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Abstract

Cluster headaches are excruciating attacks of pain that can last between 15 min and 3 h. Cluster headaches can be episodic, 

where patients have long pain-free intervals between attacks, or chronic, where they do not. As part of the Medical Tech-

nologies Evaluation Programme, the UK National Institute for Health and Care Excellence (NICE) considered the clinical 

effectiveness and cost impact of gammaCore (electroCore), a handheld, patient-controlled device used to treat and prevent 

cluster headache. gammaCore is a non-invasive vagus nerve stimulator, the aim of which is to modify pain signals by stimu-

lating the vagus nerve through the skin of the neck. Evidence suggests that gammaCore reduces the intensity and frequency 

of cluster headaches and that the addition of gammaCore to standard care is cost saving. Therefore, the guidance published 

by NICE in December 2019 recommends routine adoption of gammaCore into the UK national health service. However, 

the guidance noted that gammaCore does not work for everyone and recommended that treatment with gammaCore should 

stop after 3 months in patients whose symptoms do not improve.

Key Points for Decision Makers 

gammaCore reduces the frequency and severity of clus-

ter headaches but does not work for everyone.

There is currently no evidence of a sustained long-term 

benefit. Treatment with gammaCore should therefore be 

stopped if patients do not experience any reduction in 

symptoms in the first 3 months.

gammaCore was used alongside standard treatment, 

so decision makers should be aware that the possible 

benefits achieved with gammaCore are as a result of the 

addition of gammaCore to current standard treatment.

1 Introduction

This paper is part of a series that provides insight into the 

development of UK National Institute for Health and Care 

Excellence (NICE) medical technologies guidance (MTG) 

for new or innovative medical devices or diagnostics [1]. The 

aim of the guidance is to support the adoption of clinically 
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effective and cost-saving technologies in the UK National 

Health Service (NHS).

Cedar is a healthcare technology research centre formed 

through collaboration between Cardiff and Vale University 

Health Board and Cardiff University. This paper summarises 

Cedar’s assessment report [2] and how it was used to inform 

the NICE MTG on gammaCore for the treatment of cluster 

headache (CH) [3]. The aim of this paper is to provide an 

insight into the development of recommendations for the use 

of the gammaCore device.

1.1  Background to Technology and Application

Cluster headaches are excruciating attacks of pain in one 

side of the head, often felt around the eye. An attack may 

last between 15 min and 3 h and can typically occur between 

one and eight times a day. Cluster headaches may be classed 

as episodic or chronic; people with episodic CH (eCH) have 

extended pain-free intervals, whereas those classed as hav-

ing chronic CH (cCH) do not.

Experts have stated that many people with CH do not get 

enough pain relief with current treatment options, which are 

often limited by side effects and contraindications.

GammaCore (electroCore) is a handheld, patient-con-

trolled, non-invasive vagus nerve stimulator used for treating 

and preventing CH. Patients require only brief training in its 

use, and it is small, portable and designed to be used any-

where that is convenient. The aim of treatment is to modify 

pain signals by stimulating the vagus nerve through the skin 

of the neck. GammaCore can be used acutely when the per-

son feels a CH beginning or daily to help prevent CH.

1.2  Decision Problem (Scope)

In their evidence submission, the company was required to 

keep within the scope of the evaluation or provide a rationale 

for any variance. The scope was defined by NICE in the form 

of a PICO table (population, intervention, comparator, out-

comes) plus cost analysis and subgroups to be considered.

1.3  Population

The population of interest was defined as people over the 

age of 18 years with CH for whom standard of care (SoC) is 

ineffective or contraindicated. Both eCH and cCH subtypes 

were included in the scope.

1.4  Intervention

The intervention was defined as gammaCore and gamma-

Core Sapphire. gammaCore is the original device, which 

comes pre-loaded with a set number of uses; the whole unit 

needs to be replaced when finished. gammaCore Sapphire 

is an upgraded model that can be reloaded by replacing a 

card in the device and can be recharged using a mains plug. 

The technology is referred to as gammaCore throughout this 

article.

1.5  Comparator

The comparator was defined as current SoC for CH and 

included subcutaneous or nasal spray triptan therapy, oxygen 

therapy (at home) used alone or alongside subcutaneous or 

nasal spray triptan therapy, and verapamil, sphenopalatine 

ganglion (SPG) nerve stimulators or occipital nerve block.

1.6  Outcomes

The following outcomes were included in the scope: fre-

quency, severity and duration of acute episodes of CH, time 

taken to relieve pain of acute episode (acute use), average 

response rate and proportion of patients at 50% and 75% 

response rates, number of times device used for daily pre-

vention, number of times device used for acute treatment, 

patient-reported pain and disability scores, patient health-

related quality of life (including impact on occupation and 

employment), patient satisfaction, reduction of electrocar-

diogram and blood testing for monitoring of drug treatments, 

use of outpatient and healthcare services (including psychi-

atric care) and device-related adverse events.

A number of subgroup analyses were defined in the 

scope, including acute treatment of CH and prevention of 

CH, eCH and cCH.

2  Cedar’s Review of the Evidence

The company provided an evidence submission to NICE that 

included the available clinical and cost evidence alongside 

a de novo cost model produced by the company. Cedar’s 

assessment report aimed to provide the Medical Technolo-

gies Advisory Committee (MTAC) with a balanced and 

independent appraisal of the evidence surrounding the use 

of gammaCore for CH.

2.1  Review of Clinical‑Effectiveness Evidence

The company presented six published studies and two con-

ference abstracts as relevant to the decision problem. Cedar 

agreed with the inclusion of the selected publications and 

did not identify any additional published studies for inclu-

sion. The published studies comprised three randomised tri-

als, one post hoc analysis of one of these trials [4–7], and 

three non-comparative cohort studies [8–10]. The two con-

ference abstracts described a pooled analysis [11] and a post 

hoc analysis of a randomised trial [12]. GRADE (Grading of 
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Recommendations, Assessment, Development and Evalua-

tion) [13] and CASP (Critical Appraisal Skills Programme) 

[14] were used to rate the certainty and quality of the evi-

dence. Table 1 provides a summary of the outcomes reported 

in the included studies.

Two trials [5, 6] were European trials and included UK 

patients, and all three of the cohort studies [8–10] were 

based in the UK. Patient numbers ranged from 25 patients in 

one study [9] to 150 patients [4], with the three cohort stud-

ies having the lowest numbers of patients. Cedar acknowl-

edged that, as the prevalence of CH is very low, large ran-

domised trials would be unlikely. Cedar noted the possibility 

of an overlap in the patient populations between two of the 

UK-based studies [9, 10]. All but one of the published stud-

ies [8] had company involvement in terms of data collec-

tion, analysis and authorship. It is important to note that, 

in all three trials [4–7], gammaCore was used in addition 

to SoC and not in treatment-refractory patients, the popula-

tion defined in the scope. There is some evidence from two 

randomised trials [4, 5] that patients with eCH achieved a 

better response than patients with cCH. 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 (eCH and cCH), the benefit 

of gammaCore was not significant. In addition, a trial [6, 7] 

that only included patients with cCH reported a significant 

benefit from using gammaCore.

Overall, the published evidence suggested that patients 

with CH may benefit from using gammaCore, but the degree 

of benefit is not clear. As none of the studies had durations of 

follow-up of more than a few weeks, no evidence of whether 

any benefit is sustainable long term is available.

2.2  Safety Outcomes

Reported adverse events were mild to moderate in all studies, 

and no participants discontinued gammaCore use because of 

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.

Clinical expert comments suggested that gammaCore 

would be safe and easy for patients with CH to use and 

that there were very few side effects from using the device; 

one clinical expert suggested there was no need for safety 

monitoring.

2.3  Review of Economic Evidence

A systematic review of the literature identified five economic 

studies; however, none were directly relevant to the scope. 

Three cost-effectiveness models were for patients with cCH 

[15–17]. gammaCore was the intervention in two of these, 

set in the USA [15] and Germany [16]. One modelled SPG 

stimulation in Germany [17]. All models compared costs 

with those of the acute use of SoC, which comprised triptans 

and/or oxygen. Two additional models for the cost effective-

ness of gammaCore considered a slightly different popu-

lation in the USA [15] and in the UK [18]. All economic 

studies were excluded as direct evidence because they were 

either not set in the UK or were for a different population. 

They are described in Cedar’s assessment report to provide 

context and validation for the model [2].

2.3.1  gammaCore Model Structure

The structure was a Markov model with a 1-month cycle, 

which is an appropriate length. The states included in the 

model were ‘responder’ and ‘non-responder’, with responder 

being defined as having at least a 50% reduction in the num-

ber of attacks during the assessment period. The model per-

spective was that of the UK NHS and personal services over 

a 1-year time horizon with no discounting applied.

The model was for patients with cCH only. It did not 

include patients with eCH. Patients in each arm were classed 

as responders and non-responders.

Although the structure was a Markov model, in the 

base case, patients only moved once, at the end of the first 

month, and then remained in that state for the remainder of 

the model, as shown in Table 2. For the first 3 months, in 

the intervention arm, all patients received gammaCore as a 

free trial and used it prophylactically. The group of patients 

classed as “non-responders” experienced some effect during 

these 3 months and had reduced medication use compared 

with SoC. After 3 months, they no longer received gam-

maCore, and their outcomes reverted to those of the SoC 

group. The resource use groups and resulting costs are also 

shown in Table 2.

2.3.2  Key Assumptions

The key assumptions in the accepted base model were as 

follows:

• Response rates to gammaCore in the PREVA study [6] 

are generalisable to those of patients eligible for gam-

maCore in the NHS.

• In the base case, treatment response is defined as ≥ 50% 

reduction from baseline in the number of CH attacks per 

week.

• Non-responders in the gammaCore plus SoC group 

received some benefit and reduced medication use dur-

ing the first 3 months.

• Non-responders in the gammaCore plus SoC group were 

assumed to discontinue prophylactic treatment with gam-

maCore after the 3-month evaluation period but continue 

use of abortive treatments.
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Table 1  Key study outcomes and results

Study Silberstein et al. [4] Goadsby et al.[5] Gaul et al. [6] Gaul et al. [7]

Response rate: reduction in pain 

intensity

Proportion of pts achieving a pain 

intensity score of 0 or 1 at 15 min 

after treatment initiation for first 

CH attack

All CH: 26.7% (nVNS) vs. 15.1% 

(sham), p = 0.1

eCH: 34.2% (nVNS) vs. 10.6% 

(sham), p = 0.008

cCH: 13.6% (nVNS) vs. 23.1% 

(sham), p = 0.48

Assessed as proportion of all treated 

attacks achieving pain-free status 

within 15 min after treatment 

initiation.

All CH: 14% (nVNS) vs. 12% 

(sham), p = 0.71

eCH: 48% (nVNS) vs. 6% (sham), 

p < 0.01

cCH: 5% (nVNS) vs. 13% (sham), 

p = 0.13

ORs (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

NR NR

Response rate: reduction in attack 

frequency

NR NR 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 number 

of CH attacks per week than those 

receiving control (-5.9 [SE 1.2] 

vs. −2.1 [SE 1.2]), for a mean 

therapeutic gain of 3.9 fewer CH 

attacks per week (95% CI 0.5–7.2; 

p = 0.02)

Proportion of pts with ≥ 50% reduc-

tion in mean number of CH attacks 

per week: response rate was sig-

nificantly higher with nVNS+SoC 

than with SoC alone (40% [18/45] 

vs. 8.3% [4/48]; p < 0.001)

A significantly higher proportion of 

pts in the nVNS+SoC group had 

attack frequency reductions from 

baseline (≥ 25% and ≥ 50% reduc-

tion, p < 0.001; ≥ 75% reduction, p 

< 0.009).

Three pts (8%) in the nVNS+SoC 

group had a 100% attack frequency 

reduction vs. 0% in the SoC group

Pain free at 15 min for ≥ 50% of 

treated attacks

All CH: 11.7% (nVNS) vs. 6.9% 

(sham), p = 0.33

eCH: 15.8% (nVNS) vs. 2.1% 

(sham), p = 0.04

cCH: 4.6% (nVNS) vs. 15.4% 

(sham), p = 0.36

All CH: 17% (nVNS) vs. 7% (sham), 

p = 0.15

eCH: 36% (nVNS) vs. 8% (sham), 

p = 0.16

cCH: 9% (nVNS) vs. 7% (sham); p 

= 1.00

NR NR
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Table 1  (continued)

Study Silberstein et al. [4] Goadsby et al.[5] Gaul et al. [6] Gaul et al. [7]

Rescue medication use All CH: 38.3% (nVNS) vs. 50.7% 

(sham), p = 0.15

eCH: 42.1% (nVNS) vs. 48.9% 

(sham), p = 0.53

cCH: 31.8% (nVNS) vs. 53.9 

(sham), p = 0.13

NR 57% decrease in frequency of 

abortive medication use with 

nVNS+SoC (∆= −15; 95% CI 

−22.8 to −7.2; p < 0.001) vs. 

control arm (∆= −2; 95% CI 

−9.4–5.4; p = 0.59) (% 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). Reduc-

tions 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 (∆= −3.4; 

95% CI −11.5–4.7; p = 0.40)



 
S. O

’C
o

n
n

ell et al.

Table 1  (continued)

Study Silberstein et al. [4] Goadsby et al.[5] Gaul et al. [6] Gaul et al. [7]

QoL NR NR EQ-5D-3L changes from baseline. 

In the mITT population (base-

line to randomised), changes 

from baseline were significantly 

improved for nVNS+SoC vs. SoC 

alone (nVNS+SoC minus SoC: 

∆=0.194; 95% CI 0.054–0.334; p 

= 0.007)

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 control group 

(extension phase) was associated 

with clinically meaningful change: 

0.078 points (95% CI −0.02–0.18)

In the randomised phase, change 

from baseline VAS score 

was greater for nVNS+SoC 

(nVNS+SoC minus SoC: ∆=8.93 

points; 95% CI 0.47–17.39; p = 

0.039)

Changes in mean HIT scores were 

greater with nVNS+SoC than with 

SoC alone and were above the 

MID (−2.3 points); absolute mean 

HIT scores suggested CH attacks 

have a substantial impact on QoL 

(data NR)

NR

cCH chronic cluster headache, CH cluster headache, CI confidence interval, eCH episodic cluster headache, GEE generalised estimating equation, HIT headache impact test, ITT intent to treat, 

MID minimally important difference, min minutes, mITT modified intent to treat, NR not reported, nVNS non-invasive vagus nerve stimulation, OR odds ratio, pts patients, QoL quality of life, 

SC subcutaneous, SE standard error, SoC standard of care, VAS visual analogue score
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• For the first month, 8% of the SoC arm had the same rate 

of medication use as the gammaCore responders. This 

was a conservative assumption from the manufacturer 

submission.

• Beyond 1 month, the rate of medication use for all of the 

SoC group was taken from the SoC group in the PREVA 

study [6].

• Patients were grouped into responder or non-responder 

in the first month and remained in those groups for the 

remainder of the model.

• Non-responders in the gammaCore arm did not receive 

gammaCore after the third month.

• Use of abortive medication (conditional on responder 

status) was assumed to remain constant over time.

2.3.3  Data Sources for Outcomes and Resources

Clinical outcomes were the percentage of patients classed 

as responders and non-responders, based on at least a 50% 

reduction in frequency of attacks, from the PREVA trial [6]. 

Resource use is based entirely on providing gammaCore and 

the included abortive medications as recorded in the last 14 

days of the PREVA trial [6]. Resource use in the company 

submission for the gammaCore arm (responders) was taken 

from 35 patients in the PREVA trial [6] who had matched 

data (attack frequency and resource use) available from 

both the randomised phase and the open-label phase of the 

PREVA study [6], whereas the SoC data were taken from 

a set of 42 patients from a total of 48 intent-to-treat (ITT) 

population in the randomised phase (Table 3). This was used 

for both the SoC arm and all but the first 3 months of the 

gammaCore non-responder arm. None of these data were 

included in the published PREVA papers [6].

The proportion of patients taking nasal versus subcutane-

ous sumatriptan was taken from unpublished patient-level 

data from Marin et al. [10]. No resource uses have been 

modelled for inpatient, outpatient or general practitioner 

resources associated with attacks or for any psychological 

support required to cope with the results of unresponsive 

cCH. These would be expected to be conservative assump-

tions since gammaCore is modelled as improving outcomes 

(shown as a reduction in medication use).

No costs or resources were included for adverse events, 

and no adverse events associated with cCH were modelled.

Table 2  gammaCore Markov model, showing movement of patient between states, the resources applied and resulting cost summary

SoC standard of care

gammaCore SoC

Responder Non-responder Responder Non-responder

Percentage of patients in each state

 First month 40% 60% 8% 92%

 Second, third and subsequent months 27.6% 72.4% 0% 100%

Resource use group for patients in each group and arm

 First to third months gammaCore responder gammaCore non-

responder on 

treatment

SoC responder (= gamma-

Core responder)

SoC non-responder

 Subsequent months gammaCore responder SoC non-responder SoC non-responder SoC non-responder

Total monthly cost for patients in each arm (£)

 First month 169 308

 Second and third months 182 326

 Subsequent months 324 326

Table 3  Base-case resource use, doses per 14 days

SD standard deviation, SE standard error

Mean SD SE Source

gammaCore responders (50% 

reduction) n = 17

 Zolmitriptan 0.6 1.54 0.37 Post hoc analysis of 

PREVA Sumatriptan 2.5 3.78 0.92

 Oxygen 2.2 4.71 1.14

Standard of care, n 

= 42

 Zolmitriptan 1.3 3.6 0.56 (6)

 Sumatriptan 7.5 9.6 1.48 (7)

 Oxygen 10.8 15.3 2.36

gammaCore non-responders, used for first 3 

months only in the gammaCore arm (50% 

reduction) n = 18

 Zolmitriptan 2.5 7.4 1.74 Post hoc analysis of 

PREVA Sumatriptan 4.1 9.23 2.18

 Oxygen 11.2 14.77 3.48
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gammaCore was provided at no cost for the initial 3-month 

trial. After this time, patients were required to purchase a card 

every 3 months to allow the device to function.

2.3.4  Changes by Cedar

Although some uncertainties about the data used and the 

appropriateness of the patient population existed, Cedar did 

not identify an alternative more robust data source that could 

be used in this patient population in this setting. Therefore, no 

changes were made to the base-case submission, but Cedar did 

add additional fields to the sensitivity analysis and scenarios.

2.3.5  Results from the Model

The model submitted by the company found that gammaCore 

saved £450.42 per patient, with sensitivity analysis indicating a 

highest cost-saving estimate of £1120 per patient and a lowest 

estimate of − £103 cost incurred per patient.

2.3.6  One‑Way Sensitivity Analysis, Scenarios and Key 

Drivers

The key drivers of the model were the free 3-month trial at 

the start of gammaCore treatment and the reduced use of 

sumatriptan.

The company provided additional scenarios based on 

the categorisation of “responder” at different levels from a 

25–65% reduction in frequency of attacks. These scenarios 

were based on post hoc subgroup analysis of 35 patients in 

the PREVA trial [6]. One of the main drivers was the use of 

sumatriptan, and this remained relatively constant (between 

two and three doses per 14 days) across all the scenarios. The 

results indicated that use of gammaCore resulted in £343–512 

cost savings per patient. An additional scenario used the mean 

resource use across the whole of the gammaCore arm, as pre-

viously presented in Morris et al. [16]. This resulted in cost 

savings of £104 per patient at 1 year, with all the cost savings 

occurring during the free trial period and subsequent months 

being slightly cost incurring.

Cedar created an additional scenario to remove the free 

3-month trial from the model and applied this change to all 

the company scenarios. This resulted in gammaCore becom-

ing cost incurring in the base case and in all scenarios with 

alternative responder definitions.

3  National Institute for Health and Care 
Excellence Guidance

3.1  Development of Guidance

The NICE MTAC met in June 2019 and considered evidence 

from a range of sources, including the company’s submis-

sion, Cedar’s report and testimony from clinical experts. The 

committee made provisional recommendations that went to 

public consultation.

3.2  Consultation

During the consultation process, NICE received 21 com-

ments from five consultees (four NHS professionals and 

the company). Comments covered issues including patient 

response, new evidence, draft recommendations and word-

ing changes. Cedar reviewed the information provided in 

the comments and provided additional advice to NICE. The 

comments were discussed at a second MTAC meeting in 

September 2019.

3.3  Recommendations

Following a period of public consultation and a second com-

mittee meeting to discuss responses to consultation, MTAC 

produced the following recommendations [3]:

1. Evidence supports the case for adopting gammaCore to 

treat CH in the NHS. gammaCore reduces the frequency 

and intensity of CH attacks and improves quality of life.

2. gammaCore is not effective in everyone with CH. Treat-

ment with gammaCore should only continue for people 

whose symptoms reduce in the first 3 months.

3. Cost modelling estimates that, in the first year of treat-

ment, adding gammaCore to SoC is cost saving com-

pared with SoC alone by an average of £450 per person. 

This cost saving

o Assumes that the first 3-month period of gammaCore 

use is offered by the company free of charge and

o Largely results from reduced use of subcutaneous 

sumatriptan.

4  Key Challenges and Learning Points

The evidence relating to CH comprised a small number of 

studies, with UK-specific evidence limited to observational 

data. The prevalence of CH in the UK is very low, so a large 

blinded randomised trial would be difficult to achieve. Overall, 

the evidence indicates that patients with CH may benefit from 
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using gammaCore in the short term; however, the degree of 

benefit is not clear, and no evidence exists about whether any 

benefit is sustainable long term. Subgroup analysis, separating 

eCH and cCH [11], suggested that patients with eCH achieved 

better outcomes with gammaCore than with sham treatment. 

Cedar noted that this result appeared to be driven by the data 

from the ACT1 trial, which had a much higher proportion of 

patients with eCH than did the ACT2 trial (n = 101 and n 

= 30, respectively), and neither trial was powered for sub-

group analysis [4, 5]. The result also contrasted with that of 

the PREVA trial [6], which included only patients with cCH 

and reported a significant improvement.

A key point to note is that in all three trials, gammaCore 

was used alongside SoC and not in treatment-refractory 

patients; therefore, it is possible that the true benefit to patients 

with CH lies in the addition of gammaCore to their current 

treatment.

5  Conclusions

Some patients may benefit from using gammaCore as a pro-

phylactic and/or acute treatment for CH. The extent of the ben-

efit is less clear at this time, in terms of both the degree and 

the duration of response.

It is possible that gammaCore will lead to cost savings; 

however, this is highly dependent on the availability of the free 

3-month trial provided by the company and reductions in use 

of other medications, primarily sumatriptan.
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