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Illustrating the Financial Consequences of Outcome-Based Payment
Models From a Payers Perspective: The Case of Autologous Gene Therapy
Atidarsagene Autotemcel (Libmeldy®)
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Carla E.M. Hollak, PhD, Aukje K. Mantel-Teeuwisse, PhD, Wim G. Goettsch, PhD
A B S T R A C T
Highlights

� High-priced one-off gene therapies,
such as atidarsagene autotemcel
(AA, Libmeldy), are innovative
treatments that often fulfill an
unmet medical need. However, they
represent a reimbursement
challenge to many healthcare
systems because of substantial
upfront costs, which are often
incurred all at once, with the claim
of durability of effects.

� More guidance is needed to inform
decision makers and healthcare
payers which type of
reimbursement and payment model
is suitable. Therefore, a framework
and calculation tool were used to
help decision makers weigh the
different payment scenarios for AA
and help them negotiate and
implement an outcome-based
spread payment model.

� The results from this calculation
tool demonstrated that for AA,
outcome-based models could
considerably mitigate the financial
Objectives: To illustrate the financial consequences of implementing different managed entry
agreements (managed entry agreements for the Dutch healthcare system for autologous gene
therapy atidarsagene autotemcel [Libmeldy]), while also providing a first systematic guidance on
how to construct managed entry agreements to aid future reimbursement decision making and
create patient access to high-cost, one-off potentially curative therapies.

Methods: Three payment models were compared: (1) an arbitrary 60% price discount, (2) an
outcome-based spread payment with discounts, and (3) an outcome-based spread payment linked to
a willingness to pay model with discounts. Financial consequences were estimated for full
responders (A), patients responding according to the predicted clinical pathway presented in
health technology assessment reports (B), and unstable responders (C). The associated costs for an
average patient during the time frame of the payment agreement, the total budget impact, and
associated benefits expressed in quality-adjusted life-years of the patient population were calculated.

Results: When patients responded according to the predicted clinical pathway presented in health
technology assessment reports (scenario B), implementing outcome-based reimbursement models
(models 2 and 3) had lower associated budget impacts while gaining similar benefits compared
with the discount (scenario 1, V8.9 million to V6.6 million vs V9.2 million). In the case of
unstable responders (scenario C), costs for payers are lower in the outcome-based scenarios
(V4.1 million and V3.0 million, scenario 2C and 3C, respectively) compared with implementing
the discount (V9.2 million, scenario 1C).

Conclusions: Outcome-based models can mitigate the financial risk of reimbursing atidarsagene
autotemcel. This can be considerably beneficial over simple discounts when clinical performance
was similar to or worse than predicted.

Keywords: delayed payment, gene therapies, health technology assessment, managed entry
agreements, orphan designated product, outcome-based reimbursement, pay-for-performance,
pharmaceutical reimbursement, uncertainty.
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risks for the payer in cases when

clinical performance was similar or
worse than predicted. The exact

outcomes of the calculations should
be treated with caution as the
discount rates used are arbitrary
and should be updated with values
from decision makers.
Introduction

Increasing numbers of advanced and regenerative medicines,
such as cell and gene therapies, are obtaining regulatory approval
in Europe and the United States. Many of these target small pa-
tient populations with high unmet medical needs and promise
long-term, possibly curative, benefits after a one-off administra-
tion.1,2 These therapies represent a reimbursement challenge to
many healthcare systems because of substantial upfront costs,
which are often incurred all at once. Simultaneously, the claim of
the durability of effects for years or even a lifetime is often not
substantiated by equally long-term evidence.3 This makes the
value in clinical practice of these medicines often uncertain at the
time a reimbursement decision is made. Consequently, healthcare
1098-3015/Copyright ª 2024, International Society for Pharmacoeconomics and Ou
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
payers face the risk of
paying high upfront
payments, whereas the
actual effectiveness of
a drug may be lower
than predicted.4 At the

same time, patients may be in need of these medicines, and the
marketing authorization holder (MAH) wants to be rewarded for
its investments.5 Extremely small patient populations complicate
the generation of sufficient evidence even more. Delaying access
to these innovative therapies until this is achieved seems
undesirable.

Managed entry agreements (MEAs) are seen as a promising
solution to addressing these high upfront costs and reducing
tcomes Research, Inc. Published by Elsevier Inc. This is an open access article
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uncertainties.6-17 Such agreements can consist of several elements
relating to the price-setting approach (eg, value-based pricing),
conditions set to the reimbursement to mitigate the financial
impact or remaining uncertainties (financial-based or outcome-
based reimbursement models), the timing of the payments (eg,
upfront or delayed payment models), and the level at which these
payments can be made (eg, on a population, subpopulation, or
individual level) (Table 1).7,13,18-20 The several elements of MEAs
are not mutually exclusive. For example, most outcome-based
agreements are accompanied by a modified payment model.8

Recently, attention has been paid to more innovative reimburse-
ment and payment model combinations in which the therapy is
not paid upfront but with rebates when a result is not achieved—
or with a delayed or spread-out payment—possibly only after
specific (prespecified) results have been achieved.6,7,13 This creates
alternative approaches that allow price adjustment with
increasing information on value over time.21
Table 1. Elements of managed entry agreements, with nonexhausti

•Reference pricing
•Value-based pricing 
•Cost-based pricing 
•Two-part pricing 

Value judgement and price se�ng 

•Financial-based reimbursement models
•Discount / Rebates: Simple price dis

between the pa
•Budget threshold: Maximum amo

treatment (bud
funds) to cap to
of pa�ents trea
with the manuf
threshold has b

•Price-volume agreement: Drug prices are
treatment.

•Outcome-based reimbursement models
•Pay-for outcome: The level of reim

the product in e
environment. T
manufacturer if

•Condi�onal treatment con�ua�on: Con�nua�on of
mee�ng short-t
not met, covera
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clinical evidenc
obliga�on for th
addi�onal data
access when inc
obliga�on to ge
research).

Condi�ons to reduce financial impact or uncertain�es

•Upfront payment Agreement to p
�me of treatme

•Delayed payment models
•Payments at outcome achieved: Paying treatme

achieved.
•Annuity/spread payments: Spreading paym

amount of trea
•Health leasing/ subscrib�on: Paying for unlim

Timing of payment 

•(Sub)popula�on level
•Pa�ent level 

Level of payment 
Although MEAs seem to be increasingly implemented, it is still
debated how well the financial risk of reimbursing a novel therapy
under significant uncertainties can be mitigated by implementing
the more complex MEAs, such as outcome-based reimbursement
models or delayed payment models, compared with the most
commonly used arrangements, such as discounts or upfront pay-
ment models.7,9,22-24 Reasons for this ongoing debate are the
limited knowledge about the effects of these MEAs in practice and
whether they deliver on their promises. Moreover, little guidance
is offered to inform pricing and reimbursement decision makers
and healthcare payers on when to best use which type of reim-
bursement and payment model and implementation barriers
remain.10,25-28 A few frameworks were developed to ease the
negotiation process or provide insight into suitable agree-
ments.4,29-31 Nevertheless, the provided frameworks and tools
were often country-specific and did not quantify the financial and
clinical advantages specific agreements can offer. As a result, there
ve examples.

counts, publicly or confiden�ally agreed upon
yer and manufacturer.

unt of reimbursement for an individual innova�ve
get threshold/cap) or therapeu�c area (dedicated
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erm treatment goals. When agreed condi�ons are
ge will end.
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nt delivery. 
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is currently a lack of guidance regarding the financial implications
of different MEAs aiming to mitigate uncertainty about the clinical
effectiveness. This poses challenges for reimbursement stake-
holders who must navigate the complexities of determining the
optimal conditions for reimbursing a novel, one-off, potentially
curative therapy.

To illustrate the potential consequences, the health benefit that
can be within the time frame of the agreement and the financial
implications of outcome-based reimbursement models with
delayed payments, this study used the case study of atidarsagene
autotemcel (AA, Libmeldy) in the treatment of metachromatic
leukodystrophy (MLD) in which no curative treatment is currently
available, focusing on the Dutch setting. In 2021, Orchard Thera-
peutics BV submitted a reimbursement dossier for AA to the
Beneluxa Initiative, a collaboration between Belgium, The
Netherlands, Luxembourg, Austria, and Ireland to deliver sus-
tainable access to innovative medications.32,33 The joint health
technology assessment (HTA) concluded that, although AA pro-
vides promising short-term results, the durability of long-term
treatment effects remained uncertain.32,33 AA was only benefi-
cial in the early stages of the disease, ie, before extensive irre-
versible damage to the nervous system has occurred. The precise
tipping point after which AA is no longer beneficial is unclear,
creating additional uncertainty.32,33 Moreover, AA came with a list
price of V2 875 000 per patient, introducing a financial challenge
because of large upfront payments. These reimbursement and
payment challenges factors, among others, provided the oppor-
tunity for AA to be used as case study in which many of the
common challenges and uncertainties of one-off potentially
curative therapies exist.

To mitigate these remaining uncertainties and share the
financial risk of reimbursing AA, an outcome-based reimburse-
ment model with delayed payments was advised to the Dutch
Minister of Health.29 Unfortunately, the joint Beneluxa negotia-
tions with the MAH did not lead to a final agreement in 2023, and
AA did not gain reimbursement in these countries.30,31,34,35 This
article aims to contribute to the ongoing discussion about the
suitability of MEA by offering a quantitative overview by illus-
trating the potential consequences of implementing different
MEAs by drawing on the case study of AA in the Dutch setting. It
provides initial systematic guidance on constructing MEAs, sup-
porting future reimbursement decision making, and facilitating
patient access to high-cost, one-off potentially curative therapies
addressing high unmet medical needs.

Methods

Case Study Selection

The case study of AAwas chosen because when AA came to the
market, the question arose whether an outcome-based reim-
bursement would be suitable because of the large upfront pay-
ment and the clinical uncertainties. Together with the Dutch
National Healthcare Institute (Zorginstituut Nederland), stake-
holders from the MLD initiative registry, and clinicians, the
feasibility and desirability of such an outcome-based managed
entry agreement were researched, creating a real-world practical
opportunity. Other one-off potentially curative therapies with a
high unmet medical need for which outcome-based reimburse-
ment models were recommended (eg, Zolgensma, Yescarta, and
Luxturna) could have also served as suitable case studies.36

Nonetheless, because the practical opportunity to use AA as a
case study presented itself, and given that AA can be seen as
representing the typical reimbursement challenges of a one-off
treatment, it was deemed to be a good case study to illustrate
the broader issue. Additionally, through the above-mentioned
collaborations, there was the possibility to collaborate with
stakeholders in the field, who could provide valuable insights into
what feasible and clinically relevant input parameters could be,
enhancing the value of the example.

MLD, AA (Libmeldy), and the Included Patient Population

MLD is an inherited neurometabolic disorder characterized by
damage to the nervous system and other organs, causing pro-
gressive symptoms, such as walking difficulties, gradual cognitive
deterioration, and eventual early death.37 The clinical course of
MLD can be broadly divided into a presymptomatic (PS) stage, a
subsequent stage characterized by onset of first symptoms (early
symptomatic [ES]), and a symptomatic stage with severe neuro-
logical deterioration.37-39 Based on the age at onset, 4 types can be
distinguished, late-infantile (LI, ,30 months), early-juvenile (EJ,
30 months-6 years), late-juvenile (LJ, 6-16 years), and adult (.16
years). There is currently no curative treatment for MLD. Recently,
a lentiviral vector-based gene therapy (ie, AA) has been
developed.37

The therapeutic indication of AA for which Orchard Thera-
peutics BV, the MAH, has submitted a reimbursement dossier
within the Beneluxa Initiative, is the “treatment of MLD charac-
terized by biallelic mutations in the arylsulfatase A gene leading to
a reduction of the arylsulfatase A enzymatic activity” in pre-
symptomatic forms in children and specific cases in the ES-EJ
form.29,40 Within the Beneluxa Initiative, the RIZIV-INAMI
(Belgian HTA agency) authored the pharmacotherapeutic part
and National Center for Pharmacoeconomics (HTA agency for
Ireland) the pharmaco-economic part and budget impact for the 3
participating countries.32 The Dutch National Health Care Institute
(Zorginstituut Nederland [ZIN]) reviewed the written reports, and
all 3 agencies supported the reports. Based on these reports, ZIN,
concluded that Libmeldy, within the Dutch setting, only complies
with the statutory criterion “established medical science and
medical practice” in children with LI (PS-LI) or EJ (PS-EJ) forms
without clinical manifestations of the disease29,41 Therefore, this
study will only focus on these 2 groups.

Study Design and Input Parameters

A developed framework and practical calculation tool were
used to quantify and compare the costs and benefits of different
payment scenarios. The used framework consists of several parts
in which, first, reimbursement and payment models were
matched to the disease and treatment characteristics by defining
their main relevant uncertainties, followed by questions to specify
the details of the included reimbursement and payment models.
Hereafter, the input parameters needed for the operationalization
of the calculation, multiple steps, and decisions were determined
(more details can be found in Appendix Materials B and C in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2
024.05.010). To make the calculation tool applicable to the case
of AA for MLD, input was collected from experts in payment and
reimbursement decision making, clinical experts, and relevant
literature.3,7,8,10,13,17,24,42-47 Depending on the type of input
parameter for the calculation tool, information was found in
recent scientific literature, white papers, and publicly available
HTA assessment reports from ZIN (as part of the Beneluxa Initia-
tive), National Institute for Health and Care Excellence, and in-
cremental cost-effectiveness ratio.29,34,48 Additionally, clinical
experts in MLD from MLD initiative registry49 were involved
regarding the selection of relevant outcome measures, in which
consensus was sought to define clinically and patient relevant
outcome measures that were easily measured in clinical practice.

https://doi.org/10.1016/j.jval.2024.05.010
https://doi.org/10.1016/j.jval.2024.05.010


Table 2. The payment scenarios explored for AA.

Scenario Assump�on Payment model 

Details of the payment models 

Scenario 1.A All pa�ents are full responders Discount 

Scenario 1.B All pa�ents respond according to the predicted 
clinical pathway presented in HTA reports

Discount 

Scenario 1.C All pa�ents are unstable responders Discount

Scenario 2.A All pa�ents are full responders Outcome-based spread payment with a discount

Scenario 2. B All pa�ents respond according to the predicted 
clinical pathway presented in HTA reports

Outcome-based spread payment with a discount

Scenario 2.C All pa�ents are unstable responders Outcome-based spread payment with a discount

Scenario 3.A All pa�ents are full responders Outcome-based spread payment linked to the WTP*

Scenario 3.B All pa�ents respond according to the predicted 
clinical pathway presented in HTA reports

Outcome-based spread payment linked to the WTP 

Scenario 3.C All pa�ents are unstable responders Outcome-based spread payment linked to the WTP 

3. Outcome-based spread 
payment linked to the WTP:
� Payments made at: 12-, 24-, 

36-, 48- and 60-months
� Height payment at 12-, 24-, 

36-, 48- months depends on 
measured QALY’s and the 
Dutch WTP threshold. 
Payment at 60 months
depends on measured 
GMFC-MLD score and 
associated discount rates†

1. Discounts:
� 60%† discount paid 

upfront a�er treatment 
inita�on (T=0)

2. Outcome-based spread 
payment with a discount:
� Payments made at: 12-, 24-, 

36-, 48- and 60-months
� Yearly payment propor�ons 

increase each year: T1=5%, 
T2=10%, T3=15%, T4=25%, 
T5=45%

� Height of payment depends 
on measured GMFC-MLD 
score and associated 
discount rates †

AA indicates atidarsagene autotemcel; GMFC-MLD, Gross Motor Function Classification in metachromatic leukodystrophy; HTA, health technology assessment; QALY,
quality-adjusted life-year; WTP, willingness to pay.
*For this disease, the Dutch willingness to pay is V80 000 per QALY gained.51
†Given that the authors of this article are not aware of the discounts and other agreements that may be achievable, the discount rates are chosen arbitrarily. The
calculation tool enables easy modification of these scenarios to match the decision makers’ preferences.
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The calculation tool was constructed using Microsoft Excel
(Microsoft, Redmond, WA).50 Detailed information about the
included input parameters can be found in Appendix Material C in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2
024.05.010.

Defining Scenarios to Calculate the Consequences of
Implementing Different Payment Models

Different payment scenarios were defined to compare the
consequences of implementing an outcome-based spread pay-
ment model with a simple discount model (Table 251).
The scenarios and discount rates used are fictional but were
loosely derived from information on the previously advised dis-
count rates to the Ministry of Health for Dutch pricing negotiations
and were not based on specific input from the involved stake-
holders.52 A 5-year time frame for the payment agreement was
chosen based on recommendations made in literature and input
from clinicians as this time frame is long enough to allow for a
reliable clinical assessment and adequate data collection but, at
the same time, not so long that they become difficult to
execute.10,13,47,53,54

Three payment models were included: (1) a discount (60%,
arbitrary choice), (2) an outcome-based spread payment model

https://doi.org/10.1016/j.jval.2024.05.010
https://doi.org/10.1016/j.jval.2024.05.010


Table 3. Framework to define relevant input parameters and justify the made decisions for the calculation tool.

Steps Input

Step 1-Define relevant characteristics of the disease

Subpopulations PS-LI38,56

PS-EJ38,56

ES-EJ (not eligible for reimbursement, therefore excluded)38,56

Incidence 1 or 2 patients per year (8 patients over the 5-year time frame of the payment
agreement)29

Prevalence None29

Step 2-Define relevant characteristics of the treatment

Outcome measure(s) that
are both relevant clinically
and to patients which are
frequently measured

GMFC-MLD*56

Administration One-off treatment

Step 3-Match reimbursement models with the disease and treatment characteristics

What are the main clinical
challenges/uncertainties that
should be addressed

No long-term data available to support the sustainability of treatment effects (desired
follow-up period needs to be 10-15 y)29

Limited patient number included in the clinical study (n = 29)55 (patients were treated
and followed up at Ospedale
San Raffaele, Milan, Italy)
According to ZIN, clinical effectiveness in symptomatic EJ patients is unclear (not
eligible for reimbursement, therefore excluded)29

Step 4-Matching a payment model with the disease and treatment characteristics

What are the main financial
challenges/uncertainties that
should be addressed

High upfront payments

Step 5-Define the outcome-based spread payment specifications for the case of AA

What is the main outcome
measure to which the
payment will be linked?

The GMFC-MLD score classifies motor function on 7 levels. Motor deterioration is a
key feature characteristic of late-infantile and early-juvenile MLD patients.56 (Detailed
information is provided in Appendix Materials C in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2024.05.010.)

How do we define success? Full responder GMFC-MLD 0
GMFC-MLD 1

Partial responder (defined as a maximum
decline of one point)†

GMFC-MLD 2
GMFC-MLD 3

Nonresponder GMFC-MLD 4
GMFC-MLD 5
GMFC-MLD 6

Death -

Will the payment be made at
a patient or a population
level?

A patient level

At which moment should this
main outcome measure be
measured?

At T = 0, 12-, 24-, 36-, 48, and 60 months after administration of the medicine

Is there a registry in place? Yes, the MLDi registry49 (Detailed information is provided in Appendix Materials C in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2024.05.010.)

Does it register the main
outcome measure?

Yes, the GMFC-MLD score is routinely determined and registered

What is the chosen time
frame to spread out the
payments?

Five years

Step 7-Define input parameters (gained benefits and costs)

Proportions subpopulations PS-LI = 20,3% and PS-EJ = 35,4% (26). ES-EJ = 0,0% (not eligible for reimbursement,
therefore excluded)29

continued on next page
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Table 3. Continued

Steps Input

Uptake assumptions for
incident patients in ZIN

Year 1 = 2 patients
Year 2 = 1 patient
Year 3 = 2 patients
Year 4 = 1 patient
Year 5 = 2 patients

Health states relevant to
measure the performance

The cost-effectiveness model was based on 8 health states: 7 motor function health
states as defined by the GMFC-MLD score, and a death state29,34,48

Utilities per health state Utilities (per year) for each subpopulation were used for BSC and AA29,34,48

Transition probabilities Each subpopulation’s transition probabilities (per month) were used for BSC and AA,
calculated using information from the assessment reports of ZIN, NICE, and
ICER29,34,48

Response classification The transition between GMFC-MLD health states depends on a specific response
classification of what proportion of each subpopulation will stabilize at which GMFC-
MLD scores29,34,48

List price V2 875 000

Payment scenario 1-Discount rates‡ 60%

Payment scenario 2-Discount rates‡ Full responder GMFC-MLD 0
GMFC-MLD 1

40%
60%

Partial responder GMFC-MLD 2
GMFC-MLD 3

80%
85%

Non responder GMFC-MLD 4
GMFC-MLD 5
GMFC-MLD 6

Stop payments
Stop payments
Stop payments

Death - Stop payments
Payment scenario 2-yearly payment
proportions

T1 = 5%, T = 2 = 10%, T3 = 15%, T4 = 25%, T5 = 45% (see Appendix
Materials D in Supplemental Materials found at https://doi.org/10.1
016/j.jval.2024.05.010)

Payment scenario 3-discount rates‡ 60%

Payment scenario 3-yearly payment
proportions

T1 = Linked to QALYs,
T2 = Linked to QALYs,
T3 = Linked to QALYs,
T4 = Linked to QALYs,
T5 = Projected QALYs

AA indicates atidarsagene autotemcel; BSC, best supportive care; EJ, early-juvenile; ES-EJ, Early-symptomatic early-juvenile; GMFC-MLD, Gross Motor Function
Classification in metachromatic leukodystrophy; HTA, health technology assessment; ICER, incremental cost-effectiveness ratio; MLD, metachromatic
leukodystrophy; MLDi, metachromatic leukodystrophy initiative; NICE, National Institute for Health and Care Excellence; NL, National Healthcare Institute
(Zorginistituut Nederland); PS-EJ, presymptomatic early-juvenile; PS-LI, Presymptomatic late-infantile; QALY, quality-adjusted life-year; ZIN, Zorginstituut Nederland.
*GMFC-MLD is an assessment tool designed and evaluated to measure changes in gross motor function over time or with intervention in children with MLD.39
†In line with the assumptions presented in HTA reports of ZIN, NICE, and ICER.29,34,48
‡Given that the authors of this article are not aware of previously agreed upon confidential discounts or agreements, the discount rates were set arbitrarily. The
calculation tool enables easy modification of these scenarios to match decision makers’ preferences.
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with a discount (depending on what outcome is measured), and
(3) an outcome-based spread payment model linked to the Dutch
willingness to pay (WTP, V80 000 per QALY gained51) for this
disease with a discount (depending on what outcome is
measured). For each type of payment model, 3 different outcome
scenarios were proposed to illustrate the extremes and thus
showcase the “gray” area (everything in between) of what the
potential impact could be under the clinical uncertainty on the
costs for AA. The included scenarios in which (1) patients are full
responders, (2) a scenario that follows the transition probabilities
to all health states according to the predicted clinical pathway
presented in HTA reports,29,34,48 and (3) a scenario in which pa-
tients are assumed to be unstable responders and will not stabilize
at any Gross Motor Function Classification (GMFC)-MLD score af-
ter being treated with AA but instead keep transitioning to worse
health states. In Appendix Materials B and C in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2024.05.010,
further elaboration on the different payment scenarios and their
calculations can be found.
Data Analysis

Table 329,34,38,39,48,49,55,56 summarizes the different input pa-
rameters and payment scenarios. For each of the 9 different pay-
ment scenarios, the calculation tool calculated the following:

� The health benefit gain for AA within the time frame of the
payment agreement (expressed in undiscounted QALY’s
gained).

� The therapy costs associated with the MEA for an average
patient.

� The total budget impacts.

Based on the calculations, first, the associated costs with reim-
bursing AA for an average patient by implementing the different
MEAs arepresented, followedby the results fromthe annual budget
impact of the different payment scenarios. Hereafter, the results
weigh the benefits and costs associated with implementing the
various payment models under different scenarios.

https://doi.org/10.1016/j.jval.2024.05.010
https://dx.doi.org/10.1016/j.jval.2024.05.010
https://dx.doi.org/10.1016/j.jval.2024.05.010


Figure 1. Treatment costs per year for an average single patient (using the proportion of the 2 subpopulations, see Table 1) associated
with the different payment scenarios*. *Scenario 1A = full responder1 discount (60%); scenario 1B = all patients respond according to the
predicted clinical pathway presented in HTA reports1 discount (60%); scenario 1C = unstable responder 1 discount (60%). Scenario 2A =
full responder 1 outcome-based spread payment with a discount; scenario 2B = all patients respond according to the predicted clinical
pathway presented in HTA reports 1 outcome-based spread payment with a discount; scenario 2C = unstable responder 1 outcome-
based spread payment with a discount. Scenario 3A = full responder 1 outcome-based spread payment linked to WTP with a discount;
scenario 3B = All patients respond according to the predicted clinical pathway presented in HTA reports1 outcome-based spread payment
linked to WTP with a discount; scenario 3C = unstable responder 1 outcome-based spread payment linked to WTP with a discount.

HTA indicates health technology assessment; WTP, willingness to pay.
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Results

The Costs Associated With Reimbursing AA For an
Average Patient By Implementing the Different MEAs

Implementation of a discount leads to equal treatment costs of
V1.15 million in all scenarios (1A, 1B, and 1C) (Fig. 1) for a single
Figure 2. The budget impact of the different payment scenarios for
patients spread over 5 years (see Table 1). Patients starting in year 4 (t
until year 9.*Scenario 1A = full responder1 discount (60%); scenario 1B
presented in HTA reports1 discount (60%); scenario 1C = unstable res
based spread payment with a discount; scenario 2B = all patients resp
reports 1 outcome-based spread payment with a discount; scenario 2
discount. Scenario 3A = full responder 1 outcome-based spread paym
respond according to the predicted clinical pathway presented in HTA
discount; scenario 3C = unstable responder 1 outcome-based spread

HTA indicates health technology assessment; WTP, willingness to pay.
average patient treated with AA. The therapy costs are paid
upfront in the first year, whereafter no further payments are made
within the time frame of the payment agreement. Implementing
an outcome-based spread payment model with a discount for 5
years increases associated costs yearly (2A, 2B, and 2C). In the first
year, these outcome-based discounted payments are relatively
small (2A = V86 000; 2B = V64 000; 2C = V57 000). However, they
all projected patients will be included in the agreement, ie, 8
he last year of patient inclusion in the agreement) will be followed
= all patients respond according to the predicted clinical pathway

ponder1 discount (60%). Scenario 2A = full responder1 outcome-
ond according to the predicted clinical pathway presented in HTA
C = unstable responder 1 outcome-based spread payment with a
ent linked to WTP with a discount; scenario 3B = all patients
reports 1 outcome-based spread payment linked to WTP with a
payment linked to WTP with a discount.
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will increase over the years, specifically in the last years, the
payment amounts diverge based on what will happen clinically
(2A = V776 000; 2B = V562 000; 2C = V185 000). In payment
scenarios 3A, 3B, and 3C, in which an outcome-based spread
payment linked to the WTP with a discount is implemented, the
first 4 payments, including the set discount rate, lie below the
Dutch WTP threshold (,V80 000 per QALY gained51) in corre-
spondence with measured GMFC-MLD score and their corre-
sponding utilities (3A = V75 000; 3B = V70 000; 3C = V63 000). In
the final fifth year, the payment amount increases substantially
because of the remaining therapy costs that are to be paid (based
on GMFC-MLD measurement in year 5 and including a discount)
(3A = V776 000; 3B = V562 000; 3C = V189 000).

Comparing the annual budget impact of the different
payment scenarios

Figure 2 presents the budget impacts of the different payment
scenarios over the time frame of the different payment agreements.
All payment scenarios 1 have the same budget impact because of
the same discount rates applied and the fact that the payments are
unrelated to patient outcomes and only the number of patients
treated (V2.3million orV1.15million). The results for the outcome-
based delayed payment models illustrate the extended time frame
due to the delayed paymentmodel comparedwith implementing a
discount. In scenarios 2A, 2B, and 2C show that the financial burden
is more evenly spread over the years compared with payment
scenario 1A, 1B, and 1C. The budget impact estimates of payment
scenarios 3A, 3B, and 3C illustrate that implementing an outcome-
based spread payment linked to the WTP with a discount has the
lowest annual budget impact, especially in the first 4 years.

Weighing the Benefits and Costs Associated With
Implementing the Different Payment Models Under the
Various Scenarios

Without implementing any form of reimbursement or pay-
ment agreement to mitigate the high upfront costs or remaining
Figure 3. Total calculated costs of AA according to the different paym
payment model 2 = outcome-based spread payment with a discount; p
with a discount.

AA indicates atidarsagene autotemcel; WTP, willingness to pay.
uncertainties, the total assumed treatment costs (for the theo-
retical 8 patients) when reimbursing AA for 5 years will be V23
million.

In total,11.40 QALYs (n = 8) can be gained during the 5-year time
frame of the payment agreement (scenario B). When assuming
that all 8 patients will be full responders (scenario A), a total of
13.60 QALYs can be gained during this time frame. Under scenario
C (unstable responder), a total of 6.00 QALYs can be gained.

Figure 3 presents the total assumed treatment costs (n = 8) of
the different payment scenarios with a 5-year payment agreement
under the assumptions used in the present study. If patients will
be full responders, implementing an outcome-based spread pay-
ment model (2A) with a discount is financially the least favorite
option from a healthcare payer perspective, whereas implement-
ing a discount (1A) or an outcome-based spread payment model
linked to the WTP with a discount (3A) will lead to considerably
lower associated costs. When patients responded according to the
predicted clinical pathway presented in HTA reports, imple-
menting a discount (1B) or an outcome-based spread payment
with a discount model, the associated costs of AA (2B) will not
differ substantially. However, when an outcome-based spread
payment model linked to the WTP is implemented (3B), a
considerable saving can be seen compared with the other 2 pay-
ment scenarios. Finally, if patients turn out to be unstable re-
sponders (ie, perform worse than the assumptions according to
the predicted clinical pathway presented in HTA reports), imple-
menting an outcome-based spread payment with a discount (2C)
or an outcome-based spread payment linked to the WTP with a
discount (3C) will lead to substantially lower costs compared with
implementing a discount (1C).
Discussion

Our study aimed to illustrate the financial consequences of
implementing different payment models for AA to accommodate
the uncertain long-term benefits and associated financial risk.
ent scenarios* over 5 years. *Payment model 1 = discount (60%);
ayment model 3 = outcome-based spread payment linked to WTP
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Stakeholders are provided with an analysis of implementing an
outcome-based spread payment model compared with a simple
discount. The results showed that the associated costs for an
average patient differed substantially per payment model under
different scenarios of patient response to therapy. A simple dis-
count is obvious in the case of sufficient evidence that all patients
are full responders, which is not the case for AA. If patients
respond according to the predicted clinical pathway presented in
HTA reports, an outcome-based spread payment linked to the
WTP model with a discount will lead to significantly lower asso-
ciated costs for equal health benefits. The financial consequence of
using this model becomes even greater when patients do not
respond according to the predicted clinical pathway presented in
HTA reports but are unstable responders. However, the reality
might be that some patients will fully stabilize, whereas others
may show some deterioration, resulting in average patient out-
comes falling in the gray area between the presented extreme
scenarios.55 Given the unavoidable assumptions regarding the
long-term effectiveness of AA in MLD, our results show that
although an outcome-based spread payment model might incur
higher associated costs should all patients achieve optimal re-
sponses, the critical distinction lies in their adeptness at handling
the risk of potentially lesser treatment effects. For risk-averse
decision makers, the prospect of allocating V9.2 million for a
treatment that fails to yield desired outcomes could pose a graver
concern than investing V13.8 million in a treatment that proves
less effective. Thus, although acknowledging the complexity
inherent to more innovative payment models, implementing
outcome-based delayed payment models could offer a pragmatic
solution to navigating the uncertainties of treatment effectiveness,
ultimately ensuring both careful resource allocation and improved
patient access.

In previous studies, the potential of outcome-based reim-
bursement and delayed payment models, when correctly imple-
mented, has frequently been described, and stakeholders’
preferences to implement them more regularly have been high-
lighted.11,24,43,57-60 Specifically for high-priced innovative thera-
pies, some frameworks and tools were developed to ease the
negotiation process or provide insight into what suitable agree-
ments could be but not consider the economic and clinical ad-
vantages specific agreements can offer.4,61-63 Hence, multiple
aspects need to be considered to determine whether the agree-
ment is fit to fly. Literature has outed that this should not (solely)
be measured by their impact on costs and health-related benefits
but also by what the further impact on the healthcare system will
be.4,44,64 An important consideration in this is the implementation
costs, in which it could be argued that the implementation costs of
an outcome-based spread payment should not exceed the budget
impact of implementing a simple discount payment model. The
current study illustrated the difference between the budget
impact of an outcome-based spread payment model under the
worst-case scenario and the budget impact of a simple discount.
Using these results, stakeholders are given a first estimation of
how the maximum implementation-related costs could be esti-
mated, which is not more than the difference between the costs
associated with the best and worst-case scenario.

One-off gene therapies, such as AA, often come with the
promise of delivering long-term, possibly curative, benefits.1,2

Given that this long-term effectiveness data are often unavai-
lable, assumptions and extrapolations must be made at some
point in all scenarios. In the case of AA, multiple European
countries faced a similar reimbursement challenge arising from
these assumptions, and substantial price reductions were argued.
For example, the National Institute for Health and Care Excellence
agreed on a significant price reduction in their reimbursement
decision making.65 In other countries, similar questions were
raised about whether the high upfront payments are justified and
should be linked to achieved outcomes.65-68 With upfront pay-
ment and a simple discount, these assumptions are made at the
start of treatment. Whereas, with the outcome-based spread
payment models, assumptions about long-term effects are
delayed, gradually phased in with the partial payments made each
year over for example 5 years. With the outcome-based spread
payment model linked to WTP, payments are directly related to
health benefits (in QALYs) gained in the first 4 years. Only after 5
years, when more information is available about the stabilization
of the patient, the bulk payment for the rest of the patient’s life-
time is paid. In summary, the outcome-based models delay the
financial impact and allow for anticipation of changing assump-
tions about effectiveness. Moreover, after the agreement, the
additional information gathered about the treated patients may
lead to a better estimate of what a fair discounted price might be,
possibly leading to a more simplified payment model in the
future.19,20,69,70
Recommendations to Reimbursement Decision Makers

Several recommendations to reimbursement decision makers
can be made. First, it is recommended to only accept a simple
discount as the preferred reimbursement model if the discount is
so high that it mitigates the clinical uncertainties (ie, for the Dutch
situation: the discounted incremental cost-effectiveness ratio
should be well below the Dutch V80 000 per QALY threshold by
using a “minimally effectiveness” outcome scenario). If, indeed, a
negotiated discount is high enough that even when patients
perform very poorly in clinical practice the treatment would still
be cost-effective, there is no benefit of an outcome-based agree-
ment. However, without adequate projections of effectiveness, the
exact percentage of what constitutes an acceptable discount
cannot be calculated. Additionally, it is recommended only to
implement an outcome-based spread payment model if the
mitigation of clinical (and associated financial) uncertainties is
deemed more important than the simplicity of the agreement.
There is a large uncertainty “gray” area between these 2 (best-case
and worst-case) payment scenarios: it is in these cases that
outcome-based agreements can be beneficial. Finally, the imple-
mentation feasibility should be thoroughly considered. Imple-
menting outcome-based spread payment models will be more
resource intensive (eg, higher transaction and administrative
costs), and stakeholders need to be willing to collaborate more
closely to determine each aspect of the payment structure in
detail where mutual trust is needed and invest their time and
resources to answer challenging questions regarding contracts,
data collection, and privacy.10,44,62,64,71
Strengths and Limitations

The used framework and calculation tool can be easily added to
stakeholders preferences and applied in negotiating MEAs for one-
off high-priced gene therapies in which extremely small patient
populations complicate generating sufficient evidence, and a high
unmet medical need exists. AA yields several advantages to be
used as a test case to try these novel outcome-based agreements,
especially because the clinical uncertainties are substantial. Still,
the budget impact of AA is relatively limited; therefore, (partial)
failure of the agreement due to, eg, implementation difficulties,
would likely not lead to critical financial problems. Additionally,
many of the secondary conditions to a successful implementation
of an outcome-based agreement are present for AA, such as a
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frequently measured, patient-relevant outcome and the registry
already in place.

This study’s calculations underlying the results were based on
multiple decisions and assumptions. First, the presented QALY
results are undiscounted and calculated combining information
from several publicly available HTA reports. Hence QALY’s might
slightly differ from the results in the HTA reports based on the
submitted cost-effectiveness model of the MAH. Because the main
objective of this study was to illustrate and provide end-users
with an overview of different possible scenarios and their conse-
quences, we feel that these simplified assumptions are still valid.
Moreover, from an implementation feasibility perspective, it was
chosen to select a 5-year time frame for the proposed outcome-
based delayed payment models and to focus on 1 main outcome
measure, the GMFC-MLD score, which would be easily measured
in daily practice and for which consensus existed to be clinically
relevant. However, it should be noted that a longer or shorter time
frame could have also been possible, and several other relevant
outcome measures were described in HTA reports and scientific
literature and could also be included in the MEA if
preferred.29,34,39,48,56 Additionally, the discount rate in the pre-
sented scenarios was arbitrarily set at 60%. Therefore, the calcu-
lated payment scenarios might only partially reflect the actual
situation for AA or any other similar therapy. No published data
are available that provide a clear insight into which discounts are
negotiated between the payers (in The Netherlands, this is the
Ministry of Health, Public Welfare, and Sports for these products)
and the industry. However, the Dutch National Health Care Insti-
tute recently recommended discount rates for other gene thera-
pies such as Zynteglo (35%) and Zolgensma (50%).72,73 This means
that the calculated results of implementing a simple discount
might be overestimated, making an outcome-based spread pay-
ment model even more suitable. Furthermore, it should be noted
that the presented results do not reflect the actual costs associated
with implementing the agreement in practice (eg, costs related to
the data collection and registration, additional administrative
burden, or setting up new contracts) because it was considered
outside the scope of this research. Therefore, conclusions on
which MEA is financially most feasible from a broader perspective
should be made with caution. Nonetheless, given the limited ex-
pected patient numbers (1 or 2 per year), we expect these costs to
be relatively low.

Finally, the study was conducted in a Dutch, single-payer
setting. Therefore, the results may not be directly generalizable
to other settings. However, many of the mentioned considerations
will also apply to other countries, eg, it is very likely that patients
will respond comparably in different settings and that the MAH
will provide similar information to HTA organizations that can
serve as input parameters. Consequently, the main conclusions on
the financial consequences of an outcome-based spread payment
model for AA could be transferable to other settings. Moreover, the
study specifically focused on AA, limiting the generalizability to
other cases. Nonetheless, the framework and calculation tool offer
flexibility to adjust parameters to include, for example, other
health states or define different definitions of the best- and worst-
case scenarios, eg, death, if deemed relevant.

Further Research

Future research could focus on what possible unintended posi-
tive and negative effects could occur after the implementation of
outcome-basedpayments. For example, pharmaceutical companies
could ask for higher initial prices, especially if they believe patient
populationswill bemore restricted once effectiveness data become
available.74 In contrast, healthcare payers might be more willing to
accept uncertainties or include more diverse subpopulations
because of sharing the financial risk when the therapy does not
show the expected results, which is specifically relevant for ES-EJ
MLD patients. For further exploration of models, all stakeholders
need to be involved because only a win-win situation will, in the
end, provide access to innovations at fair prices. More insight into
the exact implementation costs associated with outcome-based
delayed payment models and who will be responsible for this
would be beneficial to support this discussion (additional human
recourses needed, data registry costs, etc). Finally, it could be
explored what the feasibility of successfully implementing an
outcome-based spread payment would be when lengthening the
time frame of the payment agreement within the existing reim-
bursement system structure to, eg, 10 years or more tomitigate the
remaining uncertainties evenmore. For further development of the
calculation tool, threshold analysis could be considered to provide
end-users with more insight into the exact discounts needed to
equate the different calculated payment scenarios in terms of total
costs or what costs per QALY thresholdswould be needed to equate
one scenario to another in terms of gained value.
Conclusion

This study adds to the discussion on the possible benefits and
applications of outcome-based reimbursement and delayed pay-
ment models. The scenarios used in this report demonstrated that
for AA (Libmeldy), implementing an outcome-based payment
model can be more beneficial than when solely a simple discount
would be implemented, specifically when clinical performance
was similar or worse than predicted. The additional costs related
to the implementation, eg, administrative burden, should be
further studied to assess the feasibility of successfully imple-
menting an outcome-based spread payment model. The studied
model could aid in reimbursement decision making and miti-
gating challenges that hamper timely access to innovative thera-
pies in rare diseases.
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