial is in its definitions of treatment failure, which is
defined as failure on two to four classes of treatments. As discussed in earlier
sections, this ensures that the number of treatment failures are determined by class,

with different mechanisms of action, rather than individual treatments that may have

overlapping mechanisms of action. | EEEEEEEE——

M

should also be highlighted that the FOCUS trial was designed to include both EM

and CM patients; together this demonstrates the more robust design of the trial.

One weakness of the FOCUS and HALO trials was that they were not limited
specifically to the population of interest for this appraisal (those with three or more
previous preventive treatments), and also that this population was not a pre-specified
subgroup for analysis. Hence, data from the FOCUS trial was analysed post-hoc to
investigate the treatment response in this relevant population. Confidence in the
results comes from the fact that these results match well to the overall results
obtained in this trial. Furthermore, the level of evidence produced through this post-

hoc was robust due to the relatively high number of patients within this subgroup

()
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An additional weakness of the CM studies, both HALO and FOCUS, is that the
monthly dosing regimen in these patients including an initial loading dose of 675mg.
However, as discussed in more detail in section B 1.2, Marketing Authorisation has
been granted without the requirement for a loading dose as it was deemed not to be

necessary.

In conclusion, the clinical trials of fremanezumab can be considered to be highly
relevant to the UK because of both the design of the studies, and the patient
population included. The extensive body of evidence clearly demonstrates the
clinical value fremanezumab brings to this difficult to treat and highly disabled

population of migraine sufferers.
Mortality

There are no data available that suggests that migraine impacts on life expectancy,
with a meta-analysis concluding that migraine does not appear to substantially
impact mortality.3° Therefore, based on this, fremanezumab does not meet end of

life criteria.
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B.3 Cost effectiveness

B 3.1 Published cost-effectiveness studies

Appendix G contains details of the systematic literature review conducted in order to
identify relevant cost-effectiveness studies. This identified no studies that
investigated the cost-effectiveness of fremanezumab. Two publications were
identified which focussed on the cost-effectiveness of preventive migraine treatments
in a UK setting, and the results of these are summarised in Appendix G. In addition,
the literature review identified cost-effectiveness analyses on onabotulinumtoxin A

for the technology appraisal conducted by NICE.

B 3.2 Economic analysis

The economic analysis of onabotulinumtoxin A was used as a guide and a basis for
the economic analysis conducted here. However, a de novo model was constructed
for the analysis of fremanezumab. This was due to the fact that although the general
structure and inputs of the previous modelling were well described, exact details
were not available. In addition, the model used for the assessment of
onabotulinumtoxin A had a number of limitations, one of the main limitations being
the grouping of monthly migraine day (MMD) states. The development of a de novo
model therefore allowed a number of these limitations to be addressed and a more
robust model to be produced in relation to fremanezumab. In addition, this model

used more recent and more relevant inputs wherever appropriate.

The grouping of MMD states in the economic analysis of onabotulinumtoxin A is an
assumption that acts to simplify the modelling, but it risks limiting the ability of the
model to distinguish between treatments. This is due to the fact that it reduces the
ability of the model to evaluate differences in health effects of different treatments as
only the broad groupings are considered. This assumption can also be seen to not
represent reality, where patients can present with any number of migraine days
(within the range of 0-28) and patients will be distributed across this spectrum. In
addition, as MMDs are the primary determinant of health impacts within the
modelling of migraine, this loss of information could have an important impact of the
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modelled outcomes. Therefore, the model developed by Teva includes the ability to
model the full distribution of MMDs. The distribution of these MMDs is informed by

the data collected in the clinical trials of fremanezumab.

The development of a de novo model also allowed the introduction of a more
thorough analysis of responder and non-responder patients. The model developed
by Teva analyses the outcomes for responder and non-responder patients
separately and uses differential inputs for these different patient populations. This
allows an accurate assessment of cost-effectiveness within those patients that show

a clinically meaningful response to treatment.

B 3.2.1 Patient population

The patient population included in this economic analysis is adults who have failed
three or more prior preventive migraine treatments. The EM and CM populations
were also modelled separately due to the differences in comparators between these
two groups of patients (onabotulinumtoxin A is licenced only for CM). This
population differs to that within the Marketing Authorisation for fremanezumab and
reflects the expected positioning of anti-CGRP therapy in UK clinical practice, as
explained previously in the submission. This population matches the decision

problem that is being addressed by this submission.

In addition to these base case populations, a scenario analysis was run within
patients with HFEM. For this submission, HFEM was defined as patients who
experienced 8-14 headache days per month. The unmet need for treatment is
recognised to be particularly high in this group of patients as they currently are not
eligible for treatment with onabotulinumtoxin A, however these patients still
experience a high level of disease burden and disability, similar to that seen in
patients with CM.’

B 3.2.2 Model structure

The economic model developed is best described as a semi-Markov model. Patients
begin treatment and are assessed for a response after 12 or 24 weeks (dependant
on treatment). Those patients who show a sufficient response (defined as at least a

50% [for EM] or 30% [for CM] reduction in MMDs from baseline) continue on
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treatment; whereas the remaining patients (those with no response) discontinue
treatment. Within each health state, a Markov model is employed to model the
distribution of MMDs. The structure of the model is shown diagrammatically in

Figure 8.

This model structure captures treatment based costs and resource use based on the
overall health state and then evaluates health based resource use costs and QALYs
based on the patient distributions between the different MMD states. It was
assumed that as these outcomes were linked to the migraine day health states that
this structure would capture the required outcomes. It was assumed that migraine
caused no excess mortality above natural background rates seen in the general

population.

Figure 8 Structure of the cost-effectiveness model

Begin Markov Model
treatment (28 MMD health states)

Response
(on treatment)

No Response*
(on treatment)

17 18 19 20

Discontinue
(off treatment)

*No response d"efﬂi.ned as patients who do not achieve at least a 30% reduction in monthly
migraine days (MMDs) for chronic migraine and at least a 50% reduction in MMDs for
episodic migraine at 12 weeks

An assessment of response was carried out after 12 weeks for fremanezumab and
24 weeks for onabotulinumtoxin A, as this matched the time scales of the relevant
clinical trials. The clinical efficacy data for both therapies showed a robust ability to
determine response at this time period, with a significant treatment effect seen
during these trials. After this period, patients continued on treatment if they showed
a clinically significant response. Those who did not show a response were assumed
to discontinue treatment (and receive only acute migraine medications, i.e. best
supportive care [BSC]) and reverted to the MMDs seen in the BSC group (based on
the clinical trial placebo arms) at week 12 (or week 24 for onabotulinumtoxin A).

Responders remained on treatment until discontinuation (based on the rates of

Company evidence submission for fremanezumab for preventing chronic and episodic
migraine [ID1368]

© Teva UK Limited (2019). All rights reserved Page 130 of 183



discontinuation from the long-term data on fremanezumab); these patients then

reverted to their baseline MMDs.

A positive stopping rule was included to reflect the fact that patients with well
controlled migraine are likely to have their necessity to continue treatment assessed
at regular intervals. The recently published EHF guidelines recommend that the
need to continue treatment with an anti-CGRP therapy should be assessed after 6-
12 months.®® In this model it is assumed that, 52 weeks after the initial efficacy
assessment (i.e. starting at week 64), and after every subsequent 52-week period,
an assessment for treatment continuation is made. The assessment consists of a
12-week treatment break of for an evaluation of response; with 20% of patients who
started this treatment break not recommencing therapy. These patients were
modelled to retain their treatment benefit throughout the remainder of the model time
horizon (except when treatment waning is applied as the patients follow the same
response as treated patients). Treatment waning was included as an option in this
model and consisted of a linear reduction in treatment effect over 10 years, such
that, at the end of this time, mean MMDs for treated patients align with BSC. The
waning effect applies to treated patients as well as those who stop treatment under

the positive stopping rule.

This model had a fixed cycle length of 28 days (4 weeks), as this matched the
assessment periods within the fremanezumab clinical trials. This allowed for data
from each monthly assessment of the clinical trial to be used to inform the modelling
of the distribution of MMDs. A summary comparing the features of the economic
model used in this submission to those used in the appraisal of onabotulinumtoxin A
are included in Table 46.#° The economic modelling has not been compared to the
ongoing appraisal of erenumab,”® as the committee’s final preferences for economic
modelling are not known. Some modelling aspects identified from the published
ACD have been considered in this appraisal (where appropriate), and reference is

made within the following sections where appropriate.
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Table 46 Features of the economic analysis

Previous
appraisals

Current appraisal

Factor

Onabotulinum-
toxin A%

Chosen values

Justification

Model structure

Markov model

Semi-Markov
model

The structure of the current model allows for an accurate modelling of MMDs
than was possible within the model used for onabotulinumtoxin A, which was
limited by the use of banding for MMDs. The current model allows modelling of
patients across the entire migraine day spectrum, and allows all information on
migraine days to be captured which would otherwise be lost with the application
of banding in MMDs. Our model also allows the evaluation of response to fully
include an analysis of patients who respond and those who do not respond to
treatment

Time horizon

2 years

10 years

A two-year time horizon was not considered to be appropriate and a longer time
horizon was considered more appropriate. Based on the assumed treatment
discontinuation rates (based on the available long-term clinical trial evidence)
only a very small number of patients remain on treatment beyond 10 years.
Therefore, a 10 year time horizon is considered appropriate to capture all
meaningful differences in costs and QALYs between treatments. A longer time
horizon than 10 years was also not considered appropriate due to natural
variations in migraine over time; it has not been possible to include these natural
history changes within the model as insufficient data are available to base the
modelling on. In addition, life events such as the menopause can have a
significant impact on migraine frequency.”* This makes modelling migraine over
longer time horizons very challenging and would be likely to lead to considerable
uncertainties in the modelling

Source of utilities

Patient-level
MSQoL data
from clinical
trials

Patient-level
MSQolL data
from FOCUS
trial mapped to
EQ-5D-3L

The NICE reference case states that, where possible, EQ-5D data from patients
reflective of the UK population of interest should be used. Where this is not
possible it is stated that mapping from other quality of life measures should be
undertaken.

The best available data with the level of detail required (utilities for each MMD
group) comes from the FOCUS clinical trial data. This trial collected EQ-5D-5L
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data; however, in migraine, the EQ-5D does not accurately assess the quality of
life in patients. This is due to the fact that these data are collected during clinic
visits and measures the quality of life that day. Should a patient be experiencing
a migraine attack, it is unlikely that they would visit the clinic and, thus, the full
impact of migraine on quality of life is missed through this measure. Instead, the
MSQoL is a more appropriate quality of life measure for migraine as it includes a
four-week recall period and thereby assesses the patient’s overall quality of life
including the impact of migraine attacks. The MSQoL data has been mapped to
EQ-5D-3L using the published algorithm of Gillard et al.”®> This approach
matches that used in the ongoing erenumab appraisal”®

Source of costs

BNF, PSSRU,
NHS reference
costs

BNF, PSSRU,
NHS reference
costs

Established sources for UK costs

Resource use

International
Burden of
Migraine study

Vo et al.’®
publication of
National Health
and Wellness
Survey

These are similar surveys that were conducted with similar aims. The more
recent data have been chosen for use in this appraisal

Health effects
measure

QALYs

QALYs

NICE reference case

Discount rate for
costs and QALYs

3.5% per year

3.5% per year

NICE reference case

Perspective NHS NHS/PSS NICE reference case
Treatment Not considered | Considered as | The efficacy data for fremanezumab currently only extends to 15 months and no
waning effect a scenario waning in treatment effect was seen over this timescale. There is no available

evidence that suggests the potential for a waning effect or a mechanism for such
an effect to occur with anti-CGRP therapies. Based on the available evidence,
the most plausible assumption is that the treatment effect from fremanezumab
persists throughout the time horizon of the analysis. However, it is also possible
that a waning effect may occur. Therefore, a treatment waning effect has been
included as an option in this model and used in a scenario analysis
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BNF: British National Formulary; MSQoL: migraine-specific quality-of-life questionnaire; NHS: National Health Service; PSS: Personal Social
Services; PSSRU: Personal Social Services Research Unit; QALY: quality-adjusted life year
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B 3.2.3 Intervention technology and comparators

B 3.2.3.1 Intervention

The intervention of interest in this economic analysis is fremanezumab.
Fremanezumab is supplied as a 225mg/1.5mL single dose injection in a prefilled
syringe with two dosing options — 225mg monthly administered as one subcutaneous
injection, or 675mg every three months (quarterly), administered as three
subcutaneous injections. Therefore, fremanezumab can be seen to have a single
dose administered as two different regimens (225mg per month or 675mg every 3
months [total of 12 x 225mg injections per year]). The availability of these two
dosing regimens aims to provide flexibility and choice to patients and physicians,
with the ability to choose a dosing regimen that best fits the patient’s personal
requirements and lifestyle. It can be postulated that this can help to further improve
adherence and persistence on this therapy. Furthermore, the flexibility offered
means that patients are able to switch between dosing regimens to aid convenience
through different life events. These two regimens are equivalent in total dose and
cost. The efficacy data presented within this submission (Section B.2) demonstrated
equivalence in efficacy between these regimens, with no significant differences in
treatment effect seen. Importantly, there were also no differences observed in the
safety profile between the two dosing regimens. Therefore, Teva has conducted a
single cost-effectiveness analysis using the treatment costs (which are the same for
both regimens) and combined efficacy data. Although it has been assumed that
fremanezumab will be self-administered by patients, a scenario analysis has been
conducted to investigate the impact of a proportion of patients requiring
fremanezumab to be administered by a healthcare professional and the differences

that the monthly and quarterly regimens would have in this situation.

As is the case throughout this submission, fremanezumab has been presented to
reflect part of its full Marketing Authorisation. This submission addresses patients
who have failed on three or more previous preventive treatments, as this is the
population where it is expected that fremanezumab will be used during routine

clinical practice.
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Patients treated with fremanezumab are assumed to continue treatment with acute
headache medications throughout the model. This reflects clinical practice, and the
clinical trial data, where patients using fremanezumab will continue to use acute

headache medications, as required.

B 3.2.3.2 Comparators

Due to the restriction of onabotulinumtoxin A to CM patients, the patient populations
of EM and CM have different comparators. In EM, the relevant comparator after
three prior preventive therapies is BSC (acute medication usage only); NICE
guidelines recommend no further treatments.*3 In real-life, clinical practice, it is
possible that these patients may be prescribed a fourth oral preventive treatment;
however, clinical opinion gathered by Teva suggests that this was due only to the
lack of other treatment options being available and there was little expectation of
efficacy in these cases. In addition, no suitable clinical data exist that demonstrate
efficacy of oral preventive treatments within patients who have failed multiple
previous therapies. Therefore, it was not possible or considered appropriate to

include an oral comparator for EM.

In CM, the relevant comparators are onabotulinumtoxin A and BSC (acute
medication usage only). Onabotulinumtoxin A has been recommended by NICE for
usage in CM for patients who have failed three or more previous preventive
treatments,*® and it is therefore considered in line with these recommendations in
this appraisal. Clinical opinion gathered by Teva was that a fourth oral treatment
was not a relevant comparator in CM due to the availability of onabotulinumtoxin A
for these patients. In addition, as outlined above, no suitable clinical data exist that
demonstrate efficacy of oral preventive treatments within patients who have failed
multiple previous therapies. Therefore, it is not considered to be appropriate or

possible to include an oral comparator for CM.
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B 3.3 Clinical parameters and variables

Clinical parameters for this model were based on the results of the FOCUS clinical
trial (within the subgroup of interest — patients with three or more previous failed
migraine preventive treatments, see Section B 2.7.4) and the results of the network
meta-analysis (see Section B 2.9). The model analyses EM and CM as two
separate populations (see Section B 3.2.1), these populations are then further split
into those patients responding and those patients not responding to treatment at 12
weeks (24 weeks for onabotulinumtoxin A), which are all modelled using separate
clinical inputs. In the base case of the model, the required response was defined
based on clinical opinion and in line with the committee’s preference in the ongoing
erenumab appraisal,’ as:

e For EM, at least a 50% decrease in MMDs from baseline to 12 weeks (24

weeks for onabotulinumtoxin A)
e For CM, at least a 30% decrease in MMDs from baseline to 12 weeks (24

weeks for onabotulinumtoxin A).

B 3.3.1 Patient baseline characteristics and monthly migraine days

Patient characteristics, such as starting age and gender, were taken from the
FOCUS clinical trial separately for the CM and EM populations and are used to drive

the background mortality calculations within the model (Table 47).

Table 47 Patient baseline characteristics

Chronic migraine Episodic migraine
Mean age, years B | ]
Proportion female ] I

Baseline MMDs and their respective distributions (Table 48) were taken from the
patient-level FOCUS clinical trial data for the CM (responders and non-responders)

and EM (responders and non-responders) populations.
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Table 48 Baseline monthly migraine days and migraine day distributions

Chronic migraine Episodic migraine

Responders Non- Responders Non-
responders responders

Initial migraine - -
days per 28

days

Monthly
migraine days

Migraine day distribution
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B 3.3.2 Modelling changes in monthly migraine days

The treatment effect on migraine days was incorporated into the model in two main
ways. Firstly, the reduction in mean migraine days, which was applied as an input,
and, secondly, the distribution of patients amongst the migraine day health states.

This distribution was required to model the dispersion of patients around this mean

value.

A number of statistical modelling techniques were investigated for their ability to
describe the observed patient distributions from the FOCUS clinical trial (the data for
the subgroup of interest, three or more previous failed migraine preventive
treatments, was used for these analyses). Longitudinal models were fitted using the
gamiss function in the GAMLSS (Generalized Additive Model for Location, Scale and
Shape) package. The gamlss function allows for separate models for distribution
parameters. Based on the goodness of fit for the modelled distributions, beta
binomial distributions were selected and subsequently used to estimate the
dispersion of patients across migraine day states through the trial treatment period
(12 weeks). Figure 9 provides an illustrative representation of how the migraine day
distributions are mapped over time and how they can alter substantially with changes
in the mean MMD value. Beta binomial distributions were produced separately for
responder and non-responder patients; for CM and EM patients; and for treated
(fremanezumab) and placebo patients (used for BSC). As there were not sufficient
data available for onabotulinumtoxin A to produce equivalent distributions, the

dispersion data for fremanezumab was used.
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Figure 9 Mean monthly migraine day distributions

MMDs: monthly migraine days

The FOCUS clinical trial provided data on the change in MMDs from baseline to the
end of the assessment period in responder and non-responder patients. These
values are detailed in Table 49 alongside the absolute mean values for MMDs that
this outputs at the relevant time point (12 weeks for fremanezumab and 24 weeks for
onabotulinumtoxin A). The mean migraine day inputs were used within the model to
shift the calculated beta binomial distributions to ensure that the desired mean MMD
value was achieved. Again, sufficiently detailed results for onabotulinumtoxin A were
not available to allow the calculation of results in responder and non-responder
patient groups, therefore the mean MMD reductions observed in fremanezumab
were applied. There was therefore no difference in efficacy (regarding MMD

reduction) assumed between active treatments in this model.

Table 49 Mean reduction in monthly migraine days and resultant efficacy
outputs

Chronic migraine Episodic migraine
Responders | Non- Responders | Non-
responders responders

Mean reduction in monthly migraine days versus placebo

Fremanezumab (at 12 weeks)

Onabotulinumtoxin A (at 24
weeks)

Modelled absolute monthly migraine days values at efficacy assess

Fremanezumab (at 12 weeks)

3
=]
=

Onabotulinumtoxin A (at 24
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| weeks)

B 3.3.3 Response assessment

Treatment response at 12 or 24 weeks was calculated based on the network meta-
analysis data to provide comparative response rates between the intervention and
comparators of interest. The response criteria used were at least a 50% reduction in
MMDs for EM and at least a 30% reduction in MMDs for CM. The model calculates
weighted average outputs based on the percentage of patients who respond to
treatment, producing results that incorporate the correct proportion of responder and
non-responder patients. Patients who do not respond sufficiently to treatment

discontinue treatment and do not incur drug acquisition or drug administration costs.

The proportion of patients with at least 30% reduction in MMDs is a relevant
outcome in CM, and is required as an input for the cost-effectiveness modelling.
However, no data for this outcome for onabotulinumtoxin A within published literature
were discovered. An estimate for this figure has therefore been produced, based on
the relative treatment effect seen between onabotulinumtoxin A and fremanezumab
found in the NMA covering at least a 50% reduction in MMDs. This effect size was
then used to calculate an estimate for the proportion of patients with at least 30%
reduction in MMDs for onabotulinumtoxin A based on the figures for fremanezumab.

Responder rates at 12 or 24 weeks used in the model are provided in Table 50.

Table 50 Responder rates at 12 or 24 weeks

Chronic migraine Episodic migraine
Fremanezumab (12 weeks) | |l ]
Onabotulinumtoxin A (24 | ] ]
weeks)
Placebo (12 weeks) - -

B 3.3.4 Long-term efficacy

There are limited available data to show the long-term efficacy of fremanezumab
treatment. Data from the HALO extension trial (Section B 2.6.3) showed that
efficacy is maintained at similar levels for up to 64 weeks of treatment. There is,

therefore, no evidence available to suggest that any reduction in treatment efficacy
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will occur during long-term treatment. The model therefore assumes that the
modelled migraine days at week 12 are maintained for the rest of the time horizon. It
is felt that this is the most plausible assumption, as all available evidence shows no
sign of a waning in treatment effect for fremanezumab. Furthermore, the available
evidence shows that only 2% (38/1888) of patients developed anti-drug antibodies
after 12 months of fremanezumab treatment; even in these patients anti-drug
antibody titres were low and did not affect the safety or efficacy of fremanezumab
treatment. Therefore, anti-drug antibodies would not be expected to reduce the
efficacy of fremanezumab over time. In addition, it should be noted that migraine is
not a neurodegenerative condition and therefore treatment efficacy can be assumed
to not be affected by this. However, despite the beliefs of Teva that a treatment
waning effect is not a justified assumption, such an effect has been included as an
option in the model (based on the ongoing erenumab appraisal where this has been
considered by the committee).”® This treatment waning effect reduces the treatment
effect over time by adjusting the difference in MMDs compared to placebo to zero

over a defined time horizon (the model default is set to 10 years).

B 3.3.5 Discontinuation

Discontinuation rates from the long-term HALO data were used for intervention and
comparators (see Section B 2.6.3). Discontinuation rates were adjusted to match
the 4-week cycles of the model, which produced a discontinuation rate of B e
cycle for fremanezumab and onabotulinumtoxin A. It was assumed that the
discontinuation rate for onabotulinumtoxin A matched that of fremanezumab in the
absence of alternative data; this input was calculated to match the onabotulinumtoxin

A 12-week treatment cycle.

B 3.3.6 Mortality

There was no migraine-specific mortality included in this model. There are no data
available that suggests migraine impacts on life expectancy; with a meta-analysis
concluding that migraine does not appear to substantially impact mortality.3°
Mortality for all causes was implemented through data on general mortality based on

the Office for National Statistics National Life Tables.”” These tables were used,
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combined with the age and sex of the patient population, to calculate a per cycle

mortality rate.
B 3.4 Measurement and valuation of health effects

B 3.4.1 Health-related quality of life data from clinical trials

Health-related quality of life data was collected in both the HALO and FOCUS clinical
trials. However, the data from the FOCUS trial is considered here, as it is the most
relevant with respect to the population of interest for this appraisal (patients who

have failed three or more previous migraine preventive treatments).

The FOCUS clinical trial collected EQ-5D-5L data; however in migraine, the EQ-5D
does not accurately assess the quality of life in these patients. This is due to the fact
that these data were collected during clinic visits within the clinical trial and
measures the quality of life only on that day. Should a patient be experiencing a
migraine attack, it is unlikely that they would visit the clinic and, thus, the full impact
of migraine on quality of life is missed through the EQ-5D measure. Instead, the
MSQoL is a more appropriate disease-specific quality of life measure for migraine as
it includes a four-week recall period and thereby assesses the patient’s overall
quality of life, including the impact of migraine attacks. Therefore, utility values
mapped from the MSQoL were considered to be the most representative for the
overall quality of life for people with migraine and, hence, this approach was used in
the base case of this economic model. The mapping of MSQoL to EQ-5D has also
been used within previous appraisals of migraine, for both onabotulinumtoxin A and

the ongoing appraisal of erenumab.*573

The MSQoL questionnaire was completed by all patients in the FOCUS clinical trial
at baseline (week 0), at the end of the first month of treatment (week 4) and at the
end of the double-blind treatment period (week 12). The questionnaire was

completed during scheduled clinic visits.

B 3.4.2 Mapping
The MSQoL data from the FOCUS clinical trial was mapped to the EQ-5D-3L scale

to provide utility values in line with the NICE reference case and for use within the
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current economic analysis. This mapping was conducted using the published
algorithm of Gillard et al.,” which was also used in the ongoing erenumab appraisal

for a similar purpose.”

This publication included mapping algorithms separately for both EM and CM, with
two variations on each of these algorithms. The first of these variations utilised only
MSQoL subgroup scores, whereas the second included MSQoL subgroup scores as
well as a number of additional patient characteristics.”> However, within the FOCUS
trial results there was not enough data collected to reliably match all of the required
characteristics of this more detailed algorithm. Therefore, the first algorithm
variations were utilised in this analysis to map the MSQoL scores to EQ-5D. These

algorithms were used as described in the publication and are reproduced below:"®
EQ-5Dem = 0.2858 + 0.0029MSQoLrp + 0.0001MSQoLgr + 0.0027MSQoLEer
EQ-5Dcm = -0.0492 + 0.0065MSQoLrp + 0.0013MSQoLrr + 0.0011MSQoOLEr

EM: episodic migraine; CM: chronic migraine; MSQoL: migraine specific quality of life

questionnaire; RP: role preventive; RR: role restrictive; EF: emotional function

The analysis was conducted on patient-level data using the full FOCUS trial
population to provide the most robust analysis possible. The transformed data were
then analysed split between “off treatment” and “on treatment”; with “off treatment”
consisting of an analysis of baseline data for all patients and “on treatment” using the
data for patients receiving fremanezumab at both available time points (week 4 and
week 12). These data were fitted to a beta regression model using the gamlss
function in the GAMLSS (Generalized Additive Model for Location, Scale and Shape)
package in R. Model selection was determined by the Bayesian information criterion
(BIC). The parameters of the selected model are presented in Table 51. The mean
of the EQ-5D scores was calculated based on these parameters in the logit scale

before being transformed back to original scale required for input into the model.
Table 51 Parameters for utilities beta regression model

—
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B 3.4.3 Health-related quality of life studies

The details of the systematic search conducted in order to identify relevant health-
related quality of life data are included in Appendix H. These searches identified a
total of 16 relevant publications that contained data on the quality of life in patients
with migraine. However, none of these studies reported values in the format
required by this model (i.e. utility values for all MMD states) and therefore the
required quality of life data was extracted from the FOCUS clinical trial data. Similar
data produced for previous NICE submissions (onabotulinumtoxin A and erenumab)

have never been publically published.*>73

B 3.4.4 Adverse reactions

Based on the clinical trial data, it can be seen that the adverse events associated
with fremanezumab are infrequent, usually not severe and occurred at rates that
were comparable to those seen with placebo (Section B 2.10). The rates of serious
adverse events were also low, and were comparable to the rates seen with placebo.
Therefore, the impact of adverse events on utilities has not been considered within
this model. As the improved tolerability for fremanezumab over onabotulinumtoxin A
is one of the distinguishing features between these treatments, this decision is
conservative with respect to the cost-effectiveness comparison to onabotulinumtoxin
A.

B 3.4.5 Health-related quality of life data used in the cost-effectiveness
analysis
The derivation of the utility values used within the cost-effectiveness analysis was
described in Section B 3.4.2. These values were selected as the most appropriate
and representative for the migraine population under consideration in this appraisal.

The utility values used within the model are detailed within Table 52.
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Table 52 Utility values for each monthly migraine day state

Monthly Utility Values Monthly Utility Values

migraine Off On migraine Off On

days treatment treatment days treatment treatment

0 I s HE B
1 B s B B
2 HE I N
3 B s N I
4 Il B B
5 B B I N
6 B (> I I
7 I > B B
8 B = I N
9 B > I N
10 HE > I I
11 B I I
12 HE I N
13 B I I
14 I

The “off treatment” value was used for the analysis of BSC and for patients who had

discontinued treatment, whilst the “on treatment” value was used for patients on any

preventive treatment within the model (onabotulinumtoxin A and fremanezumab).

The utility values were used within the model alongside the modelled distribution of

patients between these states to calculate the overall average utility value within

each population at each time point. As the number of MMDs is a key determinant of

quality of life in patients with migraine, these utility inputs were used in combination

with the modelled distribution of patients to assess the overall quality of life during

treatment. The quality of life within each migraine day health state was assumed to

be constant and not to vary over time. Changes in utilities over time were calculated

in the model based on changes in the distribution of patients between migraine day

states.
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B 3.5 Cost and healthcare resource use identification,
measurement and valuation

Details of the search strategies employed and the relevant evidence sources used

for costs and healthcare resource data can be found in Appendix I.

B 3.5.1 Intervention and comparators’ costs and resource use

Drug acquisition and administration costs for fremanezumab and onabotulinumtoxin
A can be found in Table 53. For fremanezumab, the drug acquisition costs of
£450.00 per injection has been converted to a per cycle (4-week) cost of £415.38.
Therapy initiation was assumed to consist of a one-hour training session with a Band
5 hospital based nurse,”® which had a cost of £37.00 and this was applied during the
first cycle of treatment. Treatment monitoring was assumed to require a 15 minute
appointment with a consultant every 6 months (unit cost of £27.00),”® and this was

adjusted to a per cycle cost of £4.50.

The list price for onabotulinumtoxin A was used for the drug acquisition costs. Unlike
fremanezumab, onabotulinumtoxin A is administered by a healthcare professional,
therefore, it was assumed that patients would require an outpatient appointment for
this purpose, as per the onabotulinumtoxin A NICE submission.*® In the model, a
cost of £85.50 has been used, accounting for a 30 minute neurologist visit,”® as this
was the best data available. The committee in the onabotulinumtoxin A appraisal
noted that these costs may be low and underestimate the time required for

onabotulinumtoxin A admission.*®

Table 53 Costs associated with intervention and comparator

Fremanezuma | Onabotulinumtoxin A | Reference and justification
b
Technology £415.38 per £276.40 per 12 weeks | List price for fremanezumab
cost cycle Cost of one 200 unit vial of
onabotulinumtoxin A.8° Assumed
that all patients use one 200 unit
vial per treatment (as per NICE
appraisal)*®
Therapy £37.00 (one off | £0.00 One hour training session with
initiation cost | cost in first Band 5 hospital based nurse for
cycle) fremanezumab, PSSRU"®
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Fremanezuma | Onabotulinumtoxin A | Reference and justification
b

Administration | £0.00 £85.50 per 12 weeks Fremanezumab is self-
cost administered and so has no
costs

Onabotulinumtoxin A assumed
to require 30 minute neurologist
visit,”®

(as per NICE appraisal)*®

Monitoring £4.50 per cycle | £0.00 Fremanezumab assumed to
cost require 15 minute appointment
with medical consultant every 6
months, PSSRU"8

Assumed for onabotulinumtoxin
A that monitoring would occur
during administration visits

Adverse £0.00 £0.00 Assumed that all minor adverse
events costs events have no medical costs

B 3.5.2 Health-state unit costs and resource use

Healthcare resource use data was sourced from a study by Vo et al.”® on the burden
of migraine across Europe; responses from France, Germany, ltaly, Spain and the
UK were included in the study. There are some limitations to the study in the use of
these data in the model; primarily that resource use is based on the number of
headache days per month and not migraine days. However, this is likely to produce
a conservative assumption of costs based on MMDs and therefore may
underestimate the true cost burden. This assumption is also likely to reduce the cost
benefits (in terms of resource use) for more efficacious treatments, as the benefits
from treatment are likely to be underestimated. Furthermore, the resource use is not
available to the granular level required by the model and is reported in bandings (0,
1-3, 4-7, 8-14 and 215 monthly headache days). However, these were the best
available data identified and were used in the model for the MMD health states;
details are included in Table 54. These are the same resource use data that were
utilised in the ongoing appraisal of erenumab.”® Resource use costs were taken
from NHS reference costs, and data from the PSSRU was used when relevant costs

were not available in the NHS reference costs. Details of these figures and their
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sources are included in Table 55. The resource uses were multiplied by unit costs to

calculate the total weighted cost for each health state (Table 54).
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Table 54 Resource use by monthly migraine days’®

Monthly General Emergency Hospitalisations | Nurse Neurologist Oral triptan Weighted
migraine days | practitioner department practitioner visits usage cost value per
visits visits visits health state

0 0.202 0.030 0.023 0.063 0.003 0.000 £28.55

1 0.288 0.067 0.042 0.102 0.015 0.295 £51.35

2 0.288 0.067 0.042 0.102 0.015 0.789 £52.04

3 0.288 0.067 0.042 0.102 0.015 1.283 £52.74

4 0.413 0.058 0.040 0.175 0.013 1.777 £58.42

5 0.413 0.058 0.040 0.175 0.013 2.271 £59.11

6 0.413 0.058 0.040 0.175 0.013 2.765 £59.81

7 0.413 0.058 0.040 0.175 0.013 3.259 £60.51

8 0.553 0.092 0.040 0.048 0.038 3.753 £69.85

9 0.553 0.092 0.052 0.048 0.038 4.247 £77.98

10 0.553 0.092 0.052 0.048 0.038 4.741 £78.67

11 0.553 0.092 0.052 0.048 0.038 5.235 £79.37

12 0.553 0.092 0.052 0.048 0.038 5.729 £80.07

13 0.553 0.092 0.052 0.048 0.038 6.223 £80.76

14 0.553 0.092 0.052 0.048 0.038 6.717 £81.46

15 0.585 0.117 0.052 0.127 0.073 7.211 £94.95

16 0.585 0.117 0.052 0.127 0.073 7.705 £95.64

17 0.585 0.117 0.052 0.127 0.073 8.199 £96.34

18 0.585 0.117 0.052 0.127 0.073 8.693 £97.04
19 0.585 0.117 0.052 0.127 0.073 9.187 £97.73

20 0.585 0.117 0.052 0.127 0.073 9.681 £98.43

21 0.585 0.117 0.052 0.127 0.073 10.175 £99.13

22 0.585 0.117 0.052 0.127 0.073 10.669 £99.82

Company evidence submission for fremanezumab for preventing chronic and episodic migraine [ID1368]

© Teva UK Limited (2019). All rights reserved

Page 150 of 183




Monthly General Emergency Hospitalisations | Nurse Neurologist Oral triptan Weighted
migraine days | practitioner department practitioner visits usage cost value per
visits visits visits health state
23 0.585 0.117 0.052 0.127 0.073 11.163 £100.52
24 0.585 0.117 0.052 0.127 0.073 11.657 £101.22
25 0.585 0.117 0.052 0.127 0.073 12.151 £101.91
26 0.585 0.117 0.052 0.127 0.073 12.645 £102.61
27 0.585 0.117 0.052 0.127 0.073 13.139 £103.31
28 0.585 0.117 0.052 0.127 0.073 13.633 £104.00
Table 55 Resource use unit costs
Resource Unit costs Source Description
General practitioner visit £37.00 PSSRU"® Cost per surgery consultation lasting 9.22 minutes,
excluding travel
Nurse visit £36.00 PSSRU"® Assumed be the cost of an hour of nurse time at a
general practitioner practice
Neurologist visit £171.00 NHS reference costs’™ | Consultant led neurology visit (service code 400) unit cost
Emergency department visit £112.63 NHS reference costs™ HRG code VB09Z, as per onabotulinumtoxin A
submission#®
Hospitalisation £636.67 NHS reference costs™ Weighted average of HRG codes AA31C, AA31D and
AA31E
Triptan use £1.41 Prescription cost Weighted cost of 1 triptan tablet

analysis
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B 3.5.3 Adverse reaction unit costs and resource use

Adverse reactions associated with the intervention and comparator are infrequent,
usually not severe, and occurred at rates that were comparable to those seen with
placebo (see Section B 2.10). It was assumed that no resource use, and therefore

no costs, would be associated with these.

B 3.5.4 Miscellaneous unit costs and resource use

There are no other miscellaneous costs included in the base case. However the
large societal costs of migraine are included as an analysis option in the model. As
migraine most commonly affects people of working age, it was assumed that
migraine would have a substantial burden in the form of work days missed. Data for
this were taken from a US publication as the most relevant data identified.®' Based
on ONS data showing a median hourly UK wage of £12.73 in 2018,82 and assuming
a 7.5 hour working day, it was assumed there was a cost of £100.00 associated with

every work day missed.

B 3.6 Summary of base case analysis inputs and assumptions

B 3.6.1 Summary of base case analysis inputs

A summary of the base case is presented in Table 46.

Table 56 Base case economic model inputs

Variable Value (reference to Measurement of Reference to
appropriate table or uncertainty: section in
figure in submission) values used in submission

sensitivity
analyses
Time horizon 10 years OWSA £20% Sections B 3.2.2
and B 3.6.2

Comparators BSC N/A Section B
Onabotulinumtoxin A (for 3232
CM only)

Discount rate 3.5% OWSA 1£20% Section B 3.2.2

Model cycle length | 4 weeks N/A Section B 3.6.2

Company evidence submission for fremanezumab for preventing chronic and episodic
migraine [ID1368]

© Teva UK Limited (2019). All rights reserved Page 152 of 183



Variable

Value (reference to
appropriate table or
figure in submission)

Measurement of
uncertainty:
values used in
sensitivity
analyses

Reference to
section in
submission

Clinical inputs

(baseline and
treatment effect)

Baseline See Section B 3.3.1, using | OWSA +20% (age, | Section B 3.3.1
characteristics FOCUS clinical trial data % female)
MMD distribution See Section B 3.3.2, using | N/A Section B 3.3.2
FOCUS clinical trial data
MMD reduction See Section B 3.3.2, using | PSA normal Sections B 2.7.4
FOCUS clinical trial data distribution and B 3.3.2
Response rate See Section B 3.3.3, using | N/A Sections B 2.9
NMA data and B 3.3.3
Discontinuation - per cycle OWSA 1£20% Sections B 2.6.3
rate PSA normal and B 335
distribution
Utility and cost inputs
Utilities Mapped from FOCUS data, | OWSA £20% Section B 3.4.5
see Section B 3.4.5 (treatment effect)
PSA normal

PSSRU"®

Drug acquisition Fremanezumab £415.38 OWSA 1£20% Section B 3.5.1
cost per cycle

Onabotulinumtoxin A

£276.40 per injection

(every 12 weeks)
Drug initiation and | Initiation: OWSA £20% Section B 3.5.1
administration Fremanezumab £37.00
cost Onabotulinumtoxin A £0.00

Administration:

Fremanezumab £0.00

Onabotulinumtoxin A

£85.50
Resource use Vo et al.”® N/A Section B 3.5.2
Resource costs NHS reference costs’ and | PSA vy distribution Section B 3.5.2

Modelling assumptions

Negative stopping
rule

Patients who do not
respond to treatment (at
least a 50% reduction in
MMDs for EM or at least a
30% reduction for CM) stop

after 12 weeks assessment

N/A

Section B 3.6.2
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Variable

Value (reference to
appropriate table or
figure in submission)

Measurement of
uncertainty:
values used in
sensitivity
analyses

Reference to
section in
submission

(24 weeks for
onabotulinumtoxin A)

Positive stopping
rule

52 weeks after initial
assessment, all patients
have a 12-week treatment
break to assess response
after which 20%
discontinue treatment, this
rule is then applied every
52 weeks thereafter

N/A

Section B 3.6.2

MMDs after
therapy
discontinuation

After negative stopping rule
— return to baseline MMDs
After per cycle
discontinuation — return to
placebo (BSC) MMDs

After positive stopping rule
— retain treatment MMDs

N/A

Section B 3.6.2

Waning

No waning in treatment
effect occurs

N/A

Sections B 3.2.2
and B 3.6.2

Mortality

No migraine specific
mortality

N/A

Sections B 3.3.6
and B 3.6.2

BSC: best supportive care; CM: chronic migraine; EM: episodic migraine; MMDs: monthly
migraine days; N/A: not applicable; NHS: National Health Service; OWSA: one way
sensitivity analysis; PSSRU: Personal Social Services Research Unit; PSA: probabilistic

sensitivity analysis

B 3.6.2 Assumptions

The model was based on a number of assumptions, which are detailed alongside

their justifications within Table 57.

Table 57 Key modelling assumptions

Assumption

Justification

within the model

No natural history variation
in migraine is included

This assumption has been made to simplify the modelling
and as there is no clear evidence on which to base any
modelling. Data are available to suggest that patients can
transition from both EM to CM and vice versa,''6 but no
data of sufficient detail are available to accurately model
natural migraine variation over time. This is an area of
considerable complexity as life events such as the
menopause can have a significant impact on migraine
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Assumption

Justification

frequency,’ but again exact effects are unclear. Therefore,
based on the inconclusive evidence and to simplify the
modelling to a manageable level no natural history variation
in migraine has been included

Base case time horizon is
10 years

A 10 year time horizon was considered appropriate to
capture all differences in costs and QALYs between
treatments. This is as it is not expected for patients to
remain on treatment indefinitely. In clinical practice it is likely
that patients showing a sufficient response will have
treatment halted (see positive stopping rule), and if
necessary treatment would be restarted at a later time. In
addition, based on the assumed treatment discontinuation
rates (based on the available long-term clinical trial
evidence) only a very small number of patients may remain
on treatment after 10 years. Therefore, a 10 year time
horizon is sufficient to capture all meaningful differences in
costs and QALY's between treatments. A longer time
horizon than 10 years was also not considered appropriate
due to natural variations in migraine over time; it has not
been possible to include these natural history changes
within the model as insufficient data are available to base
the modelling on. In addition, life events such as the
menopause can have a significant impact on migraine
frequency.’ This makes modelling migraine over longer
time horizons very challenging and would have led to
considerable uncertainties in the modelling

Cycle length is 4 weeks

This cycle length was chosen to match the 4-week
assessment routine from the FOCUS clinical trial

Fremanezumab is included
as a combined dosing
regimen

The monthly and quarterly regimens of fremanezumab are
equal in total dose, cost and show no differences in efficacy
or safety (see Sections B 3.2.3.1 and B 2.10). The aim of
making two dosing regimens available is to allow flexibility
for the patient and clinician; allowing a choice of regimen
that fits with the patient's personal preference with the aim
of aiding increased treatment adherence. Therefore it was
considered appropriate to consider these as a combined
regimen to simplify the analysis

The MMD distributions
derived from the
fremanezumab FOCUS
trial data are assumed to
be generalizable to other
active treatments

This assumption was made as sufficiently detailed data for
onabotulinumtoxin A were not available to produce such
distributions for onabotulinumtoxin A

Efficacy data for placebo is
used to provide an efficacy
of BSC

This assumption was made as this is the most plausible
data to be used for the efficacy of BSC. This is a
conservative assumption as BSC is assumed to include
acute treatment of migraine attacks only and so no
improvement in condition would be expected. However, it is
plausible that some patients may improve given BSC and
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Assumption

Justification

the placebo data is the only data available on which to base
efficacy in BSC

Data on MMD reductions
for responders and non-
responders receiving
onabotulinumtoxin A are
assumed to be equivalent
to fremanezumab

As sufficiently detailed data for onabotulinumtoxin A are not
available to produce response data for responders and non-
responders, it was assumed that all active treatments (i.e.
onabotulinumtoxin A and fremanezumab) produced equal
efficacy in terms of MMD reduction. This is a conservative
assumption as the NMA results suggested that
fremanezumab has a greater treatment effect (although no
significant differences between treatments were seen)

Responder rate in
onabotulinumtoxin A based
on data for at least a 50%
reduction in MMDs

The at least 30% response rate for onabotulinumtoxin A was
not available within the available published literature.
Therefore, an estimate was produced based on the relative
treatment effect seen between onabotulinumtoxin A and
fremanezumab found in the NMA for at least a 50%
response rate. This effect size was used to estimate the
proportion of patients with at least a 30% response rate for
onabotulinumtoxin A based on the figures for
fremanezumab. The impact of uncertainty in this value are
explored within the scenario analyses conducted within the
model

Resource use costs are
accumulated based on
MMDs per 28 days

Monthly migraine days have been demonstrated to be
related to resource use,’® and this approach has been
utilised within previous economic analyses of migraine
conducted for NICE?#>73

Health-state utilities are
accumulated based on
MMDs per 28 days and on
treatment/off treatment
status

Monthly migraine days show a strong correlation to utility
values and this approach has been utilised within previous
economic analyses of migraine conducted for NICE.#>73 It
has also been demonstrated that patients on treatment can
be seen to have an improvement in quality of life compared
to those not receiving treatment, this is also consistent with
previous economic analyses of migraine conducted for
N|CE45,73

A negative stopping rule
was applied in the model
where patients who do not
respond to treatment (at
least a 50% reduction in
MMDs for EM or at least a
30% reduction for CM) stop
after a 12-week
assessment (24 weeks for
onabotulinumtoxin A)

It was assumed that an evaluation of treatment efficacy
would occur within clinical practice and such an assumption
is consistent with previous NICE appraisals.*>73 At least a
50% response in EM and at least a 30% response in CM are
clinically relevant reduction in MMDs and hence have been
chosen as the response criteria, this is consistent with the
response rates preferred by the committee in the ongoing
erenumab appraisal.”> An assessment of onabotulinumtoxin
A after 24 weeks is consistent with previous NICE
appraisals*73

A positive stopping rule
was applied in the model
where 52 weeks after initial
assessment, all patients
have a 12 week treatment
break to assess response
after which 20%

It was assumed that patients would be unlikely to remain on
treatment indefinitely in clinical practice. It is established
practice in migraine to discontinue treatment in patients who
show a sufficient response to treatment.*> Recently
published guidelines from EHF recommend a similar
approach for anti-CGRPs.% The proportion of patients who
would stop under such a rule is not clear. A value of 20%
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Assumption

Justification

discontinue treatment, this
rule is then applied every
52 weeks thereafter

has been assumed based on expert opinion, but the impact
of varying this value is explored within the scenario analyses
conducted

MMDs after treatment
discontinuation are
assumed to be the
following:

Return to baseline MMDs
(after negative stopping
rule)

Return to placebo (BSC)
MMDs (after per cycle
discontinuation)

Retain treatment MMDs
(after positive stopping
rule)

As a negative stop occurs in non-responding patients, it was
assumed that these patients revert to their baseline MMD
values as they have experienced an insufficient treatment
benefit. This is a conservative assumption as it is likely that
they may maintain some treatment benefit for some period

For patients who discontinue on a per cycle basis, it is
assumed that these patients transition to best supportive
care and they therefore follow the response of these
patients. This is again a conservative assumption as it is
likely that they may maintain some treatment benefit for
some period

For patients who discontinue due to the positive stopping
rule, it is assumed that they maintain the treatment benefit
throughout the model horizon. The long-term data available
for fremanezumab support the maintained efficacy of this
treatment; however, limited data are available for patients
once they have discontinued treatment. Therefore, although
it has been assumed that the treatment effect is maintained,
this benefit is reduced over time when the treatment waning
effect is applied in the model

Waning in treatment effect
does not occur over the 10-
year horizon of the model

There is no available data to suggest that a waning effect
occurs with fremanezumab, with the HALO extension data
showing that efficacy was maintained for at least 15 months
of treatment. Migraine is not a degenerative disease,
fremanezumab exhibits low levels of anti-drug antibodies
(2% of patients developed such antibodies after 12 months
of fremanezumab treatment, and there is no evidence to
suggest that these antibodies impact the safety or efficacy of
fremanezumab), which together make a waning in treatment
effect less plausible. There is also no evidence to inform an
appropriate timescale over which a waning effect may occur
or the size that this effect may have. On the available
evidence, the most plausible assumption is that there is no
waning in the treatment effect. However, as recognised
during the ongoing erenumab appraisal, there is a possibility
that a waning effect does occur.”® The impact of including a
waning effect are therefore explored within the scenario
analyses

No migraine specific
mortality was assumed in
this model

There are no data available that suggests that migraine
impacts on life expectancy, with a meta-analysis concluding
migraine does not appear to substantially impact mortality®°

Placebo effect maintained
within the model

There is no strong evidence available to show over what
time period any placebo effect is maintained within patients
with migraine. Therefore, it has been conservatively
assumed that this effect is maintained indefinitely throughout
the time horizon of the model. This assumption was also
required to accurately capture the relevant treatment effect
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Assumption Justification

of active treatments, as these are modelled as differences in
mean MMDs to placebo

Adverse events were not Based on clinical trial data, adverse events associated with
included within the model fremanezumab were infrequent, usually not severe and
occurred at rates that were comparable to those seen with
placebo (Section B 2.10). The rates of serious adverse
events were also low, and were comparable to the rates
seen with placebo. As the improved tolerability for
fremanezumab over onabotulinumtoxin A is one of the
distinguishing features between these treatments, this
decision is conservative with respect to the cost-
effectiveness comparison to onabotulinumtoxin A

BSC: best supportive care; EHF: European Headache Federation; MMD: monthly migraine
day; NMA: network meta-analysis; QALY: quality-adjusted life year

B 3.7 Base case results

B 3.7.1 Base case incremental cost-effectiveness analysis results

Clinical outcomes from the model as well as disaggregated results for the base case

are presented in Appendix J.

B 3.7.1.1 Episodic migraine

The results of the base case analysis in EM are presented in Table 58. The results
of this analysis show that fremanezumab had greater costs than BSC, but also
resulted in greater QALYs. When the incremental cost-effectiveness ratio (ICER) is
considered, it can be seen that fremanezumab can be considered to be a cost-

effective treatment in this patient population (£13,954 per QALY).

Table 58 Base case results in episodic migraine

Technologies Total Total Incremental Incremental ICER
costs (£) QALYs | costs (£) QALYs versus
BSC
(E/QALY)

BSC HE - -
Fremanezumab [ 1 T B £13,954

BSC: best supportive care; ICER: incremental cost-effectiveness ratio; QALY quality-
adjusted life year
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B 3.7.1.2 Chronic migraine

The results of the base case analysis in CM are presented in Table 59. The results
of this analysis show that fremanezumab had greater costs than both BSC and
onabotulinumtoxin A, but also resulted in higher QALYs compared to both
treatments. When the ICERs are considered, it can be seen that fremanezumab can
be considered to be a cost-effective treatment in this patient population in
comparison to both BSC (£11,825 per QALY and onabotulinumtoxin A (£16,227 per
QALY).

Table 59 Base case results in chronic migraine

Technologies | Total Total Incremental | Incremental | ICER versus | Incremental
costs QALYs | costs (£) QALYs BSC ICER
(£) (E/QALY) (E/QALY)
BSC I . : : :
OBA I e s £6,777
Fremanezuma £11,825 £16,227
b I e

BSC: best supportive care; ICER: incremental cost-effectiveness ratio; OBA:
onabotulinumtoxin A; QALY: quality-adjusted life year

B 3.8 Sensitivity analyses

B 3.8.1 Probabilistic sensitivity analysis

A probabilistic sensitivity analysis (PSA) was incorporated into the model to allow the
simultaneous variation of multiple input values, enabling assessments of interactions
that occur between inputs. The PSA involved running the model a large number of
times (1000 replications), with different sets of inputs, to make it possible to estimate
credible limits of the ICER. The values of the inputs were determined by random
variation within statistical distributions. These distributions were defined according to
the type of parameters in order to reflect the distribution that they generally follow.
Details of the inputs included within the PSA and the distributions used to model

each input are included in Table 56 (Section B 3.6.1).
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B 3.8.1.1 Episodic migraine

The summary results of the PSA are presented in Table 60, with full results for the
analysis of fremanezumab versus BSC presented in Figure 10, and the cost-
effectiveness acceptability curve is presented in Figure 11. The PSA results show a
good agreement with the deterministic analysis and provide confidence in the ICER
results produced by this model. Analysis at a willingness-to-pay threshold of
£30,000 gave a probability of I that fremanezumab would be a cost-effective
treatment, and a probability of [JJi|% at a threshold £20,000.

Table 60 Probabilistic results for episodic migraine

Technologies Mean Mean Incremental Incremental ICER
costs (£) QALYs | costs (£) QALYs versus
[SE] [SE] [SE] [SE] BSC
(E/QALY)
~ -,

BSC: best supportive care; ICER: incremental cost-effectiveness ratio; QALY quality-
adjusted life year

Figure 10 Probabilistic cost and effectiveness results for episodic migraine
versus best supportive care
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PSA: probabilistic sensitivity analysis; QALY quality-adjusted life year; WTP: willingness-to-
pay

Figure 11 Cost-effectiveness acceptability curve for episodic migraine versus
best supportive care

PSA: probabilistic sensitivity analysis; ICER: incremental cost-effectiveness ratio; WTP:
willingness-to-pay

B 3.8.1.2 Chronic migraine

The summary results of the PSA are presented in Table 61, with full results for the
analysis of fremanezumab versus BSC presented in Figure 12 and the results versus
onabotulinumtoxin A in Figure 13. Cost-effectiveness acceptability curves are
presented versus BSC in Figure 14 and versus onabotulinumtoxin A in Figure 15.
The PSA results show a good agreement with the deterministic analysis and provide
confidence in the ICER results produced by this model. Analysis at a willingness-to-
pay threshold of £30,000 gave a probability of JJli|% that fremanezumab would be
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a cost-effective treatment compared to BSC and a probability of [ ill% compared
to onabotulinumtoxin A, and probabilities of [ lll% and %, respectively, at a
threshold £20,000.

Table 61 Probabilistic results for chronic migraine

Technologies | Mean Mean Incremental | Incremental | ICER versus | Incremental
costs QALYs | costs (£) QALYs BSC ICER
(£) [SE] | [sE] [SE] [SE] (E/QALY) (E/QALY)
Fremanezuma ---F £12,102 £16,654
b

BSC: best supportive care; ICER: incremental cost-effectiveness ratio; OBA:
onabotulinumtoxin A; QALY: quality-adjusted life year

Figure 12 Probabilistic cost and effectiveness results for chronic migraine
versus best supportive care
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PSA: probabilistic sensitivity analysis; QALY: quality-adjusted life year; WTP: willingness-to-
pay

Figure 13 Probabilistic cost and effectiveness results for chronic migraine
versus onabotulinumtoxin A

PSA: probabilistic sensitivity analysis; QALY quality-adjusted life year; WTP: willingness-to-
pay

Figure 14 Cost-effectiveness acceptability curve for chronic migraine versus
best supportive care
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PSA: probabilistic sensitivity analysis; ICER: incremental cost-effectiveness ratio; WTP:
willingness-to-pay

Figure 15 Cost-effectiveness acceptability curve for chronic migraine versus
onabotulinumtoxin A

PSA: probabilistic sensitivity analysis; ICER: incremental cost-effectiveness ratio; WTP:
willingness-to-pay

B 3.8.2 Deterministic sensitivity analysis

A deterministic one-way sensitivity analysis was conducted. In this analysis, one
parameter was varied at a time whilst the others were held constant. The procedure
was based on an estimated variation of £20% in a number of key variables within the
model. Details on the variables included in this sensitivity analysis are included in

Table 56 (Section B 3.6.1). This analysis helps to show key inputs for the model that
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cause the greatest variation in outputted results. Results of this analysis are
expressed as net monetary benefit based on a willingness-to-pay threshold of
£30,000 per QALY.

B 3.8.2.1 Episodic migraine

A tornado plot of the results of the deterministic sensitivity analysis for the
comparison to BSC is presented in Figure 16. The results reveal that the model can
be considered stable to changes in key inputs, and that the inputs that have the
greatest impact were fremanezumab cost, the time horizon and utility treatment

effect.

Figure 16 Tornado plot of deterministic sensitivity analysis for episodic
migraine versus best supportive care

#: number; Tx: treatment

B 3.8.2.2 Chronic migraine

A tornado plot of the results of the deterministic sensitivity analysis for the

comparison to BSC is presented in Figure 17 and compared to onabotulinumtoxin A
in Figure 18. The results reveal that the model can be considered stable to changes
in key inputs, and that the inputs that have the greatest impact were fremanezumab

cost, onabotulinumtoxin A cost, the time horizon and utility treatment effect.

Company evidence submission for fremanezumab for preventing chronic and episodic
migraine [ID1368]

© Teva UK Limited (2019). All rights reserved Page 165 of 183



Figure 17 Tornado plot of deterministic sensitivity analysis for chronic
migraine versus best supportive care

#: number; Tx: treatment

Figure 18 Tornado plot of deterministic sensitivity analysis for chronic
migraine versus onabotulinumtoxin A
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#: number; Tx: treatment

B 3.8.3 Scenario analysis

A number of scenario analyses have been conducted to investigate the impact of

assumptions made within the base case for this model. A description of these

analyses is presented in Table 62, where an explanation of the changes from the

base case are also included.

Table 62 Description of scenario analyses conducted

Scenario Description Explanation
number
1 Time horizon of 5 years Time horizon reduced to 5 years
2 Lifetime time horizon Time horizon increased to lifetime
3 Waning of treatment effect A waning in the treatment effect was
occurs over 10 years applied, which reduced MMDs for treated
patients back to that of BSC over 10 years
4 Lifetime horizon with waning Over a lifetime horizon, it is more likely that
of treatment effect over 10 a waning effect may be observed and so
years the impact of combining these scenarios
was considered
5 Treatment administration cost | Fremanezumab can be self-administered
for fremanezumab set to by patients and it is expected that the vast
£1.85 per cycle (monthly majority of patients will self-administer.
administration) However, some patients may be unable to
self-administer and will therefore incur an
administration cost. For this analysis, it
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Scenario Description Explanation
number
6 Treatment administration cost | has been assumed that 10% of patients will
for fremanezumab set to need treatment to be administered (a high
£0.62 per cycle (quarterly and conservative estimate due to the
administration) average age and comorbidity status of
patients with migraine meaning that it is
unlikely that they would struggle with self-
injection). This has been costed as a 30
minute appointment with a Band 5 hospital
based nurse (£18.50 PSSRU®). This has
been adjusted pro rata for monthly and
quarterly dosing
7 Positive stopping rule affects | The assumption regarding the proportion of
10% of currently treated patients affected by the positive stopping
patients rule has some uncertainty. Therefore, an
8 No positive stopping rule alternative scenario where this rule affects
applied 10% of patients, and where it is not applied
have been investigated
9 Treatment response rate for As there is some uncertainty in the
onabotulinumtoxin A comparison between fremanezumab and
increased by 15% to % | onabotulinumtoxin A, an increased and
10 Treatment response rate for decreased treatment effect for
onabotulinumtoxin A onabotulinumtoxin A has been investigated
decreased by 15% to [
11 50% reduction in MMDs used | At least a 50% reduction in MMDs has also
as response threshold in CM been used as a response definition in CM,
and so this threshold has been investigated
12 Impact of lost work days Migraine has a significant impact on the
considered lives of patients and the impact on work is
one of these areas. Therefore, a wider
analysis on the societal impact of migraine
has been investigated
13 Quarterly fremanezumab Efficacy data for quarterly and monthly
dosing fremanezumab considered separately
14 Monthly fremanezumab
dosing

BSC: best supportive care; CM: chronic migraine; MMDs: monthly migraine days
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B 3.8.3.1 Episodic migraine

The results of these scenario analyses are presented in Table 63. These show that
in all the scenarios considered that fremanezumab remains a cost-effective
treatment. Reducing the time horizon of the model to five years and removing the
positive stopping rule had the greatest effect on increasing the ICER; whereas a
consideration of the societal impact of migraine through the impact on work had the

greatest impact on lowering the ICER.

Table 63 Summary of scenario analyses results in episodic migraine

Scenario ICER versus BSC
Base case £13,954

1 — 5 year horizon £22,598

2 — Lifetime horizon £4 767

3 — Waning of treatment effect over 10 years £14,202

4 — Lifetime horizon and waning over 10 years £4,835

5 — Treatment administration costs included for fremanezumab £14,054

(monthly: £1.85 per cycle)

6 — Treatment administration costs included for fremanezumab £13,987

(quarterly: £0.62 per cycle)

7 — Positive stopping rule affects 10% of currently treated patients £16,620

8 — No positive stopping rule £20,214

9 — Proportion of patients responding to onabotulinumtoxin A N/A
increased to i%

10 — Proportion of patients responding to onabotulinumtoxin A N/A
increased to -?’/o

11— 50% reduction in MMDs used as response threshold in CM N/A

12 — Impact of lost work days Dominates
13 — Quarterly fremanezumab dosing £13,976
14 — Monthly fremanezumab dosing £13,909

BSC: best supportive care; ICER: incremental cost-effectiveness ratio

B 3.8.3.2 Chronic migraine

The results of these scenario analyses are presented in Table 64. These show that
in all the scenarios considered that fremanezumab remains a cost-effective
treatment. Reducing the time horizon of the model to five years and removing the
positive stopping rule had the greatest effect on increasing the ICER; whereas a
consideration of the societal impact of migraine through the impact on work had the

greatest impact on lowering the ICER.
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Table 64 Summary of scenario analyses results in chronic migraine

Scenario ICER versus ICER versus
BSC onabotulinumtoxin A

Base case £11,825 £16,825

1 -5 year horizon £19,328 £27,517

2 — Lifetime horizon £4 085 £5,555

3 — Waning of treatment effect over 10 years £12,017 £16,382

4 — Lifetime horizon and waning over 10 years £4.131 £5,589

5 — Treatment administration costs included for | £11,907 £16,380

fremanezumab (monthly: £1.85 per cycle)

6 — Treatment administration costs included for | £11,853 £16,278

fremanezumab (quarterly: £0.62 per cycle)

7 — Positive stopping rule affects 10% of £14,017 £19,634

currently treated patients

8 — No positive stopping rule £16,951 £24,756

9 — Proportion of patients responding to £11,825 £22,411

onabotulinumtoxin A increased to ﬁ%

10 — Proportion of patients responding to £11,825 £12,742

onabotulinumtoxin A increased to ﬂ%

11— 50% reduction in MMDs used as response | £10,724 £17,155

threshold in CM

12 — Impact of lost work days Dominates Dominates

13 — Quarterly fremanezumab dosing £12,243 £17,325

14 — Monthly fremanezumab dosing £11,462 £15,326

BSC: best supportive care; ICER: incremental cost-effectiveness ratio; MMDs: monthly
migraine days

B 3.8.4 Summary of sensitivity analyses results

Overall, the sensitivity results demonstrate the robustness of this economic model
and the results produced by it. These analyses demonstrated that fremanezumab is
a cost-effective treatment under a large variety of scenarios and when key

parameters within the model are varied.

B 3.8.4.1 Episodic migraine

The PSA demonstrated a good agreement with the base case deterministic results
and gave a probability of JJll%> that fremanezumab would be a cost-effective
treatment at a willingness-to-pay threshold of £30,000 (and a probability of [ lI%
at a threshold £20,000).
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The deterministic sensitivity analysis showed that the model is stable to changes in
most analysed inputs. This analysis revealed that the inputs which had the greatest

impact were fremanezumab cost, the time horizon and utility treatment effect.

Analysis of a number of scenarios varying key assumptions in the model base case
showed that fremanezumab was cost-effective under all modelled scenarios.
Reducing the time horizon to five years, removing the positive stopping rule and

including the societal impact of migraine had the greatest impact on ICER values.

B 3.8.4.2 Chronic migraine

The PSA demonstrated a good agreement with the base case deterministic results
and gave a probability of |JJlI% (versus BSC) and 1% (versus
onabotulinumtoxin A) that fremanezumab would be a cost-effective treatment at a
willingness-to-pay threshold of £30,000 (and probabilities of % and %,
respectively, at a threshold £20,000).

The deterministic sensitivity analysis showed that the model is stable to changes in
most analysed inputs. This analysis revealed that the inputs which had the greatest
impact were fremanezumab cost, onabotulinumtoxin A cost, the time horizon and

utility treatment effect.

Analysis of a number of scenarios varying key assumptions in the model base case
showed that fremanezumab was cost-effective under all modelled scenarios.
Reducing the time horizon to five years, removing the positive stopping rule and

including the societal impact of migraine had the greatest impact on ICER values.

B 3.9 Subgroup analysis

High-frequency episodic migraine has been presented throughout this submission as
a subgroup of particular interest for this appraisal. This is due to the fact that HFEM

has a substantial impact on patients, similar to that seen in patients with CM." There
is also a current lack of treatment options for these patients after failure of three

preventive therapies, with onabotulinumtoxin A limited to CM.
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Due to the importance of this group an additional economic analysis focussed on
HFEM has been conducted. This utilised efficacy data from the FOCUS clinical trial
in patients with 8-14 monthly headache days. This patient group was assumed to
have overall characteristics (average age and percentage female) that matched the
overall EM population. Within the patients with HFEM, responders had baseline
mean MMDs of |l compared to |l for non-responders. The fremanezumab
treatment effect compared to placebo was [JJJll MMDs in responders and ||}
MMDs in non-responders. At least a 50% reduction in MMDs was seen in [[JJl%
of fremanezumab patients and [JJl|% of placebo (BSC) patients.

The results of the analysis in this subgroup are presented in Table 65, and
demonstrate that fremanezumab is a cost-effective treatment within this patient
subgroup. The ICER value is lower in patients with HFEM than was seen within the

whole EM population.

Table 65 Base case results in high-frequency episodic migraine

Technologies Total Total Incremental Incremental ICER
costs (£) QALYs | costs (£) QALYs versus
BSC
(E/QALY)
BSC HE - - -
Fremanezumab [N I HEE R £12,275

BSC: best supportive care; ICER: incremental cost-effectiveness ratio; QALY quality-
adjusted life year

B 3.10 Validation

B 3.10.1 Validation of cost-effectiveness analysis

The model structure and all key inputs were reviewed and agreed by UK clinical

experts during an advisory board meeting.>* Subsequent to the advisory board,
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Teva UK sought clinical opinions from consultant neurologists who specialise in
headache and are considered as thought leaders in the field of migraine. This
allowed Teva UK to validate key assumptions made within the submission, in
particular where there is a lack of published data. Three experts were engaged from
the South of England and the North of England using a structured format, including a
pro forma followed by a telephone discussion; for transparency the pro forma is
included within Appendix N of this submission. The model has also been reviewed
by an expert in health economics to ensure that the model structure and calculations
were working as intended. Finally, clinical trial data were used to provide an internal

validation of the model calculations.

B 3.11 Interpretation and conclusions of economic evidence

Fremanezumab is a cost-effective treatment

The economic evidence presented here clearly demonstrates that fremanezumab is
a cost-effective treatment for the prevention of migraine (after three prior preventive
treatments). The results show that fremanezumab is cost-effective in both CM and
EM populations. In EM, fremanezumab had an ICER versus BSC of £13,954; while
in CM fremanezumab had an ICER versus BSC of £11,825 and versus
onabotulinumtoxin A of £16,227.

An additional analysis was conducted in a specific subgroup of interest, patients with
HFEM. Fremanezumab was demonstrated to be a highly cost-effective treatment in
this patient subgroup, with an ICER versus BSC of £12,275.

Generalisability of analysis
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This economic analysis conducted focussed on the population of interest for this
appraisal (those who had failed on three or more previous migraine preventive
therapies) and can therefore be considered generalisable to UK clinical practice.
The population of interest was selected as this is where it is expected that anti-
CGRP therapy would be utilised in UK clinical practice based on expert clinical

opinion.
Sensitivity analyses produced consistent results

The PSA conducted produced results that were consistent with the deterministic
analysis and showed a high degree of confidence in the results. The PSA produced
probabilities of |JJll% (versus BSC in EM), % (versus BSC in CM) and
Il (versus onabotulinumtoxin A in CM) that fremanezumab would be a cost-
effective treatment at a willingness-to-pay threshold of £30,000. All the sensitivity
analyses and scenario analyses conducted demonstrated the cost-effectiveness of

fremanezumab in both EM and CM.

Factors not considered in economic analysis

The economic analysis considered all factors that were feasible to include within the
model. However, the impact in one important area is not fully captured by the model.
The administration of onabotulinumtoxin A currently leads to a significant burden on
headache clinics as every administration of onabotulinumtoxin A is required to be
administered by an expert physician. This has therefore led to a significant burden
on these clinics; clinical experts consulted by Teva have indicated that there are long
waiting times for onabotulinumtoxin A administration in many headache clinics due to

capacity issues.

Fremanezumab has the potential to significantly relieve pressure on headache
clinics as this treatment can be self-administered at home by patients. It is expected
that, in line with current practice, fremanezumab will be prescribed from specialist
clinics. However, once a patient is established on treatment and able to self-
administer, this will reduce the burden on clinics compared to the requirements for all
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onabotulinumtoxin A administrations to be conducted in hospital. The model
includes the direct costs that are incurred through the administration of
onabotulinumtoxin A, but the burden and the potential relief of this burden on
headache clinics was not captured within the model. It can therefore be expected
that the introduction of fremanezumab would be more economically beneficial than is

assumed by the analysis conducted here.

Another area where the full impact of migraine has not been captured is the burden
from a societal perspective. A societal perspective falls outside of the NICE base
case; however, the societal perspective is particularly important when considering
migraine as this disease is most common in people of working age.?® The societal
impact of this disease from lost productivity is substantial.#> A societal perspective
was included as an option in this model and used in a scenario analysis. This
demonstrated that fremanezumab is more cost-effective when a societal perspective

is included within the economic analysis.

Strengths and limitations of the economic evaluation

The strengths of this analysis include that it was focussed on the relevant UK patient
population, used data from high quality RCTs, had a detailed model structure with 28
MMD states, and used key clinically meaningful efficacy measures as inputs. The
key clinical data within the model, which includes the baseline characteristics, the
patient distributions between MMD states and the utilities data, were all derived from
the FOCUS clinical trial. This gives a consistency in all of these key model inputs
that may have varied if data from multiple clinical trials had been required. This
clinical trial was focussed on patients who had failed previous lines of therapies and
included patients with both CM and EM. This closely matches the population of
interest and included a significant number of patients who exactly match this

population (three or more previous failed migraine preventive therapies).

The use of a detailed structure employing 28 MMD states allowed an accurate

analysis of the economic impact of treatment. This also allowed small and subtle
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variations in the distribution of migraine days to fully impact the results of the
analysis. This is important as it allows the model to closely resemble reality, as the

full impact of treatment on the population is considered.

The reduction in MMDs and the proportion of patients who respond to treatment are
key clinically relevant measures in migraine. These data were used as the efficacy
inputs in the model and therefore gives confidence that the most clinically relevant
changes have been modelled in this analysis. In addition, this model incorporated
separate analyses of responders and non-responders to allow the most relevant data
to be included. It is expected that in clinical practice, and in line with established
practice for current migraine preventive treatments, that an assessment of efficacy
will be conducted after a relevant time period (assumed to be 12 weeks for
fremanezumab and 24 weeks for onabotulinumtoxin A) and at this point non-

responding patients will be discontinued from treatment.

A limitation of this model results from the lack of granularity within the published data
for onabotulinumtoxin A. This has led to some limitations within the NMA conducted
to compare the efficacy of fremanezumab and onabotulinumtoxin A (no direct studies
are available), which are outlined in Section B 2.9. Fremanezumab demonstrates
consistently numerically superior results to onabotulinumtoxin A, but due to the
limitations in the NMA there is some uncertainty to the exact size of this difference.
To counteract this limitation, scenarios where the response rate for

onabotulinumtoxin A was varied by +15% were conducted.

It has not been possible to include any natural history variation in migraine or a
fourth oral preventive treatment due to a lack of data. There is little available
published detailed evidence on the natural history of migraine that could be used to
include these effects within the model. It is also worth noting that should such data
have been available, it would have been very challenging to build the complex model
that would be required to model these effects. Whilst additional oral therapies may
be used within clinical practice in this patient population, this is mainly due to a lack
of any other options (as validated by clinical opinion). There is also no available
evidence showing efficacy of oral migraine preventive therapies in the patients of

interest for this appraisal (patients who have failed on three or more previous
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migraine preventive therapies). Fourth-line oral treatments were therefore not

considered to be relevant comparators.
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B.4 Appendices

Appendix C: Summary of product characteristics (SmPC) and European public

assessment report (EPAR)

Appendix D: Identification, selection and synthesis of clinical evidence
Appendix E: Subgroup analysis

Appendix F: Adverse reactions

Appendix G: Published cost-effectiveness studies

Appendix H: Health-related quality of life studies

Appendix I: Cost and healthcare resource identification, measurement and valuation
Appendix J: Clinical outcomes and disaggregated results from the model
Appendix K: Checklist of confidential information

Appendix L: Inclusion and exclusion criteria

Appendix M: Additional baseline characteristics

Appendix N: Pro forma used for structured clinical expert engagement
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Notes for company

Highlighting in the template

Square brackets and grey highlighting are used in this template to indicate text that
should be replaced with your own text or deleted. These are set up as form fields,
so to replace the prompt text in [grey highlighting] with your own text, click
anywhere within the highlighted text and type. Your text will overwrite the

highlighted section.

To delete grey highlighted text, click anywhere within the text and press
DELETE.

Section A: Clarification on effectiveness data

Literature searches, systematic review methods

A1. Appendix D. Please supply the Embase literature search strategies (only

Medline and Cochrane present in the appendices).

Medline and Embase were searched together using the Embase.com interface;
therefore, Table 1 in Appendix D includes the search terms and results for both
Medline and Embase search. As there were a number of changes made to
Appendix D as a result of answering these questions, we have sent a revised version

alongside this document.

A2. Appendix D. Please state which platform was used for the literature searches
(e.g. Ovid, Embase.com). In addition, please specify this for each database
searched.

Embase.com was used to search the Medline and Embase databases and the Wiley
Online Library was used to search the Cochrane Library.

A3. Appendix D. Please confirm whether or not Medline-in-Process was searched. If

so, please provide the platform and the search strategy used.

Medline in-process records were searched automatically as part of the

aforementioned searches on Embase.com.
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A4. Appendix D. Please detail the methods used for both data extraction and critical
appraisal of the final included studies for the review of clinical effectiveness,

including efficacy and safety.

The literature review involved:

1. SEARCHING - searches were conducted using Medline and Embase and The
Cochrane library to retrieve records; citations, titles and abstracts were then

exported into a master Excel file

2. TITLE AND ABSTRACT SCREENING - titles and abstracts were screened
against the pre-determined inclusion/exclusion criteria (Table 4) to derive the list of

records eligible for full-text screening

3. FULL-TEXT SCREENING - full-text records were screened against pre-
determined inclusion/exclusion criteria (Table 4) to determine potential for data

extraction and inclusion in the review

4. DATA EXTRACTION — data were extracted from records into standardised
data extraction tables in Excel

S QUALITY ASSESSMENT - For RCTs identified in the clinical effectiveness
searches, quality assessments will be performed, using the checklist from NICE’s

single technology appraisal template.

The relevant data from all identified studies were extracted into standardised data
extraction tables in Excel and the studies selected according to the inclusion and
exclusion criteria and the PICOS (population, intervention, comparators, outcomes,
and study types) framework. These tables were focussed on the outcomes of

interest as defined by the appraisal scope.

The critical appraisal of the included studies was conducted using the Revised
Cochrane risk-of-bias tool for randomized trials (RoB 2)
(https://methods.cochrane.org/bias/resources/rob-2-revised-cochrane-risk-bias-tool-
randomized-trials) and using the Jadad score (Jadad AR et al. Control Clin Trials
1996; 17: 1-12), which have been presented in Appendix D for all six studies
included in the network meta-analysis (HALO EM, HALO CM and FOCUS: Table 7
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and Table 8 for JADAD and Cochrane risk-of-bias, respectively; Study 295 and
PREEMPT trials: Table 11 and Table 12 for JADAD and Cochrane risk-of-bias,

respectively).

A5. Appendix D page 23. Please clarify whether there were 441 final includes for the
systematic review or whether further study identification methods were then used to

reduce the numbers further. Please detail which methods were used.

As stated in Appendix D, the searches conducted by Teva had a wider remit than the
NICE appraisal. The 441 references identified by this systematic review were then
subjected to an additional round of review to identify the studies that were relevant to
the scope of this appraisal. Full text records for all 441 references were screened in
this additional round against the NICE scope and studies outside this scope were
excluded. For studies not including fremanezumab (which were used to inform the
network meta-analysis (NMA), only studies focussed on the subpopulation of interest
were considered (adult patients with three or more previous migraine preventive
treatment failures). This round of review was conducted by two independent
reviewers, and where disagreement occurred between the two reviewers, a third

reviewer was used.

This search identified only the HALO EM and HALO CM trials as providing relevant
evidence on fremanezumab; with three further studies informing the NMA (Study
295, PREEMPT | and PREEMPT Il — reported within six references: Tepper S et al.
Lancet Neurol 2017; 16: 425-434; Ashina M et al. Cephalalgia 2018; 38: 1611-162;
Aurora SK et al. Cephalalgia 2010; 30: 793-803; Diener HC et al. Cephalalgia 2010;
30: 804-814; Dodick DW et al. Headache 2010; 50: 921-936; Aurora SK et al.
Headache 2011; 51: 1358-1373). An updated PRISMA clarifying this additional
review round and the final included studies can be found in the answer to question
AG6.
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A6. Appendix D, Figure 1, page 24. The number of full text excludes does not tally,

could you please provide updated figures.

Records identified through Additional records identified
database searching through other sources
(n=2,888) (n=1,022)

Identification

Records after duplicates removed
(n=3,073)

Screening

Records manually added Records screened Records excluded
(n=5) (n=3,073) (n=2,481)

Full-text articles excluded
(n=157)
Duplicate 7
Paopulation

] Animal study
Full-text articles Age

Records manually added assessf: :Ogge;;glhlllw Study type
(n=1) Language

Geography
Treatments
Time
Outcomes
Metz-analysis
Unavailable

Quality

Eligibility

Studies included in full
results
(n=441)

Articles excluded on
additional review
(n=435)

Included

Results included in
network meta-analysis
(n=6)
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A7. Appendix D, Figure 1, page 24. Please detail how the 1,022 “additional records
identified through other sources” were identified, including which methods/sources

were used to find them.

The “additional records identified through other sources” were the results from the

grey literature search conducted, as detailed in Table 3 of Appendix D.

A8. Appendix G. Please detail what methods were used for screening, data

extraction and critical appraisal for the systematic review of cost-effectiveness.

The systematic review involved:

1. SEARCHING - searches were conducted using Medline and Embase and The
Cochrane library to retrieve records; citations, titles and abstracts that were then

exported into to a master Excel file

2. TITLE AND ABSTRACT SCREENING - titles and abstracts were screened
against the pre-determined inclusion/exclusion criteria (Table 4) to derive the list of

records eligible for full-text screening

3. FULL-TEXT SCREENING - full-text records were screened against pre-
determined inclusion/exclusion criteria (Table 4) to determine potential for data

extraction and inclusion in the review

4. DATA EXTRACTION - data were extracted from records into standardised

data extraction tables in Excel

S QUALITY ASSESSMENT - For RCTs identified in the clinical effectives
searches, quality assessments will be performed, using the checklist from NICE’s

single technology appraisal template.

The relevant data from all identified studies were extracted into standardised data
extraction tables in Excel and the studies selected according to the inclusion and
exclusion criteria and the PICOS (population, intervention, comparators, outcomes,

and study types) framework.

The critical appraisal of the included studies was conducted using the methods of
Philips et al. (Health Technol Assess 2004; 8: 36) and these results can be found in
Table 2 of Appendix G.
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A9. Appendix G, Figure 1, page 4. Please clarify the final figure in the PRISMA flow
diagram as the diagram states 23 final includes whereas the text on page 3 states 3

final includes.

The 23 records identified in the PRISMA diagram were subjected to a further round
of review to identify studies relevant to the scope of this appraisal. Full text records
for all references were screened in this additional round against the NICE scope and
studies outside this scope were excluded. This round of review was conducted by
two independent reviewers, and where disagreement occurred between the two
reviewers, a third reviewer was used. After this additional round of review, only three
relevant studies were identified. An updated PRISMA that includes this additional

round of review is included below to provide clarity on these searches.
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Records identified through
database searching
(n=161)

Identification

Records after duplicates removed

(n=1,004)

Screening

Records manually added Records screened
(n=5) (n=1,004)

Full-text articles
assessed for eligibility

Records manually added (n=44)
(n=2)

Additional records identified
through other sources
(n=871)

Records excluded

(n = 965)

Full-text articles excluded
(n=23)

Duplicate
Population
Animal study
Age

Study type
Language
Geography

Treatments
Time
Outcomes
Meta-analysis
Unavailable
Quality

Eligibility

OMNOWONODORFROONW

Studies included in full
results
(n=23)

Articles excluded on
additional review
(n=20)

Included

Final studies included
(n=3)
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A10. Appendix H, Figure 1, page 3. The Figure appears to be missing. The numbers
given in the text on page 3 do not tally with the numbers in the PRISMA flow diagram

on page 5, is this referring to a different Figure? Please explain this discrepancy.

Unfortunately, an incorrect version of the PRISMA diagram was included within the
file supplied to NICE. The figures within the text were correct and the updated and

corrected PRISMA diagram is supplied below.
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Identification

Screening

Records identified through
database searching
(n=2,534)

Records after duplicates removed

(n=3,218)

Records manually added Records screened

(n=2) (n=3,218)

Full-text articles
assessed for eligibility

Records manually added (n=234)

(n=3)

Additional records identified
through other sources
(n=871)

Records excluded
(n=2,986)

Full-text articles excluded
(n=109)

Duplicate 4
Population 15
Animal study 0
Age 3
Study type 27
Language
Geography

Treatments
Time
Outcomes
Meta-analysis
Unavailable
Quality

Eligibility

Studies included in full
results
(n=128)

Articles excluded on
additional review
(n=128)

Included

Final studies included
(n=0)
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A11. Appendix H, unlabelled Figure, page 5. Please clarify the final figure in the
PRISMA flow diagram. The diagram states 119 final includes whereas the text on

page 5 states no final includes.

It appears that the file for Appendix H has become corrupted, as there was only a
single figure within this file. A corrected, uncorrupted version of Appendix H has

been submitted to rectify this.

Regarding the final number of studies included, the 119 references identified by the
systematic review were subjected to an additional round of review to identify the
studies that were relevant to the scope of this appraisal, as these searches
conducted by Teva originally had a wider remit than the NICE appraisal. Full text
records for all 119 references were screened in this additional round against the
NICE scope and studies outside this scope or where insufficient detail was reported
were excluded. This round of review was conducted by two independent reviewers,
and where disagreement occurred between the two reviewers, a third reviewer was
used. After this additional round of review, no relevant studies were identified. An
updated PRISMA that includes this additional round of review is included in the

response to question A10.

A12. Appendix G, Figure 1, page 4. Please detail how the 871 “additional records
identified through other sources” were identified, including the methods/sources used
to find them.

The “additional records identified through other sources” were the results from the
grey literature search conducted, as detailed in Table 3 of Appendix D, please note

only the results from 02 February were included within this search.

A13. Appendix |. Please clarify which search strategy in Appendix D was used for

this search — A, B, C or D? Please supply a PRISMA flow diagram.

Search C was used for Appendix I; the relevant PRISMA is presented below.
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Records identified through Additional records identified
database searching through other sources
(n=2,888) (n=1,022)

Identification

Records after duplicates removed
(n=3,073)

Screening

Records manually added Records screened Records excluded
(n=5) (n=3,073) (n=2,481)

Full-text articles excluded
(n=157)
Duplicate 7
Paopulation

] Animal study
Full-text articles Age

Records manually added (n=597)
(n=1)

assessed for eligibility Study type

Language
Geography

Treatments
Time
Outcomes
Metz-analysis
Unavailable
Quality

Eligibility

Studies included in full
results
(n=441)

Articles excluded on
additional review
(n=435)

Results included in
network meta-analysis
(n=6)

Included

A14. Appendix H, unlabelled Figure, page 5. Please explain how the 647 “additional
records identified through other sources” were identified, including the

methods/sources used to find them.
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The “additional records identified through other sources” were the results from the
grey literature search conducted, as detailed in Table 3 of Appendix D, please note
only the results from 02 February were included within this search (871 records in
corrected PRISMA).

Trials and indirect comparison

A15. Please detail what proportion of patients in the HALO trials had previously
received preventative therapies prior to the trial. In addition, please provide

proportions for those who had received both 1 and 2 prior preventative therapies.

In the HALO trials, patients were only able to receive up to one class of prior
preventive treatment before the trial, as the failure of two or more prior preventive
treatment clusters (as described in question A18) was an exclusion criterion. Prior
treatment with topiramate and onabotulinumtoxin A and preventive treatment use at
baseline can be found in Table A15.1 for EM and Table A15.2 for CM.

In the FOCUS trial, data were captured on all preventive treatment failures (by drug
class) and subgroup analysis was undertaken on those patients failing =3 prior
preventive migraine treatments — the population that matches the positioning of
fremanezumab in clinical practice within the NHS. Therefore, the FOCUS trial

represents the most appropriate data source for use in this submission.

Table A15.1 HALO EM prior preventive treatments

HALO EM

Baseline
characteristic

Placebo (n=294) Fremanezumab

monthly (n=290)

Fremanezumab
quarterly (n=291)

Previous topiramate

use for migraine, n (%)

medication use at
baseline, n (%)

Yes 53 (18) 51 (18) 64 (22)

No 241 (82) 240 (82) 226 (78)
Previous onabotulinumtoxin A use for migraine, n (%)

Yes 9(3) 15 (5) 16 (6)

No 285 (97) 276 (95) 274 (94)
Preventive 62 (21) 58 (20) 62 (21)

Table A15.2 HALO CM prior preventive treatments

Clarification questions
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HALO CM Placebo (n=375) Fremanezumab Fremanezumab
Baseline quarterly (n=376) monthly (n=379)

characteristic
Previous topiramate use for migraine, n (%)

Yes 117 (31) 106 (28) 117 (31)

No 258 (69) 270 (72) 262 (69)
Previous onabotulinumtoxin A use for migraine, n (%)

Yes 49 (13) 66 (18) 50 (13)

No 326 (87) 310 (82) 329 (87)
Preventive 77 (21) 77 (20) 85 (22)

medication use at
baseline, n (%)

A16. Please state how many patients were classified as having ‘medicine overuse

headache’ as opposed to migraine (Inclusion criteria: Table 4, Appendix D, page 23).

As mentioned at the beginning of Appendix D, the initial searches had a wider remit
than this appraisal; however, an additional round of review was conducted to ensure
the final included studies met the NICE scope. These inclusion criteria were
therefore defined for this broader purpose, but the final included studies (as per the
updated PRISMA in question A6) had no patients that were defined as having
medicine overuse headache as opposed to migraine. In both HALO trials and the
FOCUS trial, all patients required a confirmed migraine diagnosis, according to

ICHD-3 beta criteria for migraine with or without aura, to be included in the trials.

A17. Please state how many patients, randomised to fremanezumab in the HALO
trials, were transferred to the placebo arm following non-response or adverse events
(page 41).

In the HALO clinical trials, no patients randomised to fremanezumab were
transferred to placebo following non-response or adverse event. Please note

that missing data from patients in the active groups who discontinued the study due
to lack of efficacy or adverse events were imputed as if they were placebo treated
patients, which may have led to some confusion. There were 8 and 5 patients in
monthly and quarterly dose groups, respectively, who discontinued due to lack of
efficacy or adverse events in the HALO CM study. In the HALO EM study, 4 patients
in the monthly dose group and 5 patients in the quarterly dose group discontinued

the study due to lack of efficacy or adverse events.
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A18. Priority question: Please confirm that topiramate was not one of the
drugs included in the inclusion and exclusion criteria for HALO EM/CM or
FOCUS, with respect to whether patients ‘failed’ prior lines of treatment.

In the HALO EM and HALO CM trials, topiramate was not included within the list of
exclusion criteria relating to ‘failed’ prior lines of treatment. The specific exclusion

criterion was as follows:

“Patients who have previously failed (lack of efficacy) two or more of the clusters of
the following medications for treatment of EM or CM after adequate therapeutic trial

defined as use for at least three months at accepted migraine therapeutic doses:

e cluster A: divalproex sodium and sodium valproate
e cluster B: flunarizine and pizotifen
e cluster C: amitriptyline, nortriptyline, venlafaxine, and duloxetine

e cluster D: atenolol, nadolol, metoprolol, propranolol, and timolol.”

In FOCUS, topiramate was included as one of the medications used to define the
number of prior ‘failed’ treatment classes. The full list of medication classes used in

this study is as follows:

e beta-blockers: propranolol, metoprolol, atenolol, and bisopropol
e anticonvulsants: topiramate

e tricyclics: amitriptyline

e calcium channel blocker: flunarizine

e angiotensin Il receptor antagonist: candesartan

e onabotulinumtoxin A

e valproic acid

A19.Please detail how compliance was evaluated in the HALO trials.

Study drug was administered at the study centres by qualified study personnel as
subcutaneous injections approximately every 28 days for a total of 3 doses, The 4-
week (28-day) period was determined relative to the planned dosing day provided
the patient returned to the study centre within the tolerance window (3 days). If the
patient returned to the study centre more than 3 days late, then the 4-week period

was determined from the actual dosing day rather than the planned dosing day.The
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total number of subcutaneous injections and their locations were recorded at each

dosing visit (visits 2, 3, and 4).

Study drug and kit accountability checks were performed at each monitoring visit,
and a record of study drug accountability (i.e. study drug and other materials
received, used, retained, returned, or destroyed) was prepared and signed by the

principal investigator or designee, with an account given for any discrepancies.

Patients had to complete daily electronic headache diary entries with questions
about the previous day, beginning on day -27 (the day after the screening visit)
through to the end of treatment/early withdrawal visit. The electronic headache diary
device allowed entry of headache information for up to 48 hours after a given day.
During the run-in period, diary compliance was evaluated by using the first 28 days
in the period to see if patients had at least 24 days with completed diary entries to be
eligible for the study (~85% diary compliance). The diary compliance rate was

calculated by days with diary divided by days in each specific period for each patient.

A20. Priority question: Please present estimates, using an ITT analysis

strategy, for all outcomes presented in the submission

The ITT results for the primary endpoints from the HALO trials and the FOCUS trial
are presented below, alongside the main analysis set results from these trials. As
can be seen, the overall patient numbers in each arm are similar between the

analysis sets and the corresponding results are also similar.
Primary endpoint clinical effectiveness results of the HALO trials

Table 14 Summary of main efficacy outcomes in HALO EM trial

Placebo Fremanezumab Fremanezumab
quarterly monthly
FAS ITT FAS ITT FAS ITT

(n=200) | (=l | (n=288) n=-H | (=287) | (-l

Mean monthly migraine days

Baseline 9127 N 2327 N 3°c6 TN |

(SD)

LSM 2.2 (-2.68 - -3.4 (-3.94 - -3.7 (-4.15 '
change to -1.71) to -2.96) to -3.18)

(95% Cl)

Difference -1.3(-1.79 - -1.5 (-2.01 '
vs placebo to -0.72) to -0.93)
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Placebo Fremanezumab Fremanezumab
quarterly monthly

FAS ITT FAS ITT FAS ITT

(n=290) (=) | (n=288) (n=l) | (n=287) (n=l
(95% ClI)
P-value vs <0.0001 B | <0.0001 I |
placebo
Patients with at least 50% reduction in monthly average migraine days
Number 81279 N 23444 N 37¢7) N |
achieving
endpoint
(%)
P-value vs <0.0001 B | <0.0001 I |
placebo
Mean monthly days of use of any acute headache medication
Baseline 776 N 7337 N 776349 TN |
(SD)
LSM -1.6 (-2.04 - 2.9 (-3.34 - -3.0 (-3.41 '
change to -1.20) to -2.48) to -2.56)
(95% CI)
Difference -1.3(-1.76 - -1.4 (-1.84 '
vs placebo to -0.82) to -0.89)
(95% CI)
P-value vs <0.0001 B | <0.0001 I
placebo
Migraine Disability Assessment score
Baseline 373276) | 47330 [ 3303632 [N |
(SD)
LSM -17.5 (- -23.0 (- -24.6 (-
change 20.62 to - 26.10to - 27.68 to -
(95% CI) 14.47) 19.82) 21.45)
Difference -5.4 (-8.90 - 7.0 (- '
vs placebo to -1.93) 10.51 to -
(95% ClI) 3.53)
P-value vs <0.0001 B | <0.0001 I |
placebo

Table 16 Summary of main efficacy outcomes in HALO CM trial

Placebo Fremanezumab Fremanezumab
quarterly monthly

FAS ITT FAS ITT FAS ITT

(n=371) =l | (n=375) (=) | (n=375) (=)
Mean monthly headache days of at least moderate severity
Baseline 13358 | 3265 N 23583 N |
(SD)
LSM 250306 N <4347 I 4656 N
change
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Placebo Fremanezumab Fremanezumab
quarterly monthly

FAS ITT FAS ITT FAS ITT

(n=371) (n=Hl) | (n=375) (=l | (n=375) (n=H)
95%Cl) |to-185) |l |to366) I 39 TN |
Difference -1.8 (-2.46 - 2.1 (-2.76 '
vs placebo to -1.15) to -1.45)
(95% Cl)
P-value vs <0.0001 || |<co001 |
placebo
Mean monthly migraine days
Baseline 164052 N [62¢9 I (6062 TN
(SD)
LSM -3.2 (-3.86 - -4.9 (-5.59 - -5.0 (-5.70 '
change to -2.47) to -4.20) to -4.33)
(95% Cl)
Difference -1.7 (-2.48 - -1.8 (-2.61 '
vs placebo to -0.97) to -1.09)
(95% Cl)
P-value vs <0.0001 B | -0.0001 N
placebo
Patients with at least 50% reduction in monthly average migraine days
Number 74199 N 15307 N 253633 [N |
achieving
endpoint
(%)
P-value vs 0.0008 B | -0.0001 I
placebo
Mean monthly days of use of any acute headache medication
Baseline 13069 TN 3163 TN 3172 Tl
(SD)
LSM -1.9 (-2.48 - 3.7 (-4.25 - 4.2 (-4.79 '
change to -1.28) to -3.06) to -3.61)
(95% Cl)
Difference -1.8 (-2.43 - -2.3(-2.97 '
vs placebo to -1.12) to -1.67)
(95% Cl)
P-value vs <0.0001 || |<co001 |
placebo
Headache Impact Test score
Baseline 64148 N 623¢7) ' 646449 TN
(SD)
LSM 4.5 (-5.38 - 6.4 (-7.31 - 6.8 (-7.71 '
change to -3.60) to -5.52) to -5.97)
(95% Cl)
Difference -1.9 (-2.90 - 2.4 (-3.32 '
vs placebo to -0.96) to -1.38)
(95% Cl)
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Placebo Fremanezumab Fremanezumab
quarterly monthly
FAS ITT FAS ITT FAS ITT
(n=371) =l | (n=375) =l | (n=375) s )
P-value vs <0.0001 | |<co001 |1
placebo

Primary endpoint clinical effectiveness results of the FOCUS trial

Table 17 Summary of main efficacy outcomes in FOCUS clinical trial

Placebo

quarterly

Fremanezumab

monthly

Fremanezumab

mITT

(n=H)

ITT

(n=H)

mITT

(=)

ITT

(n=H)

mITT

(n=H)

ITT

(n=H)

Mean monthly migraine da

Baselne [N |

LSM
change
(95% CI)

(SD)
__ B

ys

1B

| B

Difference
vs placebo
(95% ClI)

P-value vs
placebo

LLL
LLL

1 _ =
| B
| B
1 __ =

Patients with

Number
achieving
endpoint
(%)

1

Odds ratio
vs placebo
(95% CI)

P-value vs
placebo

LA

at least 50% reduction in monthly average migraine days

|

Mean monthly days of use

Baselne [N |

LSM
change
(95% CI)

(SD)
__ B

1B

| B

of any acute headache me

Difference
vs placebo
(95% ClI)

P-value vs

dication

LLL

LLL

1 _ =
| B
1=
1 _ =
| B
| B

LLINLENLLL
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Placebo Fremanezumab Fremanezumab
quarterly monthly

mITT ITT mITT ITT mITT ITT

-l | -l = D -H | «-Hl

—_—
=
|

!

placebo

Migraine Disability Assessment score

Baseline | NNEEN [N |

(SD)

change

(95% Cl)

Difference
vs placebo
(95% ClI)

1 __ =
| B
| B
1 __ =

LLL

P-value vs
placebo

Headache Impact Test score*

Baseline
(SD)

|
.
change

(95% Cl)

Difference
vs placebo
(95% CI)

LLINLLL

1
| B
| B
1 _
]
_
_
]

P-value vs
placebo

*FOCUS ITT data not currently available

A21. Please clarify the full range of health-related quality of life outcomes published

for the included trials.

Health-related quality of life data was collected in both the HALO and FOCUS clinical
trials. However, the data from the FOCUS trial was considered most appropriate in
the submission and cost-effectiveness model, as it is the most relevant with respect
to the population of interest for this appraisal (patients who have failed three or more
previous migraine preventive treatments). The FOCUS trial collected health-related
quality of life data using the MIDAS, HIT-6 and MSQoL measures. The FOCUS trial
was the only study that reported values in the format required for the model (i.e.
utility values for all MMD states); therefore, the FOCUS data were used in the model.
No health-related quality of life data from FOCUS have been published, but all

available data from FOCUS have been included in the submission (FOCUS overall
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A22. Please clarify if the p-values provided for Figure 3 (page 60) in the company

submission are correct as they do not appear to match the text in the submission.

Change in weekly migraine days

-1.5

Clarification questions
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—B-Fremanezumab

#
* ‘./’/’.
1 I

Baseline

\\

Week 3 Week 4
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A23. In Figures 2 and 3 of Appendix D, patient flows for HALO EM/CM are
presented. Please detail what the key reasons underpinning the group of patients

excluded under ‘other’ were.

The key reason underpinning the group of patients excluded before randomisation
under ‘other’ was ‘withdrawal of consent’ (approximately 80% for each trial); the
additional ‘other’ reasons reported (before randomisation) were for various
miscellaneous exclusions, such as enrolment had stopped, randomisation not
completed in time, poor compliance, study window missed, electronic diary failure,
transport issues, medical reasons, etc., where no particular reason occurred a

substantial number of times.

A24. Please clarify if the relative risks presented for adverse events in the company

submission are odds ratios, risk ratios, or another risk estimator.

Risk ratios were presented for adverse events labelled as relative risk.

A25. Please provide data points (means and standard deviation) for the timepoints

represented in Figure 2 (page 53), Figure 3 (page 60), and Figure 4 (page 65) of the

~—"

company submission.

Figure 2 (page 53)

Visit |Category Statistic Placebo ggzr;?\g)z/umab :‘\:-I:;t:r:izumab
Individual  |Least squares ] ]
treatment means (SE)

~ |group 95% ClI [ ] I

X

B Least squares ‘_ I
=< |Difference |means (SE)

(vs. Placebo) [95% Cl I

p-Value ‘_ I

Individual | Least squares ‘_ ]
treatment means (SE)

Q group 95% CI ‘ N

@ Least squares ‘ _
< |Difference |means (SE)

(vs. Placebo) [95% ClI I

p-Value \ I

% |Individual |Least squares ‘_ I
o ™ [treatment means (SE)

= group 95% Cl [ ] ]
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Visit |Category Statistic Placebo S:;:i?zlumab M:;?;Zzumab
Least squares I I
Difference  |Mmeans (SE)
(vs. Placebo) (95% ClI [ ]
p-Value [ ] I
Individual  [Least squares (N ‘_ I
treatment  |means (SE)
2 group 95% ClI _ ‘ _
8 Least squares ‘ ]
= |Difference |Mmeans (SE)
(vs. Placebo) (95% ClI [ ]
p-Value [ ] I
Figure 3 (page 60)
Visit |Category Statistic ]Placebo ’Fremanezumab
N I(_Seé)st squares means |Gz
treatment gro
. O Josw ci ]
e Least squares means
= |Difference (vs. (SE)
Placebo) 95% CI
p-Value
ndividual I(_gg)st squares means || GHR
treatment gro
~ 9P 59 cl ]
X
o Least squares means
= |Difference (vs. (SE)
Placebo) 95% CI
p-Value
ndividual I(_éeg)st squares means | IGHR
treatment grou
© o lesw i |
= Least squares means
= |Difference (vs. (SE)
Placebo) 95% CI
p-Value
Individual Least squares means

Week 4

treatment group

(SE)

95% CI

Difference (vs.
Placebo)

Least squares means
(SE)

95% CI

p-Value
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Figure 4 (page 65)

Visit [Category [Statistic Placebo g:;:iglzlumab :‘\c:r:tahrllizumab
Individual Least squares e T
treatment means (SE)

— |group 95% Cl [ I

é Least squares ‘_ ]
= |Difference |Mmeans (SE)

(vs. Placebo) |95% CI |_ I

p-Value [ —

Individual |Least squares ‘_ I
treatment means (SE)

o |group 95% ClI ‘_ _

é Least squares ‘_ ]
= |Difference |Mmeans (SE)

(vs. Placebo) [95% CI ‘_ ]

p-Value ‘_ I

Individual Least squares ‘_ I
treatment means (SE)

©  |group 95% Cl [ ] ]

é Least squares ‘_ e
= |Difference |Mmeans (SE)

(vs. Placebo) [95% ClI [ T

p-Value |_ ]

Individual  |Least squares ‘_ I
treatment means (SE)

< |group 95% ClI [ ] ]

é Least squares ‘_ I
= |Difference |Mmeans (SE)

(vs. Placebo) |95% CI ‘_ I

p-Value ‘_ ]
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Figure 4 Change in weekly migraine days over time (MMRM analysis)

I s placebo

A26. Priority question: Please confirm if outcome data is available for the other
subgroups highlighted in the NICE scope (frequency of episodic migraine;

number of previous treatments) for the HALO trials.

In the HALO trials, patients with two or more preventive treatment cluster failures, as
per the defined clusters in question A18, were excluded from the study. Therefore,
data are available only in patients with zero or one prior preventive treatment class
failure. Limited data on prior preventive treatment failures were collected in HALO;
therefore, the FOCUS data was deemed the most appropriate data source to use in
this submission (as detailed data were available for patients failing =3 prior

preventive migraine treatments in this trial, as per the clinical positioning).

In the HALO trials, select subgroup analysis has been performed, but not published,
using data in patients who had previous topiramate or onabotulinumtoxin A use or
preventive migraine medication use in the past and discontinued due to lack of
efficacy or poor tolerability. Subgroup analysis on the change from baseline in
monthly average number of headache days of at least moderate severity using the
HALO data are presented below in Table A26.1 and Table A26.2.
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As mentioned previously, FOCUS was used as the primary trial for all clinical and
cost effectiveness data, as it specifically looked at prior preventive migraine

medication class failures as an outcome in the trial.

Table A26.1: HALO EM: Change from baseline in monthly average number of
headache days of at least moderate severity (ANCOVA)

Quarterly Monthly
Category Statistic Placebo (NIl |fremanezumab |fremanezumab
(N=ID) (N=ID)
lrstelue Least squares | [N I I
treatment means (SE)
group 95% ClI I I I
Least squares I I
. means (SE)
Difference (vs.
Placebo) 95% Cl I I
p-value I I

Table A26.2: HALO CM: Change from baseline in monthly average number of
headache days of at least moderate severity (ANCOVA)

Quarterly Monthly
Category Statistic Placebo (N=Jl) |fremanezumab |fremanezumab
(N=H) (N=H)
ndvidual |Leastsquares | INENN | |
treatment means (SE)
group 95% ClI I I I
Least squares ] I
. means (SE)
Difference (vs.
Placebo) 95% Cl ] ]
p-value I ]

In the main submission, data are presented on the main efficacy outcomes for
patients with EM (defined as having 6 to 14 headache days per month, with at least
4 days fulfilling ICHD-3 beta criteria for migraine with or without aura) from the HALO

EM trial. Separate analysis has been undertaken using data in those patients
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defined as having HFEM with 10-14 headache days per month from the HALO EM

trial. In our main submission, the population of interest when looking at HFEM was

those patients with 8-14 headache days per month, as there is no clear and agreed

definition for HFEM. It is known that patients with HFEM have a high unmet need

due to experiencing a similar disease burden to that of chronic migraine and

onabotulinumtoxin A being unavailable to them." For HALO, data are currently

available only for those patients with 10-14 headache days per month, so these data

have been presented here (Table A26.3). No other breakdowns looking at frequency

of EM were undertaken.

Table A26.3: Outcomes in patients with high-frequency episodic migraine (10-
14 headache days) in HALO EM clinical trial

Placebo Fremanezumab Fremanezumab
(n=ll) quarterly monthly
(n=ll (n=l

Change in mean monthly migraine days
LSM change (95% CI) - - -
Difference vs placebo - -
(95% CI)
P-value vs placebo - -
Patients with at least 50% reduction in monthly average migraine days
Number achieving - - -
endpoint (%)
P-value vs placebo - -
Change in mean monthly headache days
LSM change (95% CI) ] ] ]
Difference vs placebo - -
(95% ClI)
P-value vs placebo - -
Change in Migraine Disability Assessment score (MIDAS)
LSM change (95% Cl) I ] e
Difference vs placebo - -
(95% ClI)
P-value vs placebo - -

1

Torres-Ferrus M, Quintana M, Fernandez-Morales J et al. When does chronic migraine strike? A

clinical comparison of migraine according to the headache days suffered per month. Cephalalgia

2017; 37: 104-113.
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A27. Priority question: Please provide the study-level effect estimates used to

generate the network meta-analyses presented.
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A28. Priority question: Please detail, on what basis, the transitivity in the

network meta-analyses presented was judged to be adequate.
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Table A28.1 Baseline characteristic comparison between fremanezumab and erenumab in the 23

treatment failure population for chronic migraine

Fremanezumab Erenumab
FOCUS (NCT03308968) Ashina, 2018 (NCT02066415)
Fremanezumab | Fremanezumab Erenumab Erenumab
quarterly monthl [I?ll_a%o 140 mg 70 mg Zlflgggo
N=] N= ; N=190 N=191 -
Mean age, ] T | 441(11.3) [428(115) |42.4(11.5)
years (SD)
Female, n (%) | KGN T 50 (90.3) 62 (89.9) 72 (73.5)
Mean disease | |Gz T 246 (11.9) [245(13.3) [24.8(13.2)
duration, years
(SD)
Mean monthly | || Gz T | °00¢4.7) |189(4.4) |18.6(4.3)
migraine days
(SD)
Use of I T |60 (92.3) 62 (89.9) 90 (91.8)
migraine-
specific
medication, n
(%)
Mean monthly | | Gz T 2561 [11.0(76) [120(7.1)
acute
migraine-
specific
medication
days (SD)
Medication I T 2 ¢15) 30 (43.5) 42 (42.9)
overuse, n (%)

Notes:

[1] Sample sizes, mean age, percent female, mean disease duration, migraine-specific medication use,
mean monthly acute migraine-specific medication days, and medication overuse for FOCUS are based on
the safety analysis population. Mean MMDs are based on the mITT population.

[2] Data are mean (SD) or n (%).

For the LIBERTY trial in episodic migraine, baseline characteristics were not
reported in the key publications for the subgroup of patients with at least three prior
preventive treatment failures. However, the baseline characteristics for the 2-4
treatment failure population were similar to that of FOCUS (see Table 28.2 below),
except for “monthly acute migraine-specific medication days”, which is larger in the
FOCUS population (although this difference may be partly due to differences in
definitions in this variable in FOCUS [days of use of any acute headache medication]
and LIBERTY [days of use of acute migraine-specific medication]). In the absence

of data for the =3 preventive treatment failures subgroup, it was deemed reasonable
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to assume that the baseline characteristics in FOCUS and the 2-4 preventive

treatment failures subgroup in LIBERTY are also similar, which would in turn justify

the transitivity assumption.

Table A28.2 Baseline characteristic comparison between fremanezumab in the 23 treatment failure

population and erenumab in the 2-4 treatment failure population for episodic migraine

Fremanezumab

Erenumab

FOCUS, NCT03308968

LIBERTY (NCT03096834)

Fremanezumab
quarterly
N=

Mean age, years
(SD)

Female, n (%)

Race, White, n (%)

Ethnicity, Hispanic
or Latino, n (%)

Ethnicity, Not
Hispanic or Latino,
n (%)

Mean weight, kg

Mean body-mass
index, kg/m? (SD)

Mean monthly
migraine days (SD)

Mean monthly
headache days'
(SD)

4-7 monthly
migraine days, n
(%)

8-14 monthly
migraine days, n
(%)

Migraine-specific, n
(%)

Ahhbhi kb
ARRbhbkk

Fremanezumab
monthl
N=

Placebo Ifz%nrl;gab Placebo
N=] N=121 N=125
L 44.6 (10.5) 44.2 (10.6)
b 97 (80) 103 (82)
I 112 (93) 115 (92)
B 9(7) 5 (4)
B
104 (86) 109 (87)
T 72.8 (14.4) |72.1(16.2)
I 25.0 (4.2) 24.9 (5.1)
I 9.2 (2.6) 9.3 (2.7)
B
10.1 (2.8) 10.1 (2.7)
B |
36 (30) 38 (30)
'
85 (70) 87 (70)
L 102 (84) 109 (87)

Notes:

[1] While not specified, it is assumed Reuter, 2018 refers to monthly headache days of any severity.
[2] Sample sizes, and all other variables for FOCUS are based on the safety analysis population, other than

the mean MMDs and mean monthly headache days which are based on the mITT population.

[3] Data are mean (SD) or n (%).

For the onabotulinumtoxin A trials included in the NMA, baseline characteristics were not

reported for the subgroup of patients with at least 3 preventive treatment failures in the
PREEMPT ftrial. However, the baseline characteristics for the full PREEMPT trial population
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were similar to that of the FOCUS trial (see Table 28.3 below). In the absence of data for

the 23 preventive treatment failures subgroup, it is reasonable to assume that the

baseline characteristics in FOCUS and the 23 preventive treatment failures subgroup in

PREEMPT were also similar, which would in turn justify the transitivity assumption.

Table A28.3 Baseline characteristic comparison between fremanezumab in the 23 treatment failure
population and onabotulinumtoxin A in the overall population for chronic migraine

Fremanezumab

Onabotulinumtoxin A

FOCUS (NCT03308968)

PREEMPT 1&2 (NCT00156910

& NCT00168428)

Fremanezumab
quarterly
N:

Mean age, years

Female, n (%)

Caucasian, n (%)

Mean frequency
of headache days
(SD)

Mean frequency
of migraine days
(SD)

Mean frequency
of
moderate/severe
headache days
(SD)

% Patients with
severe (=60) HIT-
6 score, n (%)

Mean frequency
of migraine
episodes (SD)

% Patients
overusing acute
headache
medication, n (%)

Mean frequency
of acute
headache
medication days
(SD)

Mean HIT-6 score
(SD)

Role restrictive

Fremanezumab
monthl

N=

T
WRELLELL:
LT

Placebo

N=H

Onabotulinumtoxi | Placebo
nA N = 696

N = 688

41.1 (10.4) 41.5 (10.7)
(87.6) (85.2)
(89.7) (90.5)

19.9 (3.7) 19.8 (3.7)
19.1 (4.0) 18.9 (4.1)
18.1 (4.1) 18.0 (4.3)
(93.5) (92.7)

11.4 (5.0) 12.2 (5.4)
(64.8) (66.1)

14.6 (6.4) 14.9 (6.4)
65.5 (4.1) 65.4 (4.3)
38.5 (16.6) 38.7 (17.3)
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Rolepreventve | T T 56.0 (21.2) 56.1 (21.7)
Emotional I e T 421 (24.1) 42.4 (25.0)
functioning

Notes:

[1] Sample sizes, mean age, per cent female, per cent Caucasian, and mean disease duration for FOCUS
are based on the safety analysis population. Mean MMDs, mean frequency of acute headache medication
days, mean frequency of headache days, mean frequency of moderate/severe headache days, mean HIT-6
score and mean MSQ scores are based on the mITT population.

[2] Data are mean (SD) or n (%).

A29. Priority question: Please detail how data from the PREEMPT trials were
pooled for the network meta-analysis.

Results for onabotulinumtoxin A were obtained directly from the NICE HTA submission for
erenumab (2019)? which report estimates from the pooled PREEMPT trials. Based on our

assessment of Aurora, 2011 (the publication that reports pooled results of the PREEMPT

trials),? the results are pooled by sample size.

A30. Priority question: In the network meta-analysis of monthly mean migraine
days, please explain the basis for averaging the variance from weekly
estimates to generate a pooled estimate. In addition, please explain for which
trials this was necessary.

The abovementioned variance calculation only applied to the MMD analyses conducted
during weeks 1-12. However, MMD at weeks 1-12 was not an outcome in the =3 prior
treatment failure group; therefore, these variance calculations were not used to determine

any of the presented results in this submission and should not have been described in the

NMA methods in the submission.

A31. Priority question: Please explain how standard errors were calculated for
the percentage change from baseline. In addition, were the results for this
NMA presented?

For the NMA, in the population with =3 prior treatment failures that was presented in the
submission, no percentage change from baseline outcomes were included. Since this was
the case, standard errors were not calculated and this line should not have been included in

the NMA methods in the submission.

2 Erenumab for preventing migraine [ID1188]. National Institute for Health and Care
Excellence Single Technology Appraisal. 2019.

3 Aurora SK, Winner P, Freeman MC, Spierings EL, Heiring JO, DeGryse RE, VanDenburgh
AM, Nolan ME, Turkel CC. OnabotulinumtoxinA for treatment of chronic migraine: pooled
analyses of the 56-week PREEMPT clinical program. Headache: The Journal of Head and
Face Pain. 2011 Oct;51(9):1358-73.
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A32. Priority question: Please present the relevant diagrams to evidence the

Brooks-Gelman-Rubin tests of convergence.
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Gelman-Rubin Table for Scale Reduction Factor

A33. The main text states on page 94 that ‘no valid heterogeneity comparisons exist
in these data’ leading to a choice of a fixed effects model, yet Appendix D states that
random effects models were considered. Based on the trials used in the network,
would a random effects model have been possible and if so, what are the findings

corresponding to a random effects model?

Given that no pair of regimens were compared by more than one study (i.e. only one
trial per network link), assessment of heterogeneity was not feasible in this NMA.
Also, since the evidence networks for all the analyses consisted of only one trial per
link, the random effects models, though technically possible to run, would render
non-informative credible intervals and ultimately unreliable results. Therefore, whilst
we did consider the possibility of a random effects model, we used only a fixed

effects model.

A34. Priority question: Please detail what the prior distributions used were in

the network meta-analysis models?

Non-informative priors were selected for the parameters of interest to avoid artificially biasing
results, and to ensure maximal objectivity of the results. The selection of priors was done in

accordance to NICE technical support guidelines.*

Categorical outcomes (responder rates):

Defining rik as the number of events (responders), out of the total number of patients in each

arm, nik, for arm k of trial i, the data is assumed to follow a binomial likelihood i.e.
r{i,k] ~ dbin(p[i,k],n[i,K])

where pik represents the probability of an event in arm k of trial

4 Dias, Sofia, et al. "NICE DSU technical support document 2: a generalised linear modelling framework for
pairwise and network meta-analysis of randomised controlled trials." (2011).
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A transformation function (logit link function) was used to map the probabilities into a

continuous measure on the infinity scale, as below:

logit(p[i,k]) <- mufi] + d[t[i,k]] - d[t[i,1]]

Continuous outcomes (monthly migraine days):

For continuous outcomes, the data is assumed to be approximately normally distributed, and

the likelihood can be written as:
yli,k] ~ dnorm(thetali,k],preci,k])
where the parameter of interest is the mean thetali,k]
The identity link is used to transform the model into the natural scale as outlined below:

thetal[i,k] <- mufi] + d[t[i,k]] - d[ti, ]

In accordance to NICE technical support guideline, for both categorical and continuous
models, vague prior normal distributions were assumed for trial baselines and treatment

effects, as follows:
mul[i] ~ dnorm(0,.0001) (vague priors for trial baselines, where mu([i] is the baseline of trial i)

d[t]~dnorm(0,.0001) (vague priors of treatment effects, where d[t] is treatment effect

associated with arm t)

Codes for the models used in the NMA are outlined below.

Bayesian continuous outcome, fixed effects [normal distribution]

model{

for(i in 1:ns) { # indexes studies

mufi] ~ dnorm(0,.0001) # vague priors for all trial

baselines
for (k in 1:nali]) { # indexes arms
varrl[i,k] <- pow(seli,k],2) # calculate variances
precli,k] <- 1/varrfi,k] # sets precisions
yli,k] ~ dnorm(thetali,k],precli,k]) # normal likelihood
thetali,k] <- mu[i] + d[tfi,k]] - d[t[i, 1] ﬁrg‘;gf;rfor et

# deviance contribution

dev[i,k] <- (y[i,k]-thetali,k])*(y[i,k]-theta[i,k])*prec[ik]
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}

# close arm loop

resdevli] <- sum(devii,1:na[i]])

# summed deviance
contribution

}

# close study loop

totresdev <- sum(resdev[])

# total residual deviance

d[1]<-0

# effect is O for reference
treatment

for (k in 2:nt){ d[k] ~ dnorm(0,.0001) }

# vague priors for
treatment effects

}

# close treatment loop

Bayesian categorical outcome, fixed effects [binomial distribution]

model{

for(i in 1:ns) {

# indexes studies

mu([i] ~ dnorm(0,.0001)

# vague priors for all trial
baselines

for (k in 1:nali]) {

# indexes arms

rli,k] ~ dbin(pli,k],n[i,k])

# binomial likelihood

logit(p[i,k]) <- mu[i] + dt[i,K]] - d[t[i, 1]

# model for linear
predictor

rhat[i,k] <- p[i,k] * n[i,k]

# expected value of the
numerators

# deviance contribution

deV[i,k] <- 2 * (r[i,k] * (log(rfi,k])-log(rhat]i,k])) + (n[i,k]-r[i,k]) *
(log(n[i,k]-rfi,K]) - log(n[i,k]-rhat[i,k])))

} # close arm loop
, oy # summed deviance
resdevli] <- sum(dev[i,1:nali]]) contribution
} # close study loop

totresdev <- sum(resdev[])

# total residual deviance

d[1]<-0

# effect is O for reference
treatment

for (k in 2:nt){ d[k] ~ dnorm(0,.0001) }

# vague priors for
treatment effects

}

# close treatment loop

A35. The company submission states on page 94 that ‘no indirect treatment

comparison was conducted in EM as no relevant comparators with appropriate

efficacy data were available’. Please explain the basis for this judgment.

There is no established fourth-line oral medication for EM, with no specific

recommendations for this in the available NICE guidance or in any clinical practice

guidelines published by societies in the area. Through the literature review

conducted, no data for treatment of EM patients who had failed three or more

previous treatments was identified for inclusion within an indirect treatment

comparison. In addition, expert advice obtained by Teva demonstrated that there is
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an unmet need in these patients. At present, patients will get treated if there is a
clinical need, but experts are waiting for anti-CRGPs to use in these patients, as
there is currently a lack of preventive treatment options available at this stage.
Based on these reasons it was not considered appropriate or possible to conduct a

meaningful indirect treatment comparison in EM.

A36. Priority question: Please clarify how trials were assessed to be similar, in

respect of positioning, for the NMA.

Because patients are not randomly assigned to each treatment in the network (the
randomisation is within trials), it was checked that all the trials in the NMA were
conducted in a similar way, particularly with respect to efficacy assessments, and
recruited participants that belong to similar groups (e.g. specific treatment failure
populations). Other similarities include: double-blind, placebo-controlled trials,
inclusion/exclusion criteria, patients with confirmed migraine, from Western
countries, etc. In addition, it was checked that the baseline characteristics were, on
average, similar across the trials included in the NMA. For data on baseline
characteristics in the trials used in the NMA, please refer to the response outlined for

A28. For information on the comparator trials, please see Appendix D.1.4

A37. Please confirm that the data provided from FOCUS, outcomes from which are

marked as AIC, relate to the final data cut for this trial.

Yes, we can confirm that this is the final cut of the data for the double-blind portion of
the trial. The trial has now entered its open-label extension phase and this is still

ongoing.

A38. Please clarify if there is a difference in the definition of the full analysis set
(FAS) used in HALO EM and HALO CM, as is reported in Table 12 (page.38) and

pages 41 and 43, as the sets were described as matching on page 47.

The FAS for the HALO CM trial was erroneously described in the original
submission. The FAS included all randomised patients who received at least one
dose of study drug and had at least 10 days post-baseline efficacy assessments for
the primary endpoint. This is as reported in the published paper on the HALO CM
trial. The FAS was therefore defined in the same way within both HALO trials.
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A39. Please provide sensitivity analyses for the FOCUS HFEM subgroup data
(p.76/77) based on a cut-off of 10-14 headache days per month.

Efficacy outcomes for those with HFEM defined as 10-14 headache days per month
were assessed in [ patients who received placebo, ] who received the quarterly

dose of fremanezumab and | who received the monthly dose of fremanezumab.

The results for HFEM 10-14 (Table A39.1) show that fremanezumab (in both dosing
regimens) reduced the average monthly number of migraine days to a significantly
greater degree than was seen with placebo treatment over the period from baseline
to week 12 (JJJll for both dosing regimens). Results of the ANCOVA analysis
showed a LSM difference versus placebo of [l migraine days (95% CI (I
B o quarterly fremanezumab and [Jli] migraine days (95% C! (I
) o' monthly fremanezumab. The MMRM analysis supported the
above results, with a LSM difference versus placebo of ] migraine days (95% CI
) o quarterly fremanezumab and [Jli] migraine days (95% CI
) (o monthly fremanezumab.

A significantly greater proportion of patients experienced a reduction of at least 50%
in the average monthly number of migraine days with fremanezumab compared to
placebo treatment ([l for dosing regimens). Overall, i} patients ()
treated with quarterly fremanezumab and i patients (JJl) treated with monthly
fremanezumab reached this threshold of migraine days reduction, which compares
to [l patients () in the placebo group. In these patients with at least a 50%
response, fremanezumab was able to provide a mean change in monthly migraine
days of [} for quarterly dosing and [} for monthly dosing compared to baseline;
monthly migraine days at 12 weeks after baseline were i} and [l for quarterly

and monthly fremanezumab, respectively.

Table A39.1 Summary of main efficacy outcomes for patients with high-
frequency episodic migraine (10-14 headache days) in FOCUS clinical trial

Placebo Fremanezumab Fremanezumab
(n=ll) quarterly monthly
(n=H) (n=H)

Mean monthly migraine days

Baseline (SD) - - -
LSM change (95% Cl) - - -
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Placebo

(=l

Fremanezumab
quarterly

—_—
=
|

!

Difference vs placebo
(95% ClI)

P-value vs placebo

|

Fremanezumab
monthly

(n=)

Patients with at least 50% reduction in monthly av

Number achieving
endpoint (%)

I

erage migraine days

Odds ratio vs placebo
(95% CI)

P-value vs placebo

bk

bk

AA40. Priority question: Please provide a summary (proportions) of drug

classes/clusters failed for the relevant FOCUS trial population of patients who

have failed three or more classes of preventive treatment?

Please find below a summary of the drug classes failed for patients with EM (Table A40.1)

and CM (Table A40.2), who failed three or more classes of preventive migraine treatment, in

the FOCUS trial.

Table A40.1 EM patients who had failed 23 classes of preventive medications for

migraine in the past 10 years

Beta-blockers, n (%)

Anticonvulsants, n (%)

Tricyclics, n (%)

Flunarizine, n (%)

Candesartan, n (%)

Onabotulinumtoxin A, n
(%)

Valproic acid, n (%)

Placebo (n=-)

Fremanezumab

quarterly (=]l

LI
LI
1
LI
LI
1
LI

Fremanezumab

monthly (n=]l)
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Table A40.2 CM patients who had failed 23 classes of preventive medications for

migraine in the past 10 years

Fremanezumab Fremanezumab

Placebo (n=-)
quarterly (n=[JJl)) | monthly (n=jll)

Beta-blockers, n (%)

Anticonvulsants, n (%)

Tricyclics, n (%)

Flunarizine, n (%)

Candesartan, n (%)

Onabotulinumtoxin A, n
(%)

LI
L
LI
1
LI
1
L

Valproic acid, n (%)

Section B: Clarification on cost-effectiveness data

Note: clarification questions on the cost-effectiveness data and model will be
forwarded by 17:00 on 28 May 2019 (per the updated timeline)

Section C: Textual clarification and additional points

C1. In the submission, it was stated that for the HALO CM trial (Section B 2.4.2.2
page 43) “The FAS included all randomised patients who received at least one
dose of study drug and had at least one post-baseline efficacy assessment for
the primary endpoint........... ” In the corresponding sections for the other two trials
(HALO EM and FOCUS), it was stated as “........... at least one dose of study drug
and had at least 10 days post-baseline efficacy assessments for the primary
endpoint.” Please confirm that these two statements (in bold) are correct, and how
they differ.

The FAS for the HALO CM trial was erroneously described in the original
submission. The FAS included all randomised patients who received at least one
dose of study drug and had at least 10 days post-baseline efficacy assessments for
the primary endpoint. This is as reported in the published paper on the HALO CM
trial. The FAS was therefore defined in the same way within both HALO trials.
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Notes for company

Highlighting in the template

Square brackets and grey highlighting are used in this template to indicate text that
should be replaced with your own text or deleted. These are set up as form fields,
so to replace the prompt text in [grey highlighting] with your own text, click
anywhere within the highlighted text and type. Your text will overwrite the

highlighted section.

To delete grey highlighted text, click anywhere within the text and press
DELETE.

Section A: Clarification on effectiveness data

Questions as per document submitted on 20 May 2019.

Section B: Clarification on cost-effectiveness data

Model structure

B1. Please explain the sentence of the justification given in Row 2 of Table 57 (page
151) “...and if necessary treatment would be restarted at a later time.” How has

treatment re-initiation been considered within this analysis?

Treatment re-initiation has not been considered within this economic analysis. Whilst
Teva acknowledges the possibility that some patients may require re-initiation of
treatment over the long-term, there are no current clinical data available on which to
base any assumptions in this area. Expert opinion gathered by Teva showed that
physicians expect to be able to discontinue treatment in some patients who have shown
a sufficient response to fremanezumab (as modelled by the positive stopping rule); in
line with how they use other preventive medications. The best available estimate was
that this would apply to 20% of patients every 52 weeks, and whilst there was an

expectation that some patients may require re-initiation of treatment, the experts

Clarification questions Page 2 of 30



consulted did not feel that they were able to provide an estimate of the timescales or the
proportion of patients that this may effect. Some experts consulted felt that a higher
proportion of responding patients would be able to stop treatment at each assessment,
but a conservative value for this assumption was used (20%), in order to try and
account for additional usage of fremanezumab that would occur during a second course

of therapy.

It is important to note that treatment re-initiation would likely be triggered by changes in
disease activity. Such natural history changes in migraine were not included within this
model due to a lack of data and the complexity of these changes (for example, the
impact of the menopause, as summarised in Table 57 of the submission). As it was not
possible to include the natural history changes in migraine, this complicated the ability
to include a re-initiation of treatment, as this could not be triggered by changes in
disease activity in the model. The modelling was therefore conducted within the
limitations of the available data and this is one of the reasons that a 10-year time
horizon was used for the model. Within this 10-year horizon, it would be expected that
there would be less natural history changes and less requirement for re-initiation of
treatment compared to a longer time horizon. Therefore, the 10-year time horizon

provides a robust analysis based on the available evidence.
Population, Intervention and comparators

B2. Please provide the source of 67%, the proportion of patients with migraine in the

model who are classified as having chronic migraine.

These data are not used to drive any of the calculations in the model and are a legacy
from the model originally being programmed to be able to provide combined EM and
CM results. However, due to the differences in comparators (onabotulinumtoxin A is

licenced only for CM), the EM and CM populations have been presented separately

throughout the economic analysis. |GG
I ——
I ——
I
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B3. What proportion of the modelled population are expected to prefer 3-monthly dosing

of fremanezumab over monthly dosing?

The expected split between monthly and quarterly dosing of fremanezumab in UK
practice is currently unknown. Clinical experts have indicated to Teva that they would
expect that some patients will prefer the more infrequent administration offered by the
quarterly regimen, whereas others will prefer the regularity of the monthly
administration. It is also likely that a proportion of patients may move between the two
dosing options. As the cost, efficacy and adverse event profile are equivalent between
these two dosing options, the expected preference between them does not impact the
cost-effectiveness of fremanezumab. The only exception for this is where patients are
not able to self-administer their treatment. This is expected to affect only a very small
minority of patients (which was confirmed by clinical experts consulted by Teva), due to
the lack of physical disability and the mean age of patients with migraine. It is also
possible that in many cases the injection can be assisted by a carer. However, a small
proportion of patients may require administration of fremanezumab by a healthcare
professional. It is expected that this group will predominantly utilise the quarterly
dosing, as this reduces the number of clinic visits needed thereby reducing the burden
on this service whilst providing greater convenience for the patient with fewer hospital

visits required.
Perspective, time horizon and discounting

B4. Please explain why the model time horizon of 2-years for onabotulinumtoxin A
(OBA) (NICE TA260) is not appropriate for fremanezumab.

As migraine is a chronic condition and it is expected that a proportion of patients will

remain on fremanezumab treatment for longer than two years ([ EGCcNGGE
). - (0 \car time horizon was not considered appropriate.

This was based on the fact that the guidance on the NICE reference case states that
the time horizon should be “Long enough to reflect all important differences in costs or
outcomes between the technologies being compared.” Two years was therefore judged
not to meet these criteria and a longer 10-year time horizon was therefore used, as this

was judged to be sufficient to meet these requirements and to capture all important
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differences in costs and outcomes between technologies; a very small number of
patients are projected to remain on treatment beyond 10 years (_).

Effectiveness (linked to a closer model examination)

B5. PRIORITY: Please elaborate in detail on the derivation of the response rates
for each strategy reported in Table 50. These do not match any response rates
reported in the clinical outcomes or network meta-analysis (NMA) sections of the
clinical chapter. Further, the derivation of the other response rates in the table in
worksheet <Config> cells C210:E212 and G210:1212 is unclear; please detail the

method used.

The response rates were calculated as described below.
EM (50% response)
Placebo

The 50% response rate for placebo in EM was calculated as the pooled rate for the
placebo arms of the trials used in the NMA (Table B5.1).

Table B5.1 50% responder rates for placebo in EM

NMA Source Responders Sample Size Response Rate

Fremanezumab
FOCUS
(NCT03308968)

Erenumab
LIBERTY
(NCT03096834)

I
I
L

WII

Combined

Fremanezumab

The odds ratios for fremanezumab monthly treatment and fremanezumab quarterly
treatment from the NMA were used to calculate response rates which were weighted by

the samples size to get an overall fremanezumab response rate (Table B5.2).
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Table B5.2 50% responder rates for fremanezumab monthly and quarterly in EM

Treatment

Odds Ratio vs.
Placebo From NMA

Response Rate

Sample Size
From NMA

Fremanezumab
monthly

Fremanezumab
quarterly

Combined

CM (30% response)

Placebo

The response rate for placebo was calculated as the pooled rate for the placebo arms of
the trials used in the NMA (Table B5.3).

Table B5.3 30% responder rates for placebo in CM

NMA Source

Responders

Sample Size

Response Rate

Fremanezumab
FOCUS
(NCT03308968)

Erenumab
Study 295
(NCT02066415)

Combined Placebo

WII

Fremanezumab

The odds ratios for fremanezumab monthly treatment and fremanezumab quarterly

treatment from the NMA were used to calculate response rates which were weighted by

the samples size to get an overall fremanezumab response rate (Table B5.4).

Table B5.4 30% responder rates for fremanezumab monthly and quarterly in CM

Treatment

Odds Ratio vs.
Placebo From NMA

Response Rate

Sample Size
From NMA
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Fremanezumab

Fremanezumab
quarterly

monthly I I
I I

Combined

Onabotulinumtoxin A

For onabotulinumtoxin A the 30% response rate was calculated as described in

question B6.

B6. Please provide the calculation of the conversion of 50% OBA response rate to the

30% response rate.

The calculation of an estimated 30% response rate for onabotulinumtoxin A was done
using the following methodology. Firstly, the risk ratios between onabotulinumtoxin A
and other treatments (erenumab/fremanezumab) were calculated for the 50% response
outcome (as these data are available). These risk ratios were then applied to the known
figures for 30% response rate in other treatments (erenumab/fremanezumab) to
estimate the response rate in onabotulinumtoxin A whilst accounting for the relative
treatment effect between onabotulinumtoxin A and these other treatments. These
estimates were then combined as a weighted average based on the trial n numbers to
provide the reported estimate for 30% response rate in onabotulinumtoxin A.
Alternative approaches were considered, but with the available data the above was
considered the most appropriate approach to allow the inclusion of onabotulinumtoxin A
whilst using the response threshold (30%) that has been the preference of NICE in
previous appraisals. A scenario analysis was included in the submission that utilised a
50% response rate for CM, which was therefore able to use direct data for
onabotulinumtoxin A. This scenario analysis resulted in a slightly higher ICER for
fremanezumab compared to onabotulinumtoxin A (£17,155 compared to £16,825 in the
base case), but did not change the overall cost-effectiveness of fremanezumab. This
scenario therefore gives confidence in the approach taken in this analysis and the

results produced.
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B7. PRIORITY: Please provide further evidence for the selection of the beta
binomial distribution above other options for MD dispersion: provide the BIC
scores for comparison across the tested distribution alternatives and justify the
use of BIC in preference to AIC or BIC and AIC. Goodness of fit results should be
shown as R output alongside the respective constants for respective

distributions.

Distribution of migraine days

Longitudinal (utilising the week 4, 8, and 12 visits) beta binomial and negative binomial
models were fitted to the patient-level monthly migraine day frequency (migraine days
per 28 days) separately for the EM, HFEM and CM population subgroups. The beta
binomial and negative binomial distributions can be described by the mean and an
additional parameter accounting for the “spread” of the distribution. For the beta
binomial and negative binomial distributions, the “spread” component (sigma) is referred
to as the intra class correlation coefficient and the dispersion parameter, respectively.
This analysis was primarily concerned with determining which distribution provided a
better fit to the observed data and the estimate of the sigma parameter for that

distribution.

The probability density function, mean, variance, and intra class correlation coefficient
for the beta binomial distribution, with n Bernoulli trails and the two shape parameters, &

and £, are given below:

: 1) Biv+ an— v+ G
w32 | 1, — = H— — - sprhere vie the muumber of migraine dave
f Pt | Yato N ﬁ} ¢,F} - _‘!-:}!':!-:!' B*,f{. ﬁ} = f g =

Cla) ¥ F(g)

where Bla.f) = Fa+ )

v where (-] te the gammma functien

{1143

a;—,@:

meait = nE = where it = 28.and 7 I¢ the prebability of a migratne day

nag(a+ g + i)
le+F)E X (a+f+1)

Vartates =
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We first show the relevant results for the EM MMD distribution models. Thereafter,
results are shown for HFEM 8-14 MMD and CM MMD distribution models.

The beta binomial distribution appeared to provide a slightly better fit across populations

than the negative binomial distribution.

EM 50% Responder Population

Table B7.1 EM responder sigma parameters and goodness of fit

Distribution

Placebo

Beta Binomial

(Intra class correlation [p])

Negative Binomial

(Dispersion [¢])

I
I

Fremanezumab

>

C BIC

AIC: Akaike information criterion; BIC: Bayesian information criterion

Table B7.2 EM responder — comparative measures of beta binomial and negative

binomial model fit

Treatment

Visit

Mean absolute error

Root mean square error

Beta
binomial

Placebo

Week 4

Week 8

Week 12

Fremanezumab

Week 4

Week 8

Week 12

Negative
binomial

Beta
binomial

Negative
binomial
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EM 50% Non-Responder Population

Table B7.3 EM non-responder sigma parameters and goodness of fit

>

Distribution Placebo Fremanezumab IC BIC

Beta Binomial
(Intra class correlation [p])

B |
Negative Binomial B |

(Dispersion [¢])

AIC: Akaike information criterion; BIC: Bayesian information criterion

Table B7.4 EM non-responder — comparative measures of beta binomial and

negative binomial model fit

Treatment Visit Mean absolute error Root mean square error
Beta Negative Beta Negative
binomial binomial binomial binomial

Placebo week4 [N |

weeks |[|IIEN |
Week 12 [N |

Fremanezumab |Week4 || N |

weeks [N |
week 12 [N |
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HFEM 50% Responder Population

Table B7.5 HFEM 50% responder sigma parameters and goodness of fit

>

Distribution Placebo Fremanezumab IC BIC

Beta Binomial
(Intra class correlation [p])

B |
Negative Binomial B |

(Dispersion [¢])

AIC: Akaike information criterion; BIC: Bayesian information criterion

Table B7.6 HFEM 50% responder — comparative measures of beta binomial and

negative binomial model fit

Treatment Visit Mean absolute error Root mean square error
Beta Negative Beta Negative
binomial binomial binomial binomial

Placebo week4 [N |

weeks |[|IIEN |
Week 12 [N |

Fremanezumab |Week4 || N |

weeks [N |
week 12 [N |
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HFEM 50% Non-Responder Population

Table B7.7 HFEM non-responder sigma parameters and goodness of fit

>

Distribution Placebo Fremanezumab IC BIC

Beta Binomial
(Intra class correlation [p])

B |
Negative Binomial B |

(Dispersion [¢])

AIC: Akaike information criterion; BIC: Bayesian information criterion

Table B7.8 HFEM non-responder — comparative measures of beta binomial and

negative binomial model fit

Treatment Visit Mean absolute error Root mean square error
Beta Negative Beta Negative
binomial binomial binomial binomial

Placebo week4 [N |

weeks |[|IIEN |
Week 12 [N |

Fremanezumab |Week4 || N |

weeks [N |
week 12 [N |
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CM 30% Responder Population

Table B7.9 CM 30% responder sigma parameters and goodness of fit

Distribution Placebo Fremanezumab AlIC BIC

Beta Binomial B

(Intra class correlation [p])

I
Negative Binomial N I

(Dispersion [¢])

AIC: Akaike information criterion; BIC: Bayesian information criterion

Table B7.10 CM 30% responder — comparative measures of beta binomial and negative

binomial model fit

Treatment Visit Mean absolute error Root mean square error
Beta binomial | Negative binomial | Beta binomial | Negative binomial

Placebo Week 4
Week 8
Week 12

Fremanezumab Week 4
Week 8
Week 12

| B
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CM 30% Non-Responder Population

Table B7.11 CM 30% non-responder sigma parameters and goodness of fit

Distribution

Placebo

Beta Binomial

(Intra class correlation [p])

Negative Binomial
(Dispersion [¢])

H N
B N

Fremanezumab

AIC

BIC

AIC: Akaike information criterion; BIC: Bayesian information criterion

Table B7.12 CM 30% non-responder — comparative measures of beta binomial and

negative binomial model fit

Root mean square error

Treatment Visit Mean absolute error
Beta
binomial
Placebo week4 [N |
weeks N |
week 12 [N |
Fremanezumab | Week 4 B
weeks || |
week 12 [N |

Negative
binomial

Beta
binomial

Negative
binomial
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B8. Please explain why the increase to full effect (change in MMDs) of
fremanezumab and OBA is modelled as a linear increase. Please provide the

justification for the longer time frame used for OBA.

The treatment effect is applied relative to the change in MMDs for the best
supportive care group, with this group modelled using the data from the placebo arm
of the FOCUS trial. Treatment efficacy for active treatments is defined at 12 weeks
and the treatment effects at week 4 and 8 are gradually applied proportionally to the
reduction in the placebo longitudinal regression models. However, when the placebo
curve is flat the model does implement this change in a linear fashion, as the best
available estimate for these intermediate time points. These are conservative
assumptions, given the rapid onset of action seen in the HALO clinical trials of
fremanezumab; but given the lack of similar data for onabotulinumtoxin A were the

most appropriate option.

The longer time frame used for onabotulinumtoxin A is due to the fact that the initial
assessment period for onabotulinumtoxin A is 24 weeks compared to the 12 weeks
of fremanezumab. The MMD reduction data for fremanezumab and
onabotulinumtoxin A both use fremanezumab data; therefore, the benefits for

fremanezumab are conservative.

B9. In respect of the maintenance of treatment effect, please confirm that as a result

of the positive stopping rule, individuals who are ‘positively discontinued’ || GGz

As a result of the positive stopping rule, it can be confirmed that patients retain full
incremental benefit of treatment versus BSC for the remainder of the time horizon
(allowing for background mortality and standard per cycle discontinuation) and
accrue zero treatment costs. As the positive stopping rule is modelled as a
subgroup within the “on treatment” patient group, these patients were still subject to
the standard per cycle discontinuation rate. This ensured that the treatment benefit

was not maintained indefinitely (as when patients discontinued they reverted to BSC
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MMD values), and was limited in the same way as would have occurred have no

positive stopping occurred.

A fuller description of the positive stopping rule is given in this following section to aid
understanding of this rule and its implementation. After the initial 12-week
assessment, all patients that remained on treatment receive this treatment for 52
weeks. At the end of this time (week 64), all treated patients stop treatment for 12
weeks. After this treatment break (week 76), 80% of patients who received
treatment at week 64 resume treatment (with the remaining 20% stopping under the
positive stopping rule). The treated patients then receive treatment for another 52
weeks, before another 12-week treatment break (starting week 124 and ending week
136). At week 136, 80% of patients who received treatment at week 124 (start of
treatment break) resume treatment (with the remaining 20% stopping under the
positive stopping rule). This cycle of 52-week treatment followed by a 12-week
assessment period is repeated throughout the model time horizon (base case week
520). After each 12-week assessment, 20% of patients that entered that
assessment are stopped from treatment as a ‘positive stop’. These patients that are
positively stopped maintain their treatment benefit (in terms of MMDs), but no longer
incur drug acquisition costs and do still experience standard per cycle

discontinuation and mortality.

B10. PRIORITY: Please provide scenarios exploring alternative assumptions
about the long-term effectiveness of fremanezumab/maintenance of MMD
frequency, including the linear return to BSC MMDs over 1-, 3- and 5-year

periods.

The requested scenarios are presented in Table B10.1 and Table B10.2 below. It
should be noted, however, that there is no available data to suggest that a waning
effect occurs with fremanezumab. The available evidence shows that only 2%
(38/1888) of patients developed anti-drug antibodies after 12 months of
fremanezumab treatment; even in these patients anti-drug antibody titres were low
and did not affect the safety or efficacy of fremanezumab treatment. Therefore, anti-
drug antibodies would not be expected to reduce the efficacy of fremanezumab over
time. In addition, it should be noted that migraine is not a neurodegenerative

condition and therefore treatment efficacy can be assumed to not be affected by this.
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Based on the available evidence, the most plausible assumption is that there is no
waning in the treatment effect over the time horizon of the model. A treatment
waning effect has been included within the scenario analyses to provide an analysis
of the impact of that assumption; the impact of waning on ICER values was found to
be relatively small, which is due to the responder/non-responder analysis, as only

the responding patients who remain on treatment will be impacted by this waning.

Table B10.1 EM treatment waning over 1, 3 and 5 years

Scenario ICER versus BSC
Waning of treatment effect over 1 year £14,720
Waning of treatment effect over 3 years £14,526
Waning of treatment effect over 5 years £14,392

Table B10.2 CM treatment waning over 1, 3 and 5 years

Scenario ICER versus | ICER versus
BSC onabotulinumtoxin A
Waning of treatment effect over 1 year £12,427 £16,702
Waning of treatment effect over 3 years £12,273 £16,587
Waning of treatment effect over 5 years £12,167 £16,503

Health-related quality of life

B11. Please explain the coding used in worksheet <Utilities>, cells E7:G35: ‘=L7*(1-
(-0.05))-0.05'.

The mean of the EQS5D scores was calculated in the logit scale. The regression
estimates for EQ5D scores by migraine days need to be transformed from the logit
scale. Further, these inverse logit values are estimates of the transformations of the
original values, which had been transformed so that all EQ5D values were between
zero and one. Thus, they must be transformed back to the original scale. This

coding was implemented to conduct this transformation.

B12. PRIORITY: In Section B 3.4.1 (para 1, page 140) it is suggested that utility
scores were derived from patients within the FOCUS trial who have failed 3 or

more previous migraine treatments; however, later in Section B 3.4.2 (para 3,
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page 141) it is stated that the full FOCUS trial population is used. If the base
case is not the target model population (3 or more previous migraine
treatments failed) then please provide a scenario analysis in which utilities are
calculated only from this subgroup. Please also provide more detail behind the

justification of the base case preference.

The text at the start of Section B 3.4.1 is relating to the fact that the FOCUS data
were the most appropriate data to use for the utilities when compared to the HALO
trials and the population of interest for this appraisal (which is stated to be patients
who have failed three or more previous migraine preventive treatments). The utility
data used within the model is based on the full FOCUS trial population, as stated in
Section B 3.4.2. This choice was made as it was determined to be more robust data
than was available for the three or more failed previous preventive treatment group,
due to the requirements for this data to be split into the 28 MMD states; necessitating
the use of the larger dataset.

Within the timescales available, it has not been possible to complete an additional
analysis using just the three or more failed previous preventive treatments group. In
addition, due to the reasons outlined above, it is not expected that this analysis
would provide robust results. The use of utility data from the full trial population is
consistent with the approach taken in the ongoing erenumab appraisal, where similar

sample size considerations were encountered.

B13. PRIORITY: Please provide the justification and evidence for a separate
set of utility values for people on (1) BSC, and (2) off-treatment. Provide also a
scenario analysis whereby all patients use the same utility value set, the ‘all

patients’ set.

Only two sets of utility values have been used in the model, an “on treatment” set
and an “off treatment” set. This may have been erroneously labelled in some places
within the model, but it can be confirmed that the BSC and off-treatment utilities are

the same.

The use of separate “on treatment” and “off treatment” utilities is established in the
analysis of migraine and is reflective of clinical trial data where active treated

patients have improved quality of life compared to placebo patients at the same level
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of MMDs. This difference has been justified by reflecting the additional benefits of

migraine treatment not captured within the reduction in MMD numbers. This

approach was taken within the Botox appraisal and the FAD stated that “The

Committee concluded that although using different utility values within each health

state in the botulinum toxin type A and the placebo arm was plausible and better

than applying the same utility values within each health state...” The analysis

presented below uses the same utilities for both “on treatment” and “off treatment”

within the model, with blended results used (a simple average of the “on treatment”

and “off treatment” utilities). These results show that the assumption of a differential

impact on utilities has only a minor impact on the ICER values (see Table B13.1 and
Table B13.2 below).

Table B13.1 EM blended utility results

Technologies | Total Total Incremental Incremental | ICER
costs (£) | QALYs | costs (£) QALYs versus
BSC
(E/QALY)
BSC I - - -
Fremanezumab | EIEN |1 T I £16,142
Table B13.2 CM blended utility results
Technologies Total Total Incremental | Incremental | ICER Incremental
costs QALYs | costs (£) QALYs versus ICER
(£) BSC (E/QALY)
(E/QALY)
BSC 1 IE - - -
OBA B B N B (croo7 [ £7,997
Fremanezumab [N T T B £12,860 | £16,517

B14. PRIORITY: Please provide the result of the GAMLSS beta

regression with the goodness of fithess measures (BIC) used to select the

chosen distribution from the alternatives, and provide deeper discussion of

the salient issues. How did the resultant utilities compare to equivalents in the

appraisals of OBA and erenumab?

The EQ5D regression analysis used only the mapped EQ5D scores at baseline as

the response variable for all patients. Patients in the placebo arm, on average,
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experienced an increase in their baseline EQ5D scores over the course of the trial
for the same given number of MMDs. An additional analysis was undertaken to
obtain more accurate estimates of EQ5D scores for a given number of migraine days

for patients that are not participating in a clinical trial.

Parameter estimates and BIC values were compared between the two models in

order to gauge the impact of each of the different methods utilised. The first method

(transformed model) involved transforming all EQ5D scores so that the range of all

scores fell between 0 and 1. The following transformation was utilised:
(DTS here vt the EQED

'r.‘E e 1 ¥ A 'r.‘E 1 a

k = (=005 wiere ¥ ie e EGLD soore

The second method (normal model) undertaken was to change to a normal

distribution for the regression and not make any changes to the data.

The beta regression coefficient estimates for the transformed baseline mean model
are shown in Table B14.1. The only predictor used for the sigma model was

monthly migraine days.

Table B14.1 Transformed mean baseline EQ5D model using beta distribution

"
i

BIC: Bayesian information criterion; SE: standard error

The coefficient estimates for the mean baseline EQ5D model using a normal
distribution (method 2) are shown in TableB14.2.

Table B14.2. Mean baseline EQ5D model using a normal distribution

"

BIC: Bayesian information criterion; SE: standard error
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EQS5D scores in the CEM are based on whether subjects are on or off treatment and
the number of migraine days per 28 days. Individual patient characteristics are not
utilised. Thus, the CEM model only utilises two of the variables (treatment and
migraine days) used for the EQ5D regression. Therefore, we used the regression
sample averages as values for the remaining predictor variables in order to get
estimates for the pertinent regression coefficients. The on treatment EQS5D scores
are calculated by adding the on-treatment effect estimated from the longitudinal
analysis to the baseline EQSD regression model. The calculations and the resulting

coefficient estimates are shown in Table B14.3.

Table B14.3 Adjustment of regression coefficients based on sample averages

- B I
B I

EQ5D: EuroQol five-dimension scale

The mean of the EQ5D scores was calculated in the logit scale. The regression
estimates for EQ5D scores by migraine days needs to be transformed from the logit
scale. Further, these inverse logit va