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Abstract

Objectives:

A small but significant proportion of patients with peripheral neuropathic pain (NeP) are refractory to the

typical treatments applied in clinical practice, including amitriptyline and gabapentin. Thus, they continue to

suffer the debilitating effects of NeP. This study aimed to evaluate the cost-effectiveness of pregabalin in

comparison to usual care, in patients with refractory NeP, from a third party payer’s perspective (NHS).

Methods:

A stochastic simulation model was constructed, using clinical data from four non-randomized studies, to

generate pain pathways of patients receiving usual care and pregabalin. Treatment effect (pain reduction)

was converted to quality-of-life (QoL) data, using a regression analysis based on new utility data, collected

from a survey of refractory NeP patients presenting to pain clinics in Cardiff, Wales. All relevant direct costs

were estimated using resource use from the survey data (where available) and unit costs from the British

National Formulary (BNF). The analysis was run over a 5-year time horizon, with costs and benefits

discounted at 3.5%.

Study limitations:

The use of non-randomized (observational) data to characterize the effectiveness of treatments for NeP.

Exclusion of productivity costs and consequences from the analysis.

Results:

In the base case analysis, an incremental cost-effectiveness ratio (ICER) of £10,803 per quality adjusted life

year (QALY) was attained. This result was found to be reasonably insensitive to variations in the key input

parameters, with ICERs ranging from £8505 to £22,845 per QALY gained.

Conclusions:

The analysis shows that pregabalin is a cost-effective alternative to usual care in patients with refractory

NeP, with an ICER well below the threshold typically adopted by UK health technology assessment groups,

such as NICE.

Introduction

Neuropathic pain (NeP) is a debilitating condition that affects a substantial
proportion of the UK population. The prevalence of neuropathic pain is difficult
to ascertain, but a UK primary care survey estimated that 8% of the UK popu-
lation experience pain of predominately neuropathic origin1. The type of NeP is
varied, most commonly associated with diabetes (painful diabetic neuropathy)
and following shingles (post-herpetic neuralgia). As a condition, NeP is associ-
ated with a marked reduction in patients’ quality-of-life (QoL), losses in
economic productivity, co-morbidities such as anxiety and depression, and
high direct cost from the considerable use of health service resources2.
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Indeed, a recent study showed that the average number of
healthcare-related visits (the figure includes visits to prac-
tice nurse, GP and social sevices as well as home visits) in a
6-week period was 1.18 in patients with very severe pain
compared to 0.47 in patients with no pain3.

Treatments for NeP typically consist of one, or a com-
bination of, anti-depressants, anti-convulsants, weak opi-
oids, strong opioids, NSAIDs, and/or analgesics4. These
treatments can be effective in reducing NeP and the asso-
ciated burden on healthcare resources and patients’ QoL.
Response to these medicines is variable, however, and this
is especially true in patients with refractory NeP5.

There is no consensus on the definition of refractory
NeP. For this study we defined ‘refractory’ patients as those
who do not achieve adequate pain relief from, or who are
intolerant of, common early therapies including amitrip-
tyline and gabapentin. The prognosis of refractory patients
has been poor to date, and pregabalin may be a useful
treatment option for these patients.

Pregabalin has a similar mechanism of action to other
agents such as gabapentin; binding potently to the alpha2--

delta sub-unit of the voltage-dependent calcium channel
in the central nervous system. This reduces calcium influx
at nerve terminals and therefore reduces the release of
neurotransmitters such as glutamate and noradrenaline6.
Through these activities, pregabalin exhibits analgesic,
anti-convulsant, and anxiolytic effects. However, pregaba-
lin may improve upon current therapies by relieving pain
as early as the first week of treatment6.

To date no studies have examined the value of prega-
balin compared to other treatments for refractory NeP.
This study sets out to assess the cost-utility of pregabalin
in the treatment of patients with refractory NeP, from the
perspective of a public healthcare provider. We describe
the analytical framework used to assess cost-utility, the
characteristics of the patient populations in terms of
their clinical and demographic profiles, the results of the
economic model and a discussion of the implications for
the treatment of refractory NeP.

Methods

A fixed time increment stochastic simulation model was
constructed to estimate the cost-utility of pregabalin, com-
pared to usual care, in patients with refractory NeP. The
perspective taken was that of the UK National Health
Service (NHS).

Model description

Previous economic evaluations of neuropathic pain have
typically employed Markov models, which have defined
categorical ‘mild’, ‘moderate’, and ‘severe’ health states
according to pain score intervals7–10. This evaluation has

used a fixed (weekly) time increment stochastic simulation
model. The cost-utility model was constructed using
Microsoft Excel 2007 and Visual Basic for Applications
to assess the clinical and economic outcomes relevant to
patients in the treatment and comparator cohorts. The
decision criterion used to assess cost-utility was the will-
ingness-to-pay (WTP) for a quality-adjusted life year
(QALY). The model’s structure is described in the flow
diagram in Figure 1.

The model begins by allocating equivalent baseline
pain scores to cohorts of 10,000 patients, receiving prega-
balin and usual care. The model first simulates the treat-
ment pathway of those patients in the usual care arm.
Patients follow the pain pathway defined by the clinical
data describing patients receiving usual care. At each
cycle, patients accrue the utility associated with their cur-
rent pain score and the costs associated with usual care
treatment. The length of each cycle was set at 1 week,
selected to appropriately reflect the fast-acting nature of
pregabalin in the early stages of treatment.

The treatment pathway of patients in the pregabalin
arm is then simulated, in a similar fashion. However,
unlike the usual care simulation, pregabalin patients can
incur an adverse event (AE) or withdraw from treatment
for non-AE reasons. AEs and withdrawals were considered
only in the pregabalin arm because the evaluation com-
pares pregabalin plus usual care to usual care alone: any
AEs and withdrawals occurring as a result of usual care
treatment are assumed to be the same in both cohorts
and so do not need to be considered in the analysis.

There is a probability at each cycle that a patient can
incur an AE, in which case there is a transitory (one cycle
length) cost and utility decrement assigned to that patient.
There is a conditional probability of the patient withdraw-
ing from treatment, once the event has occurred, in which
case they will incur an additional cost and utility decre-
ment of the same magnitude.

There is an additional probability at each cycle that a
patient may withdraw from treatment for reasons not asso-
ciated with AEs, in which case a transitory cost is applied.
It is assumed that there is no immediate utility decrement
associated with the withdrawal itself, but withdrawing
patients do adopt the same pain, utility, and cost profile
as patients in the usual care arm. Thus, their utility will be
reduced because of the lower utility in this arm. The
remainder of the cohort, which do not withdraw from
treatment, continue to accumulate the cost and benefit
profiles associated with their pain levels over the remain-
der of the modelled time horizon.

Patient histories are recorded at each cycle and summed
over a 5-year time horizon, chosen to reflect a reasonable
period over which costs and benefits are likely to differ
between the comparator and treatment arms. It is assumed
that there is no mortality in either cohort, which seems
reasonable since there is unlikely to be mortality
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differences between the treatments and the modelled time
horizon is short.

The difference between the simulated outcomes of the
treatment and comparator arms is used to estimate the
expected difference in costs and QALYs gained. Costs
and benefits were discounted at 3.5% annually11.

Individual patient-level data were not available and so
the variability of baseline pain scores could not be mod-
elled: a mean baseline pain score was used for each patient
in the treatment and usual care cohorts, respectively. All
pregabalin patients follow exactly the same pain ‘trajec-
tory’ over the lifetime of the model; inter-patient variabil-
ity exists because of the (random) probability that patients
will experience adverse events and/or withdraw from ther-
apy. In the same way, all patients in the ‘usual care’ cohort
follow the same pain trajectory over the model’s lifetime;
there is no inter-patient variability for this cohort as
patients are assumed not to withdraw from therapy.

Interventions

The analysis compared the use of pregabalin combined with
usual care (treatment) to usual care alone (comparator).

Pregabalin doses of 150–600 mg per day were considered
in the analysis, reflecting the licensed indication for treat-
ing NeP patients of mixed aetiology12. Usual care was
defined as treatment with one or more weak opioids,
strong opioids, NSAIDs, analgesics, and is reflective of a
variety of medications typically used by patients with treat-
ment-refractory NeP13.

The clinical goal of treatment of NeP syndromes is a
reduction in the pain experienced, which is usually
expressed by patient valuations on a pain scale (typically
a 0–10 point scale, where 0 represents no pain and 10
represent the maximum possible pain). A treatment
effect is seen as a reduction in pain score, which is associ-
ated with an improvement in patient QoL.

Data sources

Randomized controlled trials (RCTs) may provide unbi-
ased estimates of treatment effects and are often consid-
ered the ‘gold standard’ of clinical data. On this basis we
first reviewed RCTs that included pregabalin as a treat-
ment option. Upon review, the majority of pregabalin

Pregabalin cohort Usual care cohort 

Calculate pain score for current 
cycle

Calculate cost and utility based on 
pain score 

Does patient withdraw? 

Calculate pain score for current 
cycle

Calculate cost and utility based on 
pain score 

End simulation? 

YES
NO

End simulation? 

YES
NO

YES

Sum costs and utilities Sum costs and utilities 

Calculate ICER 

NO

Assign patient 
characteristics at 

baseline

Apply withdrawal 
costs and utilities 

Increase pain to 
UC

Figure 1. Structure of pregabalin versus usual care stochastic simulation model.
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RCTs were found to include a mixed treatment-naı̈ve and
refractory patient population; many had only a placebo
comparator, and some excluded patients who had previ-
ously been treated with gabapentin. Crucially, none of the
pregabalin RCT data were specific to refractory patients,
and so they could not be used as input data for this model of
treatment-refractory NeP.

Consequently, this economic evaluation is based on
published studies that most closely fulfil the requirements
of the economic model, namely to evaluate a population of
patients with refractory NeP treated with pregabalin and
usual care compared to usual care alone. Keyword searches
using ‘pregabalin’ and ‘refractory’ were carried out using
PubMed and Google between January and March 2008 to
identify full publications and conference abstracts of stud-
ies assessing the use of pregabalin in patients who were
refractory to previous pain medications. Six prospective,
non-randomized studies were identified following review
and were considered to be suitable for the purposes of this
evaluation14–19. However, only four of the six non-rando-
mized studies provided data on patients’ mean pain scores,
and so these four were chosen to provide clinical data
describing the pregabalin arm of the economic model
(Table 1)14–17.

The four non-randomized studies included only treat-
ment-refractory patients (with a variety of NeP syn-
dromes) who had failed on a variety of previous
treatments14–17. The studies characterized pain using a
0–10 scale, where 0 represented no pain and 10 repre-
sented the maximum pain possible. The effect of pregaba-
lin was evaluated in each study by comparing pain levels
after pregabalin treatment with baseline pain levels.

The uncontrolled nature of the four studies meant there
was no direct treatment comparator, making it difficult to
model the treatment pathway of the usual care cohort.
However, since the studies did not employ a ‘washout’
period prior to the start of treatment, the baseline pain
levels reflect those associated with usual care. In addition,
the study design for Stacey et al.14 allowed ‘drug holidays’,
in which pregabalin was discontinued while background
usual care was maintained. These ‘drug holidays’ allowed
the pain profile of the usual care arm to be modelled over
time.

The data from the contributing non-randomized studies
are shown in Table 2, which shows the pain scores at dif-
ferent time points for the comparator and treatment arm in
each of the four studies. It can be seen that there is a clear
trend in the initial treatment effect of pregabalin (weeks
0–12) in terms of a reduction in pain, and a general trend
thereafter to 15 months, where the end-point of 15 months
is dominated by the only longer-term follow-up study of
pregabalin, i.e., Stacey et al.14.

In order to generate complete efficacy data inputs,
assumptions were made regarding the missing data points
in the four studies. Intervening values were estimated by

interpolating between the known points in a linear fash-
ion, while data points beyond the scope of the study were
estimated using the last observation carried forward
(LOCF) method. The estimated pain profiles for each
study were then combined by taking the mean pain score
at each time point. A combined pain profile was calculated
for both the treatment and comparator arm over a 5-year
time horizon, as shown in Figure 2.

Probability of developing adverse effects and
withdrawal

Following a review of the four non-randomized refractory
studies, Stacey et al.14 was the only long-term study to
provide comprehensive data on the total number of treat-
ment-related AEs, withdrawals due to treatment-related
AEs, and non-AE related withdrawals (including with-
drawal for lack of efficacy, lack of compliance, and other
reasons). The rates reported were associated exclusively
with pregabalin treatment and covered the entire study
period (15 months). To be consistent with the cycle
length of the economic model (Table 3), the rates were
converted to weekly probabilities.

Utilities

The measure of health benefit used in this economic eval-
uation is the QALY. Therefore, the clinical benefit of NeP
treatment, i.e., a reduction in pain, needs to be expressed
as a change in QoL. In order to link pain to QoL, a map-
ping exercise was undertaken using data collected from a
bespoke survey of outpatients (n¼ 284), with a broad
range of refractory and non-refractory NeP conditions,
presenting to the Cardiff and Vale Local Health Board
(LHB) NHS Trust pain clinics. The utility data collected
in this survey were considered appropriate for use in this
evaluation as they were both (i) generated in the UK, and
(ii) collected from a refractory population. This type of
survey is routinely carried out by the Cardiff & Vale
LHB and has the necessary ethics approval.

In the survey, patients were asked to characterize the
severity of their pain on a scale of 0–100 (where 0 repre-
sents no pain at all and 100 represents the greatest pain
imaginable) for four different aspects of pain. These scores
were averaged and divided by 10 to produce a pain score on
the 0–10 scale. Utility was measured in the survey using
the five domains of the EQ-5D questionnaire: mobility,
self-care, pain/discomfort, usual activities, and anxiety/
depression. For each domain there were three possible
answers: no problems, moderate problems, or severe prob-
lems. Using standard UK time-trade- off (TTO) EQ-5D
tariffs, patient responses were mapped to an overall utility
score ranging from 0 (worst health scenario) to 1 (best

Journal of Medical Economics Volume 15, Number 2 April 2012
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health scenario)20. Scores less than 0 are possible and
essentially reflect a state worse than dead.

We use a generalized linear modelling framework where
we fit a multiple linear regression equation to the data, in
which the utility values formed the dependent variable

and pain scores (conditioned into groups; ‘1–4’, ‘4–8’,
‘8–10’) were used to explain changes in utility, as well as
any significant demographic variables (such as age). Mean
EQ-5D scores for each pain score for the whole survey
cohort were predicted, as well as a baseline utility for the

Figure 2. Clinical data input: pregabalin and usual care pain profiles.

Table 2. Pain scores and patient numbers of the four studies providing clinical data input to the model.

Time point
(weeks)

Comparator pain scores
(patient numbers)

Treatment pain scores
(patient numbers)

Freynhagen Allen Douglas Stacey Freynhagen Allen Douglas Stacey

0 (baseline) 6.5 (n¼ 54) 6.7 (n¼ 26) 7.8 (n¼ 30) 7.34 (n¼ 81) 6.5 (n¼ 54) 6.7 (n¼ 26) 7.8 (n¼ 30) 7.34 (n¼ 81)
2 5.5 (n¼ 54)
3 4.5 (n¼ 19)
4 4.9 (n¼ 51) 6 (unknown)
12 7.6 (n¼ 71) 4.7 (n¼ 15) 5 (unknown) 4.72 (n¼ 71)
24 7.6 (n¼ 62) 4.6 (n¼ 4) 4.79 (n¼ 62)
36 7.4 (n¼ 52) 3.78 (n¼ 52)
48 7.5 (n¼ 51) 4.15 (n¼ 51)
60 4.17 (n¼ 56)

Table 3. Adverse event and withdrawal profile of the treatment cohort.

Total
treatment-related AEs

Withdrawals due to
treatment-related AEs

Other
withdrawals

15 Month rate 73/106 (69%) 11/73 (15%) 34/106 (32%)
Weekly probabilities 1.93% 15.07%* 0.64%

*Withdrawal percentage applies to the sub-group of patients that have experienced an adverse event, i.e., the total treatment-related
AE withdrawals would be calculated as 15.07% of the 1.93% of patients that have already experienced an adverse event.

Journal of Medical Economics Volume 15, Number 2 April 2012
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cohort. A general-to-specific selection methodology was
employed with non-significant covariates measured from
the survey excluded at the 5% level of significance. All
interaction effects between the pain categories and other
independent variables were found to be insignificant. A
‘refractory’ patient was included in the regression, defined
as having a duration of NeP� 5 years, and a number of
other pain medications �2. The EQ-5D data for each pain
score, including the baseline score (i.e., no pain), was then
adjusted by this refractory coefficient. The utility equation
for the Cardiff pain survey is given by equation (1):

EQ-5D ¼ 0:53343� 0:03757 � Pain Category ð1� 4Þ

� 0:0609 � Pain Category ð4� 8Þ

� 0:07046 � Pain Category ð8� 10Þ

� 0:0999 � Refractory Indicator

� 0:00150 � Age ð1Þ

Using this equation, if pain is 0 (the reference case) the
mean utility of patients in the new survey is 0.432 (0.53343
– 0.0999� 0.00150). Movements from baseline mean util-
ity are determined by changes in pain scores over time. As
pain scores increase or decrease, the utility decrement/
increment applied is described by the coefficient estimate
in the equation. The ‘adjusted’ refractory data applied in
the model base case are shown in Figure 3, in which an
inverse relationship between pain and utility can be clearly
observed.

Referenced utility decrements for the modelled AEs
could not be identified from the published literature.
Thus, it has been assumed that the mean utility decrement
associated with an AE is 0.06 in the base case analysis,
which is approximately equivalent to the upper limit of
the utility decrements observed in movements between
pain states. This assumption is tested in the sensitivity

analysis. Furthermore, the period over which a patient
will experience a disutility due to an AE is uncertain: addi-
tional sensitivity analysis explored the effect of this param-
eter uncertainty on the modelled output.

Resources utilization and cost

The model considers the full direct costs of treatment in
both the pregabalin and usual care arm, including drug
acquisition costs (pregabalin and other medications), as
well as NHS and Personal Social Services resources.
Costs are applied weekly to be consistent with the cycle
length of the model.

Resource usage was sourced from the survey of NeP
patients attending the Cardiff and Vale NHS Trust pain
clinic described earlier. Patients were asked a series of
questions related to their NHS resource use, including
GP visits, hospital referrals, etc., and their use of pain
medications (pregabalin, gabapentin, paracetamol, etc.).
For further details of the resource section of the survey, see
Technical Appendix 1.

Survey data from patients with refractory neuropathic
pain only (n¼ 144) were included in the resource use anal-
ysis. Two patient populations within the refractory cohort
were considered:
� Users of pregabalin and refractory patients (n¼ 34):

Treatment population; and
� Non-users of pregabalin and refractory patients

(n¼ 110): Comparator population.
Within these two refractory populations (treatment and

comparator), the mean quantity of resources used on a
weekly basis was assessed. The results of the cost analyses
are summarized as quantities of resources used (Table 4).

The survey did not ask patients to specify the daily dose
of pregabalin used, so the mean cost of twice daily (BID)

Utility data from new survey by pain score (N=284)
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Figure 3. Utility data from the new pain survey by pain score.
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and three times daily (TID) dosing was used, as only these
two dose regimens are specified in the pregabalin Summary
of Product Characteristics (SPC)12. The daily cost of BID
and TID dosing (£2.30 and £3.45, respectively) were
obtained from the British National Formulary (BNF) and
were combined to generate a mean daily cost for BID/TID
dosing of £2.882. The weekly cost of pregabalin for BID,
TID, and mean BID/TID dosing is therefore £16.10,
£24.15, and £20.13, respectively. The mean cost
(£20.13) is applied in the base case, with the impact of
upper and lower costs explored in the sensitivity analysis.

The costs of other pain medications were based on an
analysis of the average use of other pain drugs by refractory
patients, as reported by patients in the Cardiff survey. The
type and quantity of other pain drugs used by the treatment
and comparator cohorts of the survey were very similar, so
a mean cost for a ‘basket’ of other medications was calcu-
lated and used as cost inputs for both treatment and com-
parator arms of the model. A mean weekly cost was
calculated by identifying the unit costs of each of the
drug categories collected in the survey from the BNF and
from the Prescription Pricing Authority schedule24,25. In
the base case, the cost of other medications was assumed to
be the mid-point between the minimum and maximum
daily drug costs based on licensed indications (£10.56)2.
The specific drugs collected in the survey, and their

costing, are summarized in Table 5. Patients were asked
only about the name of their medicine, not how much they
were taking each day. As a result, there is some uncertainty
in the cost of other medications, the impact of which is
explored in sensitivity analysis.

It is assumed that the cost associated with AEs, AE
dropouts, and withdrawals is equivalent to the cost of a
standard GP consultation21. However, this is uncertain
as the cost of managing treatment-related AEs is
unknown. In addition, the cost of medicines to treat
AEs may vary widely and is difficult to meaningfully
estimate. As such, this assumption is tested in the sen-
sitivity analysis.

Sensitivity analyses

A range of deterministic sensitivity analyses were under-
taken to assess the structural and parameter uncertainties
surrounding the model. Sensitivity of the modelled output

Table 5. Pricing of other pain medication usage.

Category Min Max Comment

Paracetamol tablets £0.01 £0.69 OTC
Ibuprofen tablets £0.02 £0.24 OTC
Aspirin tablets £0.01 £0.64 OTC
Co-codamol tablets £0.03 £1.17 OTC
Celebrex £0.72 £1.44 Max. 2 weeks
Froben £0.31 £1.47
Preservex £0.32 £0.32
Rheumox £0.31 £0.62
Zacin £2.15 £2.15 1 tube per week
Axsain £1.74 £1.74 1 tube per week
Kaolin £0.35 £0.46 1 tube (200 g)

per week
Ibugel £0.86 £0.86 1 tube per week
Voltarol £1.00 £1.00 1 tube per week
Codeine tablets £0.03 £0.31
Morphine £0.30 £1.20
Palladone £5.67 £5.67
Tramadol £0.03 £0.34
Zamadol £0.08 £0.95
Tegretol tablets £0.03 £2.10
Carbagen £0.04 £0.79
Trileptal tablets £0.80 £3.20
Neurontin £0.46 £8.23
Lamictal £0.03 £7.29
Epanutin tablets £0.05 £6.25
Triptafen £0.10 £1.71
Cymbalta £0.99 £1.60
Yentreve £1.10 £2.20
Tetracycline £0.73 £1.09
Motilium tablets £0.28 £0.75
Maxolon tablets £0.19 £0.19
Kaolin, morphine £0.18 £0.18 PPA
Versatis £2.41 £2.41
Rapydan £3.80 £15.20
Mean cost (per day) £0.76 £2.26
Mean weekly cost £5.33 £15.79
Mean weekly cost

(Avg. of Min/Max)
£10.56

Table 4. Quantities and costs of treatment and treatment-related resources
(weekly cost and quantities) in refractory patients.

Resource category Unit costa Comparator
(no. of units)

Treatment
(no. of
units)

Pregabalin £20.13b Not applicable 1.00
Other pain medications

(Usual care)
£10.56c 3.12 3.71

Hospital Consultant £88 0.07 0.06
Hospital Clinic £222d 0.07 0.07
GP Visit £24e 0.23 0.22
GP Nurse/HC Assistant £9 0.09 0.07
NHS Walk In Centre/

NHS Direct
£17.69f 0.02 0.09

Nurse Home Visit £12 0.04 0.01
Other HC Professional £22g 0.06 0.05
Social Services £17 h 0.11 0.26

aAnalysis of British National Formulary and Prescription Pricing Authority
drug costs by licensed indication. Treatment costs sourced from Netten and
Curtis21.
bWeekly cost of a mixture of BID and TID dosing.
cMid-point of minimum and maximum average weekly cost of medication
categories from the survey.
dBased on first appointment at a neurology clinic21.
eCost of a standard 10-min consultation21.
fMid-point cost of NHS Walk in Centre (£20.27, from Salisbury et al.22) and
NHS Direct (£15.11, from National Audit Office23).
gNetten and Curtis21—average of a 1-h session with a community physio-
therapist (£27), community chiropodist (£23), and local area health worker
(£16).
hNetten and Curtis21—hourly cost of a social work assistant.
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was tested by varying the key input parameters in the
manner described below.
� Sensitivity analysis 1: Utility decrements of changes in pain

score. The effect of implementing alternative utility
sources in the model was explored using a Belgian
cost-utility study, in which utility data were gathered
from NeP patients using the SF-6D, with no adjust-
ment for refractory status13.

� Sensitivity analysis 2: Cost of comparator (usual care).
Alternative usual care costs were explored: £0, the
minimum cost (£5.33), and the maximum (£15.79)
mean weekly cost of other pain drugs.

� Sensitivity analysis 3: Cost of treatment (pregabalin). The
cost of pregabalin is explored using the minimum
licensed level of £16.10 per week (twice daily, BID)
and the maximum level of £24.15 per week (three
times daily, TID).

� Sensitivity analysis 4: Frequency of adverse events (prega-
balin arm only). The uncertainty in the AE data (prob-
ability of occurrence, and probability of withdrawal
once AE is experienced) was explored by increasing
each by 100%.

� Sensitivity analysis 5: Utility decrement of adverse events
(pregabalin arm only). Since evidence of the size of the
AE utility decrement could not be found, it was
assumed to vary by �100%, which approximates the
utility decrement associated with a one-unit change in
pain score.

� Sensitivity analysis 6: Withdrawal rate for non-AE rea-
sons. This sensitivity analysis explored the sensitivity
of the ICER to changes in this variable, from 0–4%, in
the absence of any data to inform the uncertainty sur-
rounding this parameter.

� Sensitivity Analysis 7: Cost of AEs. This sensitivity anal-
ysis explores increasing the AE cost by 100% to
account for the uncertainty in the base case costing
assumption.

� Sensitivity Analysis 8: Period over which AEs have
an impact. To test the hypothesis that the effect
of AEs could last for up to 1 month, the cost and
utility decrement associated with AEs has been
multiplied by four. This methodology was applied to
approximate a structural change to the model. Since
AEs apply only to the treatment arm, this analysis can
be considered conservative—i.e., would be expected to
over-estimate the ICER of pregabalin compared to
usual care.

� Sensitivity Analysis 9: Time horizon of model. The impli-
cation of modelling a time horizon from 1–4 years is
explored.

Results

Base-case analysis

Figure 4 shows the result of the base case analysis, in terms
of the simulated pain profiles of the treatment and com-
parator arm over the 5-year time horizon. A clear reduc-
tion in pain is observed in those patients receiving
pregabalin treatment in comparison to usual care.
However, following the initial reduction in pain, there is
a gradual increase in the treatment pain profile towards the
comparator arm. This is a result of patients withdrawing
from pregabalin treatment (because of an AE or non-AE
reason) and switching to the usual care cohort. As a result,

Figure 4. Simulated pain profiles of the treatment and comparator cohort over the model time horizon.
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over time, the average modelled pain profile of the
treatment arm tends towards the comparator arm.

The model showed that the reduction in pain
associated with pregabalin treatment, in comparison
to usual care, resulted in an incremental utility gain of
0.25 (0.43 vs 0.68) at an additional cost of £2748
(£15,624 vs £18,372) per individual. The incremental
cost-utility ratio (ICER) was £10,803 per QALY-gained
(Table 6).

Sensitivity analyses

The cost-utility results of the sensitivity analyses are
reported in Table 7. It can be seen that the model was
most sensitive to the use of alternative utility data inputs
with an ICER value of £22,116 per QALY. The model was
found to be relatively insensitive to changes in all other
parameters, with ICERs ranging from £8505–£12,646 per

QALY. Overall, the ICERs ranged from £8505–£22,116
per QALY-gained, across all sensitivity analyses.

Discussion

This study sought to determine the cost-utility of pregaba-
lin in comparison to usual care for treating patients with
refractory NeP. To the authors’ knowledge, this is the first
study that attempts to estimate cost-utility in a refractory
population. Previous studies have considered the use of
pain relief medications in non-refractory populations or
at a different point in the therapy line.

The base case analysis showed that pregabalin is a cost-
effective addition to usual care in refractory patients with
NeP. The sensitivity analyses showed that the ICER
remained relatively stable to considerable variation in
most of the model’s input parameters, including cost of
usual care, cost and utility decrement of adverse events,

Table 7. Cost-effectiveness results (deterministic sensitivity analyses).

Strategy Incremental
cost (£)

Incremental
effect
(QALY)

Incremental
cost

effectiveness
(£ per QALY)

Base case analysis 2748 0.25 10,803
S1: Alternative source of utility inputs 2748 0.12 22,116
S2 a: Cost of usual care¼ £0 2164 0.25 8505
S2 b: Cost of usual care¼ £5.33 2459 0.25 9666
S2 c: Cost of usual care¼ £15.79 3038 0.25 11,942
S3 a: Cost of pregabalin¼ £16.10 2370 0.25 9318
S3 b: Cost of pregabalin¼ £24.15 3126 0.25 12,288
S4: AE frequency and withdrawal rate þ100% 1549 0.13 11,667
S5 a: Utility decrement of adverse events¼ 0 2749 0.26 10,704
S5 b: Utility decrement of adverse events¼ 0.12 2749 0.25 10,908
S6 a: Probability of withdrawal for non-AE reasons¼ 0% 5025 0.48 10,515
S6 b: Probability of withdrawal for non-AE reasons¼ 1% 2091 0.19 11,004
S6 c: Probability of withdrawal for non-AE reasons¼ 2% 1287 0.11 11,517
S6 d: Probability of withdrawal for non-AE reasons¼ 3% 905 0.07 12,073
S6 e: Probability of withdrawal for non-AE reasons¼ 4% 696 0.06 12,646
S7 a: AE cost¼ £0 2698 0.25 10,607
S7 b: AE cost¼ £48 2805 0.26 11,000
S8: Increasing AE effect period (AE cost and utility decrement� 4) 2898 0.25 11,724
S9 a: Time horizon¼ 1 year 1214 0.11 11,517
S9 b: Time horizon¼ 2 years 1933 0.18 11,036
S9 c: Time horizon¼ 3 years 2310 0.21 10,912
S9 d: Time horizon¼ 4 years 2595 0.24 10,834

Table 6. Cost-effectiveness results (base case analysis).

Strategy Cost (£) Incremental
cost (£)

Effect
(QALY)

Incremental
effect (QALY)

Incremental cost
effectiveness
(£ per QALY)

Base case analysis
Usual care 15,624 0.43
Pregabalin 18,372 2748 0.68 0.25 10,803
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and the modelled time horizon. However, the model was
found to be more sensitive to the use of alternative utility
data inputs. Nevertheless, overall, pregabalin was associ-
ated with an ICER that remained below £23,000 per
QALY in all analyses.

The results of this study are consistent with the limited
data available from other cost-utility studies. For example,
a cost-utility study of NeP comparing pregabalin to
usual care reported pregabalin was more effective and
less expensive (dominant), irrespective of pregabalin
dose7. However, the Annemans et al.7 study was
based upon clinical efficacy data which was not specific
to a refractory population26. The present evaluation con-
siders an evidence base which is more relevant to a refrac-
tory population and applies an alternative modelling
approach.

The authors consider that the results of the bespoke
NeP survey represent a valuable addition to the evidence
base in refractory NeP. The ‘real-world’ clinical practice
data gathered on QoL associated with refractory NeP, pain
characterization, resource use, and demographics have
been essential to this evaluation. These data alone may
be useful to clinicians or in future evaluations.

There are several limitations to the study. First, the
use of non-randomized data to characterize pain
limits the internal validity of the clinical inputs in
assessing the effects of pregabalin above and beyond
the effects of usual care. However, this study set out to
evaluate the cost-utility of pregabalin compared to usual
treatments in a refractory population, which necessarily
limited the available evidence. Furthermore, the use of
real-world observational studies improves the generaliz-
ability of the model to the treatment observed in pain
clinics.

Second, as with all model-based economic evaluations,
several simplifying assumptions have been made regarding
the natural history of NeP. Where assumptions have been
made these have been chosen to reflect the salient features
of NeP and important patient outcomes.

Third, other benefits of treatment of refractory NeP,
such as productivity improvements, have not been consid-
ered, given the perspective of this evaluation.
Consideration of improvements in labour productivity
with pregabalin through a relative reduction in pain, com-
pared to other available treatments, may be expected to
improve the cost-utility of pregabalin.

This study has highlighted weaknesses in the NeP out-
comes evidence base, and there is a clear need for addi-
tional research. In particular, comparative evidence of
pregabalin’s benefit over other treatments in a refractory
population would be of great value. Furthermore, given the
chronic nature of NeP, there is a need for studies to assess
the long-term retention rates and clinical benefit in
patients prescribed pregabalin.

Conclusion

This is the first study to estimate the cost-utility of
pregabalin compared to usual care in a refractory treatment
setting. The results from this evaluation suggest that
pregabalin represents a cost-effective use of healthcare
resources at conventional UK norms of societal willing-
ness-to-pay. We conclude that the clinical and cost-utility
of pregabalin has been further supported by the collection
of new evidence from actual clinical practice that
summarizes the characteristics and health outcomes of
people suffering from refractory NeP. Further studies are
needed to strengthen estimates of the relative clinical and
cost-utility of treatments for refractory NeP.
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