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ABBREVIATIONS

Term Definition

cCH Chronic Cluster Headache

Cl Confidence interval

CH Cluster Headache

DH Department of Health

EAC External Assessment Centre

EHF European Headache Federation

eCH Episodic Cluster Headache

ICHD International Classification of Headache Disorders

IQR Interquartile range

MAUDE Manufacturer and User Facility Device Experience

MHRA Medicines & Healthcare products Regulatory Agency

MTEP Medical Technologies Evaluation Programme

NHS National Health Service

NICE National Institute for Health and Care Excellence

NICE CG NICE clinical guideline

NICE MTG NICE medical technology guidance

NICE QS NICE quality standard

nVNS Non-invasive Vagus Nerve Stimulation

ONS Occipital nerve stimulation

OR Odds Ratio

PRISMA Preferred Reporting Items for Systematic Reviews and
Meta-Analyses

QUORUM Quality of Reporting of Meta-analyses

rCCH Refractory Chronic Cluster Headache

RCT Randomised Controlled Trial

SD Standard deviation

SPG Sphenopalatine ganglion stimulation

VAS Visual Analogue Scale

Vs Versus
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1 Executive Summary

The company submission included clinical evidence from 7 published studies
(3 randomised trials and 4 cohort studies) and 2 unpublished abstracts. The
EAC did not identify any additional studies for inclusion.

The quality of the published evidence ranged from moderate to very low for
each of the outcomes of interest and the EAC highlighted some
methodological issues to be considered.

Evidence suggests that patients may benefit from the addition of GammaCore
to the treatment options available for cluster headache however due to the
limitations of the evidence it is not clear whether that benefit is realised for
treatment refractory patients or whether the addition of GammaCore to current
standard of care confers a benefit in combination with other treatments.
GammaCore was used as an adjunct to standard care for prophylactic
treatment of cluster headaches in one randomised trial. It was used as acute
treatment for the relief of cluster headache attack symptoms in addition to
patients’ standard prophylactic regimen in two randomised trials and one
cohort study. GammaCore was also used as sole treatment for treatment
refractory patients in two cohort studies. The EAC concludes that although the
published evidence consistently reports a benefit of gammaCore with only one
study reporting no benefit, the differences between study methodologies and
populations make it difficult to determine the extent and certainty of any
benefit.

The company identified three cost utility models in chronic cluster headache
populations. The EAC identified two additional models for cost-effectiveness
of gammacCore. The five studies were excluded as their findings are not
directly applicable. The company submitted a de novo cost model using data
from a published trial, the results of which suggest that gammaCore was cost
saving when considering patients with chronic cluster headache. The EAC
agreed with the model structure and did not make any changes to the
company base case. The EAC noted that the model is highly dependent on an
initial free trial period and reducing the use of abortive medication. Although
there are some uncertainties about the data, there is currently not an
alternative robust data source that could be used.
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2 Background

2.1 Overview and critique of company’s description of clinical
context

The background and clinical context provided by the company was sufficiently
detailed and informative. The EAC noted a minor error in the last paragraph of
section 3.1 where the pain free period for episodic cluster headaches was
described as being one month when in fact the pain free period for episodic
cluster headaches is at least 3 months according to the International

Classification for Headache Disorders (ICHD).

The company submission states that cluster headaches affect 0.1% of the
population in the UK however the EAC could find no reference to this figure.
Fischera et al. (2008) investigated the prevalence of cluster headache and
reported that 1 year prevalence rates ranged from 0.003% (3/100,000) to
0.15% (150/100,000) and lifetime prevalence rates ranged from 0.056%
(56/100,000) to 0.4% (381/100,000). Pooled analysis suggested a worldwide
lifetime prevalence of 0.12% (124/100,00) and a 1 year worldwide prevalence
of 0.05% (53/100,000). None of the studies included in Fischera et al. (2008)
were UK based and no UK specific prevalence data was identified by the
EAC. One clinical expert suggested that they treat 150 patients per year (30
episodic and 120 chronic cluster headache patients) and that there were no
patients with cluster headache who were not being treated, suggesting that

the UK prevalence for this condition is indeed low.

The EAC considers that the estimated prevalence reported in the company
submission is appropriate, representing a conservative estimate of the

incidence of cluster headaches in the UK.
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2.2 Critique of company’s definition of the decision problem
Table 1: Critique of company’s definition of decision problem

Decision Company Submission Matches EAC Comment
Problem Decision
Problem
(Y/N)
Population People over the age of 18 Y Cluster headache can be either episodic
years with cluster headache or chronic and both subtypes are
for whom standard care is included in the scope.
ineffective or contraindicated
Intervention | gammaCore Partially The technology under investigation is
stated as being gammaCore and
gammaCore Sapphire. GammaCore is
the original device which comes pre-
loaded and needs to replaced when
finised. GammaCore sapphire is an
upgraded model which can reloaded by
replacing a card in the device.
GammaCore Sapphire can also be
recharged using a mains plug whereas
the previous version could not.
The manufacturers state that the
mechanism of action for vagus nerve
stimulation is the same for both devices
and that the older gammaCore device
has almost been phased out of use in the
NHS. The EAC consider the two devices
to be essentially the same for the
purposes of this report. The technology
will be referred to as gammaCore
throughout the report.
Comparator | ¢ Subcutaneous or nasal Y Although the submission matches the
spray triptan therapy decision problem as laid out in the scope,
(acute) the EAC notes that some of these are not
« Oxygen therapy (at comparaters in the true sense as the
home), used alone or cI!nicaI pathway states that gammaCore
alongs,ide subcutaneous will be used when these treatments are
. ineffective for patients (or instead of if
or nasal spray triptan contraindicated).
therapy (acute)
e Verapamil (preventive)
e Sphenopalatine ganglion
nerve stimulators (acute
and preventive treatment
for chronic cluster
headache)
e Occipital nerve block
(preventive)
Outcomes e Frequency, severity,and | Y
duration of acute
episodes of cluster
headache
e Time taken to relieve pain
of acute episode (acute
use)
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e Average response rate
and proportion of patients
at 50% and 75%
response rates

e Number of times device
used for daily prevention

e Number of times device
used for acute treatment

e Patient reported pain and
disability scores

o Patient health-related
quality of life, including
impact on occupation and
employment

e Patient satisfaction

e Reduction of ECG and
blood testing for
monitoring of drug
treatments

e Use of outpatient and
healthcare services,
including psychiatric care

o Device-related adverse

events
Cost Costs will be considered from | Partially The submitted economic model
Analysis NHS and personal social considered chronic cluster headache
services perspective. The only. The rationale given was that UK
time horizon for the cost based evidence suggests only small
analysis will be sufficiently numbers of patients with eCH are likely to
long to reflect any differences be offered gammaCore in the UK.

in costs and consequences
between the technologies

being compared. The following were not included in the
Sensitivity analysis will be model as comparators:

undertaken to address

uncertainties in the model e Verapamil (preventive)
parameters, which will include e Sphenopalatine ganglion nerve
scenarios in which different stimulators (acute and preventive
numbers and combinations of treatment for chronic cluster
devices are needed. headache)

e  Occipital nerve block (preventive)

This is discussed in the economic

section.
Subgroups e Acute treatment of cluster | Y
headache
e Prevention of cluster
headache

e Episodic cluster headache
e Chronic cluster headache

2.1 Special considerations, including issues related to equality
People with cluster headache are likely to be described as disabled because it

is a chronic condition that is likely to last longer than 1 year. This technology
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has the potential to avoid invasive treatments (such as sphenopalatine
ganglion nerve stimulation implants) or the use of unlicensed medications with

potentially serious side effects.

Self-administration of treatment with gammaCore requires manual dexterity
and the ability to follow instructions. GammaCore cannot be used by people
with cochlear implants or pacemakers and should not be used in people who

are pregnant, lactating, or under 18 years.

The EAC consider there to be no specific equality issues relating to the use of
gammacCore in addition to those highlighted in the scope. Regarding the
issues highlighted in the scope, the EAC suggests that these should be
considered by the prescribing clinician in consultation with the patient before
commencing use of the gammaCore device and where possible address
specific issues which could be overcome to facilitate use of the gammaCore
device (e.g. manual dexterity issues could be overcome by finding an

alternative approach to administration such as help from a family member).

3 Clinical evidence

3.1 Critique of and revisions to the company’s search strategy
The EAC consider that the search strategy submitted was adequate although

not comprehensive, in particular it lacked medical subject headings. Searches
were only conducted in databases required by the MTEP submission template
i.e. Medline, Medline In Process, Embase and The Cochrane Library. The
company submission included searches for unpublished literature, ongoing
clinical trials and clinical data on safety and adverse events of gammaCore.
To ensure that all relevant evidence had been identified and presented the

EAC undertook their own literature search, details are in appendix A.

3.2 Critique of the company’s study selection
The company submission description of the clinical pathway states that

gammacCore is intended to for use in patients with cluster headaches for
whom standard treatment in not tolerated or does not work (section 3.3).

Treatment refractory chronic cluster headache (rCCH) are chronic cluster

headaches (according to ICHD-3 beta criteria) with at least 3 severe attacks
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per week that impact patients’ quality of life despite prophylactic (preventative)
or acute (symptomatic) treatment which have failed consecutive prophylactic
treatment trials with at least three agents that showed efficacy over placebo in
randomized controlled studies, used at the maximum tolerated dose over a
sufficient period of time (Mitsikostas et al 2014). Information from one clinical

expert supported this definition.

Treatment refractory patients were specifically identified in only two non-
comparative studies (Marin et al. 2018 and Trimboli et al. 2018) which were
using gammaCore after other treatments had failed. One non-comparative
study included both treatment refractory and non-refractory patients (Nesbitt
et al. 2015).

One randomised open label study (Gaul et al. 2016) states in the discussion
that included patients were treatment refractory however the study
inclusion/exclusion criteria does not make this explicit and the abstract states
that the study compared adjunctive prophylactic nVNS suggesting patients
were not refractory to alternative prophylactic treatments nor were these

alternative treatments necessarily contraindicated.

In both the ACT 1 and ACT 2 trials (Silberstein et al 2016; Goadsby et al
2018) more than 60% of participants were receiving prophylactic treatment at

baseline and GammaCore was being assessed as an acute treatment.

One clinical expert stated that gammaCore should be considered similarly to
Botox and only provided to patients who have failed three treatments while
one expert suggested that anyone might benefit but particularly patients in
whom drugs have failed or are contraindicated. One clinical expert stated that
gammaCore was being used specifically in medically refractory patients. Two
clinical experts stated that gammaCore is being used both acutely and
prophylactically in cluster headache patients and another clinical expert stated
that is could be used alongside current acute and prophylactic treatment.

Based on the information from clinical experts and the published evidence, it
is possible that the place for gammacCore in the clinical pathway may require

some further discussion.
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3.3 Included and excluded studies
The company clinical submission appears to include a total of six published

studies (Silberstein et al. 2016, Goadsby et al. 2018, Gaul et al. 2016, Nesbitt
et al. 2015, Marin et al. 2018 and Trimboli et al. 2018) and two conference
abstracts (deCoo et al. 2017 and Gaul et al 2018)

The company submission makes reference to results from additional analyses
of the PREVA data in section 7.4.2 (Gaul et al. 2018, Gaul et al. 2017 and
Morris et al. 2016) however these do not appear to be included in the
PRISMA diagram or in tables B3 and B4 (list of relevant published and
unpublished studies). The EAC noted that the company submission appears
to treat all publications relating to the PREVA trial (Gaul 2016) as a single
entity and has therefore not included separate data extraction tables or critical
appraisals for these additional sources. While the EAC acknowledges that the
primary publication for the PREVA trial (Gaul 2016) is likely to represent the
most comprehensive and important data from the trial, the EAC considers that
as Gaul et al. 2017 was a post-hoc analysis of the trial data, it should be
considered a cohort study and appraised it as such. Details of the conference
abstract (Gaul et al. 2018) should also be included in a manner so as to make
it clear that it represents additional analysis not included in the primary trial
analysis. The EAC has added a data extraction table for both Gaul et al. 2017
(table 2 and appendix B and Gaul et al. 2018 (table 3) and a CASP critical
appraisal checklist for Gaul et al. 2017 (appendix D)

The company submission included unpublished data from a pooled analysis
of the ACT 1 (Silberstein et al. 2016) and ACT 2 (Goadsby et al. 2018) which
is referenced as deCoo 2019 throughout the submission. The EAC note that
searches did not identify a 2019 publication only a 2017 abstract. In addition
the reference list of the company submission only lists de Coo et al. 2017.
Discussion with the manufacturer indicated that the deCoo et al 2017
conference abstract is the only publically available source of data at the

current time.

The EAC did not identify any additional studies for inclusion in the

assessment report.
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A summary of the studies included by the EAC is presented in table 2, table 3
and table 4. Only the results for the double blind phase of the ACT 1
(Silberstein 2016) and ACT 2 (Goadsby 2018) and for the initial randomised
phase of the PREVA study (Gaul 2015) are presented. For full results

including the open label and extenstion phases of these studies see appendix
B.

Details of adverse events are reported in section 3.7 and summarised in table
5.
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Included and Excluded Studies

Table 2: Published Studies

Included
studies

Silbserstein et
al (2016)

Design and
intervention(s)

Double blind
randomised control
trial followed with an
open label period
NCT01792817 (ACT1)

nVNS using
gammacCore +
standard care (SoC)
versus sham + SoC

nVNS protocol:

3 consecutive 2 minute
stimulations to the right
side of the neck at the
onset of premonitory
symptoms of pain

During double blind
phase: Up to 5 attacks
treated with only one
per 12 hour period

Abortive/pain relieving
rescue medications
were permitted no
sooner than 15

Participants and setting

Participants 18 — 75 years,
n=150, with either episodic
(eCH) n=101 or chronic (cCH)

cluster headache (CH)

n=49nVNS + SoC: n=73 (eCh:
50, cCH: 23) (n=60 ITT), mean
age (SD) = 47.1yrs (13.5),

male = 59 (81%).

Sham + SoC: n=77 (eCH: 51,
cCH: 26) (n=73 ITT), mean
age (SD) = 48.6yrs (11.7),

male = 67 (87%).
20 centres in the USA

Conducted February 2013 to

October 2014

Outcomes

Primary Outcome

Response (defined
as proportion of
patients achieving
a pain intensity
score of 0 or 1 at
15 minutes after
treatment initiation
for first attack.
(Rescue
medication use
within 60 minutes
was considered a
treatment failure)

Secondary
Outcomes

Sustained
treatment response
(proportion of
participants with a
pain intensity score
of 0 or 1 without
rescue medication
at 15-60 minutes

External Assessment Centre report: MT323 Gammacore for Cluster Headache
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Results

Response Rates

e Al CH: 26.7% (nVNS)
versus 15.1% (Sham),
p=0.1

e eCH: 34.2% (nVNS)
versus 10.6% (Sham),
p=0.008

e cCH: 13.6% (nVNS)
versus 23.1% (sham),
p=0.48

Sustained Response

e AllCH: 26.7% (nVNS)
versus 12.3% (sham),
p=0.04

e eCH: 34.2% (nVNS)
versus 10.6% (sham),
p=0.08

e cCH: 13.6% (nVNS)
versus 14.5% (sham),
p=1.0

Pain intensity at 15 minutes

13 of 140

Withdrawals

nVNS +SoC

14 discontinuations
from double blind to
open label phase

3 Nonadherence
8 No CH/CH ended
2 Loss to follow up

1 other

EAC Comments

Results reported for
the double blind
randomised period

Study was not
powered for sub-
group analysis

Treatment adherence
to prescribed nVNS
has not been
reported. Patient
reported outcomes.

Some baseline

differences:

Twice the
number of eCH
patients
compared with
cCH patients in
population.

e Greater
proportion of
nVNS patients
were
experencing
longer length CH
attacks, 34%



Included
studies

Design and
intervention(s)

minutes after each
nVNS initiation.

Participants and setting

Outcomes

after treatment
initiation for CH
attack)

Average of all
participants mean
pain intensities at
15 minutes after
treatment initiation
for all attacks (up to
5 attacks per
participant).

Safety Endpoints

Serious adverse
device effects

(SADEs) @

External Assessment Centre report: MT323 Gammacore for Cluster Headache
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Results

Withdrawals

All CH: 2.1 [95% CI
1.8-2.3] (nVNS) versus
2.0[95% CI 1.8-2.2]
(sham), p=0.4.

eCH: 2.0 [1.8-2.3]
(nVNS) versus 2.0 [1.8-
2.3] (sham), p=1.0
cCH: 2.3 [1.9-2.6]
(nVNS) versus 1.9 [1.6-
2.3] (sham), p=0.2

Responders at 15 mins for
250% of treated attacks

All CH: 26.7% (nVNS)
versus 20.6% (Sham),
p=0.41

eCH: 34.2% (nVNS)
versus 14.9% (sham),
p=0.04

cCH: 13.6% (nVNS)
versus 30.8% (sham),
p=0.19

Pain free at 15 minutes for
250% of treated attacks

All CH: 11.7% (nVNS)
versus 6.9% (sham),
p=0.33

14 of 140

EAC Comments

more differences
in medication

Study was sponsored
by the company with
data analysis funded
by the company

One of the authors is
an employee of the
company.



Included
studies

Design and Participants and setting Outcomes
intervention(s)
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Results Withdrawals

eCH: 15.8% (nVNS)
versus 2.1% (sham),
p=0.04

cCH: 4.6% (nVNS)
versus 15.4% (sham),
p=0.36

Duration of first CH attack
(mins)

All CH:
50.64+38.3(nVNS)
versus 59.9+47.5
(sham), p=0.25

eCH: 48.41+35.4 (nVNS)
versus 61.2+49.5
(sham), p=0.21

cCH: 54.5+43.8 (nVNS)
versus 57.6+44.8,
p=0.82

Change in duration of
attacks from baseline to
first attack (mins)

All CH: -9.5+51.8
(nVNS) versus
12.8445.5 (sham),
p=0.03

eCH: -14.4159.5
(nVNS) versus

15 of 140

EAC Comments



Included
studies

Goadsby et al
(2018)

Design and
intervention(s)

Double blind
randomised control
trial followed with an
open label period

NCT01958125

nVNS using
gammacCore +
standard care (SoC)
versus sham + SoC

Participants and setting

Participants = 18 years of age,
n=102 patients with eCH
(n=30) or cCH (n=72)

nVNS+SoC: n=50 (eCH: 15,
cCH 35) (n=48 ITT), mean age
(SD) = 43.9yrs (10.6), male=
35 (70%).

Sham + SoC: n=52 (eCH: 15,
cCH: 37) (n=44 ITT) mean age
(SD) = 46.9yrs (10.6), male=
38 (73%)

Outcomes

Primary Outcomes

Proportion of all
treated attacks
achieving pain free
status within 15
minutes after
treatment initiation.

Secondary
Outcomes

External Assessment Centre report: MT323 Gammacore for Cluster Headache
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Results Withdrawals

16.3151.5 (sham),
p=0.03

e cCH: 1.04£28.6 (nVNS)
verus 5.4+29.2 (sham),
p=0.69

Rescue medication use in
the first 60 mins after
treatment initiation

e Al CH: 38.3% (nVNS)
versus 50.7% (sham),
p=0.15

e eCH:42.1% (nVNS)
versus 48.9% (sham),
p=0.53

e cCH: 31.8% (nVNS)
versus 53.9 (sham),
p=0.13

nVNS +SoC double
blind phase

Pain free status within 15
minutes

e Al CH: 14% (nVNS)
versus 12% (sham),
p=0.71

e eCH: 48% (nVNS)
versus 6% (sham),
p<0.01

e cCH: 5% (nVNS)
versus 13% (sham),
p=0.13

2 Missing diary
1 Protocol Violation
2 other

Open label phase

2 discontinued (1 AE, 1
other)

16 of 140

EAC Comments

Results reported for
the double blind
period.

No details of how
randomisation
sequence generated.
Twice the number of
cCh patients
compared with eCH
patients in
population.



Included
studies

Design and
intervention(s)

nVNS protocol

3 consecutive 2 minute
stimulations ipsilateral
to their CH attack at
the time of attack
onset.

3 additional
stimulations permitted
if attack was not
aborted within 9
minutes of treatment
initiation. Subjects
were asked to refrain
from using rescue
treatments
(medications and/or
inhaled oxygen) for 15
minutes after
beginning stimulation

A minimum of 6 hours
between nVNS
treatments was
required.

Participants and setting

9 tertiary care centres across 4
European Countries including
the UK (N=52 UK patients from
clinicaltrials.gov)

Conducted September 2013 to
October 2014

Outcomes

Proportion of
treated attacks per
subject achieving
responder status
within 30 minutes

Proportion of
treated attacks per
subject achieving
pain free status
within 30 minutes

Mean change in
pain intensity from
attack onset to the
15 and 30 minute
timepoints

Patients achieving
pain free status and
responsder status
in 250% of treated
attacks

Adverse events
and adverse device
effects

External Assessment Centre report: MT323 Gammacore for Cluster Headache
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Results

Odds Ratios (95% CI) from
the GEE model (adjusted

for site in the total cohort

and in the cCH subgroup)

All CH: 1.22 (0.42-3.51),
p=0.71

eCH: 9.19 (1.77-47.8),
p<0.01 (not adjusted for
site)

cCH: 0.41 (0.13-1.30),
p=0.13

Treated Attacks achieving
responder status within 30

minutes

e Al CH: 43% (nVNS)
versus 28% (sham);
p=0.05

e eCH: 58% (nVNS)
versus 28% (sham);
p=0.07

e cCH: 37% (nVNS)
versus 29% (sham);
p=0.34

Treated attacks achieving
pain free status within 30

minutes
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Withdrawals

SoC+Sham double
blind phase

8 exclusions (6 missing
diary, 2 no attacks
treated)

6 discontinued (2
withdrawal, 2 loss to
follow up, 2 AE)

Open label phase

2 loss to follow up

EAC Comments

Study did not reach
required sample size
for power of primary
outcome.

Study was not
powered for
subgroup analysis

Study was sponsored
by the company with
data analysis funded
by the company

One of the authors is
an employee of the
company



Included
studies

Design and Participants and setting Outcomes
intervention(s)

External Assessment Centre report: MT323 Gammacore for Cluster Headache
Date: [May 2019]

Results Withdrawals

e Al CH: 26% (nVNS)
versus 18% (sham);
p=0.17

e ¢eCH: 43% (nVNS)
versus 19% (sham);
p=0.08

e cCH: 19% (nVNS)
versus 18% (sham);
p=0.76

Mean decreases in pain
intensity from attack onset
at 15 and 30 mins (nVNS
vs. sham)

e AllCH: 15 mins: -1.3
(0.02) versus -0.9 (0.1);
p=0.06

e 30 mins: -1.6 (0.2)
versus -1.2 (0.2);
p=0.07

e eCH: 15 mins: -1.7
(0.4) versus -0.6 (0.2);
p=0.01

e 30 mins:-1.9(0.4)
versus -0.8 (0.4);
p=0.03

e CcCH:15 mins: -1.2 (0.2)
versus -1.0 (0.2);
p=0.52

e 30 mins:-1.5(0.2)
versus -1.3 (0.2); p=0.5
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Included Design and Participants and setting Outcomes Results Withdrawals EAC Comments
studies intervention(s)

Patients achieving pain free
status in 250% of treated
attacks after 15 mins

e Al CH: 17% (nVNS)
versus 7% (sham),
p=0.15

e eCH: 36% (nVNS)
versus 8% (sham),
p=0.16

e cCH: 9% (nVNS)
versus 7% (sham);
p=1.00

Patients achieving
responder status for 250%
of treated attacks after 15
mins

e All CH: 40% (nVNS)
versus 14% (sham);
p<0.01

e eCH: 64% (nVNS)
versus 15%; p<0.01)

e cCH: 29% (nVNS)
versus 13% (sham);

p=0.11
Gaul et al Randomised, multi- Participants 18- 70 years with Primary Outcomes | Effect of nVNS on CH nVNS Randomised Study was funded by
(2016) centre, open label, chronic CH; n=114 with n=97 Reducti attack frequency Phase the company
parallel group study. randomised (n=24 UK ¢ ethuc lon nVNS+SoC showed a 4 withdrawals
NCT: 01701245 participants from In the mean

number of = greater reduction from

clinicaltrials.gov). CH attacks | baseline compared with
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Included
studies

Design and
intervention(s)

nVNS+SoC versus
SoC alone.

nVNS protocol:

e Mandatory
prophylaxis of
three 2 minute
stimulations (i.e.
three doses) five
minutes apart
administered twice
daily (i.e. six doses
per day) to the
right side of the
neck (right vagal
nerve).
Participants also
had the option of
acutely treating
CH attacks with
three additional
nVNS doses at
pain onset but
were advised to
not administer
prophylactic
therapy within a
two-hour period
after acute
treatment

Abortive or pain-
relieving medication

Participants and setting

NVNS+SoC n=48 (n=45 ITT),
mean age (SD) =45.4 yrs
(11.0), male= 34 (71%); SoC
n=49 (n=48 ITT mean age
(SD) = 42.3yrs (11.0), male=
33 (67%).

10 European sites including 3
in the UK.

Conducted October 2012 to
March 2014.

Outcomes

per week,
defined as
the number
of attacks
during the
last two
weeks of
the
randomised
phase
minus the
number of
attacks
during
baseline
divided by
2.

Secondary
Outcomes:

e Reductions in
mean number
of CH attacks
per week
during the last
2 weeks of the
extension
phase

e Response
Rate:
Proportion of
patients with

External Assessment Centre report: MT323 Gammacore for Cluster Headache
Date: [May 2019]

Results

SoC alone: -5.9 (SE, 1.2)
versus -2.1 (SE, 1.2) giving
a mean therapeutic gain of
3.9 fewer CH attacks per
week (95% CI 0.5-7.2;
p=0.02)

250% Response Rates

Response rate was
significantly higher in the
nVNS+SoC group
compared with SoC alone:
40% (18/45) versus 8.3%
(4/48); p<0.001)

Abortive Medication Use

A 57% decrease in the
frequency of abortive
medication use was noted
in the nVNS+SoC group
(A=-15 (95% CI: -22.8 to -
7.2), p<0.001) compared
with (A= -2 (95% CI: -9.4 to
5.4), p=0.59) in the control
arm (% decrease NR).

Changes in abortive
medication use were driven
by reductions in use of SC
sumatriptan (p=0.007) and
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Withdrawals

Extension Phase

11 discontinuations (4
withdrawals, 2 loss to
follow-up, 1 protocol
violation, 3 AEs, 1
other)

SoC Randomised
Phase

1 discontinuation (did
not meet
inclusion/exclusion
criteria)

Extension Phase

11 discontinuations (4
loss to follow up, 1
protocol violation, 2
AEs, 4 other)

EAC Comments

One of the authors is
an employee of the
company

No details of how
randomisation
sequence generated
or if concealed. Open
label study, outcome
assessment not
blinded as recorded
by patients.



Included
studies

Design and
intervention(s)

was permitted at least
15 minutes after
initiation of NVNS
treatment. Changes in
SoC prophylactic
medications were not
permitted during the
study.

Participants and setting

Outcomes

250% reduction
in mean
number of CH
attacks per
week
(assessed
during the last
2 weeks of
randomisation
and last two
weeks of
extension
phases.

Abortive
medication use

Duration and
intensity of CH
attacks acutely
treated with
nVNS

Number of CH
attacks, CH
pain intensity
(five point
scale), CH
duration and
abortive
medication use
(all assessed

External Assessment Centre report: MT323 Gammacore for Cluster Headache

Date: [May 2019]

Results Withdrawals

inhaled oxygen (p=0.02).
These reductions were
maintained through the
extension phase.

Use of nVNS as abortive
therapy

93.8% (45/48) of
participants in the
nVNS+SoC arm acutely
treated 21 CH with nVNS
during the randomisation
phase.

Quality of Life

EQ-5D-3L Indexed score
changes from baseline

In the mITT population
(baseline to randomised),
changes from baseline
were significantly improved
for nVNS+SoC (n=35)
compared with SoC alone
(n=46) — (nVNS+SoC
minus SoC: A=0.194 (95%
Cl1 0.054-0.334), p=0.007)

The change in EQ-5D-3L
index score in the
nVNS+SoC group was
above the MID (0.074) and

21 0of 140
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Included
studies

Gaul et al
(2017)

Design and
intervention(s)

Post-hoc analysis of
data from a
randomised, multi-
centre, open label,
parallel group study
(Gaul et al. 2016).

Participants and setting

10 European sites including 3
in the UK

N=114 with N=97 randomised
(n=24 UK participants from
clincialtrials.gov)

Outcomes

through patient
completed
diaries)

e Quality of Life
(EQ-5D-3L and
HIT-6)

e Adherence to
nVNS
treatment
(assessed by
dividing the
actual number
of doses
administered
by the
prescribed
number of
doses)

Mean weekly attack
frequency over time

Global percentage
change in weekly
CH attack
frequency from
baseline to the end

External Assessment Centre report: MT323 Gammacore for Cluster Headache

Date: [May 2019]

Results Withdrawals

considered clinically
meaningful.

EQ-5D-3LVAS score

In the randomised phase,
change from baseline VAS
score was greater for
nVNS+SoC (nVNS+SoC
minus SoC: A=8.93 points
(95% CI1 0.47-17.39,
p=0.039)

Patient Satisfaction

65% of participants (62/96)
indicated they would
recommend the nVNS
device.

>75% indicated the device
was easy to use and >50%
reported some degree of
satisfaction with nVNS.

Weekly attack frequency Refer to previous study

Mean weekly attack (Gaul et al 2016)

frequency was significantly
lower with nVNS+SoC
compared with SoC alone
(p<0.02) from week 2 of the
randomised phase through
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EAC Comments

As this is a post-hoc
analysis the EAC
have treated the
study as a cohort
study for the
purposes of critical
appraisal. The
outcomes reported



Included
studies

Design and
intervention(s)

Participants and setting

NVNS+SoC n=48 (n=45 ITT)
SoC n=49 (n=48 ITT)

Outcomes

of the randomised
phase

Response rates.

Cut-offs of 225%,
>50%, =75% and
100% reductions
from baseline in
attack frequency
were used to define
response.

External Assessment Centre report: MT323 Gammacore for Cluster Headache

Date: [May 2019]

Results Withdrawals

week 3 of the extension
phase.

Attack frequencies were
significantly reduced from
baseline beginning at week
1 of the randomised phase
and continuing through
week 4 of the extension
phase (p<0.05)

Global mean attack
frequency

Global mean attack
frequency at decreased by
40% from baseline at the
end of the randomisation
phase in the nVNS+SoC
group versus an increase of
1% in the SoC alone group
representing a 41%
therapeuatic benefit of
nVNS (p<0.001).

Response Rates

At the end of the
randomised phase A
significantly higher
proportion of patients in the
nVNS+SoC group had
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EAC Comments

were not prespecified
in the clinical study
protocol.

Study was funded by
the company

One of the authors is
an employee of the
company



Included Design and
studies intervention(s)
Nesbitt et al Retrospective, non-
(2015) comparative, cohort

study in patients using
nVNS.

nVNS protocol

e Upto3
consecutive doses
to treat an attack
acutely.

e For preventative
use 2 consecutive
doses (and in
some cases 3) in
the morning and
late afternoon
(approximately 8
hours apart) daily.

Participants and setting

Cluster headache patients
n=25, n=19 included in
analysis (eCH=11/cCH=8),
median age (range) = 49 yrs
(13-84), male= 11 (58%)

Tertiary headache centre in
the UK

Conducted January to
December 2012.

Outcomes

e Perceived
overall change
in condition
from baseline

e Percentage
change in other
acute
medication use:
high flow
oxygen and
parenteral
triptans use
while using
nVNS device

e Percentage of
attacks they
were able to
treat acutely

e Proportion of
treatments able

External Assessment Centre report: MT323 Gammacore for Cluster Headache

Date: [May 2019]

Results

attack frequency reductions

from baseline (225% and
250% reduction, p<0.001;
275% reduction, p<0.009).

3 patients (8%) in the
nVNS+SoC group had a
100% attack frequency
reduction versus 0% in the
SoC group.

Treatment Changes during
nVNS

N=4 patients had changes
made to baseline
treatments during nVNS
use

e 2 had preventative
medication
withdrawn (1
commenced
methysergide as a
substiture and 1
had a pre-existing
dose of verapamil
increased)

e 1 was prescribe
high-flow oxygen

e 1 discontinued
nVNS following a
tapering dose of
corticosteroids
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Withdrawals

N=6 patients excluded
(2 failure to return
signed summaries, 1
loss to follow-up, 1
equivocal diagnosis, 1
no treatable attacks, 1
poor compliance)

EAC Comments

The study was
funded by the
company.

Small, non-
comparative study.
Patient reported
outcomes so possibly
subject to bias.
Possible cohort
overlap with Marin et
al. 2018.



Included
studies

Design and
intervention(s)

Participants and setting

Outcomes

to terminate
within 15
minutes of
device use and
time to do so

External Assessment Centre report: MT323 Gammacore for Cluster Headache

Date: [May 2019]

Results Withdrawals

Of this group, 3 had already
reported positive but sub-
optimal improvements
using nVNS and 1 reported
no change.

Prevention

N=15 patients reported
overall improvement in their
condition from baseline.
The remaining 4 reported
their condition remained the
same.

Results suggest a mean
improvement of 48% (£9%)

In 5 patients who had
extended follow-up mean
estimated improvement
was 62% (£8%) at 26
weeks and 59% (+6%) at
52 weeks

Acute treatment: nVNS

Patients reported that
nVNS aborted attacks in an
average 11 mins (1 min)
of initial device application.
This response was stable in
5 patients at 26 and 52
weeks.
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Included
studies

Design and Participants and setting Outcomes
intervention(s)

External Assessment Centre report: MT323 Gammacore for Cluster Headache
Date: [May 2019]

Results Withdrawals

Acute Treatment: Changes
in previously used
approaches

3 patients stopped using
previously used
approaches, oxygen (n=2)
or sumatriptan (n=1), in
favour of nVNS.

N=10 patients reduced
oxygen use by an estimate
mean of 55% (+8%); 3
continued to use the same
amount of oxygen and 1
patient reported an
increase by 100%.

N=3 patients were able to
stop using triptans but
continued to use some
oxygen and 9 patients
reduced their use of
triptans by a mean of 48%
(x6%).

Effects of attack frequency

There was a reported
reduction in 24 hour attack
frequency with prophylactic
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Included
studies

Marin et al
(2018)

Design and
intervention(s)

Retrospective, non
comparative cohort
study in patients using
nVNS

Initial NVNS dosing
was based on
established paradigms

Participants and setting

Treatment refractory patients
with cluster headache (n=29
with cCH, n=1 with eCH),
mean age (range) = 47.9 yrs
(16-72), male= 11 (37%)

10 clinical centres in the UK.

Outcomes

nVNS use

Attack
frequency,
duration and
severity (rated
on a scale 0-10
scale)

External Assessment Centre report: MT323 Gammacore for Cluster Headache
Date: [May 2019]

Results Withdrawals

nVNS from a mean 4.5 to
2.6, p<0.0005.

Effect on bout duration

2 patients with eCH
reported a shorenting of
bout length using nVNS
based on average duration
of prior bouts.

Adverse Events
No SAEs were reported

Two patients reported a
side-shifting of attacks

One patient reported
transient worsening of pain
nVNS basaed on average
duration of prior bouts.

nVNS Use None

n=16 (53%) patients used
nVNS exclusively as
preventative therapy, n=1
(3%) used it exclusively as
acute treatment, n=13
(43%) used it as both
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EAC Comments

Study was funded by
the company

One author is an
employee of the
company.



Included
studies

Design and
intervention(s)

and titrated as
necessary to achieve
maximum benefit

Participants and setting Outcomes

Conducted May 2012 to March ¢ Concomitant
2016. treatment use

e Safety

External Assessment Centre report: MT323 Gammacore for Cluster Headache

Date: [May 2019]

Results Withdrawals

preventative and acute
therapy.

Attack Frequencey

Mean (range) attack
frequency with SoC was
26.6 (3.8-77.0)
attacks/week. This
decreased to 9.5 (0-38.5)
attacks/wk with SoC+VNS
(p<0.01)

N=3 patients who had
averaged 42-63
attacks/week experienced
no attacks during their
nVNS evaluation period
(1.7 — 13.2 months)

Attack Duration

Mean duration of attacks
decreased from 51.9 (5.0-
140.0) minutes with SoC
alone to 29.4 (2.5-152.5)
minutes with SoC+nVNS;
p<0.01 (N=25 patients)

Attack Severity

Mean attack severity
decreased from 7.8 (3.0-
10.0) SoC to 6.0 (1.0-10.0)
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EAC Comments

Small, non-
comparative study.
Patient reported
outcomes so possibly
subject to bias.
Possible cohort
overlap with Nesbit et
al. 2015.



Included
studies

Design and Participants and setting Outcomes
intervention(s)

External Assessment Centre report: MT323 Gammacore for Cluster Headache
Date: [May 2019]

Results Withdrawals

with nVNS+SoC; p<0.01
(n=18 patients)

Concomitant Treatment
Use

Patients used a mean
(range) of 0.8 (0-2)
preventative treatments
before initiation of NVNS
versus 0.7 (0-2) after nVNS
initiation.

Mean (range) number of
acute treatments used was
1.8 (1-4) before nVNS
initiation versus 1.1 (0-2)
after.

N=22 patients used triptan
injection or nasal spray as
acute treatment before
nVNS initiation; 9 (41%)
stopped and 12 (55%)
decreased their triptan use
during nVNS treatment

N=27 (93%) patients
reported using high-flow
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Included
studies

Design and Participants and setting Outcomes
intervention(s)

External Assessment Centre report: MT323 Gammacore for Cluster Headache
Date: [May 2019]

Results Withdrawals

oxygen as acute treatment
prior to nVNS initiation; 9
(33%) stopped and 17
(63%) decreased their use

Overall,

N= 3 patients were able to
manage their condition with
preventative
pharmacological treatment
only and

N=4 were able to use nVNS
as monotherapy

Benefits reported by
patients during evaluation
included:

e Decreased interictal
headache pain

¢ No longer being
housebound

e Ability to return to work
or school

e Improved sleep

e Decreased
absenteeism
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Included Design and
studies intervention(s)
Trimboli et al Prospective, non
(2018) comparative cohort

study in patients using
nVNS

nVNS protocol

e 2 consecutive
nVNS doses (90
seconds each) on
one side of the
neck or alternating
right and left sides,
three times a day,
as a preventive

Participants and setting

Medically refractory patients
with chronic cluster headache,
n=12, median age (range) =
49.5 yrs, male = 5 (42%).

Tertiary headache centre in
the UK

Conducted January 2014 to
August 2016.

Outcomes

Response
Rates (defined
as 230%
reduction in
headache days
after 3 month
treatment)

Change in
headache
severity
including
patients
subjective
impression of
change

External Assessment Centre report: MT323 Gammacore for Cluster Headache

Date: [May 2019]

Results Withdrawals

e Avoidance of surgery
intended to treat CH

e Improved quality of life

Safety

No SADEs were reported
Observed AEs included
redness and muscle
soreness at the treatment
site.

Prophylactic Effect None

N=1 showed 230%
reduction in weekly CH
frequency at month 3
compared with baseline.
This patient also reported a
reduction in oxygen use.

N=2 reported a slight
improvement from baseline

N=3 reported no change

N=6 reported a worsening
in weekly frequency

Abortive Effect
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EAC Comments

The full study cohort
was 42 patients
however the study
included patients with
migraine and other
headache types.

The results are
presented for the 12
patients with CH
only.

Small, non-
comparative study.
Patient reported
outcomes so possibly
subject to bias.



Included Design and

studies intervention(s)
stimulation
paradigm.

e Up to 3 additional
consecutive doses
before resorting to
their usual abortive
treatment for acute
treatment.

Participants and setting

Outcomes

e Treatment
compliance

e Safety and
tolerability

External Assessment Centre report: MT323 Gammacore for Cluster Headache

Date: [May 2019]

Results Withdrawals

N=0 reported headache
relief using nVNS

Treatment Continuation

N=1 patient continued with
nVNS for 10 months but
reported a worsening of
their condition for 3
consecutive months and
discontinued treatment

Treatment Compliance

Data for 4 CH patients were
available and the authors
postulate that 1 patient was
non-compliant based on
when they requested a
replacement device.

Safety

Data for the CH population
was not reported separately
though no SAEs were
reported for the whole
population.
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EAC Comments

The company
provided the devices
for a three month ftrial
period and were
responsible for
training patients in
the use of the device

A number of the
authors have
received grants from
the company



Unpublished | Design and
Studies intervention(s)
deCoo et al Pooled Analysis
(2017)

Table 3: Unpublished Studies

Intervention:
nVNS+SoC

Comparator:
Sham+SoC

Participants and setting

Participants in the ACT 1
(Silberstein 2016) and ACT 2
(Goadsby 2018) trials

Outcomes

ACT 1 Primary Outcome:
Response (defined as
proportion of patients
achieving a pain intensity
score of 0 or 1 at 15 minutes
after treatment initiation for first
attack. (Rescue medication
use within 60 minutes was
considered a treatment failure)

ACT 2 Primary Outcome:

Proportion of all treated
attacks achieving pain free
status within 15 minutes after
treatment initiation.

Proportion of patients with
responder status at 15 minutes
for 250% of attacks

Results

Response (proportion of patients achieving
responder status at 15 minutes (per patient,
first attack) (Note: ACT1 primary outcome)

All CH

nVNS - 31.5%

Sham - 20.5%

No statistically significant difference
eCH

nVNS - 38.5%

Sham - 11.7
P<0.01

cCH

nVNS — 25%

Sham - 29.8%

No statistically significant difference

Proportion of all treated attacks that
achieved pain free status at 15 minutes (per
attack) (Note: ACT2 primary outcome)

AllCH
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EAC Comments

Data from a
conference poster
therefore unable to
verify data from each
study as different
primary outcomes.
Appears to be
discrepancies in data
reported as
compared to
individual study
papers.

Individaul studies
only powered for
each of their primary
outcomes.

Addendum
19/06/2019

The full publication
(deCoo et al 2019)
was made available
to the EAC following
submission of this
Assessment Report
but prior to
publication of the
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nVNS - 13.2%

Sham - 8.7%

No statistically significant difference
eCH

nVNS - 24.1%

Sham - 7.3%
P<0.01

cCH

nVNS - 6.8%

Sham - 10.9%

No statistically significant difference

Proportion of patients with responder status
at 15 minutes for 250% of attacks

All CH

nVNS - 32.4%

Sham - 17.9%

No statisitically significant difference
eCH

nVNS - 42.3%

Sham - 15%

P<0.01

cCH

nVNS - 23.2%

34 of 140

final guidance and
has been reviewed.
See section 3.8 for
further details.




Gaul et al
(2018)

Post-hoc analysis of Participants in the PREVA Effect of more frequent nVNS
randomised trial data randomised trial (Gaul 2015) use

Sham - 21.1%

No statistically significant difference

Acute nVNS use was reported to
1138/1673 attacks

Average decrease in mean weekly attack
frequency was significantly greater for
patients using acute nVNS for 276.9% of
their attacks

-8.5 attacks/week versus -2.1 attacks per
week (p<0.01)

Using nVNS for <76.9% of attacks showed
no significant difference

-3.7 attacks/week versus -2.1 attacks per
week (p=1.00)

Within the nVNS group, mean reduction in
weekly attack frequency was greater for
patients using =8.2 daily stimulations
compared with those using <8.2
stimulations but these were difference were
not significantly different from the SOC

group.
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3.4 Overview of methodologies of all included studies
Three of the included studies were randomised trials, 2 with a double blind

phase followed by an optional open label phase comparing gammaCore and
standard care with a sham device and standard care (Silberstein et al. 2016,
Goadsby et al. 2018) and one open label trial comparing gammaCore and
standard care with standard care alone (Gaul et al. 2016). One study was a
post-hoc analysis of a randomised trial (Gaul et al. 2017). An additional 3 non-
comparative cohort studies were included, one prospective (Trimboli et al.
2018) and two retrospective (Nesbitt et al. 2015, Marin et al . 2018).

Two trials (Goadsby et al. 2018 and Gaul et al. 2016) were European trials

and included UK patients and all 3 of cohort studies were UK based.

Patient numbers ranged from 25 patients in one study (Nesbitt et al. 2015) to
150 patients (Silberstein et al. 2016) with the 3 cohort studies having the
lowest numbers of patients. The EAC noted that there is a possibility that
there is an overlap between two of the UK based studies (Marin et al 2018
and Nesbitt et al 2015).

Inclusion and exclusion criteria were broadly similar across all studies with the
International Classification of Headache Disorders ICHD) definition of cluster
headache being used in 6 studies (Silberstein et al. 2016, Goadsby et al.
2018, Gaul et al. 2016, Gaul et al. 2017, Nesbitt et al. 2015 and Marin et al.
2018) and the European Headache Federation definition of refractory cluster
headache used in one (Trimboli et al. 2018). The populations in the included
studies were not directly relevant to the scope as although they all had cluster
headaches, only two of the included studies included exclusively treatment
refractory patients as identified in the scope (Marin et al. 2018 and Trimboli et
al. 2018) while one study (Nesbitt et al. 2015) reported that 7/19 patients were
considered to be treatment refractory. One study (Trimboli et al. 2018)
included patients with indications other than cluster headache, in a total study
population of 42 patients only 12 had chronic cluster headache and results
are reported for these 12 patients only. The EAC did not identify any
additional evidence and no additional studies or evidence was highlighted by

the clinical experts. Therefore the EAC considers this to be the best available
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evidence and considers it unlikely that any large randomised trials would be

possible due to the low prevalence of the condition.

The primary outcome was the change in the number of cluster headache
attacks experienced by participants however the way in which this was
reported was variable across the studies (table 4). One study (Gaul et al.
2016) reported quality of life outcomes and one study (Marin et al. 2018)
reported anecdotally on benefits of gammaCore as experienced by
participants. None of the included studies reported on the reduction of ECG
and blood testing for monitoring of drug treatments or on the use of outpatient

and healthcare services, including psychiatric care.

3.5 Overview and critique of the company’s critical appraisal
The EAC consider that the company submission used appropriate methods to

critically appraise the included studies. The EAC used the Critical Appraisal
Skills Programme (CASP) checklists to assess the included studies (appendix
D).

Specific methodological issues to consider which were highlighted by the EAC

include:

e All results are based on patient reported outcomes which, while

appropriate for the outcomes of interest, may be subject to bias

e Subgroup analyses in the randomised trials (Silberstein et al 2016 and
Goadsby et al 2018), while informative should be interpreted with

caution as the studies were not powered for such analysis

e Only two studies (Marin et al, 2018 and Trimboli 2018) reported

specifically restricting to treatment refractory patients.

e Patients were receiving prophylactic treatments at baseline with
GammacCore being assessed as acute treatment in two studies
(Silberstein et al 2016 and Goadsby et al 2018)

¢ Although randomised trials are generally considered to provide the best
quality evidence, GRADE assessment (Appendix C) suggests that the
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certainty of the evidence for the outcomes of interest ranges from
moderate to very low. This is as a result of the issues highlighted

above.

3.6 Results
Table 4 summarises the results of the included studies by outcome reported.

The EAC note that while each of the included studies reported a response
rate to nVNS for cluster headaches, each of the studies measured response
either as a reduction in pain intensity or as a reduction in attack frequency

depending on whether nVNS was being used acutely or prophylactically.

Overall the published evidence suggests that nVNS as an adjunct to standard
care or extra treatment option for treatment refractory patients may have
some clinical benefits. The EAC considers that the results should be
interpreted with caution as although there were three randomised trials, two of
the studies (Silberstein et al 2016, Goadsby et al 2018) conducted subgroup
anlaysis investigating outcomes for chronic and episodic headache separately
and the studies were not powered for subgroup analysis; in addition, no
significant difference was observed between the groups when considering the
whole cohort. The third randomised trial was an open label trial in chronic

cluster headache patients only.

Two randomised trials, ACT 1 (n=150) and ACT 2 (n=102) reported a
increase in patients achieving pain free status;26.7% (nVNS) versus 15.1%
(sham), p=0.1 (ACT 1, Silberstein et al. 2016) or in attacks achieving pain free
status within 15 minutes of treatment initiation; 14% (nVNS) versus 12%
(sham), p=0.71 (ACT 2: Goadsby et al. 2018) when using nVNS to treat
cluster headache attacks. The reduction in pain intensity was not significant
when considering the whole cluster headache cohort however when looking at
patients with episodic cluster headaches only, the reduction in pain intensity
was statistically significant in patients using nVNS with standard care

compared with those using standard care only.

A third, open label, randomised trial in 97 patients with chronic cluster
headache only, the PREVA trial (Gaul et al. 2016) reported a greater
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reduction from baseline in mean attack frequency in the nVNS + SoC arm
compared with SoC alone with a mean therapeutic gain of 3.9 fewer CH
attacks per week (95% CI 0.5-7.2; p=0.02).. Further, post-hoc analysis of the
PREVA data including 97 patients (Gaul et al. 2017) suggest that the mean
weekly attack frequency was significantly lower with nVNS+SoC compared
with SoC alone and results from an conference abstact (Gaul et al. 2018)
suggests that average decrease in mean weekly attack frequency was

significantly greater for patients using acute nVNS for 276.9% of their attacks.

One UK based cohort study (Nesbitt et al. 2015) reported that the addition of
nVNS to the patients’ standard care suggested a mean improvement in their

condition with 15/19 patients reporting improvements from baseline.

Two cohort studies in treatment refractory patients (Marin et al. 2018 and
Trimboli et al. 2018) indicated a possible positive effect for patients using
nVNS. In a study including 30 patients, mean attack frequency decreased
significantly with nVNS (Marin et al. 2018) however in a second cohort study
only 1/12 patients showed a 230% reduction in weekly CH frequency at month
3 compared with baseline (Trimboli et al. 2018). Trimboli et al (2018) included
treatment refractory patients only and appears to be the only study which

does not have some involvement from the manufacturer.

Treatment failure (use of rescue medication within first 60 mins of nVNS
treatment initiation) did not differ significantly between two groups (Silberstein
et al. 2016). A randomised trial (Gaul et al. 2016) reported a decrease in the
frequency of abortive medication use in the nVNS arm compared with the
comparator arm. Marin et al. (2018) reported that 4 patients were able to use
nVNS as monotherapy to manage cluster headache and Nesbitt et al. (2015)
reported that 3 patients stopped using oxygen or sumatriptan in favour of
nVNS.

One randomised trial (Gaul et al. 2016) assessed quality of life and reported a
change in EQ-5D-3L index score above the minimally important difference in
the nVNS+SoC group which was considered to be clinically meaningful. One
cohort study (Marin et al. 2018) indicated that self reported patient benefits
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included decreased interictal headache pain, no longer being housebound,
ability to return to work or school, improved sleep, decreased absenteeism,

avoidance of surgery intended to treat CH and improved quality of life.

Compliance with treatment plans was formally reported in two studies (Gaul et
al, 2016 and Trimboli et al. 2018). Gaul et al reported that 64.4% of patients in
the nVNS+SoC arm were 280% adherent during the randomised and
extension phase and that 50% of participants assigned to the control arm
were 280% adherent during the extension phase. Trimboli et al reported that
only one cluster headache patient was reportedly non-compliant however
compliance was measured based on when a patient requested replacement
device and is therefore an estimate of compliance. None of the other studies

reported any formal method of assessment of treatment compliance.
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Table 4: Results from Included Studies

Study

Silbserstein et al.

(2016)

Response Rate — Reduction
in attack frequency

Response Rate —
Reduction in pain intensity
Assessed as the proportion Not Reported
of patients achieving a pain

intensity score of 0 or 1 at 15

minutes after treatment

initiation for first CH attack

All CH: 26.7% (nVNS)
versus 15.1% (sham), p=0.1

eCH: 34.2% (nVNS) versus
10.6% (sham), p=0.008

cCH: 13.6% (nVNS) versus
23.1% (sham), p=0.48

Pain free at 15 minutes for
>50% of treated attacks

All CH: 11.7% (nVNS) versus
6.9% (sham), p=0.33

eCH: 15.8% (nVNS) versus
2.1% (sham), p=0.04

cCH: 4.6% (nVNS) versus
15.4% (sham), p=0.36
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Rescue Medication Use

All CH: 38.3% (nVNS) versus
50.7% (sham), p=0.15

eCH: 42.1% (nVNS) versus
48.9% (sham), p=0.53

cCH: 31.8% (nVNS) versus
53.9 (sham), p=0.13

Quality of Life

Not Reported


https://www.ncbi.nlm.nih.gov/pubmed/27593728
https://www.ncbi.nlm.nih.gov/pubmed/27593728

Study

Goadsby et al.

(2018)

Response Rate —
Reduction in pain intensity

Assessed as proportion of all
treated attacks achieving
pain free status within 15
minutes after treatment
initiation.

All CH: 14% (nVNS) versus
12% (sham), p=0.71

eCH: 48% (nVNS) versus
6% (sham), p<0.01

cCH: 5% (nVNS) versus
13% (sham), p=0.13

Odds Ratios (95% CI) from
the GEE (adjusted for site in
the total cohort and in the
cCH subgroup)

All CH: 1.22 (0.42-3.51),
p=0.71

eCH: 9.19 (1.77-47.8),
p<0.01

cCH: 0.41 (0.13-1.30),
p=0.13

Response Rate — Reduction
in attack frequency

Not Reported

Pain free at 15 minutes for Rescue Medication Use

>50% of treated attacks

All CH

17% (nVNS) versus 7% (sham),
p=0.15

Not Reported

eCH

36% (NVNS) versus 8% (sham),
p=0.16

cCH

9% (nVNS) versus 7% (sham);
p=1.00
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Quality of Life

Not Reported


https://www.ncbi.nlm.nih.gov/pubmed/29231763
https://www.ncbi.nlm.nih.gov/pubmed/29231763

Gaul et al. (2016)

Not Reported

Reduction in mean number of
CH attacks/week

In the ITT population,
participants receiving SoC
plus nVNS during the
randomised phase had a
greater reduction from
baseline) in the number of CH
attacks per week than those
receiving control (-5.9 (SE 1.2)
versus -2.1 (SE, 1.2)), for a
mean therapeutic gain of 3.9
fewer CH attacks per week
(95% confidence interval (Cl):
0.5, 7.2; p¥40.02)

Proportion of patients with
250% reduction in mean
number of CH attacks per
week

Response rate was
significantly higher in the
nVNS+SoC group compared
with SoC alone: 40% (18/45)
versus 8.3% (4/48); p<0.001)

Not Reported
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A 57% decrease in the
frequency of abortive
medication use was noted in
the nVNS+SoC group (A= -15
(95% CI: -22.8 to -7.2),
p<0.001) compared with (A= -2
(95% CI: -9.4 to 5.4), p=0.59)
in the control arm (% decrease
NR).

Changes in abortive
medication use were driven by
reductions in use of SC
sumatriptan (p=0.007) and
inhaled oxygen (p=0.02).
These reductions were
maintained through the
extension phase.

Addition of nVNS to SoC
during the extension phase did
not result in a significant
reduction in the use of abortive
medication (A= -3.4, 95% CI: -
11.5 t0 4.7) p=0.40)

EQ-5D-3L changes
from baseline

Inthe mITT
population (baseline
to randomised),
changes from
baseline were
significantly
improved for
nVNS+SoC
compared with SoC
alone — (NVNS+SoC
minus SoC: A=0.194
(95% CI 0.054-
0.334), p=0.007)

The change in EQ-
5D-3L index score in
the nVNS+SoC
group was above
the MID (0.074) and
considered clinically
meaningful.

Addition of nVNS to
the control group
(extension phase)
was associated with
a clinically
meaningful change
(0.078 points (95%
Cl-0.02 t0 0.18)

In the randomised
phase, change from


https://www.ncbi.nlm.nih.gov/pubmed/26391457

Study

Response Rate —
Reduction in pain intensity

Response Rate — Reduction

in attack frequency

Pain free at 15 minutes for
>50% of treated attacks
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Rescue Medication Use

Quality of Life

baseline VAS score
was greater for
nVNS+SoC
(nVNS+SoC minus
SoC: A=8.93 points
(95% CI 0.47-17.39,
p=0.039)

Changes in mean
HIT scores were
greater in the
nVNS+SoC group
compared with SoC
alone and were
above the MID (-2.3
points), the absolute
mean HIT scores
suggest CH attacks
have a substantial
impact on QoL (data
NR)



Study

Gaul et al. (2017)

Nesbitt et al. (2015)

Response Rate —
Reduction in pain intensity

Not Reported

Not Reported

Response Rate — Reduction
in attack frequency

A significantly higher
proportion of patients in the
nVNS+SoC group had attack
frequency reductions from
baseline (=25% and =50%
reduction, p<0.001; 275%
reduction, p<0.009).

3 patients (8%) in the

nVNS+SoC group had a 100%

attack frequency reduction
versus 0% in the SoC group.

There was a reported
reduction in 24 hour attack
frequency with prophylactic
nVNS from a mean 4.5 to 2.6.

Pain free at 15 minutes for

>50% of treated attacks

Not Reported

Not Reported
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Rescue Medication Use

Not Reported

3 patients stopped using
oxygen (n=2) or sumatriptan
(n=1) in favour of nVNS.

N=10 patients reduced oxygen
use by an estimate mean of
55%+8%; 3 continued to use
the same amount of oxygen
and 1 patient reported an
increase by 100%

N=3 patients were able to stop
using triptans but continued to
use some oxygen and 9
patients reduced their use of
triptans by a mean of 48%+6%.

Quality of Life

Not Reported

Not Reported


https://www.ncbi.nlm.nih.gov/pubmed/28197844
https://www.ncbi.nlm.nih.gov/pubmed/25713002

Marin et al. (2018)

Not Reported

Mean (range) attack frequency
with SoC was 26.6 (3.8-77.0)
attacks/week. This decreased
to 9.6 (0-38.5) attacks/wk with
SoC+VNS (p<0.01)

Not Reported
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Patients used a mean (range)
of 0.8 (0-2) preventative
treatments before initiation of
nVNS versus 0.7 (0-2) after
nVNS initiation.

Mean (range) number of acute
treatments used was 1.8 (1-4)
before nVNS initiation versus
1.1 (0-2) after.

N=22 patients used triptan
injection or nasal spray as
acute treatment before nVNS
initiation; 9 (41%) stopped and
12 (55%) decreased their
triptan use during nVNS
treatment

N=27 (93%) patients reported
using high-flow oxygen as

acute treatment prior to nVNS
initiation; 9 (33%) stopped and
17 (63%) decreased their use

Overall,

N= 3 patients were able to
manage their condition with
preventative pharmacological
treatment only and

N=4 were able to use nVNS as
monotherapy

Benefits reported by
patients during
evaluation included:

Decreased
interictal
headache pain

No longer being
housebound

Ability to return
to work or
school

Improved sleep

Decreased
absenteeism

Avoidance of
surgery
intended to treat
CH

Improved quality
of life


https://www.ncbi.nlm.nih.gov/pubmed/30470171

Study

Trimboli et al. (2018)

Response Rate —
Reduction in pain intensity

Not Reported

Pain free at 15 minutes for
>50% of treated attacks

Response Rate — Reduction
in attack frequency

Assessed as >30% reduction
in headache days after 3
month treatment

Not Reported

N=1 showed =30% reduction
in weekly CH frequency at
month 3 compared with
baseline. This patient also
reported a reduction in oxygen
use.

N=2 reported a slight
improvement from baseline

N=3 reported no change

N=6 reported a worsening in
weekly frequency

Abortive Effect

N=0 reported headache relief
using nVNS
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Rescue Medication Use

Not Reported

Quality of Life

Not Reported


https://www.ncbi.nlm.nih.gov/pubmed/28899205

3.7 Description of the adverse events
Adverse events reported in each study are summarised in table 5. The EAC

noted that the cohort studies (Nesbitt et al. 2015, Marin et al. 2018, and
Tromboli et al. 2018) did not clearly differentiate between device related
adverse events and non-device related attack simply reporting all as adverse
events. One study (Gaul et al. 2018) did not report any adverse events
however the EAC acknowledge that this was because the adverse events for
the study cohort had been reported in a previous publication (Gaul et al.
2015).

Reported adverse events were mild to moderate in all studies with no
participants discontinuing nVNS due to adverse events. The most common
adverse events related to device use were localised skin tingling or irritation,

burning, muscle soreness and/or redness at application site.

The EAC noted that the company submission included studies using
GammacCore for indications other than cluster headache in reporting adverse
events. The EAC acknowledges that device related adverse events may be
similar for all indications however it is not clear whether different indications
require different nVNS treatment protocols which may have an impact. It is
less clear whether non device related adverse events would be similar for all
indications and again whether these might be impacted by differences in

treatment protocol.

The EAC considers there is sufficient evidence that there are no serious
device related adverse events in the cluster headache population, which is the

scope population and that the additional studies are not needed.

The EAC did not identify any additional adverse events compared to the

company’s submission when searching the MHRA or MAUDE databases.

Comments from clinical experts suggest that gammaCore is safe and easy to
use for patients with cluster headache. Two clinical experts described
gammaCore as easy to use and patient and user friendly. Two clinical experts
suggested that there were very few side effects and one clinical expert
suggested that there was no need for safety monitoring.
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Table 5: Adverse Events

Study Serious Adverse Application Site Musculoskeletal | Nervous System Serious Adverse | Adverse Treatment
Adverse Device Reactions: Reactions: Lip Disorders: CH Attack, Events Events Discontinuations
Device Events (Any) | Burning, tingling, | or facial Dizziness, Headache,
Events soreness, drooping, Dysgeusia, metallic
stinging, skin pulling, taste
irritation, twitching
redness,
erythema
Silberstein None N=35 reported | "VNS+SoC N=2 nVNS+SoC N=8 | SoC N=7 nVNS + SoC N=1 N=49 reported | None Reported
et al. 2016 =1 ADE Cluster Headache | =ZAE
SoC N=16
Double nVNS+SoC nVNS + SoC
Blind Phase N=11 N=18
Only
SoC N=24 Sham+SoC
N=31
Goadsby et | None N=19 reported | NVNS+SoC N=7 nVNS+SoC N=1 | None nVNS+ SOC N =1 | N=34 reported | None Reported
al. 2018 =1 ADE (severe lower =1 AE
Sham+SoC N=3 abdominal and
Double nVNS+SoC back pain) nVNS+SoC
Blind Phase N=9 N=20
Only
Sham+SoC Sham+SoC
N=10 N=14
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Study Serious Adverse Application Site Musculoskeletal | Nervous System Serious Adverse | Adverse Treatment
Adverse Device Reactions: Reactions: Lip Disorders: CH Attack, Events Events Discontinuations
Device Events (Any) | Burning, tingling, | or facial Dizziness, Headache,
Events soreness, drooping, Dysgeusia, metallic
stinging, skin pulling, taste
irritation, twitching
redness,
erythema
Sham+SoC N=1
(severe depression
and anxiety)
N=49 reported | None reported
Gaul et al. None N=20 reported | None nVNS+SoC N=3 | nVNS+SoC N=8 nVNS+SoC N=2 21 AE
2016 =1 device
related AE SoC N=9 SoC N=2
Safety
Population nVNS+SoC
N=13
SoC N=7
Gaul 2017 Reported in | Reported in Reported in Gaul Reported in Gaul | Reported in Gaul 2016 Reported in Gaul Reported in Reported in Gaul
Gaul 2016 | Gaul 2016 2016 2016 2016 Gaul 2016 2016
Nesbitt et al. | None None None None None None N=2 patients None Reported
2015 reported side
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Study Serious Adverse Application Site Musculoskeletal | Nervous System Serious Adverse | Adverse Treatment
Adverse Device Reactions: Reactions: Lip Disorders: CH Attack, Events Events Discontinuations
Device Events (Any) | Burning, tingling, | or facial Dizziness, Headache,
Events soreness, drooping, Dysgeusia, metallic
stinging, skin pulling, taste
irritation, twitching
redness,
erythema
shifting of
attacks
N=1 patient
reported
transient
worsening of
pain
Marin et al. None None Observed but None None None None None Reported
2018 numbers not
reported
N=2 temporary
Trimboli et None N=5 hoarseness/sore N=1 facial None None None None
al. 2018 throat twitching

N=1 swollen/red
skin around the
face and
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Study Serious Adverse Application Site Musculoskeletal | Nervous System Serious Adverse | Adverse Treatment
Adverse Device Reactions: Reactions: Lip Disorders: CH Attack, Events Events Discontinuations
Device Events (Any) | Burning, tingling, | or facial Dizziness, Headache,

Events soreness, drooping, Dysgeusia, metallic
stinging, skin pulling, taste
irritation, twitching
redness,
erythema
neck
N=1 nausea
(resolved by not
using nVNS

immediately after
meals)

N=1 increased
frequency of bowel
movements/flatus
in one patient
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3.8 Description and critique of evidence synthesis and meta-
analysis
The company submission included results of a pooled analyis of the ACT1

(Silberstein et al. 2016) and ACT2 (Goadsby et al. 2018) trials (deCoo 2019).
The results from the pooled analysis suggest that a statistically significant
proportion patients with episodic cluster headache achieve responder status
at 15 mins (pain score 0-1) for their first attack when using nVNS compared
with standard care and a statistically significant proportion of episodic cluster
headache attacks achieve pain free status at 15 minutes. The proportion of
patients with responder status for 250% of attacks was statistically

significantly greater for NVNS versus standard care in the episodic subgroup.

The EAC noted some key issues to be considered when interpreting the

results of the pooled analysis.

The company submission included a critical appraisal of the pooled analysis
however it used the same appraisal as for randomised trials which the EAC
does not consider appropriate. The EAC noted however that there is no 2019
deCoo publication only a conference abstract published in 2017. As this is a
conference abstract it cannot be critically appraised by the EAC using an
appropriate checklist due to a lack of information. In particular, details of the
methodology of the pooled analysis is limited both in the conference abstract

and in the company submission.

The data extraction table for deCoo 2019 includes outcome data which is not
reported in the ACT1 (Silberstein et al. 2016) or ACT2 (Goadsby et al. 2018)
publications and so cannot be verified by the EAC although the company
have confirmed that this is data collected during the trials. Details in the
methods section suggests that the data for the two trials were simply pooled
and analysed as a single dataset with no weighting given to the contribution of
each of the individual trials. The methods section of the extraction table states
that a fixed effects meta-analysis was used to estimate the pooled effects as
the ACT 1 and ACT 2 studies were homogenous for participants and results
however no data has been presented to support this. The EAC also noted that
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the company submission stated ‘no formal statistical tests for heterogeneity

were performed’ and considers this to an important omission.

One rationale for pooling the data given by the company was the need for
greater statistical power to evaluate differential effects among episodic and
chronic cluster headaches The EAC agrees with the company submission
which notes that the studies were not individually powered to investigate
episodic and chronic cluster headache subgroups, however the EAC does not
agree that pooling the data and analysing it as a single dataset provides
statistical power, no power calculations for subgroup analysis have been
presented in either of the individual studies therefore there is no indication of
what sample size would be appropriate. The main principle of meta-analysis is
that the summary results of the separate trials are combined not the individual
data (Deeks et al 2011). Without the use of formal meta-analysis methods
which include individual study weighting and heterogeneity assessments, it is

possible that results may be inaccurate and misleading.

Overall, based on the information in the data extraction table for deCoo 2019,
the EAC considers this pooled analysis to be a post-hoc simple pooled
analysis of trial data rather than a formal meta-analysis and suggests the
results be viewed with caution. The EAC does not consider there to be a
benefit to conducting a pooled analysis of the data due to the methodological
limitations of such an analysis. The EAC also considers that as the
randomised trials do not represent a treatment refractory population and
gammaCore is being investigated as acute treatment only therefore a more
formal meta-analysis will add limited information at this time however should
the clinical pathway be redefined to include the whole cluster headache
population there may be some benefit to investigating whether it would be
possible to conduct a meta-analysis of all three randomised trials provided the

appropriate outcome data have been collected and could be made available.
Addendum June 2019

Following submission of the Assessment Report, the full publication became
available online (deCoo, 2019).
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Results from the pooled analysis suggest a significant increase in the
proportion of episodic cluster headache attacks that achieve a treatment
response at 15 minutes with nVNS (GammaCore) compared with a Sham
device (39% versus 12%; Absolute Difference 27%, OR=4.67 (1.77-12.32),
p=0.01). This result appears to be driven by the data from the ACT1 trial
which had a much higher proportion of patients with episodic cluster
headache compared with the ACT2 trial (n=101 in ACT1 and n=30 in ACT2).
The pooled results also suggest a significant increase in the proportion of
episodic cluster headache attacks that are pain free at 15 minutes with
GammaCore compared with a Sham device (24% versus 7%, Absolute
Difference 17%, p<0.01). The EAC note that there is a discrepancy between
text and tables with the text reporting an absolute difference of 22%. Full

results from the pooled analysis are detailed in Appendix B.

The EAC have reviewed the full publication and consider that the issues
highlighted in Section 3.8 remain pertinent and should be considered when
interpreting the results of the analysis. Critical appraisal of the full publication
using the AMSTAR checklist (Shea et al, 2017) suggests that the review is of
very low quality (Appendix D).

Key points to consider include:

e this is a post-hoc simple pooled analysis of trial data not a meta-

analysis

¢ no heterogeneity assessment or weighting values for the individual

studies have been detailed

e pooling the data and analysing it as a single dataset does not mean the

study is powered for subgroup analysis.

e no power calculations for subgroup analysis have been presented in
either of the individual studies therefore there is no indication of what

sample size would be appropriate
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3.9 Ongoing studies
The EAC did not identify any ongoing studies to add to the report.
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4 Economic evidence
Published economic evidence

4.1 Critique of the company'’s search strategy
The company submission included a systematic literature search of key

databases relevant to economic publications. The EAC conducted a search
for economic evidence and did not identify any additional studies for inclusion.
The EAC did note one minor discrepancy in the reporting of search results
suggesting that a total of 143 papers were identified and 36 duplicates
removed (section 8.1.2) however section 8.1.3 states 133 abstracts were
identified after removal of duplicates. The EAC considers 133 to be the

correct value as this is number stated in the PRISMA diagram.

4.2 Critique of the company'’s study selection
Details of the inclusion and exclusion criteria in the company submission are

presented in table 1 along with EAC observations and comments.

4.3 Included and excluded studies.
The company submission identified three cost utility models with a payer

perspective, two of which were for gammaCore and one for sphenopalatine
ganglion (SPG) stimulation. All were in chronic cluster headache patients and
all compared costs with acute use of standard of care which comprised

triptans and/or oxygen.

The PRISMA diagram stated that the cost utility models were reported in a
total of seven publications but includes data extraction tables and quality
assessments for only three publications (Morris 2016, Mwamburi 2017 and
Pietzsch 2015). Based on searches carried out, the EAC agrees that the 3
publications included in the company submission represent key economic
publications. The additional 4 studies were not referenced in the submission.
Three were identified by the EAC as abstracts by Gaul at al. (2015a,b,c)
which contain no additional information, and Pietzsch et al. (2017) which

relates to medication reduction following implantation of an SPG device.

The company excluded all of these studies as direct evidence for the

economic submission, however they did describe the studies, as context and
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validation for the de novo model. The EAC did not consider any studies to
have been excluded inappropriately and agree that a brief discussion of
previous models is useful for understanding the submitted model, although

the overall findings are not directly applicable to the UK context.

The EAC also identified two additional models for cost-effectiveness of
gammaCore, although in a slightly different population (Mwamburi et al. 2018,
Jenks et al. (2016a,b). Again, the overall findings have limited applicability,
however the studies are useful for comparing structure and inputs to the

models.

Mwamburi et al (2018) report cost-effectiveness of gammaCore for acute
treatment of episodic migraine from a USA perspective. While a conference
abstract (Jenks 2016a) and a poster (Jenks 2016b) describe a cost utility
model based in the UK. These do not have sufficient information for a full
critique, but point to some variation in approach and assumptions. The
evidence may not be directly applicable to the population specified in the
scope, however it provides a valuable context to understanding the de novo
model structure and validity. For this reason the EAC have included a

summary in the following section.

4.4 Overview of economic studies
All studies discussed in this section have been excluded as not being directly

applicable to the scope, but are useful as validation and context to the
submitted model. They are summarized in table 6. All of the identified models

for gammacCore include a company employee as a co-author.

The most relevant gammaCore study comprises a Markov Chain Monte Carlo
simulation in chronic cluster headache patients from a German payer
perspective with the publication also reporting outcomes for the UK although
this was not the main purpose of the model and the results are presented
briefly as part of the discussion (Morris et al 2016). This model is
subsequently used as the basis for the submitted de novo model. No details
were published of the inputs or structure of how the model was adapted to a

UK perspective.

58 of 140
External Assessment Centre report: MT323 Gammacore for Cluster Headache
Date: [May 2019]



Morris et al (2016) base the resource use on clinical data from the PREVA
study (Gaul et al, 2016) with costs for acute medication for headache attacks.
They report gammacCore to be dominant compared to standard care, from a
German perspective (cost saving and cost effective), however the UK
perspective reported is cost-effective, but with a cost incurred for gammaCore
compared to standard care. EAC communications with the author confirmed
that the only changes made to adapt to a UK perspective were to map utilities

to UK preferences and to use UK based costs.

Both Morris et al (2016) and Mwamburi et al (2017) are Markov models based
on responder and non-responder states. Mwamburi et al. (2017) differentiates
non-responder into partial responder (below the threshold, but still gaining
some benefit) and “failure” where no benéefit is received. Mwamburi et al
(2017) also include re-training costs, with some patients then moving into the

responder state.

Mwamburi (2017) calculate an annual cost for treating cluster headaches
(based on Polson 2017) and apply a cost reduction factor to all patients in the
responder state. This is stated as being based on ACT1, ACT2 and Strickland
(2018), an NHS cohort study into patients with primary headache and multi-
morbidity. The model appears to be driven by the size of the cost-reduction
factor, but no more details are given as to how this was calculated. Mwamburi

et al. (2018) use a similar approach, but with data for the migraine population.

Both models reported by Mwamburi et al (2017,2018) found gammaCore to

be dominant when compared to standard care in the US.

Pietzsch et al. (2015) looked at a different technology, but also split patients
into responders and non-responders. The model compared Sphenopalatine
ganglion stimulation (SPG), an implantable nerve stimulation system, with
standard care. Costs were based on the cost of the implantable technology,
together with the procedure and complications, and the reduced use of
medication for acute attacks. The full paper from a German perspective found
SPG to be cost incurring compared to standard care, but cost-effective. An
Pietzsch et al. (2017) reported reduced medication use in the UK following
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SPG implantation. These have limited relevance due to the very different cost

implications for implantable devices.

A poster and abstract by Jenks et al. (2016a, 2016b) were based on an NHS
cohort study reported in Strickland et al. (2016) and in a full paper at a later
date (Strickland et al. 2018). The included cohort were patients with primary
headache and multi-morbidity. The costs were based on the number of GP
consultations, secondary care visits and the overall number of prescriptions.
Jenks et al (2016a, 2016b) found gammaCore to be cost effective compared
to standard care, but cost incurring, in this UK based study for primary
headache. There was no mention of the costs for abortive medication for
acute attacks, and the prescriptions were costed at a general figure of £8.25

each.

An additional ten cost analyses were included in the manufacturer
submission. These look at general costs for cluster headaches, or reductions
in medication use. The different technologies, and different healthcare
systems for these studies mean that there is very little relevant information
available. They do not include modelling, but are rather a description of
specific costs. The EAC support the exclusion of these studies, however a

brief summary of their population and setting is included in Appendix F

Costs included in other models that are not considered in the Morris et al
(2016) model, or the submitted model, include GP and hospital consultations
(for any reason), prescriptions (for any reason), initial visits to nurse to discuss
possibility of using gammaCore, any repeat training of patients to improve
response rates, and scheduled review consultations. The relevance of these
to the submitted model and their potential impact will be discussed in the

following sections.
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Table 6: Summary of economic models (none directly relevant to scope)

Study Setting |Technology |[Population Study data | Key differences outcomes
Morris Germany |gammaCore  |Chronic CH PREVA Monthly cost, no free period Dominant
2016 (prophylactic) Medication taken from mean values across whole arm.
Morris UK gammaCore |Chronic CH PREVA Changed utility mapping and costs to UK values, these | Cost
2016°% (prophylactic) not specified incurring,
cost effective
Mwamburi [USA gammaCore |Episodic CH |ACT1, ACT2 | Non-responders receive additional training and some Dominant
2017 (acute) then become responders..
Mwamburi [USA gammaCore |Episodic PRESTO + Apply a cost reduction factor to all treatment costs if Dominant
2018 (acute) migrane Strickland gammacCore effective. Three states: responder, partial
2018 responder and failure (0% response)
Pietzsch |Germany |sphenopalatine|Chronic CH Pathway CH1| Cost of device, implantation procedure and associated | Cost
2015 ganglion complications incurring,
(SPG) cost effective
Pietzsch |UK SPG Chronic CH Pathway CH1| Reports reduced cost of medication but does not Reduced
2017# appear to model full pathway cost of
medication
Jenks UK gammaCore  |Primary Strickland Based on reduced primary and secondary care plus Cost
2016# (prophylactic) |headache with {2018 (NHS slight increase in overall prescriptions with gammacCore. | incurring,
multi-morbidity.|cohort study) | No triptan costs specified, generic prescriptions only. cost effective
Includes review appointments. Bi-monthly cost of
gammaCore. 1.8 nurse visits per patient that then
outpatients for gammacCore.
Thavanes |UK Occipital Nerve |Medication Literature Main drivers stated as hospitalisation and acute Cost saving
waran stimulation refractory review medication, but results based on medication use only.
2016* Chronic CH

$ brief mention in Morris (2016), no separate publication
# abstract and/or poster
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4.5 Overview and critique of the company’s critical appraisal for
each study

The company submission included quality assessment checklists for each of
the three full text cost effectiveness publications. The checklist was based on
criteria recognized by the York Centre for Reviews and Dissemination (CRD,
2008). The EAC agrees that this was an appropriate approach to critical
appraisal and agrees with company assessment that the three cost
evaluations represent high quality evidence, for the technologies and
perspectives that they model. None of the papers are directly applicable to the

current submission.

Does the company’s review of economic evidence draw conclusions

from the data available?

The company submission includes a de novo cost analysis and therefore
does not draw any conclusions on the cost effectiveness of the published data
in isolation. The company submission compares the results from one
published economic analysis (Morris 2016) highlighting a number of reasons

why results of the de novo cost analysis differ from the published evidence.

The submission correctly states that all models found gammaCore to be cost-
effective, and that the UK adaptation of the German model found an ICER of
£166.12/QALY gained. Although cost savings were found in German and USA

settings, the UK adaptation found gammaCore to be cost incurring.

4.6 Company de novo cost analysis

Patients

The model is for patients with chronic cluster headaches (cCH). It does not
include patients with episodic CH. Patients in each arm are split into
responders and non-responders, with responders defined as having at least a

50% reduction in the number of attacks in the given time period.

The submission bases the exclusion of eCH on a lack of available data and

the probability that UK patients with eCH would not be expected to receive

gammacCore. This is based on the Marin et al. (2018) study where only 1 out
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of 30 (3%) patients with cluster headaches had eCH. However, Nesbitt et al.
(2015) included 8 out of 19 (42%) patients with eCH. Trimboli et al. (2018)
included 12 patients with cluster headache, none with eCH, however the
study was for primary chronic headache. One expert comment was that

approximately 20% of their patients with cluster headache would have eCH.

The PREVA study does not include patients with eCH, however ACT1 and
ACT2 do, and have been used to model the cost-effectiveness of gammaCore
as acute treatment for episodic cluster headaches (Mwamburi et al. 2017).

ACT1 and ACT2 did not consider preventative use of gammaCore.
Technology

The technology modelled is gammaCore in addition to standard care. The
model is based on the PREVA trial which specified 3 doses twice a day (in
total 6 doses a day) for prophylactic use, with patients also able to take

additional doses as acute treatment for attacks.
Comparator(s)

Standard care is modelled as abortive medication use only, and limited to use
of oxygen, zolmitriptan and sumatriptan. It is assumed that prophylactic
medication would be the same in both arms of the model and is therefore not

included.

The company have excluded verapamil (preventative) as a separate
comparator, based on the limited data available. It is used as part of standard
care in the PREVA trial, however patients were not permitted to change their
prophylactic medication. It is likely that gammaCore would be adjunctive to

use of verapamil where this formed part of existing standard care for patients.

Sphenopalatine ganglion nerve stimulators (SPG) were not included as
comparators, and the EAC agree that gammaCore is likely to be introduced
before more invasive options. The company also note that current NICE IP
guidance for SPG is that it should be used with special arrangements only
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(NICE IPG527). The EAC note that this is currently also the case for
gammaCore (NICE IPG552).

Occipital nerve block is also not included as a comparator, and the company
state it is unlikely to be used in the UK. It is not included in options in NICE
pathways or NHS Choices, however a number of trusts do have leaflets
available, and one expert said that is was widely used as a rescue treatment

for short term benefit.
Model structure

The model is from an NHS and personal services perspective, over a 1 year
time horizon. There is no discounting included which is appropriate for the
modelled time length. The model is based on data from a 4 week period, with
an additional 4 week extension, and therefore restricting the time horizon to 1

year is reasonable.

The structure is a Markov Model with a 1 month cycle, which is an appropriate
length. The states in the model are ‘responder’ and ‘non-responder’ with
responder being defined as having at least a 50% reduction in the number of
attacks during the assessment period. In the submitted base case there are
no changes in the proportion of responders or non-responders after the first
month. Following on from this, there are only very limited variation in resource

use or cost from one month to the next.

Figure 1 taken from Figure C1:0f the company submission

Trial entry

\[o]y]
responder

Responders

Table 7 shows the proportion of patients in each state of the model in the 15t
and subsequent months. All costs are either direct costs of gammaCore

prescriptions, or costs for acute medication use. Medications costs are taken
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from post-hoc analysis of the PREVA trial, and the patient groups used for the

analysis in each state are also shown in table 7.

Table 7. Base case: movement of patients between states, and resource use used
throughout model.

gammacCore Standard care

Responder Non-responder Responder Non-responder

Percentage of patients in each state

15t month 40% 60% 8% 92%
2nd, 314 and
subsequent 27.6% 72.4% 0% 100%
months

Resource use group for patients in each group and arm

gammacCore SOC responder

1st- 39 months gammaCore non-responder (=gammaCore SOC non-
responder responder

on treatment responder)
Subsequent gammaCore SOC non- SOC non- SOC non-
months responder responder responder responder

Total monthly cost for patients in each arm

1t month £169 £308

2" 34 months £182 £326

Subsequent £304 £326
months

These values are for the base case only, as submitted scenarios have

different values for:
e Initial proportion responding to gammaCore

e Rate at which initially responding patients discontinue using

gammaCore

e Resource use for gammaCore non-responder group.

Key assumptions
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Table 8: Key assumptions

Assumptions identified by company

EAC comment

In the base case, treatment response
is defined as 250% reduction from
baseline in the number of CH attacks
per week.

This is a reasonable assumption, and scenario
analysis investigates the impact.

Response rates to gammaCore in
PREVA are generalisable to those of
patients eligible for gammaCore in the
NHS

PREVA sites were split across Europe, with 24 out of
97 patients treated in the UK. All patients have
chronic cluster headaches, but there is no explicit
criteria that they are refractory to medication. The
expectation is that patients in the UK would be
refractory to medication.

Beyond 1 month, responders in the
SoC group are assumed to be non-
responders.

There no explanation given for this assumption. If this
were not true, the cost saving would be reduced to
£251.08.

However, medication use for SOC responders in the
first month is based on that used by gammaCore
responders which is expected to be a conservative
assumption. Subsequently it is based on the mean
value for the whole SOC arm,.

Non-responders in the gammaCore
plus SoC group are assumed to
discontinue prophylactic treatment with
gammaCore after the 3-month
evaluation period but continue use of
abortive treatments.

Non-responders may still receive a reduction in the
number of attacks up to 50%. It is possible that some
of this group would want to continue using
gammaCore. Submitted scenarios have an option for
defining “response” as only a 25% reduction in
treatment.

Patients are reassessed every 3
months for ongoing response and non-
responders in the gammaCore plus
SoC group discontinue prophylactic
treatment with gammaCore.

The model does have options to work in this way, but
the base case has no change in the proportion of
responders and non-responders after the initial
month. It is included in sensitivity analysis.

Discontinuation occurs in 3-month
blocks in line with prescriptions for a
gammaCore refill.

This is the model submitted by the manufacturer,
other time periods have been used historically.

In the base case there is no discontinuation except
after the initial trial. It is considered in sensitivity
analysis.

Use of abortive medication conditional
on responder status is assumed to
remain constant

gammaCore non-responders in 1st 3 months are
assumed to use a reduced amount due to receiving
some benefit from gammacCore.

Medication use is taken from a 2 week period, and
the total follow-up period was only 8 weeks.

Additional assumptions identified by EAC

gammaCore costs are not included in
the sensitivity analysis.

Although this is set by the company and therefore
currently known, there is evidence of it varying
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between settings and over time. Inclusion in the EAC
sensitivity analysis demonstrates the impact of this.
Additionally the number of free months and the
duration of a prescription could be varied (Jenks et al.
2016)

No adverse events are included

This is supported by the clinical evidence. If
medication use is reduced, then this is likely to be a
conservative assumption.

No changes in number of
appointments, in or outpatient or GP

If gammacCaore is effective, this would be conservative
assumption. This is backed up by UK figures reported
in Jenks 2016, although for a slightly different
population.

No cost for initial consultation, training
or support to patient.

This is likely to only be a small increase in
gammaCore costs. Experts have advised that no
significant changes to the pathway are required to
implement gammaCore. EAC scenarios have
investigated the potential impact.

It is valid to use post-hoc analysis of
patients into responder / non-
responder groups to calculate resource
use.

There is a possibility of introducing bias by additional
post-hoc analysis of data. Not all patients are
included (as not all had resource data), and the
number of included patients in the post-hoc analysis
and Gaul at al.(2016) differ.

Summary of the base case

Table 9: Company’s base case results for 15t year of use (including free trial

period). Positive values are cost saving, negative values are cost incurring.

Cost
gammacCore plus Standard care saving
standard care per
patient
gammaCore £517.18 -£517.18
Sumatriptan £2,577.39 £3,505.53 £928.13
Zolmitriptan £206.33 £204.85 -£1.48
Oxygen £147.55 £188.49 £40.95
Total £3,448.45 £3,898.86 £450.42
Lowest Highest
Base-case . .
estimate estimate
Range of cost-savings with £450.42 £103 £1.120
gammaCore

These are taken from the lowest and highest cost savings reported in the

submitted one-way sensitivity analysis. The lowest estimate is £103 cost

incurring.
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Clinical parameters and variables

The clinical parameters used are the percentage of patients who are classed
as responders and non-responders based on at least a 50% reduction in
frequency of attacks. All these parameters are based on the PREVA trial. A
small number are drawn directly from the main published paper (Gaul et al.
2016) reporting the study. The majority of parameters are from post-hoc
analysis. Some of these results are reported in Morris (2016), the majority are
unreported elsewhere. It is reasonable to use clinical outcomes from study
data, however where it is unreported elsewhere the EAC is unable to check
the values or critique the appropriateness of the values selected to report or

the methodology

The PREVA trial is for patients with chronic cluster headaches, using
gammaCore as a prophylactic with 2 treatments of 3 doses each day.
However there are no inclusion criteria that require the patients in PREVA to
be refractory to treatment, although the authors do suggest in the discussion
that patients in PREVA are refractory to medication. The EAC asked the
company for further details, and the full inclusion criteria are included in
Appendix H. These do not include any requirements to have tried alternative
medication without success. Trimboli et al (2018) suggest that the response in

refractory patients may differ from patients who are not.

The model is intended to be for patients who are refractory to other
medication. The only study that clearly defines criteria for medication
refractory patients, and has this as an inclusion criteria is Trimboli et al. 2018
This study finds that only one out of 12 patients with chronic CH had a
reduction >30% in weekly CH frequency. Three patients were offered
continued use of gammaCore. One patient elected to continue using
gammaCore at the end of the 3 month long study, and discontinued after 10
months. There was no reduction in sumatriptan use Both the studies reported
by Marin et al. (2018) and Nesbitt et al. (2015) included some patients who
were described as medication refractory. In both these studies there was a
decrease in frequency of attacks and a decrease in the use of abortive
medication. Further details of the studies are in section 3.3.

68 of 140
External Assessment Centre report: MT323 Gammacore for Cluster Headache
Date: [May 2019]



Resource identification, measurement and valuation

Resource use is based entirely on the direct cost of providing gammaCore
and the included abortive medications as recorded in the last 14 days of the
PREVA trial. PREVA is spread over a number of European sites with the 24 of
the 97 patients treated in the UK, 13 of whom were in the gammaCore arm.
The study had a 4 week run-in phase followed by a 4 week randomised phase
and a further 4 weeks extension where patients receiving standard care were

able to receive gammaCore.

The company stated in EAC communications that the resource use data for

the gammaCore arm is taken from 35 patients in the PREVA trial who had

“‘matched data (attack frequency and resource use) available from both the
randomised phase and the open label phase of the PREVA study. 35 is the
validated number and all of the data for the model was produced and

validated by an independent statistician”.

17 of the 35 were responders (at >50%), and the resource use for these 17
patients is used for the gammaCore responder arm. The 35 patients are
drawn from a total of 45 ITT randomised to gammaCore plus standard care.
The inadequate handling of missing data by using complete case analysis

introduces potential bias.

Gaul et al. (2016) report data on sumatriptan and oxygen use for 32 patients
who are reported as having information available at baseline and the end of
the randomised phase. The company were asked about the difference in
numbers, and explained that they were unable to match exactly the same
patients that were used in the original analysis. The full response is included

in the EAC correspondence log.

The Standard care data is taken from a set of 42 patients from a total of 48
ITT in the randomized phase. This is used for both the standard care arm, and

all but the first 3 months of the gammaCore non-responder.

Table 10: Base Case Resource Use
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mean | SD Standard Error
gammacCore responders (50% reduction) n = 17
zolmitriptan 0.6 1.54 0.37
sumatriptan 25 3.78 0.92
oxygen 2.2 4.71 1.14
Standard care, n = 42
zolmitriptan 13 3.6 0.56
sumatriptan 7.5 9.6 1.48
oxygen 10.8 15.3 2.36
gammacCore non-responders, used for first 3 months only , (50% reduction) n= 18
zolmitriptan 2.5 7.4 1.74
sumatriptan 4.1 9.23 2.18
oxygen 11.2 14.77 3.48

PREVA resource use is reported in Gaul et al (2016) by treatment group at
baseline, the last 14 days of the randomized phase and the extension phase.
The figures in Gaul et al (2016) show that for both subcutaneous sumatripton
and oxygen, there is an increase in medication use between the randomized
and extension phase. This may be driven by individual patients increasing
their medication use over time, or it may be driven by the inclusion of cross-
over patients. These patients were reported as having no significant changes
following commencement of gammaCore. Gaul et al (2016) speculate that this
may be because of improvements in their condition due to placebo effect in
the randomized part of the trial may mask any impact due to gammaCore.
This assumes that the placebo effect of being in a trial is greater that the
placebo effect of believing that you are being given a new effective treatment.
It is also possible that the effect seen by the gammaCore arm during the

randomised element was exaggerated by the placebo effect.

Marin et al (2018) and Nesbitt et al (2015) are both UK studies including
treatment refractory patients. Both of these found a reduction in the number of
attacks and a reduction in the use of triptans. Trimboli et al. (2018) is also a
UK study including only patients who are treatment refractory finding that for
12 patients with cluster headaches, only 1 had >30% reduction in attack
frequency. None of these UK studies are comparative, and patient numbers

are small. The studies are discussed in more detail in the clinical evidence.
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The proportion of patients taking nasal vs. subcutaneous sumatriptan was
taken from unpublished patient-level data from Marin et al. (2018). One expert

advisor felt that this reflected their experience.

There are no resource uses modelled for inpatient, outpatient or GP
resources associated with attacks. If gammaCore is effective then this would
be expected to be a conservative assumption, since gammaCore would
reduce the frequency of attacks, and therefore the frequency of associated

resources.

There are no resource uses modelled for any psychological support required
to cope with the results of chronic unresponsive cluster headaches. Again this
would be expected to be a conservative assumption since gammacCore is

modelled as improving outcomes (shown as reduction in medication use).

There are no costs or resources included for adverse events, although the
submission states that adverse events directly associated with gammaCore

are very rare.
Any adverse events associated with cCH are also not modelled.
Technology and comparators’ costs

GammacCore is provided at no cost for the initial 3 months trial. After this there
is a requirement to purchase a card every 3 months to allow the device to
function. The refill card activates the gammaCore device so that it is able to
deliver 93 consecutive days of nVNS therapy. On each of the 93 days, a
patient can use a maximum of 30 stimulations within that 24 hour period. After
24 hours, another 30 doses will become available. The gel is replaced along
with the refill card. There is no additional cost, and if patients require extra gel
for any reason, the company will send this free of charge. Training is provided
free of charge by electroCore. There are no other costs to gammaCore

included in the model.

This charging model can vary between different countries and at different time

points. Other previous models have been costed on the total number of doses
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(Morris 2016), or refills may be every one or two months (Jenks 2016). Not all

models include an initial free trial, and the duration of this may vary.

In addition Jenks et al (poster) included the cost of a nurse led discussion of
gammaCore with patients prior to deciding on treatment. The cost was based
on 1.9 appointments at £11.37 each for every patient who actually entered the

model.
Sensitivity analysis

Costs of the technology are not included either in the one way or probabilistic
sensitivity analysis. Although current prices may be known with certainty this
does not allow us to consider the impact of negotiation of different pricing

structures, or future changes in costs.

There is no consideration of changing the charging model, for instance to
have a different trial length at the start of use, or to prescribe in 1 month or 3

month periods.
The probabilistic sensitivity analysis also excludes gammaCore costs.

The submission included extensive scenario analysis, each using resource
data from unpublished post-hoc analysis of the PREVA trial. The resources

were calculated on subgroups depending on the response rate seen.

Number of patients in the gammaCore responder sub-groups varied between
10 and 26 patients. The mean use of sumatriptan in the gammaCore

responders varies between 2-3 doses per 14 days.

It should be noted that use of sumatriptan remains relatively constant between
the subgroups, and that as this is the main driver of costs, there is little

change in the results.

Table 11: Scenario Resource Use PREVA Responders

Responder PREVA Zolatriptan | Summatriptan Oxygen gammacCore SoC Difference
definition | responder | (doses/14 (doses/14 (doses/14 plus SoC
n= days) days) days)
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25% 26 0.8 25 3.5 £3,556 £3,899 -£343
40% 20 1.0 3.0 2.8 £3,505 £3,899 -£394
50% using

means 32 1.6 2.8 6.5 £3,795 £3,899 -£104
50% 17 0.6 2.5 2.2 £3,448 £3,899 -£450
65% 10 0.0 2.0 0.7 £3,387 £3,899 -£512

The scenario with the lowest cost saving is where the resource use is based
on the mean resource use across the whole of the gammaCore arm, as was
presented in Morris et al. (2016). In this scenario the first three months are
cost saving, as gammacCore is provided free of charge, however the cost-
savings are lower than other scenarios since the gammaCore non-responders
have SoC resource use. In all of the subsequent months gammaCore is
slightly cost incurring, due to increases across all medication types from the

base case. Over a year the model still finds gammaCore as cost saving.

The second group of scenarios modelled are using different rates of
reduction in gammaCore use, so that its use gradually approaches zero at the
end of 1 year. This is reproduced for all the variations in responder definition,

and reduces the cost saving slightly in each case.

The third group of scenarios modelled uses the PREVA gammaCore baseline
medication use for the gammaCore non-responders rather than reverting to
standard care values. This is reproduced for all the variations in responder

definition and increases the cost saving in each case.

4.7 Interpretation of economic evidence
The company’s interpretation of economic evidence included a description of

the differences between Morris et al (2016) and submission.

The key differences are that the submitted model provides a free 3 month
trial, and the change from using the mean value of medication use for the

whole gammaCore arm, rather than just for the responder group.
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If gammaCore were not provided free of cost for the initial 3 months, the

model would not be cost saving.

The company state that Morris et al. (2016) modelled costs that were less
generalisable to clinical practice and abortive medication use conditional on
responder status was less robust.

It is hard to comment on the robustness of the data as we do not have
sufficient information; this analysis is not included in the published papers. It
should be noted that both Morris et al. (2016) and Jenks et al (2016) found
gammacCore to be cost incurring in the UK although using different modelling
approaches (and for Jenks et al, 2016) a slightly different population. Morris et
al (2016) did not include a free trial period, although there was a cost-free
period included by Jenks et al (2016).

4.8 Results of EAC analysis
The EAC have not made any changes to the base case submission, but have

added some extra fields into the sensitivity analysis and scenarios.

Although there are some uncertainties about the data used and the
appropriateness of the patient population, the EAC have not identified an
alternative, more robust data source that could be used in this patient

population, in this setting.

Base-case analysis results

The EAC did not alter the base case results
Sensitivity analysis results

Additional scenarios were run where the model was changed to remove the
cost free 3 month trial. This was applied to all the company scenarios. The
only scenarios that remained cost saving were those where gammaCore non-
responders baseline medication use was used for the gammaCore non-
responder group, rather than values from the standard care arm. The EAC
believe that the use of the standard care medication use (as is calculated in
the submitted base case) for gammaCore non-responders is the more realistic

option. Thus, without the free trial, gammaCore would not be cost-saving.
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In all scenarios, the bulk of the cost saving occurs in the first 3 trial months.

Following this the model is slightly cost-saving in the base case, in some other

scenarios it is slightly cost-incurring each month (after the free trial), however

these costs do not increase sufficiently in one year to make the overall model

cost incurring.

The previous model by Morris et al (2016) did not have a free 3 month trial,

and this is likely to be one of the major causes of the cost incurring result.

Where the one-way sensitivity analysis is re-run with the free trial maintained,

but gammaCore costs varying by 20% in either direction (low £500, high

£750) the gammaCore cost comes into the tornado diagram as the 5th largest

change. It still remains cost saving at both of these values.

If we include 20% variation on all costs, and allow gammaCore 1st 3 months

to vary between 0 and £625 the following results are seen:

Figure 2 EAC tornado diagram using the submitted base case and including
variation of all costs by 20% and cost of first 3 months between 0 and £625.

sumatriptan doses per 14 days - SoC non responder
sumatriptan doses per 14 days - gCore non responder (on Tx)
gCore first 3 months cost

sumatriptan doses per 14 days - gCore responder
sumatriptan s.c. per unit cost

% of sumatriptan treatments that are s.c.

gCore cost per 3 months

zolmitriptan doses per 14 days - gCore non responder (on Tx)
zolmitriptan doses per 14 days - SoC non responder
Probability of response - gCore

oxygen doses per 14 days - SoC non responder

zolmitriptan doses per 14 days - gCore responder

oxygen doses per 14 days - gCore non responder (on Tx)

Probability of discontinued response per month for initial- -

Tornado gammacCore plus SoC vs. SoC

-£1,200£1,000-£800 -£600 -£400 -£200 £0 £200
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This confirms the idea that the gammaCore costs and sumatriptan use/costs
are the key drivers of the model, and that the cost saving depends on a

reduced use of Sumatriptan and the free trial at the start of gammaCore use.
Subgroup analysis

The EAC did not complete any sub-group analysis.

Model validation

There is no detail provided of the validation by clinical experts. The model is
based on the previously published model resulting from the PREVA study.
This has been published in a peer reviewed journal (Morris et al. 2016), and
reported costs from a German perspective. This model found gammaCore to
be cost saving, however the scenario from a UK perspective found
gammaCore to be cost incurring (although cost effective). The publication
gave no details of the adaptation, however in correspondence with the EAC
the authors stated that the only changes were to use UK prices and utilities..
The authors of Morris et al. 2016 include representatives from the company
and the group who developed the submitted model, and therefore is not an
independent validation of the submission results. All identified economic
models and clinical inputs to the model are co-authored by the company. and

in most cases have received funding from the company.

4.9 EAC Interpretation of economic evidence

The EAC have not made changes to the structure or assumptions in the
model. Although there are uncertainties in the data and inputs, we do not

have additional data available that would give a more robust base case.

The EAC have considered the model structure and inputs, together with input
from expert advisors, previous models and other clinical papers. As a result
the EAC have investigated possible changes or scenarios to understand how
much emphasis and certainty to place on the modelled results. The scenarios
are not presented in full, as none of them had sufficient justification to change
the base case, given the information available. Additional scenarios were

modeled during quality assurance of the model, including scenarios that are
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not clinically realistic. Again, these assist in understanding the model, and are

presented in Appendix G.

Changes considered by the EAC, the rationale for them and the possible

impact are in table 12

Table 12: Changes considered by the EAC

Potential change

Rationale

Potential Impact

Use the 50% with means as
base case

This is the only publically
available clinical data from
PREVA for this population.
This data reduces the
possibility of bias due to
selecting sub-groups for
post-hoc analysis.

Modelled as a
scenario in the
submission,
decreases cost
saving

Gammacore non-responder
costs for first 3 months —is it
reasonable to still reduce
medication use for this
group?

Non-responders will include
anyone with a response
rate of less than 50%, and it
is therefore reasonable to
include a reduction in
medication for attacks.

Removing this
would reduce the
gammaCore cost
saving, but only
slightly

Initial set up costs of
gammacCore and the cost of
review appointments.

This has been considered
but most expert views to
date point to reviews being
included in routine
appointments

Jenks et al (2016) included
the cost of a nurse
appointment to discuss
gammacCore with potential
patients, with 1.9
appointments per patient
who took up gammaCore
use

Modelling to include
areview
appointment and
initial nurse
discussion was
included in the QA
scenarios.

The model
remained cost
saving, but at a
reduced amount.

Introduce a third state of
partial responders

This could be used to
understand the impact of
patients with only a small
effect from gammaCore still
wishing to continue using it.
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Impact on the cost difference between the technology and comparator
of additional clinical and economic analyses undertaken by the External
Assessment Centre

The EAC did not make any changes, however the table 12 illustrates changes

that were considered and the potential impact they could have.
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5 Conclusions

5.1 Conclusions on the clinical evidence
The evidence is comprised of a small number of studies including randomised

trials and observational studies with UK specific evidence limited to
observational data. All but one of the published studies (Trimboli et al, 2018)
have company involvement in terms of data collection, analysis and
authorship however the EAC acknowledge that the prevalence of cluster
headaches is very low therefore it is unlikely that large randomised trials

would be possible.

Overall the published evidence suggests that patients with cluster headache
may benefit from using GammaCore however the degree of benefit is not
clear and as none of the studies follow-up for more than a few weeks, there is

no evidence of whether any benéefit is sustainable long term.

There is some evidence from two randomised trials (ACT 1 and ACT 2) that
patients with episodic cluster headache achieve a better response compared
with patients with chronic cluster headache however the trials were not
powered for this subgroup analysis so these results should be considered with
caution, particularly as when considering the whole cohort (episodic and
chronic) the benefit of gammaCore was not significant. In addition, the
PREVA trial included chronic cluster headache patients only and reported a

significant benefit of gammacCore.

Pooled analysis of the data from the ACT1 (Silberstein et al, 2016) and the
ACT2 (Goadsby et al, 2018) trials suggest that episodic cluster headaches
achieve a significantly better response with nVNS compared with Sham

treatment but this did not extend to patients with chronic cluster headaches.

It is important to consider that in all three trials, gammaCore was used in
addition to standard care and not in treatment refractory patients. The ACT 1
and ACT 2 trials used gammaCore as an acute treatment in addition to
standard care and the PREVA trial used gammaCore prophylactically as an
adjunct to standard care. It is therefore possible that the benefit to patients
lies in the addition of gammaCore to their current treatment.
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5.2 Conclusions on the economic evidence
The key premise of the submitted model is that

e The only additional costs incurred when a patient commences using

gammaCore are 3 monthly prescriptions after a free 3 month trial.

e Patients who respond to gammaCore will have a reduced level of

medication use for acute attacks, particularly for Sumatriptan.

e Patients who do not have the defined response rate will stop using

gammaCore and revert to standard care.

With the current structure even if no patients meet the threshold to be defined
as responders, the model would show a very small cost saving. This is
because there is no cost to gammaCore modelled during the 3 month trial,
and there is a small reduction in medication use for non-responders who are
using gammaCore. After 3 months the ongoing costs would be the same in

each arm, as no patients would be using gammaCore

The model relies on the free trial and the reduction in sumatriptan to give a
cost-saving result at one year. Were the price structure to change and the free
trial be withdrawn, or, if the reduction in sumatriptan were not realized, then

the model would no longer be cost saving.

The model is very robust to the submitted sensitivity analysis and alternative
scenarios, but relies totally on part of a single small data set, only partially

based in the UK, with extensive unpublished post-hoc analysis.

6 Summary of the combined clinical and economic sections
The EAC concludes that there may be some patients who benefit from using
gammaCore as a prophylactic and/or acute treatment for cluster headaches

although the extent of the benéefit is less clear at this time both in terms of the
degree of response and duration of response.
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GammaCore may lead to cost savings however this is highly dependent on

the availability of the free three month trial provided the company and

reductions in use of other medications use, primarily sumatriptan

7 Key Considerations

The EAC have identified some key areas for discussion and consideration

which are outlined in table 13.

Table 13: Key Considerations

Key Point for Consideration

Consider

All but one of the studies in the clinical
submission have company involvement and the
one independent study is the only study which

reported negative results.

Randomised trials may not happen
without support from the company,
however the degree of involvement
from the company should be
considered and any role in research

clearly defined.

Current published evidence comprises only 3
randomised trials and 4 cohort studies all with a
number of methodological concerns which

potentially limit their usefulness

Prevalence of cluster headache in the

UK is very low.

A large, UK based, blinded randomised

trial is unlikely to be possible

Only two of the published studies are in a
population restricted to treatment refractory
patients and only one of those provides a

definition of treatment refractory

Is it possible that the clinical pathway
and the place for GammaCore needs
more discussion however careful
consideration to ensure the pathway is
being defined according to clinical need

rather than evidence availability.

All results are based on patient reported
outcomes which, while appropriate, may be

subject to bias

Patients are the best judge of whether
their condition is improving or not so
patient reported outcomes are the most
appropriate however consider the
possibility of placebo effects, possible

bias (recall etc).
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Subgroup analyses were conducted in two
randomised trials, looking at results in episodic
cluster headache and chronic cluster headache

separately

Results should be interpreted with
caution as the studies were not

powered for subgroup analysis.

Consider how the results from ACT 1
and ACT 2 compare with results from
other studies however it is important to
note that although other studies found
clinical benefit in chronic cluster
headaches, there are differences in

methodology and use of gammaCaore.

Extensive post-hoc analysis of patients into
responder / non-responder groups was used to

calculate resource use in the model.

There is a possibility of introducing bias
by additional post-hoc analysis of data.
Not all patients are included (as not all
had resource data), and the number of
included patients in the post-hoc
analysis and Gaul at al.(2016) differ.

The cost-saving depends on the availability of a

free trial period

This should be clearly understood by

future users.

8 Implications for research

The EAC considers the possibility of a large, blinded randomised trial would

be difficult to achieve in the UK given the low prevalence of the condition. For

this reason the EAC considers that a clinical audit would be the most

appropriate way to generate evidence.

Key information should include

e A clear definition of the clinical pathway and where gammaCore is

intended to fit based on most likely benefit.

e Consideration should be given to potential subgroups that might benefit

differently, for example treatment refractory patients, patients with

chronic cluster headache, patients with episodic cluster headache
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e Long term follow up data should be collected and reported to
investigate whether any benefit from gammacCore is sustained over

time

e QOutcome data should be clearly defined not just in terms of the
outcome itself but also in terms of the unit of measurement so that data

from different centres can be collated and analysed effectively.

¢ A standardised method through which to measure patient response

and compliance with treatment protocols should be defined.

e Potential confounding factors, such as co-morbidities and other

medications, and their effect should be considered.
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9 Appendices

Appendix A - Company and EAC literature search strategies and
PRISMA diagrams

Company search strategy for clinical evidence and adverse events

The Medline and Medline In-Process databases were searched through
PubMed.gov using the Entrez service provider. The Embase and Cochrane
Library databases were searched using the OVID and Wiley service
providers, respectively. Searches were limited to articles published between 1
January 2005 and 21 February 2019 for clinical evidence and 6 March 2019

for adverse events.

Search terms for clinical evidence were (“headache” OR “migraine” OR
“cardiovascular”’) AND (“non-invasive vagus nerve stimulation” OR
‘noninvasive vagus nerve stimulation” OR “gammaCore” OR “transcutaneous
vagus nerve stimulation”) AND ("safety" OR "safe" OR "tolerability" OR "side
effect" OR "adverse event"). In the PubMed search, “humans” was used as a
MeSH term, language was specified as English, and no search limits on
article type were defined to ensure the identification of all relevant studies,
including clinical trials and real-world and observational studies. In Embase,
the Title or Abstract field was used to search for the terms, and results filters
were applied for diseases (migraine, headache, chronic cluster headache,
episodic migraine, cluster headache, transformed migraine, migraine without
aura, primary headache, episodic cluster headache, menstrual migraine,
migraine with aura, and drug induced headache), study types (humans), and
publication types (article). In the Cochrane Library, the All Text field was used

to search for the terms, and a search limit was defined to identify trials only.

Search terms for adverse events were (“headache” OR “migraine” OR
“cardiovascular”) AND (“non-invasive vagus nerve stimulation” OR
“noninvasive vagus nerve stimulation” OR “gammaCore” OR “transcutaneous
vagus nerve stimulation”) AND ("safety" OR "safe" OR "tolerability" OR "side
effect" OR "adverse event"). In the PubMed search, “humans” was used as a
MeSH term, language was specified as English, and no search limits on
article type were defined to ensure the identification of all relevant studies,
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including clinical trials and real-world and observational studies. In Embase,

the Title or Abstract field was used to search for the terms, and results filters

were applied for diseases (migraine, headache, chronic cluster headache,

episodic migraine, cluster headache, transformed migraine, migraine without

aura, primary headache, episodic cluster headache, menstrual migraine,

migraine with aura, and drug induced headache), study types (humans), and

publication types (article). In the Cochrane Library, the All Text field was used

to search for the terms, and a search limit was defined to identify trials only.

To identify unpublished studies the company searched ClinicalTrials.gov and

the World Health Organization International Clinical Trials Registry Platform
(WHO-ICTRP) databases.

The company also searched their own publically available repository of

conference abstracts.

Company’s PRISMA diagram for published studies of nVNS for cluster

headache

Identification

Screening

Eligibility

Included
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55 records identified through
database searching

A A

35 records after duplicates removed

A

35 records screened

A4

22 records excluded

A 4

13 full-text articles

assessed for eligibility

l

6 studies included in
qualitative synthesis

2 studies included in
quantitative synthesis
(meta-analysis)

| 7 full-text articles
7| excluded

® 4 review articles

* 3 articles not
reporting primary
prespecified data of
a study
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Company’s PRISMA diagram for unpublished studies of nVNS for
cluster headache

=
2
A
5 18 records 1dentified through 5 additional records identified
% dafabase searching in the published study search
=
L
=
L}
A 4 N
o 19 records after duplicates removed
g
=
EE L
> 19 records screened »| 16 records excluded
2;. L 4
i 3 full-text sources assessed | 2 full-text sources
En for eligibility | excluded
= ¢ | non—cluster
headache study

1 source included in * 1 post hoc analysis

qualitative synthesis
E
E ¥
&
o 1 source included in

quantitative synthesis

(meta-analysis)

EAC search strategy for clinical evidence and adverse events

The EAC designed a search strategy in Medline (Ovid) incorporating the
main elements of the scope, presented below, and translated it to the
databases listed in the table below. One strategy was designed to identify
published clinical evidence, evidence reporting adverse events and economic
evidence. Citation tracking of the EAC’s included clinical papers (Gaul et al.
2016, Gaul et al. 2017, Goadsby et al. 2018, Marin et al. 2018, Nesbitt et al.
2015, Silberstein et al. 2016, Trimboli et al. 2018) was conducted in Google

Scholar.
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Date Database Name or Total Total number of Total number of
Resource Number of records loaded into records from
records Endnote databases after de-
retrieved (Duplicates not duplication
imported)
20/03/19 | Medline All (Ovid) 34 34
28/03/19 | Embase (Ovid) 76 59
28/03/19 | The Cochrane Library 10
(Wiley)
CDSR 0
CENTRAL 27
28/03/19 | CRD databases: 0 0
DARE
HTA
NHS EED
28/03/19 | Scopus (Elsevier) 36 15
28/03/19 | Web of Science (SCI- 49 16
EXPANDEDCPCI-S,
ESCI)(Clarivate
Analytics)
28/03/19 | Pubmed 27 20
124
28/03/19 | MHRA 0 0
28/03/19 | MAUDE 1 0
(same as
company
submission)
28/03/19 | Clinical Trials.gov 3 0
(all
completed,
no ongoing
studies)
28/03/19 | ICTRP 0 0
28/03/19 | Citation Tracking of: 0 additional 0
Gaul 2015, Gaul 2017, relevant
Goadsby 2018, Marin records
2018, Nesbitt 2015,
Silberstein 2016,
Trimboli 2018, Jenks
et al. 2016, Morris et
al. 2017, Mwamburi et
al. 2017a
in Google Scholar
Limited to >/=2018
24/04/19 | Mwamburi et al. 2017b 1 1 125
— included studies
checked for relevance
Ovid MEDLINE(R) ALL <1946 to March 19, 2019> Search Strategy:
1 "cluster headache™.tw. (2903)
2 trigeminal autonomic cephalalgias/ or cluster headache/ (2645)
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3 1o0r2(3568)

4  gammacore.tw. (18)

5 "non-invasive vagus nerve stimulation".tw. (43)

6 nVNS.tw. (55)

7  Transcutaneous Electric Nerve Stimulation/ (4366)
8 "transcutaneous vagus nerve stimulation".tw. (85)
9 "noninvasive vagus nerve stimulation".tw. (19)

10  or/4-9 (4485)

11 3and 10 (34)
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Screening Identification

Eligibility

Included

EAC’s PRISMA diagram for clinical and economic published studies of
nVNS for cluster headache

Records identified through Additional records identified
database searching through other sources
(n =154) (n=0)
v v

Records after duplicates removed

(n=124)
A 4
Records screened > Records excluded
(n=124) (n=108)
A 4
Full-text articles assessed Full-text articles excluded, with
for eligibility reasons
(n=16) (n=9)
2 - cost effectiveness
5 - review type articles
Y 1 - expert recommendations
Studies included in 1 — focus not cluster headache
qualitative synthesis
(n=7)

A 4

Studies included in
guantitative synthesis
(meta-analysis)

(n=0)
A\ 4 Studies referred to in
Studies included in economic discussion for
economic analyses > context only
(n=0) (n=7)
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Appendix B: Data Extraction Tables for Included Studies

Study name Silberstein et al Goadsby et al Gaul et al (2015) Gaul et al (2017) Nesbitt et al (2015) | Marin et al Trimboli at al
(2016) (2018) (2018) (2018)

Objective To evaluate non- To confirm and To examine non- To investigate the To audit the To audit real- To assess
invasive vagus extend the results invasive VNS (nVNS) | time to therapeutic usefulness of a non- | world data from whether non-
nerve stimulation from ACT 1 by as adjunctive benefit onset and the | invasive nVNS patients with CH, | invasive
(nVNS) as an acute | examining additional | prophylactic therapy | response rate levels | device in patients the majority being | neurostimulation
CH treatment outcomes for CH attacks in associated with with cluster treatment approaches such

patients with chronic | adjunctive nVNS headache refractory, to as nVNS, have a

cluster headache. used in cCH explore early role in the CH

prophylaxis clinical treatment

experience with pathway before
nVNS used considering
acutely, invasive
preventatively or | neurostimulation
both. procedures

Location USA (20 centres) Four European 10 European sites 10 European sites Tertiary headache 10 clinical centres | Headache Centre

Countries including including 3 in the UK | including 3 in the UK | centre in the UK in the UK at a UK hospital
the UK (9 tertiary
care centres)

Design Randomised Randomised, double | Randomised, multi- Post-hoc analysis Clinical audit of Retrospective Prospective
double-blind, sham | blind, Sham centre, open label, of data from a patients treated with | data analysis cohort study
controlled Controlled Trial parallel group study. | randomised, multi- non-invasive nVNS (non-
prospective study NCT: 01701245 centre, open label, device comparative)

parallel group study | (gammaCore).
Non-comparative
study
Duration of February 2013 to September 2013 to October 2012 to October 2012 to January to May 2012-March | January 2014-
study October 2014 October 2014 March 2014 March 2014 December 2012 2016 August 2016

Double blind phase
( 1 month)

1 week run in period

2 week double blind
period

2 week run in period

4 week open label

randomisation period

2 week run in period

4 week open label
randomisation period
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Study name Silberstein et al Goadsby et al Gaul et al (2015) Gaul et al (2017) Nesbitt et al (2015) | Marin et al Trimboli at al
(2016) (2018) (2018) (2018)
Open label phase Open label period Optional 4 week Optional 4 week
(3 months) period where all period where all
participants could participants could
have nVNS plus have nVNS plus
standard care standard care
Patient N=150 N=102 N=114 N=97 patients who N=25 patients with N=30 patients N=42 consecutive
population were randomised as | cluster headache with cluster medically
Randomisation: 1:1 | Randomisation: 1:1 Randomisation: 1:1 part of the PREVA h(_aadache (29 refr.actory .
study. with cCH) patients meeting

using variable block
design (stratified by
site).

Trained study site
personnel allocated
the devices

Investigators,
participants and
study co-ordinators
were blinded

using a standard
design with a block
size of 4 using
sealed envelopes.

Unblinded trainers
provided the
appropriate device to
patients

by standard block
design to receive
either standard care
(SoC) plus nVNS or
standard care alone.

the ICHD criteria
for CM and TACs

N=12 with cCH

Sample size

A sample size of
120 participants
was determined to
provide 82% power
(p=<0.05 for a two
sided test).

A planned
enrolment of 150
participants would
allow for a 20%
attrition rate.

A sample size of 54
participants per
group was calculated
to provide 80%
power (primary
outcome) based on
10% dropout rate
and assuming a
response probability
of 0.3 for the Sham
group and 0.6 for the
gammaCore group

A sample size of 40
participants per arm
was calculated to
provide 80% power
to detect a difference
between the
outcomes for the
primary outcome
using a two sided
test with a<0.05.

No sample size
calculation for these
outcomes as itis a
post-hoc analysis. A
sample size
calculation was done
for the primary
outcome in the
original trial but is
not appropriate to
this analysis.

No sample size
calculation reported

No sample size
calculation
reported

No sample size
calculation
reported

External Assessment Centre report: MT323 Gammacore for Cluster Headache

Date: [May 2019]

94 of 140




Study name

Silberstein et al
(2016)

Goadsby et al
(2018)

Gaul et al (2015)

Gaul et al (2017)

Nesbitt et al (2015)

Marin et al
(2018)

Trimboli at al
(2018)

Enrolment of 90 with
a 10% dropout was
planned

Mean frequency of
CH attacks was
estimated at baseline
to be 4.0 per week

Predicted reductions
in number of CH
attacks were 50% for
SoC+nVNS and 10%
for SoC alone.

Inclusion
criteria

Aged 18-75 years
diagnosed with
eCH or cCH
according to ICHD
2nd edition

Aged =18 years with
a diagnosis of
episodic or chronic
cluster headache as
defined by ICHD
criteria

Aged 18-70 years
with a diagnosis of
chronic cluster
headache =1 year
prior to enrolment
according to ICHD

Aged 18-70 years
with a diagnosis of
chronic cluster
headache =1 year
prior to enrolment
according to ICHD

No details

Appears to use
ICHD definition of
CH

Appears to have no
age limit on
participation (one
participant was aged
13 years)

Previous
inadequate
response and/or
intolerable side
effects with >3
current or
previous CH
treatments

Appears to use
ICHD definition of
CH

Appears to have
no age limit on
participation (age
range is 16-72
years)

Patients with
refractory CM of
cCH based on
EHF
recommendations
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Study name Silberstein et al Goadsby et al Gaul et al (2015) Gaul et al (2017) Nesbitt et al (2015) | Marin et al Trimboli at al
(2016) (2018) (2018) (2018)
Exclusion e History of e Individuals with e Changein e Changein e Active e Patientswho | e Active
criteria aneurism, eCH who were prophylactic prophylactic neurostimulation were no neurostimulat
intracranial not in a bout at medication type medication type devices longer ion devices
haemorrhage, the time of or dosage <1 or dosage <1 e Cardic experiencing | 4 Cardiac
brain tumours, screening month before month before pacemakers attacks at the pacemakers
significant head enrolment enrolment time of
t g e Pregnant, _ _ e Significant vsi e Significant
rauma, nursing or e History of e History of : analysis were ;
rolonged QT - : : : : : history of excluded history of
P g planning intracranial/caroti intracranial/carot : _ :
interval : autonomic from analysis cardiac
' pregnancy d aneurysm or id aneurysm or i y ;
arrhvthmia disorders or of attack arrythmia
y_t ’ e Abnormal haemorrhage haemorrhage cardiac c
ventricular . . . ) duration and
tachycardiafibri baseline _ . BI‘I?I"I tumoursor | e Brlgn tumours or arrythmia severity
llation, syncope electrocardiogra lesions lesions . Data from
or seizure; m e Significanthead | e Significant head patients who
structural trauma trauma lacked
intracranial/cer e Previous surgery | e Previous surgery quantitative
vical vascular or abnormal or abnormal information
lesions; anatomy at the anatomy at the regarding
another . nVNS treatment nVNS treatment attack
significant pain site site duration and
disorder,

e cardiovascular

e Known or
suspected

e Known or
suspected

severity were
included only
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disease, cardiac/cardiova cardiac/cardiova in qualitative
Encoztrollgd scular disease scular disease tahnaly3|s of
ertension ese
a)l:/)ﬁormal ’ . Implaptation with | e Implaptation with variables
baseline electrical or electrical or
echocardiogra neurostimulation neurostimulation
m devices devices
e botulinum toxin e History of carotid | ¢ History of carotid
injections in the endarterectomy endarterectomy
past 3 months or vascular neck or vascular neck
’ surgery surgery
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Study name

Silberstein et al
(2016)

Goadsby et al
(2018)

Gaul et al (2015)

Gaul et al (2017)

Nesbitt et al (2015)

Marin et al
(2018)

Trimboli at al
(2018)

e nerve blocks in
the past 1
month,

e previous CH
surgery,
bilateral/right
cervical
vagotomy,
carotid end
arterectomy or
right vascular
neck surgery,
electrical
device
implantation

e Current use of
prophylactic
medications for
indications
other than CH

e Implantation with
metallic
hardware

e Recent history of
syncope or
seizures

e Implantation with
metallic
hardware

Recent history of
Syncope or seizures

Intervention(s)
(n=)and
comparator(s)

(n=)

Intervention: N=73

nVNS device
(gammaCore)
which produces a
proprietary low
voltage electrical
signal comprising a
5-kHz sine wave
burst lasting 1
millisecond (5 sine
waves, each lasting
200 microseconds),

Run In Period — 1
week

n=102: all
participants
maintained their
established standard
of care

Double Blind Period:
2 weeks

Run in period — 2
weeks

N=114: all
participants
continued with their
standard of care

17
exclusions/discontinu
ations

nVNS+SoC = 48
SoC =49

Three 2minute
stimulations (i.e.
three doses) five
minutes apart
administered twice
daily (i.e. six doses
per day) to the right

N=19 nVNS in
addition to their
current treatment
plan.

N=30 patients
who were
treatment
refractory given
nVNS

Initial NVNS
dosing was
based on
established
paradigms and
titrated as

N=12 patients
using nVNS as
preventative and
abortive
treatment

2 consecutive
nVNS doses (90
seconds each) on
one side of the
neck or
alternating right

External Assessmen