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ABSTRACT

Objective: To provide recommendations for addressing previously identified key challenges in
health economic evaluations of Gene Replacement Therapies (GRTs), including: 1) the assessment
of clinical effectiveness; 2) the valuation of health outcomes; 3) the time horizon and extrapola-
tion of effects beyond trial duration; 4) the estimation of costs; 5) the selection of appropriate
discount rates; 6) the incorporation of broader elements of value; and 7) affordability.
Methods: A literature review on economic evaluations of GRT was performed. Interviews were
conducted with 8 European and US health economic experts with experience in evaluations of
GRT. Targeted literature reviews were conducted to investigate further potential solutions to
specific challenges.

Recommendations: Experts agreed on factors to be considered to ensure the acceptability of
historical cohorts by HTA bodies. Existing prospective registries or, if not available, retrospective
registries, may be used to analyse different disease trajectories and inform extrapolations. The
importance of expert opinion due to limited data was acknowledged. Expert opinion should be
obtained using structured elicitation techniques. Broader elements of value, beyond health gains
directly related to treatment, can be considered through the application of a factor to inflate the
quality-adjusted life years (QALYs) or a higher cost-effectiveness threshold. Additionally, the use
of cost-benefit analysis and saved young life equivalents (SAVE) were proposed as alternatives to
QALYs for the valuations of outcomes of GRT as they can incorporate broader elements of value
and avoid problems of eliciting utilities for paediatric diseases.

Conclusions: While some of the limitations of economic evaluations of GRT are inherent to
limited clinical data and lack of experience with these treatments, others may be addressed by
methodological research to be conducted by health economists.
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Introduction produce the missing protein which is included in meta-

Gene replacement therapy (GRT) is a novel approach to
cure diseases caused by monogenic genetic disorders
which offers hope for lifelong improvement to patients
suffering from inherited, incurable, and debilitating con-
ditions[1]. Gene-based therapies use genes to treat dis-
eases, but they can employ different techniques to repair
a defect in an existing DNA[2]. In GRT, a working gene is
delivered to the cell by a vector. This technique conveys
a proper gene but does not alter a person’s DNA. Once the
new gene is present in the nucleus of the cell, it starts to

bolic pathways delivering proper metabolites or restoring
defective enzymes[3]. The uniqueness of GRT encom-
passes an innovative and novel approach that offers the
potential of a one-time cure.

GRTs have seen dynamic development and, to date,
several GRTs have been approved for use in the EU and
the US: Zolgensma® — onasemnogene abeparvovec-xioi
(US); Zynteglo® - autologous CD34+ cells encoding
[BA-T87Q-globin gene (EU); Luxturna® — voretigene nepar-
vovec (US/EU); Strimvelis® — autologous CD34+ enriched
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cell fraction containing CD34+ cells transduced with a retro-
viral vector that encodes for the human ADA cDNA
sequence (EV); and there are several under study in clinical
trials (including CERE-110 - Adeno-Associated Virus
Delivery of NGF, AAV-mediated REP1 gene replacement,
AAV5-hFIXco-Padua, OTL-103, OTL-200, SGT-53, GS010,
VM202) [4,5].

GRTs have the potential to ‘cure’ diseases. It is impor-
tant to clarify the meaning of ‘cure’ in this context.
‘Cure’ does not necessarily mean that patients will
have a normal life, but rather that the underlying
pathophysiology will be suppressed. Some irreversible
consequences of the disease, occurring before treat-
ment, may persist.

The unique nature of gene therapies has raised
major methodological challenges for health-economic
assessments [4,6-8]. To date, the following key chal-
lenges and considerations have been identified with
such analyses: 1) the assessment of clinical effectiveness
and safety; 2) the extrapolation of effects beyond trial
duration; 3) the valuation of health outcomes; 4) the
estimation of costs; 5) the selection of appropriate dis-
count rates; 6) the incorporation of equity considera-
tions; and 7) affordability.

The objective of this paper is to provide potential
methodological solutions and recommendations for
addressing each of the identified key challenges and
considerations, with the aim that future health eco-
nomic evaluations of GRT will better inform decision-
making. The scope of the recommendations focuses
on GRTs indicated for serious diseases with high
mortality (life expectancy reduced by at least 20%
compared with the general population life expec-
tancy) and/or major disability, in situations where no
alternative treatment exists, or available treatments
have low and unsatisfactory efficacy results.
Therapies that replace existing effective treatments
are considered beyond our scope, as for haemophilia
for example.

Methods

Targeted literature searches were performed in
August 2019 using Medline to identify published eco-
nomic evaluations of GRT and recommendations or
discussion papers on the methods of evaluation of
gene therapies. In addition, we searched for health
technology assessments (HTAs) from the UK National
Institute for Health and Care Excellence (NICE) and
Institute for Clinical and Economic Review (ICER) for
GRT. After identification of challenges associated with
the evaluation of GRT, additional target searches were
performed in Medline to identify methodological

publications and recommendations related to several
issues: assessment of relative effectiveness based on
single-arm trials, valuation of health outcomes in chil-
dren, elements of value beyond QALYs, monetary valua-
tion of caregiver time, elicitation of expert opinion for
health economic models, incorporation of equity
considerations.

A preliminary list of potential methodological solu-
tions based on the literature reviews was shared with
an expert panel comprising 8 US and European
health economic experts (from countries including
Belgium, France, Germany, Spain, Sweden, the
Netherlands and the UK), with experience relevant
to the evaluation of GRTs. All experts are co-authors
of this manuscript. The experts were asked to review
the list of potential solutions, and all comments
received were discussed during a board meeting (tel-
econference). Additional targeted literature reviews
were conducted to investigate further issues raised
during the meeting, including statistical methods for
extrapolation of health outcomes, utilisation of cost-
benefit analysis as an alternative to cost-effectiveness
analysis and selection of appropriate discount rates.
A first version of recommendations was then written
and circulated to all co-authors. The co-authors pro-
vided comments by email, the comments were sum-
marised, and the recommendations were updated.
The new version was circulated together with the
summary of comments, and this process was iterated
three times until reaching a consensus.

Methodological issues in economic analyses of
GRT

There were six publications on economic evaluations of
GRT identified in August 2019, including 5 for existing
treatments (Luxturna®, Strimvelis® and Zolgensma®) and
1 for a hypothetical haemophilia treatment [9-14]. Five
were published in scientific journals, and one was
a report from ICER. The key methodological issues in
those studies were limitations of clinical data (small
clinical trials, unknown duration of treatment effect),
lack of appropriate data to extrapolate outcomes in
treated patients, limitations of utility data, and sparse
data on current practices.

In addition, we identified three recommendation
or discussion papers about the economic evaluation
of gene therapies [6,7,15]. This included an article by
Drummond et al., providing a checklist for analysts
and decision-makers to determine which aspects of
economic evaluation should be considered further,
given the unique nature of gene therapy[15].



Estimating costs

The Second Panel on Cost-Effectiveness in Health and
Medicine recommended that all studies represent
a reference case based on health care payer perspective
and a reference case based on societal perspective[16].
This recommendation appears appropriate in the case
of GRTs, as healthcare payers require evaluations from
health-care perspective in many countries [17], but
costs outside the healthcare sector are particularly
high, and would be difficult to ignore. Diseases targeted
by GRTs have substantial costs outside of the health-
care sector, including social services, special education,
and reduced productivity due to disability. Based on an
economic burden study conducted in Spain, the direct
non-healthcare costs accounted for 67.7% of the total
cost of spinal muscular atrophy (SMA) patients (€22,839
out of €33,721 of the total annual cost per SMA patient)
[18]. Likewise, Hendrie et al [19]. reported a mean
annual cost per case of a Rett Syndrome patient of
about 20,000, USD and high-cost items included long-
term residential care ($9,371), therapy services out of
school, and paid home and community care ($7,213). In
addition, caregiver productivity loss and time spent on
caregiving are relatively large in the context of diseases
targeted by GRT.

It may be noted that these costs will not necessarily
decrease following treatment. As noted for Rett syn-
drome, caring for patients with reduced symptoms
could actually take more time than when symptoms
are more severe[20]. While social and educational
costs would also likely increase as symptoms improve,
patients also become more active and, therefore more
able to utilize and benefit from available resources. In
addition, there will be healthcare costs and other costs,
related to the disease or not, during added years of
life[21].

As the time of caregivers is to be considered, an
important question to address is how to value an
unpaid caregiver’s time. Two main approaches have
been proposed: caregiver time can be valued either
based on the income generated by the caregiver if (s)
he had been doing paid work instead of caring for
a relative, or based on the cost of hiring a professional
caregiver for providing the same service[22].

There is no consensus about a preferable approach
in the literature. In a recently published systematic
review on the valuation of informal care in cost-illness
studies, authors highlighted that informal care is not
consistently included in the economic studies, and
there is a need for greater transparency and clarity in
their methods and results[22]. None of the methods
(opportunity cost, proxy good and contingent
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valuation) might be assessed as the most appropriate.
The suggestion for researchers is to use more than one
method of valuation to facilitate comparability of stu-
dies and increase the usefulness of the analysis for
decision-makers [23,24]. Those authors also noted that
most OECD countries are moving towards a model of
shared responsibility in caring for people with limited
autonomy, which means that informal care will be
replaced by formal care (for instance, Spain is expected
to experience an increase in informal care from approxi-
mately 1.2 million persons in 2010 to more than
2.8 million persons in 2060)[23].

In addition, as GRTs may substantially improve life
expectancy, the question of whether to include future
costs unrelated to the disease arises[25]. Some autho-
rities opt for the inclusion of such costs (e.g. the Second
Panel on Cost-Effectiveness in Health and Medicine, The
Swedish Dental and Pharmaceutical Benefits Agency
[TLV], the National Health Care Institute in the
Netherlands [ZIN], Institute for Clinical and Economic
Review in the US), while others prefer not to include
them (e.g. National Institute for Health and Care
Excellence [NICE] in England, Haute Autorité de santé
Commission Evaluation Economique et de Santé
Publique [HAS CEESP] in France)[26]. There are in fact,
strong arguments in favour of including the costs unre-
lated to the diseases over life-years gained in the eva-
luation. Essentially, they represent resources expended
that are a consequence of the intervention. Van Baal
et al. [25] argued that ignoring these costs in a cost-
effectiveness analyses is contrary to common sense,
results in lost health, and fails to fully inform decision-
makers who rely on these analyses. Indeed, there are
health benefits associated with those future health
expenses, which are implicitly included in evaluations;
therefore, considering unrelated future medical costs
may be appropriate, provided that the costs are framed
in the context of the benefits they represent.

In the case of GRT, this question might be
extended to other future costs (e.g. social, educa-
tional) which, while significant, are also associated
with benefits (e.g. productivity gains) to patients,
caregivers, and society at large — and are therefore
generally regarded as societal obligation for all chil-
dren. If a child’s life is extended, and that child
requires special education during added years of life,
it may be appropriate to account for special education
costs as they are ‘related to the disease’. If the child
was able to receive standard education, this may be
considered as ‘unrelated to the disease’ and therefore
not considered. Thus, if the chosen approach was to
exclude unrelated future ‘other’ costs, then only the
excess costs of special education relative to standard
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education should be included, to ensure comparabil-
ity between products. Based on this reasoning, in the
situation where the child’'s condition is so severe that
special education possibilities are limited during life-
time gained, education costs may be lower than stan-
dard education, and therefore negative costs of
education would be applied. In the comparator arm,
where the child dies earlier, the full costs of education
should be subtracted. Thus, if education costs are
considered relevant to the evaluation, both
approaches (including or excluding education costs
unrelated to the disease during added years of life)
may be acceptable and provide similar results, as long
as standard education costs are subtracted for chil-
dren who do not receive it in the approach where
future education costs ‘unrelated to the disease’ are
excluded.

Estimating health outcomes
Assessment of clinical effectiveness

Clinical studies for GRTs frequently present several lim-
itations that may affect economic analysis. Because
many GRTs target rare diseases, the sample sizes of
clinical studies are small, with some studies having
less than 15 patients. A recent study aiming to charac-
terise ATMPs (including GRTs) in development reported
that approximately half of the trials (47.2%) enrolled
fewer than 25 patients[27].

Another limitation of clinical studies of GRTs is the
heterogeneous patient population, because of high inter-
individual variability in the clinical course of monogenic
disorders, typically targeted by GRTs, as well as in the
baseline characteristics of patients[28]. Thus, Hanna et al.
highlighted in their review that 20% of identified trials
recruited both children and adults[27].

Furthermore, surrogate endpoints are frequently
used in clinical trials of GRTs. For example, SMA type 1
has many different symptoms, which may appear at
different stages of life. The ability to sit was chosen as
one of the primary outcomes in phase 3 clinical trial of
Zolgensma® because it is an important goal for patients
to achieve, and also because it is expected that this
milestone correlates with many other symptoms[29].
The use of surrogate outcomes makes it difficult to
use clinical research results in economic evaluation,
especially in rare and understudied conditions where
validation of surrogacy is challenging[15].

The following paragraphs address three key chal-
lenges for the assessment of clinical effectiveness for
gene therapies: 1) validation of surrogate outcomes; 2)
the lack of comparison groups in clinical studies, which

may lead to comparisons vs. historical cohorts; and 3)
challenges related to the extrapolation of short-term
evidence to long-term benefit (discussed below in the
«time horizon and extrapolation» section [3.4]).

Validation of surrogate outcomes

Advantages and disadvantages of using surrogate out-
comes in clinical trials have been discussed in the lit-
erature [30,31]. In cases where employing surrogate
outcomes is necessary, information about their valida-
tion and evaluation should be considered. Approaches
to the validation of surrogate outcomes were discussed
by Ciani et al. [30] and includes a 3-level hierarchy
approach: (1) biological credibility, (2) determination if
any relationships exist between the surrogate and the
outcome at the cohort and individual patient level, or
(3) evidence from several clinical trials of correlation
between treatment effects on surrogate outcomes and
final outcomes. Demonstrating the correlation at the
individual level for diseases targeted by GRTs may be
feasible based on observational studies. However, the
correlation between treatments effects surrogate and
final health outcomes is not available at the time of the
analysis for most GRTs, due to scarcity of data.

Use of historical cohorts

The results from clinical trials conducted on small samples
and/or performed without appropriate comparators can, in
some instances, be compared with those obtained from
previous studies conducted on cohorts similar to the popu-
lation of interest. Comparison to a historical cohort was
used, for example, in the multicentre clinical development
program of Luxturna®, an emerging gene therapy for the
treatment of biallelic RPE65-mediated inherited retinal dis-
ease [32], as well as in its evaluation by the Institute for
Clinical and Economic Review[9]. Historical controls may
include prior patients with the same disorder from an
observational study (prospective natural history study,
medical chart data from clinical care), or a control group
from a prior randomised investigational study.

To ensure the validity of comparisons to historical
observational or investigational cohorts and acceptance
by HTA agencies, the following aspects need to be
considered [28,33]:

1. The rationale behind not doing a comparative trial
is provided, including but not necessarily limited to the
argument that this type of studies can increase the risk
of irreversible damage, dramatically delaying access to
poorly serviced patients and that the recruitment of
patients has to be done from very small populations.



2. Preliminary data suggest that the magnitude of
the treatment effect size versus the historical cohort is
dramatic.

3. The primary endpoint is objective, durable and
reproducible.

4. The impact of study heterogeneity in the patient
population and the impact on the outcome is studied.

5. Confounding factors affecting the outcome are rela-
tively well known, and a statistically sound adjustment
method is used to control for confounding factors.

The use of historical cohorts requires methodological
approaches for matching or making indirect comparisons.
Collection of equivalent data from historical studies can be
difficult, especially when relying on published sources.
Berger et al. developed a list of criteria that should be taken
into account in the evaluation of the relevance and credibility
of observational studies[34]. They are also useful in judging if
existing data are suitable for matching and comparisons.

An exact matching method or a propensity score
method can be used to ensure that patients are paired
on key variables of interest[35].

6. The generalisability and transferability of the clin-
ical data toward the historical cohort should be proac-
tively assessed.

Estimating health-related quality of life

The quality-adjusted life year (QALY) measure has been
widely challenged but still remains the most accepted
approach for modelling the incremental benefit of health
technologies in many countries [36,37]. The incremental
cost per life-year gained may in some instances be suffi-
cient to justify the value for money (or lack of) of a GRT, or
it may be a useful addition to the incremental cost per
QALY gained. However, some consideration of health-
related quality of life (HRQoL), with and without GRT,
will be required in many evaluations. In the following
paragraphs, we consider options to estimate QALYs
gained for GRT and alternatives to the QALY measure.

Estimating health-related quality of life in very
young children

Many patients targeted by GRTs are likely to be too young,
with significant cognitive damages, or otherwise incapable
of describing their own HRQoL. Several GRTs in development
to date are indicated for diseases affecting very young chil-
dren (<5 years of age)[38]. While some therapies target
diseases affecting older patients, and prevalent cases above
5 years of age may also be treated, it is expected that, in the
future, patients may be screened, either systematically or
based on the presence of risk factors, and treated before
the clinical expression of the disease to prevent the onset of
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clinical symptoms and irreversible damage. Therefore, proxy
reports of patients’ HRQoL are likely to be needed[39].

In the case of young children, the most appropriate
proxies will likely be parents or caregivers[40]. Proxy reports
should be used for observable concepts, but are often unreli-
able when it comes to concepts that require interpretation,
such as social functioning and emotional well-being. Signs
and symptoms reported in terms of frequency are likely to be
easier to observe and report than those expressed in terms of
severity[40]. In addition, proxies’ own HRQoL should be
collected in order to evaluate the extent to which their
own HRQoL impacts the perceived burden on their child[41].

Generic health status classifications such as the EQ-5D [42]
or SF-36 [43] are widely used for the evaluation of interven-
tions in adults. However, as noted by several researchers,
they may not be appropriate for assessing health states in
very young children (<5 years of age) [20,44-46].

Nine preference-based paediatric HRQoL measures
have been identified in the literature. They vary across
a number of different characteristics, including the num-
ber and composition of dimensions, item structures, eva-
luation protocols, the age groups for which they were
validated, and characteristics of target responders [40,47].

Estimating health-related quality of families
and caregivers

The burden of caregivers, involving both the burden of
caring and the emotional distress associated with the suffer-
ing of a close relative, is important to capture in evaluations
of GRT. In the study Killian et al [48]. the Optum™ SF-36v2°
Health Survey was used to assess Rett Syndrome (RTT) care-
takers’ physical and mental QOL. RTT characteristics were
found to significantly impact HRQOL. Interestingly, more
severe disease was associated with a poorer score for the
physical component of quality of life (PCS, p = 0.006), but
improved the mental component score (MCS, p = 0.003).
A study among mothers of children with SMA found a higher
mean caregiver burden than studies of caregivers of patients
with other neuromuscular diseases. A substantial proportion
of mothers (76%) perceived high caregiver burden. Burden,
emotional distress and satisfaction with participation were
comparable between mothers of children and mothers of
adults with SMA[49].

Valuation of health outcomes

Valuing health-related quality of life in very young
children

As relevant dimensions of HRQoL change through dif-
ferent stages of child development, the creation of
a simple, generic health-status classification system
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specific for very young children is challenging. For
example, the PedsQL is a very detailed instrument
comprising of 23 multiple items and includes four sub-
scales of functioning: physical, emotional, social and
school. Additionally, the PedsQL Infant Scales com-
posed of 36 items for infants 1-12 months and 45
items for toddlers 13-24 months (each with five sub-
scales: physical functioning, physical symptoms, emo-
tional functioning, social functioning and cognitive
functioning)[50]. Developing a preference-based index
for the PedsQL covering several stages of child devel-
opment based on a direct elicitation method [e.g. time
trade-off (TTO) or standard gamble (SG)] would require
shortening it to a maximum of 7-8 items. It would be
challenging to perform such a reduction without losing
dimensions that are essential at some development
stages[51].

In the absence of a relevant generic preference-
based instrument that spans the childhood years, we
could recommend the use of ‘vignette studies’, which
involve direct elicitation of health states described as
vignettes using techniques such as SG or TTO with the
general public, parents, or caregivers. The approach of
‘vignettes’ was used in the context of the evaluation of
gene replacement therapies for SMA and for PE65-
mediated inherited retinal disease, although in both
cases the vignettes were value by clinical experts
[52,53]. It is important to minimise investigator bias in
the development of vignettes and we would suggest
considering guidance on the development of patient-
reported outcomes (PRO) instruments for that purpose
[54-56].

Furthermore, direct elicitation approaches require
highly standardised study protocols to minimise inves-
tigator bias. For the TTO, the EuroQol protocols have
been considered as a standard[57]. However, these pro-
tocols adopt a self-perspective: respondents are asked
to imagine that they live in the health states to be
valued (e.g. the scripts read as follows: ‘you would
either live in Life A for Y years and then die, or you
would live in Life B for 10 years and then die’). It would
probably be very difficult, perhaps even impossible, for
adults to imagine themselves in the lives of infants.
More generally, the TTO and SG tasks are suitable
approaches to elicit utilities from the self-perspective
but may not be adapted for valuing health states for
others[58]. As a change of perspective for the valuation
of health states may be necessary, the person trade-off
(PTO) approach would offer a possible solution. Person-
trade-off is a technique for valuing health states from
a social perspective[59]. It consists of asking people
how many outcomes of one kind they consider equiva-
lent in social value to X outcomes of another kind.

Another option could be to value health states in
terms of willingness-to-pay, which would imply leaving
the cost-effectiveness framework for cost-benefit
analysis.

The elicitation of health state utility values is not the
only challenge related to the estimation of QALYs for
interventions targeting children. The QALY model has
been widely challenged [60] and appears to be proble-
matic when it is applied to children. In the QALY model,
the value of a health profile, characterised as
a sequence of health states, is represented as a sum
of products of utility and duration of each health state.
It assumes in particular that the value of a health state
is independent of its duration and of the health states
that come before and after it[21]. However - as an
example to illustrate the concept — if we consider
a health state characterised by an ‘inability to stand’, it
may be considered normal for an infant below 6
months of age to be unable to stand, and this infant
may be assigned a utility of one. If this child remains in
a similar state up to the age of two or 3 years, one
would probably not consider his/her utility as still equal
to one. So, the assumption of mutual independence
between quality of life (QoL) and duration of a health
state does not hold.

It is possible to consider stratifying the QALY model
and eliciting utilities over different periods, representing
different stages of ‘normal development.’ But it remains
unclear whether such a stratified model would provide an
acceptable approximation of the value of the health pro-
file. Empirical studies would be needed to verify that.

In this context, the saved young life equivalents (SAVE)
approach, which has attracted less interest than QALYs in
the health economic literature, may be worth considering
[21]. The SAVE approach is the main measure that can be
used with the PTO approach, mentioned above. The
number of SAVEs represents the social value of
a treatment outcome relative to a young life being
saved. The SAVE approach avoids assumptions of the
QALY model such as independence between health
state value and duration. Thus, it avoids the need for
stratifying valuation tasks according to ‘normal’ stages
of child development. Second, the SAVE values can be
elicited using a PTO approach, from a societal perspec-
tive, thus avoiding the difficulties mentioned above to
elicit utilities from self-perspective.

Valuing health-related quality of life of families
and caregivers

In cases where there is evidence of an impact of the
disease on the HRQoL of families and caregivers, we
recommend taking it into consideration in the QALYs or



another valuation of health outcomes, in line with
guidelines from NICE and HAS [61,62]. This should be
done irrespective of whether costs are estimated from
a healthcare payer or societal perspective.

The use of the QALY model could lead to paradoxical
results when applied for caregivers. If we consider the
example of a disease with substantial disability and
short life expectancy, like SMA type 1, it seems reason-
able to imagine that the health state utility of a parent
would be moderate during the life of their disabled
child, would worsen around the time of death of the
child, and then progressively increase to a higher level,
as no longer affected by the care burden. Assuming
that the impact of mourning on health of parents
does not last for a lifetime, the total QALYs for the
caregiver may decrease if the child’s life is extended,
with a similar level of disability. Furthermore, the num-
ber of QALYs for the caregiver may decrease even more
if the child’s condition improves. As mentioned above,
MCS of SF-36 was higher in caregivers of patients with
more severe forms of Rett syndrome[48]. This raises the
question of whether the QALY approach is appropriate
to value the impact of GRT for the caregiver. A simple
solution would be to exclude QALYs for caregivers
when an improvement in child’s health is associated
with a loss in QALYs for the caregivers. We would also
recommend qualitative research to understand how
parents feel about seemingly negative effects of their
child’s health improvement on their life, as this is not
sufficiently well understood now, in order to recom-
mend appropriate valuation approaches in the future.

Incorporating broader elements of value in the
evaluation of GRT

Lakdawalla et al [63]. list elements of value, beyond
health gains, that may need to be considered in the
economic evaluation of healthcare interventions. This
includes a reduction in uncertainty, fear of contagion,
insurance value, value of hope, real-option value,
equity, scientific spillovers and disease severity.

The focus here is on gene therapies targeting severe
or life-threatening diseases. As defined by Torrance, the
QALY approach suggests that ‘a gain of equal utility
increments anywhere on the scale should be equally
preferable for the individual whose utilities are being
represented. For example, if an individual’s utilities are
A: 0.2, B: 04, C: 0.6 and D: 0.8, the person should be
indifferent to whether the change is from A to B or from
C to D’[64]. Taylor et al. aimed to compare increments
in the utility of health from different baselines [65] and
demonstrated that ‘there was a clear tendency to prefer
an equal utility increment from an initially more severe
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utility of health state compared to a better baseline
state.” Similarly, previous studies suggest that society
prefers to give priority to patients with a greater pro-
portional shortfall [59,66,67].

The belief here is that another important element of
value to consider for GRTs concerns the value of cure. It
has been suggested that the value of a cure might be
greater than the sum of values of incremental gains
representing a similar change in health status overall
[68]. This could have importance for some GRTs, which
are potentially curative for certain diseases.

Further research is needed to assess the value of
cure. While recent evidence from a discrete choice
experiment suggests that people do not attach any
value to cure per se[69], results to such research ques-
tions regarding valuation of a cure may be sensitive to
the way the problem is framed.

In the context of gene therapy, Drummond et al.
[15,37] also consider scientific spillovers as a relevant
broader element of value. Scientific spillovers relate to
the impact of a new technology on future generations
of patients. The knowledge acquired during the devel-
opment of a treatment might lead to other more valu-
able drugs in the future, even to treat very different
diseases. However, there are already many companies
working on the development of GRTs, and very soon
the GRTs under evaluation will no longer generate
substantial scientific spillovers. Therefore, we would
not consider the research on the value of scientific
spillovers as a priority.

Broader elements of value could be taken into con-
sideration in the cost/QALY evaluation framework
through some modifiers, such as the application of
a factor to inflate the QALYs or a higher cost-
effectiveness threshold. Several agencies use higher
thresholds under specific conditions, which would
likely apply in the case of GRT. Thus, in interim guide-
lines for the evaluation of highly specialised technolo-
gies, NICE indicates that treatments costing up to
£100,000 might be considered cost-effective. Above
that threshold, NICE would consider whether the incre-
mental cost-effectiveness ratio (ICER) falls within the
£100,000 limit after applying weights from 1 to 3 to
large QALY gains (=10)[70]. In Sweden, both TLV and
The New Therapies (NT) Council are also accepting
a higher ICER for severe conditions. If a condition is
severe and ultra-rare, they could accept an ICER of up
to €200,000 per QALY[71].

Drummond et al. [15,37] highlight that in practice,
HTA agencies consider those elements of value through
a deliberative process, and it would be important to
identify all relevant elements when presenting evalua-
tions of GRT. Multiple Criteria Decision Analysis (MCDA)
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would be another possible approach to include broader
elements of value associated with GRT, in a more trans-
parent manner than through deliberation. However, the
use of an MCDA approach has been rejected by some
HTAs due to key limitations such as being ‘entirely
mechanistic,/’ or ignoring opportunity costs[72]. Again,
the SAVE approach and cost-benefit analyses would
have advantages as elements of value such as cure,
hope and insurance would be endogenous to the
evaluation.

Additional comments about alternatives to the
QALY: SAVEs and cost-benefit analysis

We have suggested SAVEs and cost-benefit analysis
could be potential alternatives to overcome some chal-
lenges related to the estimation of QALYs in the evalua-
tion of GRT. It is important to also address the
limitations of these two approaches.

One may question the practical aspects of generat-
ing valuations for every relevant health profile using the
SAVE approach. If SAVEs were used in the context of
a state-transition model, values would be needed for
a large number of possible combinations of health
states and health-state durations. However, several
health profiles could be presented in a structured way
to respondents, and a regression analysis could then be
used to assess the impact of different dimensions or
characteristics of a health profile on its value and gen-
erate an algorithm to predict health profile values. It
should be acknowledged that SAVEs cannot replace
QALYs in all situations. SAVEs would likely be suitable
for the evaluation of curative treatments (such as GRT),
whereas QALYs would be more suitable for treatments
with smaller health gains. In addition, we recommend
the conduct of further empirical studies to assess the
validity of a SAVE approach as a way to value lifetime
health profiles and to support the development of
standard protocols to apply this approach.

Cost-benefit analysis could also solve some of the
problems associated with QALYs (valuation of health for
very young children and incorporation of broader ele-
ments of value), but would be a further departure from
the cost-utility analysis. The notion of valuing life and
quality of life in monetary terms is challenging for clin-
icians and many healthcare decision-makers. The utilisa-
tion of SAVEs would be compatible with an extra-welfarist
framework: units of health outcomes would be valued
equally for all. This is not the case with CBA, in which
the valuation of outcomes would be influenced by the
ability to pay[73]. Furthermore, there is a lack of consen-
sus on methods to elicit willingness-to-pay. Results may
vary substantially depending on the method used and the

framing of the question[74]. Finally, this is still to be
studied empirically, but it might be easier for members
of the general public to value large health gains in terms
of SAVEs rather than in terms of money.

Selection of an appropriate time horizon and
extrapolation methods

Selection of an appropriate time horizon

GRTs are expected to have lifetime consequences and/
or extend life expectancy. Therefore, costs and out-
comes should be projected over lifetime according to
general recommendations for choice of the time hor-
izon [75,76]. However, some recent HTA guidelines
stress that the choice of the time horizon is primarily
a matter of arbitration between the information gener-
ated in retaining a time horizon sufficiently long to
integrate all incremental cost and outcomes, and the
uncertainty that a time extrapolation generates[77].
While a lifetime horizon may seem desirable for GRTs,
it may be misleading for decision-makers if there is no
way to know whether the net benefits of treatment will
be positive or negative in distant years.

One solution to palliate long-term uncertainty would
be to assess scenario analyses with different time hor-
izons pertaining to different insights on the treatment
benefit. However, when different scenarios produce
a wide range of ICERs, some expert guidance would
be needed for decision-makers to weigh the different
results presented to them. Without such guidance, risk-
averse decision-makers might be biased towards ana-
lyses over shorter time-horizons, with less uncertainty,
and others might be biased towards analysis over
longer time-horizons, potentially capturing all incre-
mental costs and benefits, although highly uncertain.
It is therefore suggested to involve a range of experts,
through a Delphi panel, to estimate the likelihood of
persistence of treatment benefits over different time-
horizons, rather than arbitrarily choosing a time hori-
zon. The panels should include disease specialists and
geneticists.

Extrapolation methods

The limited duration of clinical trials may not be suffi-
ciently long to measure the impact of treatment on all
symptoms, and a challenge will be to determine which
consequences of the disease are reversible and which
are not. Furthermore, it may take time for patients to
develop abilities that were not accessible to them
before treatment, and the development of such abilities
will also need to be extrapolated.



Standard modelling techniques used in economic eva-
luations, such as Markov models and Discrete Event
Simulation, will likely be appropriate for GRT. The challenge
will be to find appropriate data, such as transition prob-
abilities, to populate these models. When there is uncer-
tainty around the proportion of cured patients, then
mixture cure models may be helpful to determine the
probability of reaching key development endpoints[78].
Let us take the example of a neuromuscular disorder,
where relevant health states would be the ‘ability to sit’
and the ‘ability to stand’, and the endpoint of the trial is the
‘ability to sit’. A first step would be to extrapolate the
probability of developing the ability to sit. The observation
of the Kaplan-Meier curve for time to the development of
the ability to sit will indicate whether this curve appears to
be converging towards a plateau or not (i.e. whether or not
some patients will remain unable to sit for all their life). If it
appears that the curve converges towards a plateau (i.e.
that a proportion of patients will never reach the ability to
sit, then a mixture-cure model may be used to extrapolate
the probability of the patient developing the ability to sit).

Continuing with the same example, another data
source will be required for the estimation of the prob-
ability of transition to standing. The transition probabil-
ity observed in children without a disease will not be
a relevant estimate in many cases. Probabilities esti-
mated from historical data, perhaps from children with
a less severe form of the disease, who reached the
ability to stand without treatment, maybe a more rele-
vant proxy. Thus, a possible extrapolation approach
would be to assess if the progression of the disease in
treated patients matches the progression observed in
historical patients with a less severe form of the disease,
and, if so, use the information from those historical
patients to extrapolate.

Eliciting expert opinion

Clearly, even one makes the best of available data,
clinical expert opinion will be required to inform such
decisions as to which population to use as a proxy to
estimate the long-term transition probabilities for cured
patients or which consequences of the disease are
reversible. It will also be required to assess the risk of
long-term serious adverse events of GRT.

While methodological guidance on elicitation proce-
dures for HTA is needed [56], the elicitation literature
recommends a number of good practice steps to be
taken when conducting expert elicitation to minimize
bias[79]. This includes providing to experts training for
the session, formal background of the session, getting
feedback from the experts and proposing the possibility
of amending their inputs, up to date. Several elicitation
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procedures are available to obtain information from
experts and make a probabilistic representation of
their knowledge. Two different approaches of elicitation
are commonly used in the literature of structured elici-
tations for cost-effectiveness analyses: 1) the fixed inter-
val method, in which the expert reports his/her
probability of the uncertain quantity of interest 6, for
example the recurrence rate, the mortality rate or the
time to death, lying in specified intervals, and 2) the
variable interval method, in which he/she makes quan-
tile judgements[80]. Among the common fixed interval
elicitation methods, is the trial roulette method, also
called the ‘chips and bins method’, where the expert
provides probabilities of 8 lying in a particular ‘bin’ by
allocating ‘chips’ to that bin [81,82]. More recently,
a five-step method has been developed, suggesting
decomposing the elicitation task in five steps, including
more feedback in particular, to improve the quality of
the probability distributions that results from the elici-
tation[83].

Selection of appropriate discount rates

The choice of an appropriate uniform discount rate for
GRTs is part of the public sector investment strategy.
The rate at which future costs and benefits of publicly
funded programmes should be discounted is called
a ‘social discount rate’ and is defined by either ‘time
preference’ or ‘opportunity costs’ rates. Opportunity
costs measure the value to the society of the next
best alternative use to which funds employed in
a public project might otherwise have been put, taking
into account the possible market distortions. The
opportunity costs of capital are estimated by the pre-
tax marginal rate of return on private investments
observed in the marketplace[84]. Time preference mea-
sures the rate at which society is willing to trade current
benefits and costs for its future values. The time pre-
ference rate is based on the tax-free rate of return on
government bonds or other low-risk market securi-
ties[19].

The appropriate use of discounting is critical for mod-
els that represent a long-time horizon due to the com-
pounding effect of discounting. For GRT, the treatment
cost occurs upfront, but the benefits accrue over
a lifetime. Thus, the choice of the discount rate has
a large effect on estimates of cost-effectiveness[85]. The
use of a lower discount rate for health outcomes would
generally lead to lower ICERs for GRTs compared to no
treatment[86].

The recommended discount rate varies across HTA
agencies, ranging from 1.5% for some Nordic countries
to 5% for commercial payers in the US. It is common to
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apply a uniform discount rate to both costs and out-
comes and keep it constant over time, in line with
recommendations from most agencies including NICE
[61] and the Washington Panel on Cost Effectiveness in
Health and Medicine[87]. Interim process and methods
of the highly specialised technologies programme
(2017), published by NICE, specify that a non-reference-
case discount rate of 1.5% (instead of 3.5%) for costs
and benefits may be considered when ‘treatment
restores to full or near full health, who would otherwise
die or have impaired lives, when benefits will be sus-
tained for normally at least 30 years ... ". Unlike in most
countries, the recommended discount rate varies
between costs and benefits in Belgium, with 3% for
costs and 1.5% for benefits [88], and in the
Netherlands, with 4% for costs and 1.5% for bene-
fits[89].

There is controversy about whether costs and bene-
fits should be discounted at the same rate. Uniform
discounting is supported by two main arguments: the
consistency thesis and the postponement paradox. The
consistency thesis proposes that inconsistencies may
occur when discounting at two different rates[90]. The
postponement paradox, presented by Keeler and
Cretin, is that if health benefits are discounted at
a lower rate than costs, the cost-effectiveness ratio
can be improved by delaying the introduction of the
technology in question and continue to be improved
by further delays[91]. However, this argument may not
be relevant as decision-makers typically choose
between competing priorities to fund from a fixed bud-
get, rather than the optimal timing of the health tech-
nology. Most recently Claxton et al [92]. argued that the
soundness of differential discounting depends on
whether the decision-maker is seeking to maximise
welfare or health; whether the budget for healthcare
is fixed; whether the value of health changes over time;
and determined social time preference rates. Authors
suggest that differential discounting should take place
only if the marginal productivity of health spending
changes over time[84].

There are strong reasons to argue that discount rates
generally recommended by HTA agencies are too high,
in particular for health outcomes, and this is an impor-
tant consideration for the evaluation of GRTs. First,
Arrow and Lind argued that the relevant required rate
of return on public investment is the risk-free interest
rate[93]. This can be approximated by the interest rates
on government bonds of 10 years or less, which are
currently below 1% in the US and EU countries[94]. In
addition, empirical evidence suggests that the real

interest rates around the world have come down for
both private and public markets, and the new theore-
tical advances considering future uncertainty likely sug-
gest lower long-term rates as well. The council of
Economic Advisers (2017) provides evidence supporting
lowering these discount rates to, at most, 2%[84].
Furthermore, the monetary value of health (i.e. the
rate at which we exchange consumption for health,
our ‘willingness to pay’ for health) is expected to grow
with increases in income over time [95-97]. This can be
accounted for by reducing the discount rate for health
outcomes.

Finally, it is also relevant to consider recommenda-
tions for the evaluations of vaccines, which present
the same characteristics as GRTs, i.e. high upfront
costs and health benefits spreading over the long
term. A consensus framework from a European vac-
cines economic community advised that the discount
rate for health effects should be around half of the
discount rate for costs[98]. The WHO even advocates
a 0% discount rate for health effects of vaccina-
tion[99].

Affordability and new payment models

Cost-effectiveness analysis is a method to maximise
QALYs (or health gains) under a budget constraint.
Assuming there is a fixed budget constraint, the theo-
retical solution would be to lower the cost-effectiveness
threshold when the budget is exceeded. However, bud-
get constraints may be set for periods of 1 to 5 years,
and cost-effectiveness analysis does not account for the
distribution of costs (and benefits) over time. With GRT,
there would be potentially high upfront drug acquisi-
tion costs, and cost offsets in the long term. Thus,
assuming everything else equal, the budget constraint
may be exceeded in the coming years where many GRT
therapies may be launched simultaneously, and costs
may be below the budget constraint in distant years.
Does it mean that GRT should be considered as an
investment for the future, and payers should borrow
money to pay for GRT? So far in public accounting this
is not possible, and the law is required to allow for
depreciation through intangible amortisation of specific
pharmaceuticals such as GRTs. Should we look for ways
to account for the distribution of costs and benefits in
a cost-effectiveness analysis? While researchers investi-
gate this question, budget impact analysis will be par-
ticularly important to inform healthcare payers making
decisions regarding GRT.
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Conclusion

Some of the limitations of economic evaluations of GRT
are inherent to limited clinical data and lack of experi-
ence with GRT. Even if uncertainty around evaluation of
results cannot be avoided, the use of appropriate meth-
ods such as matched comparisons to historical cohorts,
extrapolation using mixture models, and structured
expert elicitation may help to make analyses more use-
ful for decision-makers. In addition, methodological
research would be useful to further assess the potential
of methods such as SAVEs and cost-benefit analysis to
improve the quality of evaluations of GRTs, as well as to
determine appropriate discount rates.
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