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Background: The health economic literature has questioned the cost-effectiveness and
affordability of advanced therapies, proposed adjustments to value assessment
frameworks, and discussed the use of outcome-based managed entry agreements
and staggered payments in the last few years. The aim of this manuscript is to
conduct a critical reflection on assessment criteria and access conditions for
reimbursement of advanced therapies.

Methods: A narrative review of the peer-reviewed literature and grey literature was
conducted in April 2021 by searching PubMed; Google Scholar; policy and legislative
documents; websites of health technology assessment agencies, advanced therapy
organisations, governmental advanced therapy innovation programmes, consultancy
agencies; ISPOR conference abstracts and presentations.

Results: Based on the available evidence, this manuscript argues that: a) advanced
therapies can be cost-effective at high prices set by manufacturers; b) the economic
evaluation framework adopted by many payers under-values these products; c) advanced
therapies can be affordable and may not require spread payments; d) outcome-based
managed entry agreements are theoretically attractive, but challenging in practice; e) the
cost-effectiveness of advanced therapies depends on the outcome-based managed entry
agreement and payment approach; f) there is a role for multinational collaborations to
manage reimbursement and access of advanced therapies.

Conclusions: This manuscript shows that there is no single approach to reimbursement
and access of advanced therapies. Instead, we support a more tailored assessment of
health economic aspects of advanced therapies, which considers the heterogeneity of
these products and their target populations.
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INTRODUCTION

According to the European Medicines Agency, advanced
therapies are medicines for human use that are based on
genes, tissues or cells (European Commission, 2007). This
product class encompasses gene therapy medicines, somatic-
cell therapy medicines, tissue-engineered medicines, and
advanced therapies in combination with (a) medical device(s).
Advanced therapies are being developed or are used for a variety
of indications (in such areas as oncology, central nervous system
diseases, monogenetic diseases, infectious diseases,
cardiovascular diseases, hematologic diseases, musculoskeletal
and retinal diseases) and target a spectrum of disorders
ranging from (ultra-)rare diseases to common diseases
(Alliance for Regenerative Medicine, 2021).

Advanced therapies feature characteristics that pose
challenges for market access and use. These biological
medicines require a highly complex manufacturing process
with stringent quality control requirements, which faces
difficulties in upscaling and which is associated with
substantial production and logistical costs. Also, clinical
evidence at the time of launch tends to be immature and
suffer from methodological limitations, and there is
uncertainty about long-term health gain (or even cure).
Furthermore, advanced therapies need to be administered in
highly specialised treatment centres by qualified and trained
health care professionals. Additionally, advanced therapies
may have broader value elements which are not captured in
the economic evaluation perspective adopted by many payers,
may raise ethical questions, and with that political and societal
concerns. Finally, payers struggle to fund significant upfront
acquisition costs of advanced therapies and find it difficult to
deal with uncertainties surrounding these products. Although
these characteristics also apply to other innovative medicines,
they are arguably present to a greater extent in advanced
therapies.

In light of these characteristics, several papers have provided
recommendations about how the methodology of economic
evaluation needs to be adapted to fit advanced therapies
(Hettle et al., 2017; Drummond et al., 2019; Jonsson et al.,
2019; Aballea et al., 2020; Angelis et al., 2020; Coyle et al.,
2020; Ten Ham et al., 2020). Furthermore, several health
technology assessment agencies are adjusting their value
assessment frameworks and decision makers in some
jurisdictions are considering adapting their reimbursement
pathways to reflect the characteristics of advanced therapies
(Canadian Agency for Drugs and Technologies in Health,
2018). Although accounting for the characteristics of advanced
therapies runs the risk that these products are treated in a
different way from a health economic perspective than other
medicines, there have been numerous calls from various
stakeholders in multiple countries to apply specific
considerations to the reimbursement and market access of
advanced therapies (van Overbeeke et al., 2021). This is
similar to the way that other types of innovative medicines
such as (ultra-)orphan drugs (Nestler-Parr et al., 2018),
antibiotics (Simoens and Spriet, 2020), or vaccines (Annemans

et al., 2021) may receive special attention in value assessment and
reimbursement.

An emerging and rapidly expanding health economic
literature has in the last few years questioned the cost-
effectiveness of advanced therapies, has warned about the
affordability of advanced therapies, has issued guidance on
performing economic evaluation based on immature clinical
evidence, has debated adjustments to value assessment
frameworks, and has proposed outcome-based managed entry
agreements and staggered payment approaches for advanced
therapies. Although these general claims and proposals are
well founded, the aim of this manuscript is to conduct a high-
level critical reflection on market access and reimbursement
aspects related to advanced therapies. Specifically, this paper
advocates for a more refined and granular approach which
takes into account the heterogeneity of advanced therapies
developed to deliver personalised medicine, and therefore calls
for a tailored assessment of health economic aspects of advanced
therapies.

METHODS

Data Sources
This manuscript drew on a narrative, structured review of the
peer-reviewed literature and of the grey literature. The
following data sources were searched until April 2021:
PubMed, Google Scholar, policy and legislative documents,
websites of health technology assessment agencies (such as the
English National Institute for Health and Care Excellence, the
French Haute Autorité de Santé, the Canadian Agency for
Drugs and Technologies in Health, the Scottish Medicines
Consortium, the Agenzia Italiana del Farmaco, the US
Institute for Clinical and Economic Review, the
Zorginstituut Nederland), websites of advanced therapy
organisations (such as the Alliance for Regenerative
Medicine), websites of governmental advanced therapy
innovation programmes (such as SWElife ATMP, Cell and
Gene Therapy Catapult), websites of consultancy agencies
(such as the Office of Health Economics and Deloitte),
conference abstracts and presentations of the International
Society for Pharmacoeconomics and Outcomes Research.

Search Terms
Our search strategy sought to identify relevant material
addressing the following aspects related to the reimbursement
and market access of advanced therapies: clinical evidence and
cost-effectiveness, affordability and spread payments, value
assessment and outcome-based managed entry agreements,
and multinational collaborations. Search terms related to
economic evaluation (cost-effectiveness, cost-utility, cost-
benefit, value, value for money, value assessment framework),
market access (budget impact, affordability, pricing,
reimbursement, managed entry agreement, payment),
advanced therapy (cell therapy, gene therapy, trade and
international non-proprietary names of specific advanced
therapy products), alone and in combination with each other.
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TABLE 1 | Examples of cost-effective advanced therapies based on economic evaluation from payer perspective.

Country Indication Comparator(s) Specific design
characteristics

ICER Threshold value

Imlygic®

England, National
Institute for Health
and Care Excellence,
(2019c)

Unresectable, metastatic
melanoma for which
systemic immunotherapy
is not suitable

-Dacarbazine Lifetime horizon, 3.5%
discount rate for costs and
outcomes

£23,900/QALY vs.
dacarbazine, £24,100/QALY
vs. best supportive care

£20,000–£30,000/
QALY-Best supportive care

Kymriah®

Japan, Wakase et al.
(2021)

Children and young adults
with r/r B-ALL

-Blinatumomab Based on 5-years kymriah®

trial data, lifetime horizon, 2%
discount rate for costs and
outcomes

¥2,035,071/QALY vs.
blinatumomab, ¥2,644,702/
QALY vs. clofarabine +
cyclophosphamide + etoposide

¥5 million/QALY
-Clofarabine +
cyclophosphamide +
etoposide

Spain, Ribera
Santasusana et al.
(2020)

Children and young adults
with r/r B-ALL

Salvage chemotherapy Lifetime horizon, 3%
discount rate for costs and
outcomes

€28,819/QALY €30,000/QALY

United States, Hao
et al. (2017)

Children and young adults
with r/r B-ALL

-Clofarabine
monotherapy

20-years time horizon, 3%
discount rate for costs and
outcomes

Value-based price (at
$100,000/QALY threshold) of
Kymriah® was $505,999 vs.
clofarabine monotherapy;
$557,141 vs. clofarabine
combination therapy;
$491,442 vs. blinatumomab;
$488,470 vs. other salvage
chemotherapies; $663,965 vs.
allogeneic stem cell transplant

-Clofarabine
combination therapy
-Blinatumomab
-Other salvage
chemotherapies
-Allogeneic stem cell
transplant

Netherlands, Thielen
et al. (2020)

Children with r/r B-ALL -Clofarabine
monotherapy

Lifetime horizon, 4%
discount rate for costs, 1.5%
discount rate for outcomes

€27,443/QALY vs. clofarabine
monotherapy; €28,611/QALY
vs. clofarabine combination
therapy; €23,229/QALY vs.
blinatumomab

€20,000–€80,000/
QALY

-Clofarabine
combination therapy
-Blinatumomab

Luxturna®

United States,
Johnson et al. (2019)

RPE65-mediated inherited
retinal disease

Standard care Lifetime horizon, 3%
discount rate for costs and
outcomes

$79,618/QALY $50,000-$100,000/
QALY

United States,
Zimmermann et al.
(2019)

RPE65-mediated inherited
retinal disease

Standard care Assuming immediate
restoration to normal vision
during remaining lifetime, 3%
discount rate for costs and
outcomes

$52,000/QALY $50,000–$100,000/
QALY

Spherox®

England, Armoiry
et al. (2019)

Knee articular cartilage
defects

-Microfracture Lifetime horizon, 3.5%
discount rate for costs and
outcomes

£4,360/QALY vs. microfracture,
around £18,000/QALY vs.
MACI

£20,000–£30,000/
QALY-MACI

Strimvelis®

England, South et al.
(2019)

Adenosine deaminase
deficiency–severe
combined
immunodeficiency

Haematopoietic stem
cell transplant from
haploidentical donor

Lifetime horizon, 1.5%
discount rate for costs and
outcomes

£16,704/QALY £20,000–£30,000/
QALY

Valoctocogene roxaparvovec
United States, Cook
et al. (2020)

Severe haemophilia A Prophylactic FVIII
replacement therapy

Assuming price similar to that
of currently available gene
therapies, lifetime horizon,
3% discount rate for costs
and outcomes

Dominant $50,000–$100,000/
QALY

(Continued on following page)
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In/Exclusion Criteria
No restrictions were placed on the type of study considered for
inclusion. Aspects related to research and development, marketing
authorisation, hospital exemption and business models for
advanced therapies fell outside the scope of this manuscript.

There were no geographic search restrictions. Health
economic evidence for all advanced therapy products
(including those whose marketing authorisation has been
withdrawn in specific jurisdictions) was included. Documents
written in English, Dutch, French or German were considered.

Data Analysis
All data used in this manuscript were taken from publicly
available sources and references. Although this study was
funded by a pharmaceutical company, the funder was not
involved in the study design, collection, analysis, interpretation
of data, or the writing of this article. The critical reflections
formulated in the following sections represent the views of the
authors and not necessarily those of the funder.

CRITICAL REFLECTIONS

Advanced Therapies can be Cost-Effective
at High Prices set by Manufacturers
Prices of single-dose advanced therapies have been reported to
amount to up to $2 million (Angelis et al., 2020) and such high
prices inhibit the cost-effectiveness of advanced therapies.
Nevertheless, advanced therapies can be cost-effective if high

acquisition costs are offset by sufficient health gains. For
instance, a comparative analysis demonstrated that advanced
therapies generate larger health gains than regular chemical and
biologic medicines (Chambers et al., 2019). This particularly holds
for advanced therapies which target diseases in children and young
adults (e.g., Kymriah® for children and young adults with relapsed
or refractory B-cell acute lymphoblastic leukemia, Zolgensma® for
spinal muscular atrophy), for which advanced therapies have the
potential to generate larger health gains over a patient’s lifetime.

The literature comprises economic evaluations demonstrating
that some advanced therapies are cost-effective, while others
are not, depending on factors such as the setting and the
choice of comparator. Multiple economic evaluations have
found that incremental cost-effectiveness ratios of advanced
therapies exceed standard cost-effectiveness threshold values
(Lin et al., 2019; Cher et al., 2020; Connock et al., 2020; Furzer
et al., 2020; Viriato et al., 2020; National Institute for Health
and Care Excellence, 2021a). On the other hand, there are
numerous examples of advanced therapies being cost-
effective from a payer perspective in general or in specific
“favourable” scenarios (e.g., assumption of a lifetime horizon
in line with the advanced therapy promise of a cure,
application of lower discount rates for costs and
outcomes). Several such examples derived from the peer-
reviewed literature and from submissions to health
technology assessment agencies have been listed in
Table 1. To support the validity of this critical reflection,
examples relate to different advanced therapies in various
jurisdictions across the world.

TABLE 1 | (Continued) Examples of cost-effective advanced therapies based on economic evaluation from payer perspective.

Country Indication Comparator(s) Specific design
characteristics

ICER Threshold value

Yescarta®

Italy, Marchetti et al.
(2018)

Adults with r/r DLBCL Salvage chemotherapy Lifetime horizon, 3%
discount rate for costs and
outcomes

€44,746/QALY €50,000/QALY

United States, Roth
et al. (2018)

Adults with r/r DLBCL Salvage chemotherapy Lifetime horizon, 3%
discount rate for costs and
outcomes

$58,146/QALY $50,000-$100,000/
QALY

United States,
Whittington et al.
(2019)

Adults with r/r DLBCL Salvage chemotherapy Lifetime horizon, 3%
discount rate for costs and
outcomes

$82,400/QALY $50,000-$100,000/
QALY

Zolgensma®

United States,
Malone et al. (2019)

Spinal muscular atrophy 1
patients with 2 copies of
SMN2 gene

Nusinersen Lifetime horizon, 3%
discount rate for costs and
outcomes

Dominant (at drug price of $4
million)–$31,379/QALY (at drug
price of $5 million)

$50,000-$100,000/
QALY

Zynteglo®

France, Autorité de
Santé, (2020)

Transfusion-dependent β-
tha-lassaemia

Red blood cell
transfusions and iron
chelation

Lifetime horizon, 0%
discount rate for costs and
outcomes

Dominant -

Sweden, FiNoSe,
(2019)

Transfusion-dependent β-
tha-lassaemia

Red blood cell
transfusions and iron
chelation

Lifetime horizon, 3%
discount rate for costs and
outcomes

583,767 SEK/QALY (at 0%
discount rate for outcomes)

700,000–1,220,000
SEK/QALY

Notes: *Formal threshold value or threshold value commonly proposed in literature for a country.
ICER, incremental cost-effectiveness ratio; MACI, matrix-applied characterised autologous cultured chondrocyte implant; QALY, quality-adjusted life year; r/r B-ALL, relapsed/refractory
B-cell acute lymphoblastic leukemia; r/r DLBCL, relapsed/refractory diffuse large B-cell lymphoma.
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It has to be acknowledged that sensitivity analyses of these
economic evaluations consistently show that the advanced
therapy price is a major driver of cost-effectiveness. In this
respect, many economic evaluations draw on publicly available
list prices in their analysis, even though price discounting is
common for many types of medicines including advanced
therapies. Hence, these studies do not account for discounts
following negotiations between manufacturers and payers,
which improve cost-effectiveness. Also, some payers revise
cost-effectiveness estimates based on net prices with a view to
inform their assessment, even though such results are typically
not publicly disclosed. Finally, one United States economic
evaluation calculated the value-based price at which Kymriah®
would be cost-effective using a $100,000 per quality-adjusted life
year gained threshold and found that these prices (which
depended on the choice of comparator) surpassed the actual
Kymriah® price of $475,000 (Hao et al., 2017).

How does the cost-effectiveness of advanced therapies
compare to that of alternative treatments for the same
diseases? A study compared the cost-effectiveness of CAR-T
therapies (calculated by the United States Institute for Clinical
and Economic Review in 2018) with the cost-effectiveness of
other medicines and of non-pharmaceutical treatments for
cancer (as derived from US cost-utility analyses included in
the Cost–Effectiveness Analysis Registry of the Tufts Medical
Center) (Baumgardner et al., 2020). The results indicated that
there was no statistically significant difference in cost-
effectiveness between CAR-T therapies and other medicines,
and between CAR-T therapies and non-pharmaceutical
treatments.

The Economic Evaluation Framework
Adopted by Many Payers Under-Values
Advanced Therapies
An economic evaluation from a payer perspective does not
capture the full cost-effectiveness given that it does not
consider the impact on patient education and productivity,
and on informal caregiver productivity and health. Although
this is the case for all types of medicines, it is particularly relevant
for advanced therapies and these products may be associated with
additional value elements such as the value of cure, the value of
scientific spill-overs [for instance, the COVID-19 vaccines
developed by Moderna and by Pfizer/BioNTech built on their
expertise regarding advanced therapies (American Society of
Gene and Cell Therapy, 2020)], real-option value and
insurance value (Lakdawalla et al., 2018). To the best of our
knowledge, no economic evaluation of an advanced therapy has
included such additional value elements to date.

Multiple research teams have explored changes to the
methodology of economic evaluation to account for the
characteristics of advanced therapies (Hettle et al., 2017;
Drummond et al., 2019; Jonsson et al., 2019; Aballea et al.,
2020; Angelis et al., 2020; Coyle et al., 2020; Ten Ham et al.,
2020). These papers focus on issues such as the choice of a payer
or societal perspective, the heterogeneity of target population and
of treatment effect, the durability of health gain and data

extrapolation techniques, the availability of a single-arm
advanced therapy trial and comparison with a historical
cohort, the validation of surrogate outcomes, the application
of lower or different discount rates for costs and outcomes,
the consideration of disease severity, and the inclusion of
broader value elements.

Although a discussion of these methodological issues falls
outside the scope of this manuscript, choices on how to address
these issues when conducting an economic evaluation influence
the cost-effectiveness of advanced therapies. Here, we provide
three examples of economic evaluations of advanced therapies
which were included in Table 1, and report how the cost-
effectiveness of these products changes when a broader
societal perspective is taken instead of a payer perspective:

• Treatment of Japanese children and young adults with
relapsed/refractory B-cell acute lymphoblastic leukemia
with Kymriah® was cost-effective as compared to
blinatumomab and as compared to clofarabine +
cyclophosphamide + etoposide from a payer perspective.
Kymriah® was more effective and less expensive than either
comparator when costs of productivity loss were also
considered in the economic evaluation from a societal
perspective (Wakase et al., 2021).

• A Dutch economic evaluation of Kymriah® for children
with relapsed/refractory B-cell acute lymphoblastic
leukemia included travel costs, costs of caregiver
productivity loss and hotel stay, and costs of informal
care in the analysis from a societal perspective (Thielen
et al., 2020). Incremental costs per quality-adjusted life year
gained of Kymriah® were higher from the societal than from
a payer perspective, but Kymriah® remained cost-effective.

• An economic evaluation calculated the cost-effectiveness of
Luxturna® for RPE65-mediated inherited retinal disease in
the United States (Johnson et al., 2019). This product was
cost-effective from a payer perspective, and became more
effective and less expensive than standard care from a
societal perspective (which also accounted for educational
costs, costs of productivity loss, caregiver burden, and costs
of government programmes for people with visual
impairment).

The methodological discussion is also mirrored in guidance
about the economic evaluation of advanced therapies issued by
regulatory agencies. For instance, the 2021–2024 agreement
between the French Economic Committee for Health Products
(CEPS, le Comité Economique des Produits de Santé) and the
Pharmaceutical Industry Association (LEEM, les Entreprises du
Médicament) contains advanced therapy-specific stipulations
regarding comparator, uncertainties, price discounts, spread
payments and contracts related to real-life transferability
(CEPS and LEEM, 2021). In the United States, the Institute
for Clinical and Economic Review has changed its economic
evaluation methodology with respect to addressing uncertainties
associated with advanced therapies, considering value of cure and
real-option value, and sharing health care cost offsets (Institute
for Clinical and Economic Review, 2019a).
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Therefore, this manuscript calls for evolution rather than
revolution when it comes to economic evaluation of advanced
therapies: these products do not require a radically new value
assessment framework, but payers could consider a broader set of
advanced therapy characteristics and value elements in addition
to those from their traditional perspective. Indeed, our call to take
a societal perspective in value assessment is not limited to
advanced therapies, but needs to be extended to all types of
medicines. As a result, some health technology assessment
agencies are adjusting their value assessment frameworks (see
Table 2). For instance, Canada has implemented a distinct review
process for cell and gene therapies that integrates evidence
requirements from the medicines and medical devices review
processes (Canadian Agency for Drugs and Technologies in
Health, 2018). Multiple European jurisdictions have in place
adapted value assessment frameworks that account for disease
severity or that are specific to (ultra-)orphan medicines, or
medicines with a high incremental cost per quality-adjusted
life year gained (Scottish Medicines Consortium, 2012;
Svensson et al., 2015; Zwaap et al., 2015; WHO Collaborating
Centre for Pharmaceutical Pricing and Reimbursement Policies,
2018; Healthcare Improvement Scotland, 2019; National Institute
for Health and Care Excellence, 2022). These frameworks are
likely to be applicable to advanced therapies to the extent that
such products fall within their scope. For example, the National
Institute for Health and Care Excellence in England considered
Tecartus® to be a life-extending treatment at the end of life

(National Institute for Health and Care Excellence, 2021b) and
assessed Luxturna® in its Highly Specialized Technologies
programme (National Institute for Health and Care
Excellence, 2019d).

Economic Evaluation of Advanced
Therapies Relies on Immature Clinical
Evidence
Clinical evidence supporting the safety and efficacy of advanced
therapies generally does not meet economic evaluation
requirements in terms of study design (e.g. open-label, single-
arm trial), sample size, heterogeneous patient population,
surrogate outcome measures, and duration of patient follow-
up (Qiu et al., 2020). This is to be expected for medicines which
may target rare diseases without alternative treatments or which
may have been authorised under early access or accelerated
assessment pathways (van Overbeeke et al., 2021). For
instance, a review of economic evaluations pertaining to six
advanced therapies submitted to five health technology
assessment agencies highlighted concerns about the (duration
of) efficacy, the association between surrogate and final outcomes,
the lack of comparative and sub-group data (Faulkner et al.,
2019).

This makes it more difficult to appraise the value of advanced
therapies given that the cost-effectiveness of these products tends
to be sensitive to parameters such as the time horizon,

TABLE 2 | Examples of adapted value assessment frameworks that apply to (some) advanced therapies.

Country Value Assessment Framework

Scope Description

Belgium Orphan medicines Orphan medicines are classified as medicines with added
therapeutic value and exempted from requirement to conduct
economic evaluation

Canada, Canadian Agency for Drugs and Technologies in
Health, (2018)

Cell and gene therapies Consideration of multiple elements, including efficacy, safety, cost-
effectiveness, budget impact, patient and clinician engagement,
ethical and implementation issues

England, National Institute for Health and Care Excellence,
(2022)

Health technologies Weighted QALYs for severe diseases depending on absolute and
proportional shortfall in QALYs

Netherlands, Zwaap et al. (2015) Health technologies Variable threshold value (€20,000-€50,000-€80,000/QALY)
depending on disease severity

Norway, WHO Collaborating Centre for Pharmaceutical
Pricing and Reimbursement Policies, (2018)

Health technologies Higher threshold value for severe diseases

Scotland Medicines, Scottish Medicines
Consortium, (2012)

If high cost/QALY, consideration of additional elements, including
substantial improvement in health, specific health gain in patient sub-
group, absence of therapeutic alternatives, bridging to other proven
therapy

Ultra-orphan medicines, Healthcare
Improvement Scotland, (2019)

-Consideration of multiple elements, such as disease severity,
efficacy, safety, cost-effectiveness (including societal perspective),
carer quality of life, staffing and infrastructure issues
-Patient access scheme
-Data collection arrangement

Sweden, Svensson et al. (2015) Medicines, medical devices, dental
procedures

Higher threshold value for severe diseases

Note: QALY, quality-adjusted life year.
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assumptions regarding the duration of health gain generated by
the advanced therapy, the number of years of patient follow-up in
single-arm trials and survival extrapolation techniques (Hao
et al., 2017; Marchetti et al., 2018; Roth et al., 2018; Armoiry
et al., 2019; National Institute for Health and Care Excellence,
2019c; FiNoSe, 2019; Johnson et al., 2019; Malone et al., 2019;
South et al., 2019; Walton et al., 2019; Whittington et al., 2019;
Zimmermann et al., 2019; Autorité de Santé, 2020; Cook et al.,
2020; Ribera Santasusana et al., 2020; Thielen et al., 2020; Wakase
et al., 2021). In light of such clinical uncertainties, the French
High Council for Health (HAS, Haute Autorité de Santé) for
example has demanded recurrent annual economic evaluations of
Kymriah® and Yescarta® incorporating the most recent data
(Jorgensen and Kefalas, 2021).

Hence, there is a need for methodological guidelines on how
the limitations of clinical evidence about advanced therapies can
be addressed for the purpose of economic evaluation and
reimbursement. For instance, an International Society for
Pharmacoeconomics and Outcomes Research task force has
issued guidance on how to conduct an indirect treatment
comparison (when evidence from a randomised controlled
trial comparing the therapies of interest is not available) or a
network meta-analysis (even thoughmultiple clinical studies may
not be available for advanced therapies) (Jansen et al., 2011).

Although it is difficult to design and conduct high-quality
trials for advanced therapies, practice also shows that this is not
an insurmountable hurdle. For instance, marketing authorisation
of Provenge® was based on themulti-centre, randomised, double-
blinded, placebo-controlled, phase III IMPACT trial which
examined overall survival in 512 men with metastatic
androgen-independent prostatic adenocarcinoma over a period
of 5 years (ClinicalTrials.gov, 2010). Furthermore, this
manuscript argues that the bar regarding the quality of clinical
evidence is likely to be raised by health technology assessment
agencies in the future as more and more advanced therapies
request reimbursement.

In response to immature clinical evidence about advanced
therapies at the time of initial reimbursement, there is a need to
collect real-world data on outcomes in routine clinical practice.
Such data can serve to re-assess the cost-effectiveness of advanced
therapies over time and can be generated in the context of
outcome-based managed entry agreements (cfr. infra). For
instance, a project is being piloted to create a European
advanced therapy registry with data on patient outcomes for a
particular rare disease (Horgan et al., 2020). In the future, the
creation of the European Health Data & Evidence Network can
also support the collection and analysis of real-world data
(EHDEN, 2022).

Advanced Therapies can be Affordable and
may not Require Spread Payments
The high number of advanced therapies in development (with
1,220 ongoing clinical trials in the world in 2020) (Alliance
for Regenerative Medicine, 2021) and their elevated price tag
has raised concerns about their affordability among payers.
As a result, some have argued that advanced therapies are

‘cost-effective, but unaffordable’ (Leech and Dusetzina,
2019).

This manuscript argues that the budget impact of advanced
therapies needs to be put into perspective. Although advanced
therapies are very expensive, their curative potential implies that
one-off costs of advanced therapies need to be compared with
lifetime costs of chronic treatments. For instance, when a study
identified the top 20most expensive orphanmedicines in terms of
annual treatment costs, six were advanced therapies and 14 were
chronic therapies (Foxon et al., 2019). When calculating lifelong
costs, the study showed that mean wholesale acquisition costs of
chronic therapies (US$ 9.3 million) exceeded mean costs of
advanced therapies (US$ 0.9 million). However, the authors
did not account for the fact that these medicines were used to
treat different diseases.

Hence, a more informative analysis contrasts the costs of an
advanced therapy with lifetime costs of current chronic therapy
for the disease as illustrated by the following examples. In
haemophilia A, a disease for which advanced therapies are
being developed, lifelong costs of prophylactic or periodic
factor administration amount to US$ 5–10 million in the
United States (Orkin and Reilly, 2016). Costs of heart
transplantation, the only curative therapy currently available
for end-stage heart failure, are US$ 1.7 million (Ali, 2020).
Costs in transfusion-dependent β-thalassaemia amount to 17
million SEK with Zynteglo® and 7.2 million SEK with lifelong
red blood cell transfusions and iron chelation therapy (using a 3%
discount rate) in Sweden (FiNoSe, 2019). However, it needs to be
recognised that advanced therapy costs are incurred at a single
time point, whereas costs of chronic treatments are spread over a
patient’s lifetime.

This would suggest that the budget impact associated with
reimbursing advanced therapies primarily raises the problem of
having to make budgetary adjustments and pay large sums at
once rather than an affordability issue. Thus, if a mechanism can
be set up which enables payment for advanced therapies in
installments over time, this would mimic the current payment
approach for chronic treatments and avoid the challenge of high
one-off costs associated with advanced therapies. However, for
such a mechanism to be implemented in Europe, it needs to
comply with the European System of National and Regional
Accounts rules (Eurostat, 2013), which state that spread
payments are labelled as debt and are aggregated in a single
amount that is incurred at the time of therapy administration
from an accounting perspective; and with local regulations (for
example, the Swedish Local Government Act restricts spreading
payments to a period of 3 years (Ridderstad Wollberg, 2020)).
Another theoretical solution is to consider advanced therapies as
intangible assets that generate health gain and produce economic
benefit (e.g., productivity gain), thus making it possible to
amortise advanced therapies and spread payments over time
in the payer’s income statement (Dabbous et al., 2021).

It can be questioned whether spread payment approaches are
needed for all advanced therapies. Given that this is a
heterogeneous class of products, such an approach may not be
required for ultra-orphan advanced therapies or for advanced
therapies at the lower price end. For some therapies, it appears to
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be a cosmetic solution allowing for a phasing towards a rather
steady and thus predictable annual budget impact. Therefore,
there is a need to identify disease and advanced therapy
characteristics—such as disease incidence and prevalence—on
the basis of which a payment approach (single payment or spread
payments) for a specific advanced therapy can be chosen (Van
Dyck et al., 2022).

With a view to address affordability of advanced therapies,
approaches other than spread payments have been proposed in
the literature. These include intellectual property-based
payments, pooling pharmaceutical and health care budgets, an
insulated advanced therapy fund, additional private health
insurance, payer loans or re-insurance schemes, outcome-
based managed entry agreements (cfr. infra), and specific
combinations of these. Interviews with European and Belgian
payers, however, indicated that they have little interest in these
payment approaches, with the exception of outcome-based
managed entry agreements with (out) spread payments
(Schaffer et al., 2018; Maes et al., 2019).

At a more general level, how can we reconcile cost-
effectiveness with affordability in order to support sustainable
reimbursement for advanced therapies? One approach proposed
in the literature is to adjust the cost-effectiveness threshold value
(which is used to determine whether an advanced therapy is cost-
effective) in function of the budget impact (and other relevant
criteria) (Towse and Mauskopf, 2018). The rationale for this is
that society’s maximum willingness to pay per unit of health gain
should be higher for advanced therapies with a lower budget
impact and targeting a more severe disease (Annemans, 2019).
Conversely, the appraisal of an advanced therapy with a high
budget impact for a less severe disease should be subjected to a
lower cost-effectiveness threshold value. Although this is a
promising approach, much conceptual, practical and validation
research is still needed.

In practice, some health care systems and health technology
assessment agencies have implemented different approaches to
integrate cost-effectiveness and affordability in their value
assessment framework. Here, we provide examples relating to
the Dutch ‘lock for expensive medicines’, the US Institute for
Clinical and Economic Review value framework, the English
budget impact test, and the Italian funds for innovative
medicines:

• In the Netherlands, Libmeldy®, Tecartus®, Zolgensma® and
Zynteglo® have been placed in the “lock for expensive
medicines” (Zorginstituut Nederland, 2021). This means
that reimbursement is postponed for a period of time during
which the medicine is assessed (in terms of necessity,
effectiveness, cost-effectiveness and feasibility), conditions
for appropriate use are agreed with health care
professionals; and the Minister of Health can enter into
price negotiations with the manufacturer.

• In the United States, the Institute for Clinical and Economic
Review considers budget impact in its value assessment,
computes a health technology’s price at which it meets
particular cost-effectiveness threshold values, and
performs potential budget impact analyses calculating the

price and uptake levels at which a health technology reaches
a specific affordability threshold (Pearson, 2018). This
approach was applied to, for example, Zolgensma®
(Institute for Clinical and Economic Review, 2019b).

• Since April 2017, the National Institute for Health and Care
Excellence and the National Health Service England
calculate the budget impact of all new health technologies
(National Institute for Health and Care Excellence, 2017). If
the budget exceeds £20 million in any of the first 3 years, the
National Health Service England may negotiate a price
discount with the manufacturer taking into account the
technology’s cost-effectiveness and budget impact.

• Italy has allocated €500 million to each of two insulated
funds with a view to support access to innovative medicines,
with one fund dedicated to oncology medicines and the
other fund comprising other medicines (Flume et al., 2018).
If the budget is surpassed, the excess is paid back by
pharmaceutical industry. Advanced therapies such as
Kymriah®, Luxturna®, Onpattro®, Yescarta® and
Zolgensma® are paid for through these funds.

Outcome-Based Managed Entry
Agreements for Advanced Therapies Are
Theoretically Attractive, but Challenging in
Practice
Market access of advanced therapies is associated with clinical
uncertainty given that follow-up data on clinical efficacy tend to
be short term at the time of reimbursement application. To
address this clinical uncertainty, outcome-based managed
entry agreements have been proposed for advanced therapies
in the literature. Such agreements link payment to the product’s
observed efficacy in real-life clinical practice (Dabbous et al.,
2020). Hence, payers are considering and implementing
outcome-based managed entry agreements (alone or in
combination with financial-based managed entry agreements,
with or without spread payments) for advanced therapies (see
Table 3). This table also illustrates the variety of agreement types
that are used for advanced therapies and shows that jurisdictions
may apply different outcome-based agreements to the same
advanced therapy.

Although outcome-based managed entry agreements for
advanced therapies are theoretically attractive, their practical
design and implementation proves challenging. Indeed, a
systematic literature review of barriers associated with
outcome-based agreements pointed to difficulties in selecting
suitable outcome measures and adjusting payment to observed
outcomes; the administrative burden, personnel and
infrastructure requirements for data collection; and the lack of
an appropriate multi-stakeholder governance structure
(Michelsen et al., 2020).

Therefore, there is a need for a legislative framework and a
roadmap that provides guidance to manufacturers, payers and
health care providers on how to design and implement outcome-
based managed entry agreements for advanced therapies in terms
of data collection, quality and analysis; outcome selection and
payment correction; funding and data ownership. Several
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TABLE 3 | Examples of outcome-based managed entry agreements for advanced therapies.

Country Indication MEA Type Outcome Measurement Payment Schedule

Holoclar®

Italy, McConaghie, (2019) Limbal stem-cell deficiency due
to burns to the eyes

Pay-for-performance with
money-back guarantee

Absence of effectiveness at 1 year Not reported

Kymriah®

Belgium, National Institute for
Health and Disability Insurance,
(2019)

Adults with r/r DLBCL Pay-for-performance with
spread payments

Treatment response and patient
condition at 6, 12, 18, and 20 months

At administration (€296,800),
12 months (€21,200),
20 months (€21,200)

Children and young adults with r/
r B-ALL

Pay-for-performance with
spread payments

Treatment response and patient
condition at 6 and 12 months

At administration (€296,800),
6 months (€21,200),
12 months (€21,200)

England, National Institute for
Health and Care Excellence,
(2019b)

Adults with r/r DLBCL Coverage with evidence
development and rebate

Overall and progression-free survival,
intravenous immunoglobulin use

Confidential

France, Jorgensen and Kefalas,
(2021)

Adults with r/r DLBCL Coverage with evidence
development

Survival and disease progression at 28
and 100 days, at 6 months and each
following 6 months

Not reported

Germany, GWQ Service Plus,
(2019)

Adults with r/r DLBCL, children
and young adults with r/r B-ALL

Pay-for-performance with
partial refund

Death during specific time period after
administration

€320,000, size of refund not
reported

Italy, Partners4Access, (2019) Adults with r/r DLBCL, children
and young adults with r/r B-ALL

Pay-for-performance with
spread payments

Disease progression and death at
45 days, 6 and 12 months

At 45 days (€64,000),
6 months (€128,000),
12 months (€128,000)

Spain, Rosa, (2019); Jorgensen
et al. (2020); Sheppard et al.
(2021)

Adults with r/r DLBCL, children
and young adults with r/r B-ALL

Pay-for-performance with
spread payments

Complete treatment response at
18 months

At administration (€166,400),
18 months (€153,600)

Luxturna®

United States, LaMattina, (2019) RPE65-mediated inherited
retinal disease

Pay-for-performance with
rebate

Light sensitivity testing scores at
30–90 days and at 30 months

Size of rebate not reported

Strimvelis®

Italy, Colasante, (2019) Adenosine deaminase
deficiency–severe combined
immunodeficiency

Pay-for-performance with
partial refund

Not reported Staggered payments

Tecartus®

England, National Institute for
Health and Care Excellence,
(2021a)

Adults with r/r MCL Coverage with evidence
development and rebate

Overall and progression-free survival Confidential

Yescarta®

Belgium, National Institute for
Health and Disability Insurance,
(2019)

Adults with r/r DLBCL Pay-for-performance with
spread payments

Treatment response and patient
condition at 6, 12, 18 and 20 months

At administration (€304,220),
12 months (€21,200),
20 months (€21,200)

England, National Institute for
Health and Care Excellence,
(2019a)

Adults with r/r DLBCL or
PMLBCL

Coverage with evidence
development and rebate

Overall and progression-free survival,
intravenous immunoglobulin use

Confidential

Germany, APM Health Europe,
(2019)

Adults with r/r DLBCL or
PMLBCL

Pay-for-performance with
rebate

Patient survival Not reported

Spain, Sheppard et al. (2021) PMBCL Pay-for-performance with
spread payments

Overall survival at 18 months At administration (€118,000),
18 months (€209,000)

Zolgensma®

Germany, GWQ Service Plus,
(2020)

Spinal muscular atrophy 1
patients

Pay-for-performance with
staggered money-back
guarantee

Two patient-relevant outcome
measures

Not reported

United States, Remap
Consulting, (2019)

Spinal muscular atrophy 1
patients

Pay-for-performance with
spread payments

Not reported Spread payments over 5 years

(Continued on following page)
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European jurisdictions are taking steps forward in this respect as
exemplified by the following illustrations:

• The Spanish National Service introduced Valtermed in
2019, a web-based information system which serves to
elicit the therapeutic benefit in real-life clinical practice of
medicines with a significant health and economic impact
(Ministerio de Sanidad, 2019). Valtermed was piloted using
the cases of Kymriah® and Yescarta® (Jorgensen et al.,
2020), and is proposed to be used for Luxturna®
(Ministerio de Sanidad, 2020).

• The Italian Medicines Agency (AIFA, Agenzia Italiana del
Farmaco) uses a web-based platform of monitoring
registries which serve to follow up the use and
therapeutic benefit of medicines in real-life clinical
practice and the application of outcome-based (and
financial-based) managed entry agreements (Agenzia
Italiana del Farmaco, 2021). With respect to advanced
therapies, such registries have been set up in the context
of outcome-based agreements for Kymriah® and Yescarta®
and to monitor appropriate prescribing of Onpattro®,
Luxturna® and Zolgensma®.

• Since July 2016, the National Health Service Cancer Drugs
Fund in England can grant conditional access to cancer
medicines which are associated with clinical and cost-
effectiveness uncertainty subject to the requirement that
real-life data are collected during 2 years (NHS England,
2021). Data are gathered via the Systematic Anti-Cancer
Therapy Dataset. Such outcome-based managed entry
agreements have been set up for, for example, Kymriah®
(National Institute for Health and Care Excellence, 2019b),
Tecartus® (National Institute for Health and Care
Excellence, 2021a) and Yescarta® (National Institute for
Health and Care Excellence, 2019a), with the agreement
stipulating patient eligibility, areas of clinical uncertainty,
data sources, outcome measures, data analysis, data
ownership and protection.

The Cost-Effectiveness of Advanced
Therapies Depends on the Accompanying
Outcome-BasedManaged Entry Agreement
and/or the Payment Approach
Traditionally, economic evaluation calculates the cost-
effectiveness of a medicine for which a payer incurs one-time
payments for all target patients irrespective of actual outcome.

The application to advanced therapies of managed entry
agreements that tie (staggered) payment(s) to actual outcomes
influences whether, when and how much of the acquisition price
needs to be paid, thereby affecting the cost-effectiveness of
advanced therapies from a payer perspective.

Few economic evaluations of advanced therapies from a payer
perspective are publicly available that account for the specific
characteristics of the accompanying outcome-based managed
entry agreement and/or staggered payment approach:

• Three US economic evaluations found Kymriah® for
children and young adults with relapsed/refractory B-cell
acute lymphoblastic leukemia to be cost-effective in the
reference case which limited payment to treatment
responders (Lin et al., 2018; Whittington et al., 2018;
Sarkar et al., 2019).

• When comparing Kymriah® and Yescarta® separately with
salvage chemotherapy and stem-cell transplantation for
adults with relapsed/refractory diffuse large B-cell
lymphoma, a United States economic evaluation showed
that cost-effectiveness improved when an outcome-based
agreement was implemented which restricted payment to
patients with complete/partial response (Lin et al., 2019).

• A French economic evaluation explored the sensitivity of
the incremental cost-utility ratio of Zynteglo® as compared
with red blood cell transfusions and iron chelation to
changes in the payment approach (Autorité de Santé,
2020). The ratio amounted to €151,003 per quality-
adjusted life year gained under a one-time payment and
improved to €106,307 per quality-adjusted life year gained
when annual payments were spread over 5 years (and were
discounted to calculate their present value).

There is a Role for Collaborations Between
Countries to Manage Market Access and
Reimbursement of Advanced Therapies
Advanced therapies are complex products, often registered for
rare diseases or targeted treatment for severe diseases, and their
market access and reimbursement tends to involve the conduct of
methodologically challenging economic evaluations, the
implementation of sophisticated managed entry agreements
and spread payment approaches. For instance, although in
Europe pharmaceutical pricing and reimbursement are a
responsibility of each Member State, these characteristics seem
to support the application of pan-European approaches to market

TABLE 3 | (Continued) Examples of outcome-based managed entry agreements for advanced therapies.

Country Indication MEA Type Outcome Measurement Payment Schedule

Zynteglo®

Germany, Parsons, (2020) Transfusion-dependent β-
thalassaemia

Pay-for-performance with
spread payments

Absence of red blood cell transfusions At administration and 4 annual
payments

Sweden, FiNoSe, (2019) Transfusion-dependent β-
thalassaemia

Pay-for-performance with
spread payments

Not reported Five payments over 4 years

Notes: MEA, managed entry agreement; PMLBCL, primary mediastinal large B-cell lymphoma; r/r B-ALL, relapsed/refractory B-cell acute lymphoblastic leukemia; r/r DLBCL, relapsed/
refractory diffuse large B-cell lymphoma; r/r MCL, relapsed/refractory mantle cell lymphoma.
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access of advanced therapies. Specifically, there is a need for early
dialogue schemes at European level and for consensus building
between regulators, payers and health technology assessment
agencies to align on evidence requirements (Qiu et al., 2020;
Ronco et al., 2021).

Furthermore, there is a role for voluntary collaborations
involving multiple countries to consider advanced therapies
and jointly perform some or all of the following activities
related to their market access and reimbursement: horizon
scanning, health technology assessment, price negotiation,
procurement, information sharing. For instance, FiNoSe
has conducted a joint health technology assessment of
Zynteglo® (FiNoSe, 2019) in 2019 and BeNeLuxA is
carrying out a joint health technology assessment of
Zolgensma® (as of April 2021) (BeNeLuxA, 2020). By
pooling resources and expertise across countries, such
collaborations have been shown to offer flexible pathways
to design innovative approaches to value assessment,
managed entry and payment for advanced therapies and
other medicines (Fernandes and Kumar, 2021).

CONCLUSIONS AND
RECOMMENDATIONS

This manuscript has argued and documented that there is no
single approach to market access and reimbursement of advanced
therapies. Policy and decision makers need to be aware of the
varied landscape of advanced therapies and their indications, and
we propose that they implement diverse, yet coherent health
economic assessment frameworks and market access instruments
that fit characteristics of these products and their local decision
making context. The system should not be overhauled following
the introduction of advanced therapies, but can be further
developed to be able to adopt such innovative products.
Therefore, the following recommendations do not only apply
to advanced therapies, but may also be relevant for other types of
innovative medicines:

• Recommendations for economic evaluation:
• Stakeholders need to appreciate that high acquisition
costs of advanced therapies can be offset by long-
term health care savings and health gains. Hence,
stakeholders need to consider not only the budget
impact and affordability of advanced therapies, but
also their cost-effectiveness as investigated in
economic evaluations.

• In addition to their traditional perspective, we advise
payers to consider a scenario which encompasses
all value elements that are relevant to advanced
therapies.

• There is scope for health economists to explore novel
methodological approaches which allow to address the

limitations of clinical evidence about advanced therapies
for the purpose of their economic evaluation and
reimbursement. In particular, guidance is required on
how to use evidence from single-arm trials and how to
extrapolate survival data.

• Managed access and policy recommendations:
• Manufacturers and payers should not assume that spread
payments are required to make advanced therapies
affordable, but need to identify criteria (such as disease
incidence and prevalence) on the basis of which they can
decide whether a single payment or spread payments to
fund acquisition costs of advanced therapies are most
suitable.

• Manufacturers and payers would benefit from developing
a decision tree to guide the choice for a particular type of
financial-based or outcome-based managed entry
agreement to address specific (budgetary and clinical)
uncertainties associated with individual advanced
therapies.

• We suggest that stakeholders develop a roadmap
providing practical guidance on how outcome-based
managed entry agreements for advanced therapies can
be designed and rolled out in a specific jurisdiction in
terms of data collection, outcome selection, payment
correction, funding, IT infrastructure and data
ownership.

• Policy makers can consider strengthening multinational
collaborations on access to medicines and further invest
in their activities related to horizon scanning, health
technology assessment, price negotiation, procurement
and information sharing.
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