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Abstract

Objective: To summarize the key methodological challenges identified by health technology
assessment (HTA) agencies assessing gene therapy (GT) and consideration of broad elements of
value.
Method: Economic evaluations (EEs) of voretigene neparvovec (VN) in RPE65-mediated
inherited retinal disease (IRD) published in English were selected. HTA evaluations from
Australia, Canada, Ireland, Scotland, England, and the United States were reviewed. An existing
methodological framework was used to identify the challenges and considerations.
Results: Eight unique EEs were identified of which six were evaluated by HTA agencies.
Incremental cost-effectiveness ratios ranged from $68,951 to $643,813 per quality-adjusted
life-years (QALY) gained (healthcare perspective) and dominant to $480,130 per QALY gained
(societal perspective). The key challenges were the lack of validated surrogate outcome, utility
values and indirect costs from IRD patients, and limited evidence of the long-term treatment
effect. Two HTA agencies reviewed a range of novel broader elements of value and whether they
were associated with VN while other agencies discussed some elements of broader value.
Caregiver disutility was included in some, but not all, evaluations.
Conclusion: The methodological challenges were consistent with innovative interventions for
rare diseases and managed using standard methods. Broader value was important to decision-
makers but inconsistently applied across agencies. Possible reasons are limitations in the
evidence available of the broader benefits that VN offers and how to incorporate these within
an EE. A need exists for greater guidance and consistency across jurisdictions regarding the
consideration of broader value that considers latest best practice.

Introduction

Patients with rare diseases, their caregivers and families, are an important group in society that
need more support due to significant disease burden and unmet clinical need (1;2–4). Approxi-
mately eighty percent of rare diseases have a genetic origin, and seventy-five percent affect children
(5). Rare genetic conditions are lifelong, posing substantial challenges due to the complexity and
ongoing nature of health service needs and lack of treatment options (6). Gene therapies (GTs)
represent a breakthrough in therapy and offer the potential to address this unmet need.

While quality-adjusted life-years (QALYs) and costs often form the basis of value assessments
in cost-effectiveness analyses, economic evaluations (EEs) of GT involve significant assumptions
that cannot be validated, including around the durability of effect which will not be known for
some time and the impact on future costs (7;8). Furthermore, experts claim there are possible
“other benefits” or “broader elements of value,” not captured by the QALY which are considered
relevant to GT that could be considered in cost-effectiveness analysis (9). Evaluation of GT thus
poses challenges for current EE methods.

Countries differ in their approach to appraising treatments for rare disease such asGT (7). Some
have adapted their reimbursement processes to deal with common challenges, such as being
accepting of lower levels of evidence, gaining greater disease-specific insights from patient and
clinical experts, and consideration of other benefits offered by therapy in their decisionmaking (7).

The purpose of this review is two-fold: first to illustrate the methodological challenges
encountered in the EEs of voretigene neparvovec (VN), a GT to treat RPE65-mediated inherited
retinal disease (IRD), a rare disease present from early childhood that progresses inexorably to
complete blindness (10). Subsequently, the broader sources of value possibly created from the
development of VN considered by reimbursement decision-makers will be explored.

While similar reviews have been conducted, this review includes EEs from three countries
(Australia, Canada, and Ireland) that have not previously been considered (11). This review also
considers the general methodological challenges related to general value assessment and broader
value elements specifically. More GTs will be forthcoming, so it is important to gain a deeper
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understanding of how the methodological challenges were man-
aged and whether broader value was considered by the reimburse-
ment agencies.

Methods

Search strategy

A systematic search according to a prespecified search terms for
published EEs and health technology assessment (HTA) agency
reports for VN using the following databases: MEDLINE and
EMBASE (via the Ovid platform) and EconLit (via the EBSCO
platform) was conducted between April 2021 and August 2021
(Supplementary Table 1). The search strategy was not limited by
language or year of publication. A subsequent manual search was
conducted of well-established HTA agencies to ensure all relevant
EEs were captured. Reference lists of the included studies were
reviewed for additional eligible studies.

Selection criteria and data extraction

The primary author reviewed reports against eligibility criteria and
extracted data from eachEEusing theConsolidatedHealth Economic
Evaluation Reporting Standards checklist (Supplementary Table 1).
Reports not in English, conference abstracts, and systematic reviews
were excluded, and only studies reporting the full EE were included.

Assessment of the decision-making process and broader value
considered followed an existing methodological framework that
included the interpretation of the evidence, “other considerations,”
and stakeholder input (1). Information specific to HTA consider-
ation was extracted from public summary documents as well as
agency reports and reflects the base case analysis after any adjust-
ments had been made during the review process (which may differ
from the base case results put forward by the applicant/sponsor) (1).

All cost data were adjusted to May 2021 prices and converted
into USD using the relevant exchange rate (www.xe.com).

Results

Search results

A total of nineteen records were identified, of which eleven met the
inclusion criteria (Figure 1). Two reports represent a US evaluation
conducted by ICER (12;13), three reports were considered by NICE
(14–17), and one report each of an Australian MSAC (18), Scottish
SMC (19), Irish NCPE (20), German (21), the United States (22),

and Canadian CADTH (23) evaluation. The eleven reports repre-
sent eight unique evaluations. Appraisal/reimbursement decisions
were identified from six HTA agencies (CADTH, ICER, NICE,
MSAC, NCPE, and SMC).

Clinical evidence

All of the EEs relied on two clinical trials of VN: a phase I single arm
safety and dose escalation study (Study 101/102, N = 12) and an
open label phase III randomized controlled trial (Study 301, N = 29)
inwhich participants were randomized 2:1 toVNor best supportive
care (BSC), with crossover allowed after 12 months (24;25). Parti-
cipants had a mean age of 15 years, confirmed biallelic RPE65
mutation, visual acuity (VA) equal to or worse than 20/60, or visual
field (VF) less than 20 degrees (25). The phase III trial was con-
sidered the main source of clinical effectiveness data.

Efficacy was assessed using functional vision (i.e., how a person
functions in vision-related activities) and visual function (i.e., how
the eyes perform, including VA, VF, and light sensitivity) (26). A
novel primary endpoint, change in bilateral multiluminancemobil-
ity test (MLMT), was developed by themanufacturer (Spark Thera-
peutics, Inc. US) in collaboration with the US Food and Drug
Administration (FDA) to support registration (26;27). The MLMT
is a composite of VA, VF, and light sensitivity and measures the
performance of daily living activities that are vision dependent
(25;27). The change in bilateral MLMT score at 12 months was
the primary endpoint in the trial.

At 1 year, a clinically meaningful increase in mean bilateral
MLMT change score was reported in Study 301 (1.8 in the inter-
vention group and 0.2 in the control group, a difference of 1.6
(p = 0.001) (25). There were statistically significant improvements
in full-field light sensitivity (FST) and VF (25).

Both trials supported a durable long-term improvement in
functional vision, through to 7.5 years in Study 101 and 4 years
in Study 301 (17; 18;28).

All evaluations considered BSC the appropriate comparator.
BSC was informed by a retrospective chart review that described
the long-term natural history of biallelic RPE65-mediated IRD
(N = 70) (10).

Characteristics of economic evaluation analyses

The characteristics of the eight evaluations (reflecting base case
evaluations put forward by the sponsor) are provided in
Supplementary Table 2. Six EEs were conducted from a healthcare
payer perspective and two from a societal perspective.

Figure 1. PRISMA flowchart of the number of records included in this review.
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A two state Markov model was used by two evaluations (13;21).
In this model, patients transitioned from “alive with biallelic
RPE65- mediated retinal disease” to “dead,” with the transition
probability a function of age- and sex-specific mortality rate.
Within the alive state, VA and VF were modeled using an expo-
nential and linear form from the natural history study, respectively.

The remaining six evaluations were based on the same industry
sponsored model, adapted for each country. Consequently, these
evaluations have the same structure but use different inputs (16–
20;22;23). The model used a more complex parametric multistate
survival model containing six health states (HS1–HS6) represent-
ing deteriorating vision based on the course of VA and VF observed
in the clinical trial (Study 301) and the natural history study and
included mortality. Surrogate outcomes, VF and VA, defined the
health states due to a lack of natural history of progression, costs, or
impact on quality of life (QOL) data on the MLMT. Data from
Study 301 informed the transition probabilities in each of the BSC
andVNarms in the initial phase duringwhich individualsmoved to
either better or worse health states. During the maintenance phase,
the initial distributions across HSs was retained for a period fol-
lowed by a long-term decline consistent with disease progression
from less to more severe health states and no regression to less
visually impaired states.

The assumed duration of treatment effect varied from 10 years
to a lifetime. All EEs were based on a lifetime horizon with a
1-year cycle length. Discounting of costs and benefits was at stand-
ard discount rates for each jurisdiction, varying from 1.5 percent
(CADTH) to 5 percent (MSAC). NICE considered a scenario
analysis applying a 1.5 percent rate (from the base case 3.5 percent)
given the likelihood of long-term benefits.

The industry-sponsored evaluations used a bespoke utility
study to indirectly elicit utility weights (17–19;23;29). In this
study, vignettes describing the health states were valued by six
clinical IRD experts using the EuroQol-5D (EQ-5D) and Health
Utilities Index Mark 3 (HUI3). Justification for this approach was
that there was a lack of IRD-specific values available, and that
utility values available in the literature for comparable disorders of
vision loss primarily assessed visual impairment only through VA
and focused on older patients with age-related macular degener-
ation (AMD), diabetic retinopathy (DR), or glaucoma (30–33).
Those available studies excluded patients with no light perception
suggesting that the resulting utility data may be of limited rele-
vance in the younger population with RPE65-mediated IRD (34).
Utility values based on the HUI-3 were used in most of the
industry-sponsored models because, unlike the EQ-5D, the
HUI-3 contains a visual domain (16–20). Because normal vision
was included in the moderate visual impairment health state
(i.e., HS1) the model submitted to MSAC in Australia increased
the utility value in line with utility values reported for normal
vision (18;30). The two independent evaluations relied on health
utility values from a community-based sample that used the
standard gamble (SG) to value health states based on declining
VA in people with DR (13;21).

In recognition of caregiver and broader family burden associ-
ated with IRD, a caregiver disutility was applied in the four worst
health states (HS 2–HS 5) in the base case in three evaluations
(NICE, SMC, MSAC) and included in a scenario analysis from a
societal perspective by CADTH (16;18;19;23). Caregiver disutilities
incorporated in the NICE evaluation were sourced from a publica-
tion reporting spillover disutility of illness on family members or
caregivers and used disutility estimates from parents of children
with activity limitations (35).

Results of economic evaluations

The EE results are summarized in Table 1. Incremental cost-
effectiveness ratios (ICERs) are presented from a healthcare and
societal perspective separately. All ICERs reflect the published price
of VN submitted for evaluation by the sponsor and do not take into
account any confidential price discounts.

From a healthcare perspective, apart from MSAC, the incre-
mental costs were fairly consistent across evaluations, ranging from
$749,925 to $846,530. The lower incremental costs ($475,399 to
$547,979) reported in theMSAC evaluationmay reflect the broader
healthcare costs (incl. pensions and government subsidies) attrib-
uted to the BSC arm (18;36).

With the exception of ICER, QALY gains ranged from 4.6 to
9.4, reflecting the differences in duration of treatment effect,
discount rates, and caregiver disutility applied in three evaluations
(MSAC, NICE, and SMC). ICER reported a 1.3 QALY gain, which
is derived from a utility function whereby vision-related disability
is linearly proportional to VA or VF. Clinical experts criticized the
approach for failing to adequately reflect the substantial utility
reduction associated with IRD at the point of severe vision loss
with experts quoting a utility of 0.26 associated with the blind state
(no light perception) (37). Acknowledging the limitation of the
extrapolation, a scenario analysis applying a non-linear utility
function adjusted the QALY gain to 5.2 which is similar to the
other EEs.

There wasmuch wider variability in the incremental costs from
a societal perspective, ranging from cost saving (�$59,458) to
$876,154 (13;19;21–23). The variability was attributed to subject-
ive estimates of the resource use, variation in indirect costs
between different countries, and extrapolation methods. Table 2
presents a summary of the indirect and direct costs included in the
EEs. While the source for indirect caregiver and patient product-
ivity loss was based on IRD in the model published by Johnson
(22), the indirect costs used by ICER were sourced from AMD
(13). Despite both reflecting the US context, the indirect costs
attributed to blind patients were double in the model by Johnson
compared with ICER, which illustrates the range of costs from
different sources.

While all evaluations considered societal costs, only evaluations
by NICE, CADTH, and SMC included a societal benefit in terms of
a caregiver disutility avoided. The incremental QALY gains
reported from a societal perspective had a similar range to that
reported from the healthcare perspective.

The resulting ICERs from a healthcare perspective ranged from
$68,951 per QALY gained reported by MSAC driven by the com-
paratively low incremental cost to $643,813 per QALY gained
reported by ICER driven by the comparatively low incremental
benefit. In comparison, when applying a societal perspective the
ICERs ranged from dominant to $480,130 reflecting the broader
benefits considered (indirect costs of treatment rather than QOL
impact).

HTA decisions

Six evaluations were assessed by HTA agencies, five by government
reimbursement agencies (CADTH, MSAC, NICE, SMC, NCPE),
and one by an independent research institute (ICER). The meth-
odological challenges and consideration by HTA agencies, includ-
ing considerations of broader value, are presented in Table 3.

The agencies accepted the shortcomings in the evidence pre-
sented and modeling assumptions, noting the absence of evidence
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often associated with rare diseases, particularly genetic diseases that
are heterogenous in presentation. All agencies thus relied heavily on
expert opinion to validate model assumptions.

Two different methods to elicit stakeholder feedback, an
in-depth questionnaire (using a systematic approach on a range
of specific considerations) or routinely gathered generic insights
(as part of a standard process), were used to support the broader
considerations associated with VN in all evaluations except for
NCPE. Common broad elements of value such as patient prod-
uctivity and caregiver costs, as well as transport costs and blind-
ness pension, were considered through a societal perspective
scenario analysis by all decision-makers except for MSAC and
NCPE. ICER considered a modified societal and healthcare per-
spective in their decision making, although they only included
societal cost, not benefit. CADTH’s scenario analysis of the soci-
etal perspective considered both cost and caregiver disutility. The
caregiver disutility was considered in the healthcare perspective
analysis considered by NICE and SMC but not the costs to the
caregiver. A number of novel considerations of value beyond
clinical and cost-effectiveness, such as an impact on the
“infrastructure” of care through increased disease screening and
awareness that may revolutionize care or “improved specialized

service provision,”were taken into account explicitly by NICE and
ICER (13;16).

The timing of the appraisal, ICER range, and decisions are
presented in Table 4.

The range of ICERs accepted by agencies was broad ($68,662/
QALY to $643,813/QALY). The rationale for accepting what
would otherwise be considered above standard thresholds
appeared to be the nature and rarity of the condition, although
it was difficult to judge from most HTA reports which consider-
ations impacted the decision the most. The report by ICER
however refers to raising the willingness to pay threshold in
response to “special weighting… given to other benefits” as part
of an appraisal framework established for ultra-rare disease treat-
ments, and the report by NICE states, “there were considerable
uncaptured benefits related to sustaining vision in children, and
that these had been considered qualitatively in its decision making”
(13;16).

Despite these concessions, a price reduction was uniformly
suggested or requested by agencies to improve cost-effectiveness.
Conditional approval, via ongoing data collection to inform
re-evaluation and pay-for-performance agreements, was also
implemented to address uncertainty by MSAC and SMC (18; 19).

Table 1. Results of economic evaluations

Costs, $ QALYs

Source (country) VN BSC Incremental VN BSC Incremental
Incremental

cost-effectiveness ratio, $

Healthcare perspective

ICER (US) (13) $1,039,019 $213,399 $825,621 17.3 16.0 1.3 $643,813

Uhrmann (Germany) (21) NR NR NR NR NR NR NR

Johnson (US) (22) $1,156,329 $406,404 $749,925 18.1 8.6 9.4 $79,618

CADTH (Canada) (23)a $996,782 $244,227 $752,555 27.6 18.4 9.2 $81,491

MSAC (Australia) (18)b NR NR $475,399-$547,979 11.2 3.70 7.5 $68,951–$83,467

NICE (England/Wales) (16) $891,919 $62,948 $828,972 10.7 3.6 7.1 $117,347

SMC (Scotland) (19) $892,542 $46,012 $846,530 10.6 3.6 7.0 $121,730

NCPE (Ireland) (20) NR NR $797,234 NR NR 4.6 $172,169

Societal perspective

ICER (US) (13) $2,515,320 $1,899,605 $615,715 17.3 16.0 1.3 $480,130

Uhrmann (Germany) (21) NR NR $876,154 NR NR 4.8 $181,887

Johnson (US) (22) $2,220,069 $2,780,106 -$560,038 18.1 8.6 9.4 -$59,458

CADTH (Canada) (23)b NR NR $290,682 NR NR 10.9 $26,540

MSAC (Australia) (18)a NR NR NR NR NR NR NR

NICE (England/Wales) (16) NR NR $618,944 NR NR 7.1 $87,616

SMC (Scotland) (19) NR NR NR NR NR NR $91,800

NCPE (Ireland) (20) NR NR NR NR NR NR NR

Note: The cost-effectiveness results from the two state Markov model (as opposed to the six-state Markov model) are presented in italics. All prices have been converted into USD using the
relevant exchange rate in May 2021 (www.xe.com).
Abbreviations: BSC, best supportive care; CADTH, Canadian Agency for Drugs and Technologies in Health; ICER, Institute for Clinical and Economic Review; MSAC, Medical Services Advisory
Committee; NICE, National Institute for Health and Care Excellence; NCPE, National Centre for Pharmacoeconomics; NR, not reported; QALY, quality-adjusted life-year; SMC, Scottish Medicines
Consortium; VN, voretigene neparvovec.
aThe final ICER was not reported in the MSAC Public Summary Document (PSD); however, data were sourced from Novartis Pharmaceuticals Australia and included as a range, reflecting the
approach to reporting of ICERs in Pharmaceutical Benefits Advisory Committee (PBAC) PSDs.
bThe sponsor submitted scenario analyses, able 12 of the CADTH pharmacoeconomic report, includes societal perspective which is represented here.
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These agencies required collection of clinical and patient outcomes
(plus caregiver experience and ancillary costs of treatment) as a
means of addressing uncertain clinical benefit, patient and care-
giver benefit, and costs.

Discussion

A range of economicmodeling challenges were identified across the
evaluations of VN. Such economic challenges are common to other
innovative interventions for rare diseases and managed using
standard methods, such as expert opinion to validate assumptions
and scenario analyses testing different assumptions (11;38). The
distinguishing feature, common to GTs for rare disease, is the
concentration and magnitude of these challenges and the lack of
a biological analogue on which to assess the plausibility of model
assumptions (9). Broader sources of value were considered by all
reimbursement decision-makers and the review revealed challenges
in modeling these broader elements of value that are considered
relevant to assessing GT but are not typically captured in standard
QALY estimates.

Various novel elements of value such as insurance value, severity
of disease, value to caregivers, lack of alternatives, substantial
improvement in life expectancy, and scientific spillovers are pro-
posed as being particularly relevant to GT (8;9). While most agen-
cies discussed severity of disease, value to caregivers, and lack of
alternatives, onlyNICE and ICER systematically considered awider
range of “other benefits” possibly offered by VN (9;13;16). Of
particular relevance to a novel GT such as VN, the improvement
in disease management through advancing infrastructure and
knowledge, and “scientific spillover” through advancement in the
broader field of GTwere considered (13;16).Whether such broader

elements factored into the final approval across the other agencies is
unclear. Three agencies however accepted the inclusion of caregiver
disutility in the QALY (reducing the ICER by 9 percent), albeit
subject to different approaches (16;19;23). Evaluations considered
by NICE and SMC included caregiver disutility within a healthcare
perspective for which a recommendation was made without con-
sidering broader societal costs (in terms of productivity loss). NICE
challenged the disutility value including how many caregivers per
patient it should apply to and whether to apply it to caregivers of
adult patients (17). In contrast, CADTH included the costs and
disutility to the caregiver within the societal perspective only, but
these were not an explicit consideration in their decision making.
While the ICER, the conventional measure of “value for money,”
was reflected in the decision making by all agencies, the wide range
of ICERs approved ($68,662/QALY to $643,813/QALY) for this
novel therapy was striking and implies that perhaps the broader
benefits beyond the QALYwere considered in the decision making,
or at a minimum that agencies exercise pragmatism in their
decision-making that does not rely solely on estimates of cost-
effectiveness (39).

Two EEs included in the review did not have an external sponsor
(the US Institute for Clinical and Economic Review and academic
institute from Germany (21) and as such provide unique insights
into the broader elements of value that might be considered in an
EE of a GT given they are less likely to follow HTA guidelines and
not be as influenced by commercial incentives to demonstrate value
compared with industry sponsored CEAs (40). Decision-makers
are constrained by their ownHTA guidelines reflecting their values,
preferences, and constraints, for example, the healthcare perspec-
tive guiding NICE included the carer disutility whereas the health-
care perspective evaluated byMSAC did not (41;42). It is important
to note that HTA guidelines are a “guide” and it is the responsibility

Table 2. Summary of healthcare and societal costs incorporated in voretigene neparvovec economic models

ICER (US)
2018

Uhrmann
(Germany)

2020
Johnson
(US) 2019

CADTH
(Canada)
2020

NICE
(England/Wales)

2019

SMC
(Scotland)

2020

MSAC
(Australia)

2020

NCPE
(Ireland)
2020

Treatment cost H S H H H H H H

Treatment side effect costs H H H H H H

Treatment associated cost
(eligibility, surgery)

H S H H H H H H

Medical cost (trauma from fall,
depression, related to vision)

H S H H H H

Transportation cost S S

Home modifications S

Caregiver productivity loss S S S S S

Education S S S S

Patient productivity loss S S S S S S

Pension S S S H

Nursing home S H H H

Rehabilitation/aids H H H

Carer allowance S

Non health care resources S

Note: “H” reflects costs included in healthcare perspective, “S” reflects costs included in the societal perspective.
Abbreviations: CADTH, Canadian Agency for Drugs and Technologies in Health; ICER, Institute for Clinical and Economic Review; MSAC, Medical Services Advisory Committee; NICE, National
Institute for Health and Care Excellence; NCPE, National Centre for Pharmacoeconomics; SMC, Scottish Medicines Consortium.
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of sponsor companies to argue for the inclusion of broader elements
of value in their application. The complexities in considering such
value in EEs may be one reason that sponsor companies have not
included broader elements. For instance, there is limited evidence

to support the informal care for patients with IRD and there are
ongoing challenges in incorporating them into an EE (43). There is
an ongoing need for reimbursement agencies to review the latest
best practice. The Australian government for example is currently

Table 3. Summary of voretigene neparvovec economic modeling challenges and management by reimbursement agency

Methodological challenges Consideration by agencies

Clinical evidence based on small sample size All agencies accepted the clinical evidence based on a small sample size in the context of a rare disease. NICE and
CADTH required crossover data from BSC arm of Study 301 be included in transition probabilities to increase
sample size

Use of surrogate outcomes in the economic
model

All agencies accepted the model based on surrogate outcomes in the context of a rare disease.

Clinical evidence with limited follow-up data Various long-term effect assumptions were accepted by agencies. NICE, MSAC, and SMC accepted a 40-year
treatment effect after seeking expert advice that supported the duration was biologically plausible, whereas
CADTH reduced it to 10 years after advice from clinical experts that the proposed duration (40 years) was likely
an overestimate. NICE removed the 10‑year treatment waning and the 25% residual treatment effect on the
basis that they were not based on any biological rationale

Incorporating appropriate cost and offsets
when data are lacking

All agencies were broadly in agreement with the costs included.
MSAC noted the ancillary costs of treatment were unknown and required, as part of the funding arrangements,

that ancillary cost data be collected over 3 years to inform future cost-effectiveness analyses

Utilities based on proxy utility assessment All of the agencies conducted sensitivity analyses using alternative utility values.
CADTH applied revised utility values derived from clinical experts who completed the bespoke utility elicitation

exercise. MSAC did not accept that use of VN could result in a utility value associated with normal to moderate
vision impairment, and capped utility at moderate vision only

Other considerations Consideration by agencies

Impact on QOL With the exception of NCPE, qualitative and quantitative reports to each agency presented the impact of the
condition on the patient and caregiver. Fear of having a degenerating condition, the negative impact on future
employment, relationships, and family were reported by patients. Guilt from passing on the gene, emotional
distress in watching a patient’s vision degenerate, and the need to provide ongoing physical and emotional
support to the affected patient were reported by parents and caregivers

Nature of condition The agency reports reflected an understanding that the disease commences in early childhood and is progressive.
Also that treatment with VN could be in adults as well as children but primarily children were treated in the
clinical trial

Rarity, severity, unmet need The diseasewas acknowledged inmost reports as severe and progressivewithout any pharmacological treatment
options available. CADTH reported that incident cases treated might present younger with less severe disease
at baseline

Innovative nature and impact on specialized
services

Only ICER and NICE discussed the innovative nature of therapy. NICE acknowledged VN was a “step change” in
patients’ treatment. Out of the 12 ICER committee members, 5 voted that VN would positively impact beyond
the treatment on the infrastructure of care through improved understanding of the condition and improved
care for patients

Modeling/consideration of broader elements
of value

The healthcare perspective formed the base case evaluation for all agencies except for ICER. Based on being a rare
condition where indirect and nonmedical costs are substantial, ICER presented amodified societal perspective
(considering the societal costs but not societal benefits) as well as a healthcare system perspective.

Broader valuewas considered systematically in the ICER review via a 12member independent panelwho voted on
the likelihood that VN offered “other benefits” such as reducing the complexity of care, novel mechanism of
action compared to existing treatments, improving sensitization of clinicians, and understanding of the
condition thatmay revolutionize care and the importance of these against the uncertainty in long-term benefit.
There was no quantitative measure for other benefits and disadvantages.

Broader value was considered systematically in the NICE review. Multistakeholder input was sought via a
questionnaire to understand the broader impact from VN, namely on specialized service organization and
provision, resource allocation and equity, societal and ethical issues, plus impact on patients or caregivers.
NICE noted there were considerable unmeasured benefits related to sustaining vision in children, and these
had been considered qualitatively in its decision making.

NICE accepted the inclusion of caregiver disutility, proposing alternate values to those of the sponsor and
excluding disutility values for caregivers of adults but including disutility for caregivers of children in all heath
states as appropriate for decision making (48). The SMC accepted the caregiver disutility as applied in the base
case by the applicant, and explicitly requested further data collection as part of the 3-year provisional approval
to include the patient and caregiver lived experience.

Caregiver disutility was only applied as part of the societal perspective assessment by CADTH and not in the base
case healthcare systemperspective as submitted by the sponsor. Caregiver disutility was not accepted byMSAC

Abbreviations: BSC, best supportive care; CADTH, Canadian Agency for Drugs and Technologies in Health; ICER, Institute for Clinical and Economic Review; IRD, inherited retinal disease; MSAC,
Medical Services Advisory Committee; NICE, National Institute for Health and Care Excellence; NCPE, National Centre for Pharmacoeconomics; QOL, quality of life; SMC, Scottish Medicines
Consortium; VN, voretigene neparvovec.
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undertaking a Health Technology Assessment Policy and Methods
Review to keep pace with rapid advances in health technology (44).

A common method of considering broader value via a societal
perspective that includes non-related healthcare costs and
consequences on caregivers and social services, and economic
productivity can profoundly affect whether a therapy is deemed
cost-effective (8;9). A comparison of the ICER ranges reported
from a healthcare perspective ($68,951 to $643,813, Table 2) with
a societal perspective (dominant to $480,130) illustrates this
point. While the final recommendation by ICER was explicitly
based on a side-by-side analysis of the healthcare perspective and
“modified societal perspective” (including the societal cost but no
benefit), it is not clear whether the societal perspective influenced
the reimbursement decisions across the other agencies (38;45). A
review of the societal perspective was evident in most evaluation
reports so despite the study perspective being specified by the
relevant decision-maker, conducting the cost-effectiveness ana-
lysis from both a societal and a healthcare perspective is one way of
demonstrating the broader consequences of a GT that sponsor
companies should consider.

The extrapolation assumptions applied to ongoing treatment
effects and costs had a significant impact on the ICER for VN in all
evaluations and were challenged by all agencies. Expert advice from
clinicians was sought by all agencies, and despite the same clinical
evidence being considered by all agencies, a different interpretation
resulted from seeking opinions from different experts. For example,
experts consulted by CADTH thought a 40-year treatment effect
were optimistic and thus the base case was updated to reflect a
shorter, 10-year treatment effect (23). This change resulted in a

200 percent increase in the ICER estimate (23). Other agencies
however accepted the proposed 40-year treatment effect. Similarly,
experts consulted by NICE objected to the assumed treatment
waning period as not being supported by any biological rationale,
but this was not a concern for other agencies such as MSAC.
Immature evidence and lack of treatment analogue to support the
long-term treatment effect for a once in a lifetime therapy will be an
ongoing challenge for any GT, like VN (11;46). The novel nature of
the treatment means there will inevitably be variation in inter-
national opinion regarding the durability of effect. Each jurisdiction
differs in their approach to validating such uncertainty for their
respective HTA agency and is limited by financial constraints such
that the proposal by Huygens et al. to conduct a formal expert
elicitation study to generate plausible treatment effect duration
assumptions may not always be possible (11). Alternative
approaches to collecting expert input, such as clinical advisory
meetings or surveys, might be considered albeit recognizing the
potential limitations arising from the number of respondents and
their representativeness (41;47).

The lack of IRD-specific utility values was a substantial model-
ing challenge that is not uncommon in rare diseases. The benefit
estimated in the model is driven by QOL; thus, the results are
sensitive to the choice of utility weights. Utility values related to
vision loss available in the literature focused on older patients with
vision loss from conditions of limited relevance in the younger
population with RPE65-mediated IRD. Hence, the industry-
sponsored models incorporated utilities based on proxy assess-
ments (34). All agencies were critical of the proxy utility estimates
and undertook QOL sensitivity using utility data evaluated in

Table 4. Details of reimbursement decisions for voretigene neparvovec

Source (country), year
ICER range (USD)
considered Decision Basis of decision

I.C.E.R. (US),2018 (13) $135,333/QALY -
$643,813/
QALY

Acceptable
cost-
effectiveness

A modified societal perspective and healthcare perspective informed decision making. A
higher ICER threshold was accepted for ultra-rare orphan diseases. Special weighting
was given to other benefits and contextual considerations despite the high price, and
thus higher cost-effectiveness ratios, than may be applied to decisions about other
treatments

NICE (England/Wales),
2019 (16)

$156,720/QALY -
$212,334/
QALY

Approved VN was considered eligible for HST process for ultra-rare disease which increases the WTP
threshold and allowed the application of a QALY weighting that reduced the ICER below
the threshold considered value for money $135,450(£100,000)/QALY. NICE concluded
that VN can be considered an appropriate use of NHS resources. A commercial offer or
discount was offered by the sponsor company

CADTH (Canada), 2020 (23) $159,408 /QALY Conditional
approval

CADTH required adjustments to the model that substantially increased the ICER to
$159,408($CAN200,477)/QALY and noted to achieve an ICER of $39,760($CAN50,000)/
QALY a 74% price reduction would be required. VN was approved subject to initiation
and prescribing criteria and price reduction

MSAC (Australia),2020 (18) $68,662/QALY to
$165,111/
QALY

Conditional
approval

VN was approved subject to a price reduction to address uncertainties and a pay-for-
performance arrangement for 3 years during which time local and broader evidence on
its effectiveness is required to be generated. A cost-effectiveness review including the
new data is required after 3 years

SMC (Scotland),2020 (19) $92,394/QALY to
$269,886/
QALY

Conditional
approval

VN was eligible for an ultra-orphan pathway. After initial review, a 3-year approval was
granted despite uncertainties but was subject to price reduction required to increase
cost-effectiveness. The sponsor is required to provide a data collection plan and a full
appraisal will be conducted using data collected over the 3-year period

NCPE (Ireland),2020 (20) $214,915/QALY Rejected NCPE performed a threshold analysis and stated the probability of cost-effectiveness at
both $51,157(€45,000)/QALY and $22,736(€20,000)/QALY using the NCPE adjusted base
casewas 0%.VNwas not considered for reimbursement unless cost-effectiveness can be
improved relative to existing treatments.

Abbreviations: BSC, best supportive care; CADTH, Canadian Agency for Drugs and Technologies in Health; HST, highly specialized therapy; ICER, Institute for Clinical and Economic Review; IRD,
inherited retinal disease; MSAC, Medical Services Advisory Committee; NICE, National Institute for Health and Care Excellence; NCPE, National Centre for Pharmacoeconomics; NHS, national
health service; QALY, quality-adjusted life-year; SMC, Scottish Medicines Consortium; VN, voretigene neparvovec; WTP, willingness to pay.
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different sight disorders that substantially impacted the ICER (+38
percent to +308 percent) (13;17;29). While agencies prefer meas-
urement of health by patients, indirect elicitation of utility weights
is considered acceptable for rare diseases (41;47). Rather than
sourcing proxy utility estimates, the use of direct elicitation
methods such as the SG, time trade-off, or discrete choice experi-
ments from the general population might be a better alternative for
utility values for IRD (41;47;48).

Limitations

Only EEs available in English were included. Most evaluations were
sponsor funded therefore reflecting the same underlying clinical
data and methods; variations in agencies’ considerations of those
evaluations may thus reflect differences in parameter inputs and in
underlying decision-making frameworks. A wider understanding
of how broader aspects of value feature in decision-making could be
gained from looking at the evaluations from more countries and
agencies. This analysis was based on public information available in
HTA reports, and as such it was subject to the varying transparency
with which HTA agencies report their decision-making processes.

Conclusions

This review provides a deeper understanding of the assumptions
accepted and the consideration of other benefits in HTA in GT that
may assist in developing EEs in this setting. The analysis highlights
that evaluations from a societal perspective do not always reflect
both cost and benefit, and that societal benefits in terms of caregiver
value are considered acceptable by some agencies in the healthcare
perspective. Of specific relevance to the challenge in modeling GT
are the extrapolation assumptions and broader elements of value
considered acceptable by reimbursement agencies. This (study)
illustrates the importance of quantifying the broader aspects of
value to include in EEs of GT and underscores the need for greater
guidance (and consistency) across jurisdictions in relation to con-
sideration of broader element of value, and the need for reimburse-
ment agencies to constantly review their guidelines and processes
against the latest best practice. Thus, there is a need to expand on
the understanding of the broader benefits that VN offers to patients
with IRD and how to deal with those benefits within an EE given
that VN, and other GTs with similar benefit profiles, will be the
subject of future cost-effectiveness analyses.

Supplementary material. The supplementary material for this article can be
found at http://doi.org/10.1017/S0266462323000326.
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