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ORIGINAL RESEARCH ARTICLE

The potential price and access implications of the cost-utility and budget
impact methodologies applied by NICE in England and ICER in the US for a
novel gene therapy in Parkinson’s disease
Jesper Jørgensena, Spiros Servosb and Panos Kefalasa

aHealth Economics and Market Access Department, Cell and Gene Therapy Catapult, London, UK; bBusiness Development Department,
Oxford BioMedica (UK), Oxford, UK

ABSTRACT
Background: NICE in England, and ICER in the US both use cost-utility analyses (CUA) and budget
impact analyses (BIA) to assess value for money and affordability, however the thresholds used
differ greatly.
Objective: To perform a cross-country comparison of the results of the CUA and BIA and detail the
implications for reimbursed price and volumes, for a novel gene therapy for Parkinson’s disease (PD).
Methods: A Markov model was built to perform country-specific CUAs and BIAs
Findings: The US ceiling price identified through CUA is ~ 1.8 times higher than in England
(aligning to our previous US/UK price comparison analysis of high-cost drugs). However, the net
budget impact corresponding to these price levels would limit number of patients treated in
order not to exceed the BIA threshold. Performance-based annuity payments can increase patient
access at launch without exceeding the thresholds while reducing payers’ data uncertainty.
Conclusion: Our cost-utility analysis in PD shows a difference in price potential between the US
and England that aligns with what is observed in practice for other high-cost drugs. Furthermore,
the budget impact threshold operational in England imposes a greater downwards pressure on
price and/or volumes than the one applied by ICER in the US.
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Introduction and objectives

As healthcare budgets have become increasingly con-
strained, the need for prioritisation of healthcare resources
has become more pressing. Cost-utility and budget impact
analyses are two widely adopted methods for assessing
value for money and affordability, however, the degree to
which they are a formalised part of health technology
assessments (HTAs) for the purposes of therapy reimburse-
ment differs greatly between countries.

The cost-utility framework was conceived as a tool to
help inform the prioritisation of healthcare resources
across different therapy areas, however, its methodolo-
gical properties continue to be debated among health-
care stakeholders and scholars [1–4]. Despite its
methodological imperfections, cost-utility analyses
(CUAs) remain a central component of HTAs that inform
pricing and reimbursement (P&R) in many countries in
the European Union (EU), such as the United Kingdom
(UK), Sweden, Belgium, and The Netherlands [1], as well
as in Australia [5] and Canada [6]. Furthermore, its use
has gradually become more widespread in EU countries

where it has historically seen limited use, e.g. France,
and Spain [7].

In the UK, the devolved administrations of England,
Scotland, Wales and Northern Ireland are in charge of
HTA and reimbursement decisions for their respective
territories. In England, reimbursement decisions for the
majority of novel medicines are typically made based on
the recommendations of the HTAs conducted by the
National Institute for Health and Care Excellence (NICE).
These recommendations are largely driven by CUA, and
since NICE’s establishment in 1999, its methodologies
have become more rigorous [8–11], making it a reference
point for stakeholders doing HTAs and CUAs in other
countries as well.

In the United States of America (USA), CUAs have
traditionally had little impact on coverage (reimburse-
ment) decisions, and while this continues to be the
norm, recent developments reflect a shift in interest
towards more value-based approaches to HTAs. This is
illustrated by the emergence in recent years of several
tools (as described below and summarised in Table 1)
to enable payers, clinicians and patients to make better
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informed decisions [12,13], as well as by the introduc-
tion of CUAs to support clinical guideline development
[14], drug formulary management by certain health
plans [15], and for the assessment of preventive mea-
sures by Medicare [16]. Moreover, the independent
non-profit Institute for Clinical and Economic Review
(ICER) is producing evidence reports using the CUA
methodology as a free resource available to any stake-
holder interested in evidence-based and cost-effective-
ness-driven healthcare decision-making [17].

While the application of the CUA framework in HTAs
varies greatly among countries, budget impact analyses, i.e.
affordability, are a cornerstone of HTAs everywhere. In 2016
and 2017, NICE (along with NHS England, the national
commissioning/payer body for specialised services) in
England and ICER in the USA respectively proposed explicit
values of overall healthcare system net budget impact that
could be considered acceptable [18,19]. In England, this
budget impact threshold (also referred to as a ‘budget
impact test’) was later adopted as a formal part of the
HTA procedure for reimbursement [20,21]. This is the first
time that an explicit value has been defined for what is an
acceptable increase in healthcare spending for a new

health technology in England, and these initiatives have
understandably been a subject of a great deal of debate
among stakeholders in the healthcare sector [22,23].

Although CUAs and BIAs are considered contentious
by many stakeholders, the relevance of these frame-
works seems to be increasing, notably in the USA, and
they are therefore worth examining in more detail. The
objective of this article is to compare the results pro-
duced by the CUA and BIA when using the threshold
values provided by NICE in England and ICER in the
USA, and detail the implications these methodologies
have on the potential reimbursed price and volumes,
using a novel gene therapy for Parkinson’s disease (PD)
as the basis for the comparison.

Background

Value-based assessment in healthcare has a longstanding
application in the UK. NICE was set up in 1999, and since
2000 (and through January 2018) it has produced over
500 technology appraisals with the aim to ensure that all
National Health Service (NHS) patients have access to the
most clinically – and cost-effective treatments available

Table 1. Examples of value-based assessment tools available in the USA.
Value framework Description

American College of Cardiology (ACC) and the
American Heart Association (AHA) [14]

● Year of introduction/publication: 2014
ACC and AHA are now assessing value for money by CUA (i.e. cost per Quality-Adjusted
Life Year [QALY]) in their clinical guidelines to complement their recommendations

● The threshold values used by ACC/AHA for determining what is an acceptable cost per
additional QALY are informed by the World Health Organization’s (WHO) benchmark of
three times the Gross Domestic Product (GDP): <$50k = high value; $50k-$150k = inter-
mediate value; >$150k = low value

Premera Blue Cross (private health insurance in
Washington state and Alaska) [15]

● Year of introduction/publication: 2010
● Uses a CUA with cost per QALY thresholds similar to the ACC/AHA to allocate drugs to

formulary tiers (<$10k = tier 1; <$50k = tier 2; $50k-$150k = tier 3; >$150k = tier 4)

Drug Abacus [13,65] ● Year of introduction/publication: 2015
● An interactive online tool, developed specifically for cancer treatments, to help patients

and providers compare the value for money of different cancer therapies based on their
own customised preferences and value definitions

● The tool allows users to define the values for a year of life, discount for toxicities,
multiplier for novel mechanism of action or rarity of disease, unmet need and more, and
compares different cancer drugs’ performance according to these user-defined metrics

American Society of Clinical Oncology (ASCO) value
framework [65,66]

● Year of introduction/publication: 2015
● Assesses the value of new cancer therapies based on clinical benefit, side effects, and

improvements in patient symptoms or quality of life in (termed the Net Health Benefit) in
the context of costs incurred by the patient (e.g. patient co-payments)

● It includes no threshold values for cost vs. benefit, and it is up to the patient to decide
what constitutes higher or lower value

National Comprehensive Cancer Network’s (NCCN)
Evidence Blocks [12,65]

● Year of introduction/publication: 2015
Assesses efficacy, safety, affordability, quality and consistency of evidence from 1 (least
favourable) to 5 (most favourable)

● Does not have any threshold values for higher/lower value, and uses only the one-to-five
scale to signify level of cost (rather than actual costs in dollars)

The Institute for Clinical and Economic Review (ICER)
[19]

● Year of introduction/publication: 2015
Assesses long-term value and short-term affordability, including cost-effectiveness and
budget impact to support evidence-based decisions

● Uses a CUA with cost per QALY thresholds similar to the WHO-definition: <$50k = high
value; $50k-$175k = intermediate value; >$175k = lower value (in ultra-rare indications, a
cost/QALY of >$175k can be accepted)

● Also assesses affordability through budget impact analyses
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[24,25]. The recommendations from NICE’s technology
appraisals inform the reimbursement decisions for the
NHS in England, and such evidence-based guidance and
advice are intended to help resolve uncertainty about
which medicines, treatments, procedures and devices
represent the best quality care and which offer the best
value for money for the NHS.

In the USA, the situation is quite different. Despite
the historically low application of value-based product
assessments, recent years have seen an increase in the
efforts to develop tools to assess value for money, and
the need to adapt the P&R frameworks used for high-
cost and high-value medicines. Several tools exist, and
some recent examples are listed in Table 1.

In the following, we will provide more detail around
the frameworks used for cost-utility analyses (CUAs) and
budget impact analyses (BIAs), focusing on NICE in
England and ICER in the USA.

Cost-utility analysis (CUA)

The cost-utility analysis explores the costs and out-
comes (expressed as QALYs), achieved by an interven-
tion, as compared to those achieved with a relevant
comparator in a defined target population, to elicit the
incremental costs and QALYs of the intervention in
question. This approach incorporates both increases in
survival time (additional life years) and changes in qual-
ity of life (with or without increased survival) into one
measure. The incremental cost-effectiveness ratio
(Equation 1) compares the incremental costs (i.e. all
additional costs incurred by the stakeholder in question
in providing the new therapy vs. the standard of care1)
and incremental QALYs generated by the novel therapy
and the standard of care (SOC) over a lifetime, and
expresses this as a cost per additional QALY generated
by the new therapy.

Equation 1: the cost-effectiveness ratio as used in
cost-utility analyses

Incremental cost effectiveness ratio

¼ Cost of new therapy � Cost of SOC
QALYs of new therapy � QALYs of SOC

England

The National Institute for Health and Care Excellence
(NICE) is a national advisory body operating as an
executive non-departmental public body. Its role is to

provide guidance and support to providers and com-
missioners (payers) to help improve outcomes for peo-
ple using the NHS, public health and social care
services. NICE’s aim is to be the principal UK source of
evidence to support health, public health and social
care practice, commissioning and local decision-mak-
ing, including practical support to help put recommen-
dations into practice. NICE does this by producing
recommendations about effective and cost-effective
practice in a range of forms, together with services to
support their implementation [26].

NICE bases its recommendations for reimbursement
of new technologies in the NHS on technology apprai-
sals that use CUAs to determine value for money. NICE
generally considers a new therapy to be good value for
money (cost-effective) and appropriate for NHS reim-
bursement if the incremental cost-effectiveness ratio is
below the threshold range of £20,000–30,000 per addi-
tional QALY [8]. Whether the upper or lower end of that
range is applied is driven by how innovative the novel
therapy is, and methodological considerations, e.g.
whether QoL has been captured adequately, and the
degree of uncertainty in the analysis [8]. However, there
are situations where a higher cost per additional QALY
is accepted: For end-of-life therapies, the willingness to
pay per QALY increases to £50,000; for treatments that
target very rare diseases (assessed under the Highly
Specialised Technologies programme) it increases
further and up to a maximum of £300,000 per addi-
tional QALY (depending on the magnitude of the QALY
gain) [21,27]. This increased willingness to pay is impor-
tant as it provides developers of therapies for very rare
diseases a better chance of recovering the research and
development (R&D) and operational costs, despite
being disadvantaged in terms of volumes by the limited
number of patients in the therapy area.

United States of America

The Institute for Clinical and Economic Review (ICER) is
a consensus-led, non-profit, independent organisation
that conducts evidence-based reviews of health care
interventions in the USA [28]. ICER has developed its
framework for value assessment with input from a
multi-stakeholder workgroup including the perspec-
tives of patient advocates, clinical societies, life sciences
companies, pharmaceutical benefit managers, and
insurers [29]. The overall goal of the ICER value frame-
work is to enable sustainable access to high-value care
for all patients, and a key component of the assessment

1It is important to note that this is not limited to the cost of the new therapy in isolation, but all additional associated costs, e.g.
administration, follow-ups, etc.
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of long-term value for money is the estimated incre-
mental cost-effectiveness, measured through a CUA.

Similarly to the ACC/AHA guidelines (and Premera
Blue Cross), ICER uses the WHO’s recommendation for
using three times the GDP per person as a benchmark
to estimate an acceptable cost per additional QALY
gained, and the following thresholds for cost per
QALY are used in ICER’s assessments (and as illustrated
in Figure 1):

● <$50,000/QALY: High value, considered cost-effec-
tive with no need for further vote or deliberation

● $50,000-$175,000/QALY: Can be considered cost-
effective and long-term value for money (subject to
committee vote) if ‘contextual considerations’ and
‘other benefits and disadvantages’ exist (see below
and Table 2) that contribute to the long-term value

● >$175,000/QALY: Low value (not considered
cost-effective)

When ICER’s independent assessment committee decides
on the long-term value for money, they consider also
‘Other benefits and disadvantages’, and ‘Contextual con-
siderations’. While the ‘Other benefits and disadvantages’
focus on the outcomes for the patient and caregivers, etc.,
the ‘Contextual Considerations’ focus more on disease
burden, unmet need in the therapy area, and the uncer-
tainty surrounding the long-term safety and efficacy. ICER
seeks input on these additional components from all

stakeholders, especially patients and patient groups. This
process culminates in a vote where each committee
member votes yes, no, or uncertain on each of the state-
ments shown in Table 2 [19].

In ultra-rare indications (i.e. where the treatment is
envisaged for a population of less than 10,000 US
patients, or ~ 3/100,000), ICER’s value assessment fra-
mework allows the voting committee the discretion to
accept a higher cost per additional QALY than
$175,000, and gives greater weight to ‘other benefits’
and ‘contextual considerations’ [30].

Budget impact analyses (BIA)

While the CUA examines the differences in the lifetime
costs and QALYs generated by treatment options in the
comparison, the budget impact analysis (BIA) is solely
concerned with the changes in healthcare costs. Most
commonly, the time horizon for the BIA is short-term,
e.g. one year or budget cycle, however, it sometimes
also goes up to five years [31].

One important difference between the CUA and the
BIA is with regards to how the incremental QALYs
impact the results. Commonly, when CUA is used to
determine reimbursed price potential for a novel ther-
apy, manufacturers seek to maximise price potential by
capitalising on the value of both the incremental QALYs
and the displaced healthcare costs as compared to the
SOC. In the CUA, the additional QALYs are value-drivers,
and are monetised according to the stated willingness
to pay per additional QALY (i.e. the thresholds for an
acceptable cost per additional QALY). In the BIA, how-
ever, the value of the additional QALYs generated by
the new therapy has a detrimental impact on the bud-
get, as the corresponding price ‘premium’ increases the
cost differential between the novel therapy and the
SOC. This means that the therapies with higher QALY
gains vs. the SOC have a greater price potential which
results in greater budget impact (assuming all other
healthcare costs remain the same).

In the below, we detail how NICE in England and
ICER in the USA have defined levels of budget impact
that these organisations deem reasonable.

England

In April 2017, NICE and NHS England introduced a net
budget impact threshold (labelled as a ‘test’) in England,
in order to tackle the discrepancies between the prices
deemed cost-effective on a per-patient basis, and the
aggregate impact high-cost therapies have on the NHS
budget. The threshold is considered to have been
exceeded if the expected annual net budget impact in

Figure 1. Threshold values used for cost per incremental QALY
in ICER’s value assessment framework.
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any of the first three years on the market is higher than
£20 million. Any therapy that is expected to exceed this
value is subject to additional commercial negotiations,
and potentially a ‘phased’ introduction, to help manage
the budget impact [21,32].

This net budget impact threshold now applies to all
technology appraisals performed by NICE, and thereby
become a mandatory feature of reimbursement and
access in England. Although NICE has stated that the
£20-million value is ‘not necessarily the maximum
amount that the NHS would commit to funding a new
technology in any one financial year’ [18,20], it becomes
a key requirement for manufacturers to consider and
comply with when launching a new therapy in England.

United States of America

In the USA, overall budget impact for the healthcare
system does not drive price and access the way it does
in the UK. However, ICER has introduced a potential
budget impact threshold in its HTAs that is meant to
address the question around affordability of introdu-
cing the new therapy for the USA as a whole.

ICER’s potential budget impact threshold is calcu-
lated using World Bank GDP growth estimates (+ 1%)
to adjust the annual spending on drugs in the US, in
order to estimate the overall annual growth in drug
spending ($15.3 billion for 2017). This estimated overall
growth in spending is then divided by the estimated
number of new market entrants (33.5 in 2017, as per
FDA data) to calculate the potential threshold for
annual net budget impact per drug launched: $457.5
million (in 2017) [19].

It should be noted that ICER’s potential budget
impact threshold does not hold any direct bearing on
reimbursement (coverage) decisions in the US, but that
it is used as an additional consideration in the value
assessment performed by ICER.

Methods

The CUA and BIA in our example were calculated using
a cohort-based state transition Markov model con-
structed in TreeAge Pro™ 2017 to compare the novel
gene therapy to the SOC. The model structure reflects
the disease trajectory for the target patient population
and is designed to capture the incremental costs and
outcomes (QALYs) accrued over time.

The determination of the reimbursed price potential
is based on reaching, but not exceeding, the incremen-
tal cost-effectiveness ratio thresholds in England and
the US respectively, as calculated through the CUA
(see Equation 1). This means that the reimbursed price
potential calculated through this approach reflects the
maximum justified under the respective thresholds.

Model features

Key features of the Markov model are detailed in
Table 3.

For England, we use the upper end of NICE’s cost-
effectiveness range (£30,000 per QALY) as innovative
therapies are more likely to qualify for this, provided
that QoL has been captured adequately and degree of
uncertainty in the cost-effectiveness outcome is low
(informed by the NICE methods for technology apprai-
sal [8]).

Table 2. ‘Contextual considerations’ and ‘Other Benefits or Disadvantages’ as considered in ICER’s value assessment framework.
Contextual Considerations Other Benefits or Disadvantages

The intervention is intended for the care of individuals with a condition of
particularly high severity in terms of impact on length of life and/or
quality of life

The intervention provides significant direct patient health benefits that are
not adequately captured by the QALY

The intervention is intended for the care of individuals with a condition that
represents a particularly high lifetime burden of illness

The intervention offers reduced complexity that will significantly improve
patient outcomes

The intervention is the first to offer any improvement for patients with this
condition

The intervention will reduce important health disparities across racial,
ethnic, gender, socioeconomic, or regional categories

There is significant uncertainty about the long-term risk of serious side
effects of this intervention*

The intervention will significantly reduce caregiver or broader family burden

There is significant uncertainty about the magnitude or durability of the
long-term benefits of this intervention*

The intervention offers a novel mechanism of action or approach that will
allow successful treatment of many patients who have failed other
available treatments

There are additional contextual considerations that should have an
important role in judgments of the value of this intervention (not
specified in the above)

The intervention will have a significant impact on improving return to work
and/or overall productivity

There are other important benefits or disadvantages that should have an
important role in judgments of the value of this intervention (not
specified above)

* When compared to the comparator therapy
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For the US analysis, we adopt a moderate willingness
to pay of $100,000. This threshold level for the incre-
mental cost-effectiveness ratio was chosen based on the
‘Other Benefits or Disadvantages’ and ‘Contextual
Considerations’ from the ICER’s value assessment frame-
work [19]. While the willingness to pay threshold in the
assessment of a novel gene therapy in PD could be
driven upwards by considerations such as improvements
in caregiver burden, ability to return to work, and repre-
senting a novel treatment option, other considerations
would likely limit the willingness to pay per QALY, e.g.
the availability of other treatment options in advanced
PD, the fact that it is not an acutely life-threatening
disease, and that there will likely be uncertainty around
the safety and efficacy of the therapy at launch.

Model structure

The Markov model was structured using health states
defined by patients’ underlying disease severity (as
measured by the Hoehn & Yahr [H&Y] score) and sub-
states for their level of symptom control (as measured
by the proportion of waking hours spent in the ‘off’
state). The choice of structure is informed by a number
of cost-utility studies performed in PD [33–37], as well
as Abbvie’s submission for Duodopa to the Scottish
Medicines Consortium in Scotland (which was accepted

for reimbursement for PD patients with severe motor
fluctuations and hyper-/dyskinesia when available com-
binations of Parkinson medicinal products have not
given satisfactory results) [38].

Figure 2 illustrates how patients transit through the
different health states in the model, i.e. either remain in
the health state they are in, or deteriorate on either the
H&Y dimension or in terms of the time spent in the ‘off’
state. Every health state in the model can transit to
‘Death’.

Patient baseline and efficacy scenarios

The transition from H&Y2 to H&Y3 is considered to be
the transition into a more advanced PD state [39], and
the patients with the greatest proportion of time spent
in the ‘off’ state are considered very poorly controlled
on the standard of care, and therefore more likely to be
considered candidates for a novel gene therapy.

Our CUA and BIA therefore focus on patients with a
baseline of H&Y3 and who also spend more than 75%
of their waking hours in the ‘off’ state, i.e. their PD
medicines provide only a very limited degree of control
of their Parkinsonian symptoms. It should be noted that
given the early development stage of this gene therapy
for Parkinson’s disease, the efficacy scenarios described
in Table 4 reflect aspirational claims around therapeutic
positioning and benefit. The sustainability of effect was
assumed to be five years for the gene therapy in both
efficacy scenarios.

Table 3. Key features of the Markov model used.
Model feature Detail

Cycle length Six months
Time horizon Lifetime
Discount rate 3.5% for both costs and QALYs
Perspective Healthcare system

Figure 2. Health states and transitions in the health economic model.
‘OFF’1: 0–25% of waking hours spent in ‘off’ state
‘OFF’2: 25–50% of waking hours spent in ‘off’ state
‘OFF’3: 50–75% of waking hours spent in ‘off’ state
‘OFF’4: > 75% of waking hours spent in ‘off’ state

6 J. JØRGENSEN ET AL.



Comparator

Due to a lack of clearly defined treatment algorithms in
clinical guidelines [40–42], PD patients may be treated
with a variety of drugs (e.g. dopamine agonists, levo-
dopa, monoamine oxidase-B inhibitors, COMT inhibitors
or Amantadine) and devices (e.g. deep brain stimulation
or Duodopa pumps). The timing and choice of therapy
is driven by the patient’s individual circumstances,
meaning it is not possible to precisely define the stan-
dard of care (SOC) as a single therapy. This fact is
reflected in several published health economic ana-
lyses, where the treatment in the comparator arm is
commonly a homogeneous group of treatments
referred to as SOC or best medical therapy [33–37,43–
46]. Therefore, given the lack of a single clearly defined
SOC per disease stage, we apply the available group-
ings of therapeutic options for a given SOC and the
associated clinical and economic outcomes.

Model inputs

The following assumptions have been made regarding
the model inputs:

● The impact on healthcare costs, and quality of life
(QoL) utility are based on the relevant H&Y stage,
and the proportion of waking time spent in the
‘OFF’ state

● Mortality is driven by the H&Y score and age (not
‘off’ state)

● We assume that probability of death or complica-
tions in a given cycle is specific to that health state
and is not affected by what happened in previous
cycles

● Patients can only deteriorate on either ‘OFF’ or
H&Y stage per six-month cycle (not both)

Costs and quality of life (QoL) utilities

The health state-specific costs applied in the model are
UK specific and derived from McCrone (2009) [47] and
Lowin et al. (2011) [33], and inflated to £2015 using the
Health Service Cost Indices [48]. When adapting the
model to the US analysis, these costs were inflated

using the Organisation for Economic Co-operation and
Development’s (OECD) most recent (2014) purchasing
power parity conversion factor for health costs [49].

Health state-specific utilities were generated based
on data from Palmer et al. (2000) [50] and Walter & Odin
(2015) [37], adjusted for the utility effect of age as per
the UK age-matched general population at a given
age [51].

Figure 3 provides an illustration of the (UK) costs and
disutilities associated with the different health states in
the model.

Transition probabilities and mortality

The transition probabilities for the standard disease
trajectory dictate the proportion of patients deteriorat-
ing during each cycle, and were obtained from the cost-
effectiveness studies published by Eggington et al.
(2014) [35] and Lowin et al. (2011) [33]. Mortality in
the model is driven by the age of the patient, adjusted
for the mortality effect of the H&Y score, informed by
the hazard ratios reported by Liou et al. (2009) [52].

Findings

Potential price implications (using the CUA)

Using the CUA, we explore the potential price implica-
tions for the novel gene therapy as illustrated in Figure 4
below. This figure details the estimated maximum cost-
effective price potential, and it assumes no uncertainty
regarding the incremental value of the therapy over a
five-year horizon. However, uncertainty in the supporting
data is common for gene therapies at the time of launch,
largely due to the claims of sustainability of effect that
often extend beyond the trial observation period. In the
presence of uncertainty, payers expect price discounts or
more sophisticated managed entry agreements in order
to minimise payer risk.

It is worth noting the modest uplift in price potential
between the symptomatic and disease-modifying
improvement scenarios. This is driven by the limited
difference in costs and QoL when comparing the
H&Y3/’OFF1ʹ and H&Y2/’OFF1ʹ health states (see
Figure 3). The majority of the potential product value
(from a CUA perspective) for patients with a H&Y3/

Table 4. Patient baseline and efficacy scenarios.
Baseline Efficacy scenarios

H&Y score ‘Off’ state Age Symptomatic effect (partial response) Disease-modifying effect (optimal response)

3 > 75% ‘off’ time 63* H&Y score 3 < 25% ‘off’ time H&Y score 2 < 25% ‘off’ time

* Informed by Zhao et al. (2010) [67]
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’OFF4ʹ baseline is therefore driven by improvements in
time spent in the ‘off’ state rather than a further
improvement in H&Y score.

The US results are substantially higher than the English
results: 1.75 and 1.83 times higher for the symptomatic
and disease-modifying scenarios respectively. These differ-
ences are driven by the higher costs of the SOC as com-
pared to England, as well as the higher willingness to pay
(WTP) per QALY ($100k in the US vs. ~$40k [£30k] in
England). This difference would have been even more
pronounced if a higher WTP threshold had been applied
in the US analysis (‘Other Benefits’ and ‘Contextual
Considerations’ may justify a WTP up to $175k).

Potential access implications (using the BIA)
Using the maximum cost-effective prices identified for
the gene therapy in the CUA above, we explore the
potential access implications of the budget impact
thresholds applied by NICE in the England and pro-
posed by ICER in the US.

As stated above, the maximum cost-effective price
potential calculated here represents the ceiling price
according to the CUA framework because it is based on
reaching, but not exceeding, the incremental cost-effec-
tiveness ratio thresholds in England and the USA, and
assuming no uncertainty regarding the therapy

Figure 3. Graphical illustration of the (UK) costs and disutilities associated with the health states in the model (except death2).

Figure 4. Comparison of estimated maximum cost-effective prices for the gene therapy in the US and England, for patients with
H&Y3 and > 75% ‘OFF’ time at baseline (assuming five years duration of effect).
* English results are adjusted for the average £-to-$ exchange rate for 2017 (1.29) [68] to allow the comparison (original results shown in GBP in
parentheses)

2The ‘Death’ health state has no costs or utility associated with it.
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performance. However, in real life, dealing with data
uncertainty is a common HTA challenge especially for
therapies that make claims that extend beyond the clin-
ical trial data available at launch (this is particularly perti-
nent for one-off gene therapies that have the potential to
provide long-term patient benefits). In a previous publica-
tion [53], we have shown how performance-based annu-
ity payments (rather than full upfront payments) can be
an effective way to reduce payer uncertainty, while
improving affordability and patient access to innovative
gene therapies at launch. In the following BIA, we show
how the number of patients eligible for treatment without
exceeding the budget impact thresholds differs according
to the payment approach used.

In the left half of Figure 5, we depict the estimated
English net budget impact in year one of introducing
the novel gene therapy for patients with an H&Y
score of 3 and > 75% ‘Off’ time at baseline.
Although the annual cost for patients on the SOC is
considerable (nearly £29,000), commanding a full
upfront payment for the novel gene therapy creates
a substantial budget impact in year one, in the region
of £182k-£227 per patient treated. A net budget
impact of this magnitude corresponds to a patient
volume of around 90 to 110 in that same year with-
out exceeding the budget impact threshold (or up to
around 440–550 over a five-year period, as illustrated
by the numbers in brackets above).

Performance-based annuity payments dramatically
reduce the budget impact in year one (to £23-£27k
per patient) in England, as compared to a full upfront
payment, by dividing the cost of the gene therapy over

five years (the claimed duration of effect). This reduc-
tion in annual net budget impact allows between
~ 730–850 patients (depending on the level of improve-
ment) in England to be treated in year one (through
year five) without triggering the net budget impact
threshold. It is important to note, that although this is
the maximum number of patients that can be treated
over the five years of claimed benefit, this number of
patients is considerably higher than what would be the
case over five years using a full upfront payment, as is
highlighted by the numbers in brackets (around
440–550).

However, if we compare this to the potential target
population, it is clear that further concessions in terms
of price would be needed to enable broader access.
Prevalence estimates suggest that the total 2018 UK PD
population is in the region of 160,000 [54], and if we
adjust this for the number of people living in England
(54 million vs. 66 million), the corresponding prevalence
estimate is around 130,000. Key opinion leader (KOL)
clinician input indicates that around 10% of the total PD
population have advanced disease and are poorly con-
trolled on the existing SOC, meaning that in England,
the total potential target population might be in the
region of 13,000. The results of the BIA above corre-
spond to less than 7% of these patients, meaning that
an effort would likely need to be made to consider
price concessions and/or potentially a ‘phased’ intro-
duction and/or targeting a PD subpopulation of higher
unmet need.

A similar pattern is observed in the US analysis, as
shown in Figure 6. The net budget impact in year one

Figure 5. Maximum number of English patients eligible for treatment in year one according to the max prices identified* for
patients with H&Y3/’OFF’4 at baseline and the £20-million budget impact threshold.
* £198,556 per patient for partial response; £250,264 per patient for optimal response
** £39,711 per patient (£198,556/5 years) for partial response; £50,053 per patient (£250,264/5 years) for optimal response
*** Over five years
^ Maximum number of patients in years one through five (as the annuity payments are split over five years)
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drops substantially when annuity-based payments are
used rather than full upfront payments.

Similarly as in the English example above, the num-
ber of patients that can be treated in the USA over a
five-year period (without exceeding the proposed net
budget impact threshold) is also substantially higher
when using performance-based annuity payments
than under a full upfront payment: around 5,800–
7,300 patients vs. 4,100–5,400 patients.

However, when considering the estimated total US tar-
get population, it is again evident that price concessions
would have to be made in order to access more patients
without exceeding ICER’s threshold. The estimated 2018
total US PD population is around 800,000 [55], and using
the same KOL estimate of the proportion of all PD patients
who are advanced and poorly controlled, we get an esti-
mated target population in the region of 80,000. In this
context, the results of the BIAmean that less than 9%of the
US target population could be treated annually without
exceeding the threshold.

Another point worth noting is the higher number of
patients as compared to the English results in Figure 5.
If we adjust the US threshold for differences in popula-
tion size (54 million in England vs. 325 million in the US
[56,57]) and exchange rate (1.29 as applied above), the
net budget impact threshold suggested by ICER in the
US corresponds to an English equivalent of approxi-
mately ~£59 million per year; this is ~ 3 times higher
than the net budget impact threshold applied by NICE
and NHS England. In other words, the proposed net
budget impact threshold in the USA is far higher both
in absolute terms and in relation to the population size.

Discussion

In our example, we explore the value and access potential
of a novel gene therapy for Parkinson’s disease, by testing
different aspirational product performance scenarios, using
the CUA and BIA framework as per the threshold values
outlined by NICE in England and ICER in the USA. Overall,
the results of the CUA illustrate the substantial value poten-
tial for a new PD therapy that robustly demonstrates
improvements in morbidity and QoL in PD patients, as
well as providing benefits to the healthcare system
through reduction of healthcare resource utilisation. The
country-specific analyses illustrate how the higher cost of
the SOC, and importantly, the higher willingness to pay per
incremental QALY used by the ICER framework in the US,
drive substantially higher prices than those derived using
the English perspective. It should be noted that the value
potential in the USA may be even higher than what is
presented in our analysis, as we applied a moderate will-
ingness to pay in our analysis ($100k per additional QALY).
A willingness to pay higher than this (but <$175k) is pos-
sible, subject to the interpretations of the ‘contextual con-
siderations’ and ‘other benefits and disadvantages’ as used
by ICER when determining the appropriate threshold level.

In a previous publication, we have shown that the
pharmaceutical prices (as charged by the manufac-
turer) are on average 1.90 times higher in the US
than in the UK for higher-cost drugs [58]. This finding
is very much in line with the differential of 1.83 found
in our analysis (Figure 4), and supports the relevance
of the CUA framework in estimating US willingness to
pay in PD.

Figure 6. Maximum number of US patients eligible for treatment in year one according to the max prices identified* for patients
with H&Y3/’OFF’4 at baseline and the $457.5-million budget impact threshold.
* $448,662 per patient for partial response; $591,662 per patient for optimal response
** $ 89,732 per patient ($448,662/5 years) for partial response; $118,332 per patient ($591,662/5 years) for optimal response***
Over five years
^ Maximum number of patients in years one through five (as annuity payments are split over five years)
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In general terms, it should be noted that the results of
the CUA are sensitive to how adequately QoL is captured
by the utility scores used for the QALY calculation, and
this can differ between therapy areas and the QoL instru-
ments used. In our example, the deterioration of PD
patients as measured on the H&Y scale and in terms of
time spent in the ‘off’ state has a substantial impact on
the QoL utilities. In other therapy areas, such as ophthal-
mology, there are well-established methodological issues
in terms of translating patient benefits into QALY
improvements, and the recent case of ICER’s assessment
of Luxturna illustrates this [59].

The CUA framework is also sensitive to the discount rate
used when considering future costs and benefits, as shown
in NICE’s exploration of the assessment and appraisal of
regenerative medicines [60]. The NICE assessment frame-
work allows a discount rate of 1.5% to be applied (rather
than the commonly applied 3.5% rate) in cases where the
‘. . .treatment restores people who would otherwise die or
have a very severely impaired life to full or near full health,
and when this is sustained over a very long period’, and
where the Appraisal Committee believe that ‘. . .it is highly
likely that, [. . .] the long term health benefits will be
achieved’ [60]. However, making the case for the 1.5%
discount rate convincingly is challenging, and unlikely to
be accepted in the absence of long-term data supporting
curative claims, as shown in the assessment of the
hypothetical CAR-T therapy for paediatric acute lympho-
blastic leukaemia in NICE’s Regenerative Medicine
Study [60].

Furthermore, it is worth highlighting that the perspec-
tive of the CUA methodology applied in England and the
USA is that of the healthcare system and not the wider
society. This means that the value of benefits such as ability
to go back to work, work productivity, or impact on care-
giver burden (e.g. family members) are not fully reflected in
the results when using this analytical framework. Also,
other scholars have hypothesised that society may value
curative therapies more highly than treatments that offer
the same ‘total’ benefits through incremental gains (e.g.
over many years and/or patients); still, there is little evi-
dence to suggest that a higher willingness to pay exists for
this [61]. What is clear, is that this is not a factor that
currently drives a higher willingness to pay in the CUA
methodologies used by NICE in England, and only to a
limited extent by ICER in the US (through ‘Other Benefits
and Disadvantages’).

While the value potential identified in our CUA is
considerable, the results of the BIA show how the budget
impact thresholds in England and the USA apply a sub-
stantial downwards pressure on price and/or volume. A
finding worth noting is that the threshold proposed by

ICER in the USA is far higher than the one applied in
England, both in absolute terms and in relation to the
total population of these countries. ICER’s proposed
budget impact threshold allows approximately three
times more patients access when seen in relation to
the total US population, than the threshold applied in
England. This finding may be reflective of the fact that
ICER is consensus-driven, and therefore may be more
likely to weigh in the patient and industry perspectives,
than the English budget impact threshold, which is
payer-led. Regardless, it means that the threshold
applied in England applies a greater downwards pres-
sure on price and/or volume than the threshold pro-
posed by ICER in the USA.

For manufacturers of highly innovative treatments
that provide long-term savings and substantial QALY
gains (and therefore can justify a higher cost-effective
price through the CUA framework), a key challenge is to
ensure that the budget impact, especially short-term, is
not of a magnitude that is detrimental to product
adoption. High-value, one-off treatments that com-
mand a full upfront payment are disadvantaged by
the BIA, as their long-term value is concentrated in
one upfront payment, rather than in payments spread
over time. In situations like these, payers have com-
monly sought price concessions to account for any
uncertainty around the longer-term real life benefit of
a one-off therapy. Collecting real-world data through
registries post-launch (which is sometimes a regulatory
requirement for cell and gene therapies) is one possible
means to reduce this uncertainty without compromis-
ing the value of the therapy, although payers generally
perceive real-world data as less convincing evidence (as
compared to randomised control trial data), due to the
increased risk of bias from confounders [61]. But impor-
tantly, it does not deal with the budget impact con-
cerns from charging the full price upfront.

We argue that performance-based annuity payments
should be considered in situations like this. Our pre-
vious analysis of the UK budget impact ‘test’ [53]
showed that adopting such payment schemes can sub-
stantially reduce both payer uncertainty around longer-
term real-world benefits, as well as the annual net
budget impact in the first three years after launch (i.e.
the time horizon of the budget impact ‘test’).
Performance-based annuity payments can thus be a
vehicle to increase patient access as compared to char-
ging a full payment upfront for the therapy. This can be
particularly useful in indications where there is a large
proportion of prevalent patients. In such cases, perfor-
mance-based annuity payments can provide budgetary
room for decision-makers to treat more of the prevalent
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population when the new therapy is introduced, and
then focus on the incident population in subsequent
years. Still, when considering the prevalence estimates
for advanced and poorly controlled PD in England and
the US, it is clear that further reductions in price are
required in order to access the broader population
without exceeding the budget impact thresholds
longer term (e.g. beyond the three-year horizon used
in the UK framework).

From a US perspective, the budget impact threshold
proposed by ICER is an interesting development that has
merit in terms of analysing trends in pharmaceutical
spending on a healthcare system level. However, achiev-
ing a widespread adoption among US decision-makers for
the purposes of making individual coverage decisions is
challenging. A key reason for this is the fact that the US
healthcare market is comprised of multiple payers, for
whom the budget impact on a macro level is less relevant
when they are making coverage decisions. A threshold
like the one ICER has proposed is better suited in single-
payer systems, where the payer’s budget impact by and
large reflects the budget impact of the healthcare system.
To some extent, one could argue that certain patient
populations could be considered as covered by a one-
payer system even in the US, e.g. patients over the age of
65, the vast majority of which are covered through
Medicare. This would largely be the case for the advanced
PD population, however, unless the scope of the budget
impact threshold is changed to fit the remit of individual
payers (e.g. a Medicare-specific budget impact threshold),
its impact on coverage decisions will likely remain limited.

A second, and more hypothetical scenario, where one
could consider a single-payer situation in the US is where a
federal risk-pooling (carve out) mechanism is introduced.
This would require individual payers to put a certain per-
cent of their member premiums or health care budgets
into a dedicated fund for high value medicines, essentially
creating a single payer system for such therapies [62]. In
this scenario, a budget impact threshold like the one pro-
posed by ICER would be easier to implement.

Finally, an important difference to emphasise
between the two countries is that while the CUA and
BIA frameworks are integral to the HTA and ultimately
inform reimbursement in the NHS in England, these
frameworks currently have limited direct implications
for price and coverage (reimbursement) decisions in
the USA. It is interesting to note that, with the excep-
tion of Premera Blue Cross (which uses CUA to inform
actual management of its drug formulary), none of the
other examples we describe above have any explicitly
defined impact on coverage or formulary management
of therapies, and are meant purely as complementary
tools to aid decision-making.

While survey data is inconclusive at present in
terms of the proportion of US payers using the ICER
CUA framework [63,64], the emergence of value
assessment tools over recent years points to a trend
towards a greater interest in assessing value for
money, which is supported by an increasing trend in
terms of adoption: from 46% intending to use the ICER
reports in 2015 to 59% using them in 2016) [64]. It is
our belief that the use of CUAs in coverage (reimbur-
sement) decisions in the USA will increase in the
future, and although it may not play as integral a
role in coverage determinations as it does in
England, in the near future, the CUA has compelling
properties in terms of informing the prioritisation of
scarce healthcare resources, and therefore lends itself
well to more widespread use, also in the USA.
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