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Executive summary  
Cell and gene therapies (CGTs) are moving rapidly from specialist trials to routine care: 
more than thirty products are already licensed worldwide and over two thousand are in 
clinical development. Their promise—a single intervention that can arrest or even cure 
previously intractable diseases—creates both opportunity and pressure for health 
systems.  

The UK is well placed to capture the public value of a CGT-driven system-shift, realised 
through its existing life-science ecosystem and national health service. The objective of 
such a shift is to ensure that CGTs are routinely incorporated into care pathways and that 
the UK is established as a hub for research and manufacturing. Achieving this, however, 
requires decisions that go beyond the reimbursement of individual products: government 
and industry must coordinate investment in manufacturing capacity, clinical infrastructure, 
data systems, regulation, and workforce skills. 

This report presents the first part of a whole-system economic framework designed 
to quantify the return on coordinated investment in cell and gene therapy. It considers the 
range of benefits resulting from health gains due to broader use of cell and gene 
therapies, including advantages for the health system and the wider economy (we refer to 
these as ‘health-related benefits’). By valuing costs and benefits across patients, care 
systems, and the wider economy—and aligning the analysis with HM Treasury’s Green 
Book—we offer an evidence base for academics, policymakers, and investors who must 
judge whether to invest in a CGT system-shift. 

A new analytic approach 

We adapt conventional approaches to decision analytic cost-effectiveness modelling, 
characterising value according to the level at which value is realised: 

• Individuals captures patient and caregiver impacts, including health outcomes 
measured in quality-adjusted life years (QALYs) and personal financial impacts. 

• Systems includes net NHS and social care costs, including downstream expenditure. 

• National economy includes value associated with labour market participation, 
productivity, and informal care contributions. 

The model is implemented as an open-source state transition template, populated with 
two evidence sets: Scenario A uses the most recent clinical and economic evidence 
relating to existing technologies; Scenario B explores an optimistic but plausible frontier. In 
contrast to individual technology assessments, the analysis accounts for current and 
future patient flows to identify value realised over a fixed period. A ten-year time horizon 
anchors the analysis to government spending review cycles, while an annual steady-state 
analysis provides estimates for long-term scaling. Four contrasting indications were 
selected to test the framework and provide an overview of the potential value of a system-
shift in each area: acute lymphoblastic leukaemia (ALL), acute myeloid leukaemia (AML), 
beta-thalassaemia (BT), and Alzheimer’s disease (AD). 
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Main findings 

Across the four case studies, widening CGT access yields large net societal benefits, even 
when only health-related outcomes are counted. Our findings demonstrate the substantial 
societal value of CGTs, derived from increased productivity, reduced absenteeism, and 
enhanced quality of life for patients and caregivers. CGTs are already in use in ALL, AML, 
and BT, and have small eligible populations. Despite small population sizes, we show 
significant potential for the realisation of value within a 10-year time horizon. For example, 
the value of CGTs to individuals with AML is £578 million, driven primarily by health gains. 
Meanwhile, the most significant value created in BT relates to healthcare cost savings, at 
around £74 million. 

As shown in Table 1, under a conservative scenario (Scenario A), the additional value of 
widening access to CGTs is projected to create value between £20-40 billion across 
the four case study indications, depending on the category of value considered. AD 
dominates the aggregate because of its prevalence, but every indication is associated with 
significant returns in at least one category, even ALL, for which we modelled a small 
paediatric population. 

Table 1  Summary of case study findings for the value of a CGT 
system-shift  

 

  VALUE OF SYSTEM-SHIFT*  

INDICATION POPULATION SIZE INDIVIDUALS SYSTEMS ECONOMY MAIN DRIVER 

ALL 310 £11 m £0.1 m  £0.6 m Longer survival in a small 
cohort 

AML 23,970 £583 m £463 m £5.5 m Durable remission reducing 
care needs 

BT 426 £52 m £74 m £51 m Transfusion independence 

AD 973,160 £39.6 bn £19.9 bn £21.5 bn Slower progression, reduced 
care burden 

              * Estimates represent the incremental monetised value of outcomes over 10 years 

Implications 

For policymakers, the results signal the scale of the prize and the potential cost of delay. 
By presenting benefits and costs on a common monetary scale, and separating to whom 
value accrues, the analysis can support top-level and cross-departmental business cases 
that must satisfy both health and industrial strategy objectives. The analysis may also 
inform payment and risk-sharing mechanisms to help align incentives between the 
Treasury and the NHS. 
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For industry, aggregate demand signals matter. Even under conservative assumptions, 
the ten-year returns on wider access to CGTs could be substantial and may help justify 
the location of advanced therapy manufacturing capacity in the UK.  

For researchers, the framework offers a transparent, adaptable starting point for 
evaluating other treatment paradigm-shifting investments requiring system-level change 
and warranting consideration by diverse budget holders. The template model script is 
publicly available, allowing researchers to interrogate its assumptions, incorporate 
emerging data, and test alternative valuation methods. 

Next steps 

Our approach integrates the broad societal perspective recommended by the Green Book, 
applies it consistently across four heterogeneous diseases, and provides model code and 
inputs for scrutiny. Nevertheless, the current report focuses on benefits related to four 
indications only (benefits arising from a whole system shift would be much larger), and 
only describes benefits derived from health improvements. It excludes industrial spillovers 
and revenue factors that could materially increase the benefit-cost ratio. The type and 
scale of investment required to realise a CGT system-shift are also yet to be identified. 
Subsequent stages of work will address some of these questions. 

Our work supports the view of a UK CGT system-shift as a definable investment option 
rather than an abstract aspiration. Even a conservative reading of the health-related gains 
makes a compelling public value case; the inclusion of industrial and knowledge economy 
effects is likely to strengthen it further. The framework offered here provides researchers 
and decision-makers with a flexible and open-source tool for turning bold ambitions into 
evidence-based action.
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1 Introduction 
Cell and gene therapies (CGTs) are advanced therapy medicinal products (ATMPs) with 
the potential to revolutionise the treatment of disease. Gene therapies work by modifying 
parts of a patient’s DNA, through the insertion of ‘recombinant’ genes into the body (EMA, 
2017). Gene therapies can prevent or correct the underlying genetic defects of genetic 
disorders, potentially offering substantial health gains for patients (Besley et al., 2022). 
Cell therapies involve the transfer of specific cell types that have been cultivated to 
contain genetic information to induce the intended therapeutic response. One example is 
chimeric antigen receptor (CAR) T-cell therapy. In this case, the process involves 
collecting T-cells, which are then altered to become CAR T-cells and then re-introduced 
into the bloodstream, where they recognise and attack cancer cells (CRUK, 2024). 

Together, CGTs represent an opportunity to transform health outcomes and reach areas 
of current unmet need for many patients. They have the potential to offer significant value 
to patients, health and social care systems, and wider society, and to play a central role in 
a new era of advanced therapies, supporting a shift from chronic disease management to 
prevention of future healthcare needs.  

However, there are barriers to wider uptake of CGTs in the UK, relating to manufacturing, 
infrastructure, regulation, value assessment, and delivery (Beswick, 2024). To support 
wider adoption of CGTs in the UK, piecemeal and technology-specific funding may be 
insufficient, and there is merit in considering a system-wide approach, in the form of a 
CGT system-shift. 

 

Such a CGT system-shift would be characterised by a broad acceptance of CGTs 
by healthcare payers and widespread implementation in the NHS. The UK would be 
a hub for research and development in innovative health technologies, in line with 
the NHS’s 10-Year Health Plan’s ambition for the UK to be in the ‘driving seat’ of 
innovation, fostering a highly skilled workforce, economic growth, and a healthier 
population (NHS, 2025b).  

 The system-shift is described in more detail in section 2.1. 

 

Evaluative research in health economics has long embraced a healthcare decision-maker 
perspective (Sugden and Williams, 1978), whereby the evaluation focuses on health gains 
to the patient and costs (and savings) to the healthcare system. Indeed, a significant body 
of research has investigated the clinical and cost-effectiveness of cell and gene therapies 
using this perspective (Lloyd-Williams and Hughes, 2021; Petrou, 2023; Ho et al., 2021).  

Yet, in recent years, researchers have embraced the notion of alternative decision-makers 
valuing outcomes beyond health (Walker et al., 2019). This is in part a recognition that 
health plays a role in determining an individual’s productivity, earning potential, and 
economic contribution to society (Pinna Pintor, Fumagalli and Suhrcke, 2024; Bloom and 
Canning, 2003). There is compelling evidence that health significantly affects an 
individual's economic outcomes, resulting in higher employment rates and increased hours 
worked (Pinna Pintor, Fumagalli and Suhrcke, 2024). These benefits to the economy arise 
from the health improvements realised through effective healthcare, but may justify 
investment beyond the reimbursement of individual technologies and beyond healthcare 
in general. 

A CGT SYSTEM-
SHIFT  
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In this report, a collaboration between the Office of Health Economics and the Cell and 
Gene Therapy Catapult, we outline a novel methodological approach for evaluating the 
economic impact of CGTs collectively. This is to inform the value of a ‘CGT system-shift’. 
We apply our methodology to four case studies, representing disease areas, to provide 
initial estimates of the value of a CGT system-shift that occurs as a result of the health 
benefits (we refer to these as health-related benefits). These results will demonstrate the 
potential scale of the benefits that could be realised via the significant health 
improvements offered by CGTs to the UK. These analyses will form the foundation for 
further research. Future studies will seek to estimate value associated with wider (non-
health-related) economic benefits and the costs involved with the system-shift, with a 
view to informing investment decision-making.  
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2 Rationale 
This research aims to inform decision-making at the national government level. The Green 
Book (HM Treasury, 2022) is a guidance document published by HM Treasury, setting out 
best practices for the appraisal and evaluation of public policies and programmes. 
Decisions about public expenditure and investments should be informed by the framework 
outlined in the Green Book, according to which the first step in policy evaluation is to 
provide a strong rationale and need for the policy itself. This is the starting point for our 
analysis. 

CGTs are distinct from many other types of treatment in their ability to address the root 
causes of disease, rather than managing symptoms. Unlike traditional pharmaceutical 
therapies, which may require lifelong administration, CGTs offer the potential for durable 
or even permanent therapeutic effects through a single intervention. A shift to CGTs thus 
represents a paradigm shift in treatment practice, from ongoing management to potential 
cures, which can drastically alter care pathways and delivery models across disease areas. 

2.1 The system-shift  

We seek to demonstrate the rationale for a ‘system-shift’, rather than a specific investment 
or policy change. By this, we refer to a strategic and coordinated transformation of a 
particular industry or sector of the economy. This may be achieved through deliberate 
policy interventions, targeted investment, and/or regulatory alignment. A ‘system-shift’ 
should be perceived as a change of the system, rather than a change within the system, 
with a reorientation of objectives and institutional frameworks and a view to achieving 
broad social objectives. 

A system-shift, in this context, should be understood as a deliberate and coordinated 
reconfiguration of the health and life sciences ecosystem, to enable the routine 
integration of CGTs into clinical practice. This is not a marginal or incremental change, but 
a transformation that requires system-level investments across multiple domains: 
manufacturing infrastructure, regulatory frameworks, clinical delivery models, data 
systems, and workforce capabilities. Without such investments, the full potential of CGTs 
is not likely to be realised. 

A system-shift is not only about enabling access to existing therapies; it is about 
reshaping the conditions under which innovation occurs and is adopted. As a result, we 
may see reductions in the cost of goods, as manufacturing processes mature and scale. 
We would also see expansion in the size of eligible populations, as earlier intervention 
becomes feasible and as clinical and regulatory systems become more accommodating. 
These changes could unlock substantial value across health and social care systems and 
the wider economy, realising the return on public and private investment. 

The system-shift that we seek to evaluate is the establishment of the UK as a hub for 
research, development, and wider adoption of CGTs: a CGT system-shift. Of particular 
interest to this research is the necessity for a shift in how CGTs are evaluated, going 
beyond individual technologies and their health and health system benefits, towards 
viewing the value of CGT adoption at a system level. 

A CGT system-shift in the UK would seek to secure the wider economic potential of CGTs 
including a healthier population, a highly productive workforce, and economic growth. 
Here, we describe the rationale for such a change in policy and practice. This is framed 
within a policy context defined in terms of the prevailing economic conditions in the UK, 
challenges faced by the NHS, and population health dynamics. We outline how a CGT 
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system-shift may lead to gains across relevant metrics, and consider the changes needed 
to achieve this. A simplified overview is given in Figure 1, which shows examples of health-
related benefits (within the scope of this report) and improvements in non-health-related 
outcomes (beyond the scope of this report). Both health-related benefits and non-health 
outcomes are expected to influence economic growth. 

 

Figure 1  Overview of rationale for CGT system-shift 

2.2 Policy context  
Poor economic growth  
Economic growth in the UK, measured by real gross domestic product (GDP), has been 
historically slow since the 2007-09 financial crisis. Between 1993 and 2007, the economy 
grew by an average of 3% annually. This fell to 1.5% between 2009 and 2023 (Harari, 
2024), to 1% between Q3 2023 and Q3 2024 (ONS, 2024d), and has further stagnated 
in recent months. 

This lack of growth has been attributed to, among other factors, poor growth in labour 
productivity, as measured by economic output per hour worked. Recent data from the 
ONS in Q3 2024 has shown that labour productivity fell by 1.8% in the UK year on year 
compared to Q3 2023 (Romei and Smith, 2024). Economists have cited multiple factors 
driving low labour productivity in the UK, including low investment and policy uncertainty 
(Harari, 2024), but the definitive causes of the UK’s ‘productivity puzzle’ remain uncertain.  
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Nevertheless, boosting productivity is essential for the realisation of long-term economic 
growth. Improvements in population health are likely to be an important driver of growth at 
the macroeconomic level (Sharma, 2018), as has been recognised by NHS leaders (Wood 
and Bosch, 2022). In part, this is likely to be driven by improvements in productivity at the 
individual level, through reductions in absenteeism and presenteeism (Koopmanschap, 
Burdorf and Lötters, 2013; Schultz, Chen and Edington, 2009). 

Another lever to unlocking economic growth is to increase economic activity in the UK. 
Over 2.5 million people are out of work, defined as economically inactive, due to long-
term sickness (ONS, 2023a). This represents an increase of over 400,000 since the 
beginning of the COVID-19 pandemic. The current Labour government in the UK has 
prioritised increasing economic activity, outlined in the white paper titled ‘Get Britain 
Working’ (Department for Work & Pensions, 2024). Supporting individuals with a long-
term illness in returning to work is a key element of this strategy. 

 

NHS in crisis 
The current state of the UK NHS is an important contextual factor to consider. There are 
more than 100,000 vacancies across the NHS, despite the overall workforce growing by 
more than 30% in the last 15 years (Mallorie, 2024). Excess demand is putting NHS and 
social care staff under significant pressure. 

A recent analysis by the Health Foundation forecast that the demand for healthcare will 
increase due to an ageing population and greater complexity in healthcare needs (Rocks 
et al., 2025). The average diagnosed illness rate in the population from 2019-2040 is 
expected to increase by 5.3% when excluding demographic changes in the population, and 
by almost 25% when population ageing is accounted for.  

Moreover, by 2040, more than 9.1 million people are expected to be living with major 
illnesses in England, compared to approximately 6.6 million in 2019 (Watt et al., 2023). 
These expected trends in health and demography will place an increasing burden on 
already overburdened health and social care systems. 

 

Barriers to CGT adoption 
Greater capacity for the development and adoption of CGTs represents a potential 
mechanism for addressing this challenging policy context.  

However, there are substantial barriers to accessing CGTs that necessitate broader 
system change (Sharma and John, 2024; Wagner et al., 2024). CGTs are considered 
disruptive technologies, posing challenges to health systems in terms of affordability, 
infrastructure, and delivery (Beswick, 2024; Wagner et al., 2024; Phares et al., 2024). The 
way that health systems currently pay for and deliver medicines is designed primarily 
around long-term treatments for chronic illnesses (Hampson, Towse and Zhang, 2021). 
Health systems are typically not well-designed for treatments like CGTs, which are often 
associated with single-administration and high upfront costs, delivering long-term and 
potentially curative outcomes (Henderson et al., 2025). This presents a significant 
affordability challenge when evaluated in line with current approaches to medicines 
reimbursement (Wong et al., 2023). There is also uncertainty in the long-term benefits of 
CGTs, which extend far beyond the time horizon of observational studies; this 
characteristic is used as a justification for coverage exclusions (Wagner et al., 2024). 
Uncertainty manifests at the individual patient level (in terms of the persistence of health 
benefits) and at the system level (in terms of the future value and economies of scale 
associated with wider use of CGTs). 
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2.3 Benefits 

The anticipated benefits of achieving the CGT system-shift include improvements in 
population health, reductions in health and social care system pressures, and growth in the 
national economy. These benefits are particularly significant given the current context in 
which existing technologies are failing to meet many patients’ needs or address health 
system challenges. Despite ongoing advances in drug development, much of the 
innovation pipeline continues to focus on incremental improvements rather than 
transformative change. As a result, many conditions remain poorly treated, and the burden 
on health and care services continues to grow. 

In contrast, CGTs represent a fundamentally different class of innovation. They offer the 
potential for durable outcomes through a single intervention, disrupting the traditional 
model of chronic disease management. This shift has implications not only for clinical 
outcomes but also for how value is generated and distributed across the health and social 
care systems and the wider economy.  

CGTs can reduce the need for long-term treatment, lower the incidence of complications, 
and alleviate the burden on caregivers and health services. Some CGTs help to reduce 
hospitalisations and long-term management of conditions (Firth et al., 2021; Wagner et al., 
2024; Salzman et al., 2018), alleviating pressure on an overburdened NHS.  

It’s well-accepted that health plays a role in determining an individual’s productivity, 
earning potential, and economic contribution to society (Pinna Pintor, Fumagalli and 
Suhrcke, 2024; Bloom and Canning, 2003). Health issues can lead to significant 
productivity losses in the form of presenteeism and absenteeism (Schultz and Edington, 
2007; Asay, 2016). Presenteeism is the impact on productivity of working while ill, and 
absenteeism is the time taken off due to illness. It’s been estimated that respiratory 
infections alone cost UK businesses £44 billion each year, due to absenteeism and 
presenteeism (Hayes et al., 2024).  

There is evidence that individuals in better health have higher earning potential, improved 
labour supply, higher employment rates, and increased working hours (Pinna Pintor, 
Fumagalli and Suhrcke, 2024). Furthermore, this impact can be felt on informal caregivers, 
whose productivity could be impacted through time spent carrying out caregiving 
activities rather than work (Josten, Verbakel and Boer, 2022). The time spent caregiving 
also has a value in itself, and in the UK this is estimated to be approximately £184 billion 
(Carers UK, 2025), almost the equivalent of the entire NHS budget. 

Improvements in health associated with access to CGTs are expected to lead to improved 
productivity and labour market outcomes for both patients and caregivers (Advanced 
Therapy Treatment Centres, 2022; Cell and Gene Therapy Catapult, 2023; Salzman et al., 
2018).  

The current analysis focuses on estimating the potential benefits associated with a 
system shift towards CGTs, including the examples provided in the upper half of Figure 1. 
As introduced in Figure 1, the rationale for investment extends to a broad range of benefits 
that may influence economic growth. The scope of this report is partial, limited to those 
benefits that are realised as a consequence of health improvements and their spillovers. 
Future work will extend the analysis to include improvements in non-health-related 
benefits, as introduced in the lower half of Figure 1. This includes industrial expansion, the 
creation of highly skilled jobs, and investment in research and development. For example, 
there is potential for the development of industrial capacity and market expansion to take 
advantage of a projected growth in the global gene therapy market to almost $100 billion 
by 2033 (Market Data Forecast ltd, 2025). Future analyses will support a more complete 
characterisation and quantification of the rationale for investing in a CGT system-shift, 
and the benefits that may be realised.  
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3 Our approach 
The scope of our current analysis is the potential health-related economic value of access 
to CGTs in general. Our interest is not in estimating the value of specific technologies. In 
this way, our approach is complementary to health technology assessment (HTA) and is 
distinct from typical HTA methods. 

3.1 Perspective 

Our approach adopts a societal perspective, with the consideration and valuation of 
outcomes broadly aligned with Green Book recommendations (HM Treasury, 2022). We 
appraise CGTs in terms of their social (public) value, based on principles of welfare 
economics and social welfare efficiency. Social or public value includes all significant 
costs and benefits that affect the welfare and well-being of the population.  

A narrower healthcare perspective typically assumes a fixed budget, and a decision-maker 
whose objective is to maximise health from that budget, only accounting for costs that fall 
on the budget deemed relevant (Brouwer and van Baal, 2023; Henderson et al., 2025). 
Some health technologies, particularly those of a transformative nature like ATMPs, may 
have a wider impact beyond costs to the health system and direct health benefits which 
may accrue over a longer time horizon (Henderson et al., 2025). Failing to fully account for 
these costs and benefits risks a sub-optimal allocation of resources (Wouterse et al., 
2023). Shifting to a full consideration of the welfare impact of an intervention can help 
inform optimal decision-making (Brouwer and van Baal, 2023).  

3.2 Analytical approach 

Our analysis adopts principles of the Green Book, as described above. However, this report 
does not describe a full cost-benefit analysis. Our analysis is partial in several ways. 

First, in developing the approach described in this report, we only apply our analysis to a 
selection of case studies, rather than a complete representation of the anticipated 
consequences of investing in a CGT system-shift. The purpose of the case studies is to 
illustrate our methodology and to provide signals of the magnitude of (health-related) 
value that may be realised from investment. 

Second, we measure and value outcomes in a disaggregated way, to identify the level at 
which value is accrued. This does not align with typical (Green Book) approaches to cost-
benefit analysis. In our analyses, value accrued at different levels should not be considered 
additive, because of a risk of double-counting. For example, the value that individuals 
attribute to their own health gains is partially determined by the increase in economic 
activity that it facilitates, which can also be captured as a value to the economy as a 
whole. A full cost-benefit analysis would demand a resolution to the challenge of double-
counting. 
 

Base case analysis 
Our base case analysis adopts a 10-year time horizon, based on guidance from the Green 
Book. It is not anticipated that this time horizon will capture all value that may arise from a 
CGT system-shift. Rather, this time horizon is intended to align with significant 
government spending reviews and therefore, to provide an informative base case to 
decision-makers.  
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Steady-state analysis 
In addition to the fixed time horizon base case analysis, we conduct a steady-state 
analysis. This analysis is intended to represent a long-run equilibrium in which the annual 
incidence of new patients is balanced by those who recover or die. In this scenario, the 
CGT system-shift has been realised and in place for many years and all implementation 
effects (e.g. learning curves, backlog clearance, one-off entry costs) have been cleared. 
Presenting these estimates is important given that, once a system-shift is realised, 
decision-makers will need to understand its annual implications. 

Steady-state estimates can also provide a scalable estimate of the value of CGTs, 
disregarding the timing of benefits including delays in their realisation or any front-loaded 
cost associated with treating a prevalent population with unmet need. Accordingly, it is a 
useful complement to the fixed time horizon used in our base case analysis. Steady-state 
results are only presented in the Appendix. 

3.3 Decision problem 

The relevant decision problem for our analysis is whether to invest in a CGT system-shift. 
This report does not seek to provide a complete characterisation or answering of this 
decision problem1, but rather to support the generation of evidence to inform it. 
Nevertheless, it is important to consider the broader decision context in the design of our 
approach. 

An important distinction can be drawn here between our approach and that of the 
National Institute for Health and Care Excellence (NICE). The decision problem faced by 
NICE relates only to the allocation of healthcare resources and is concerned primarily with 
the achievement of health outcomes. In contrast, our decision problem relates to public 
investment in general, beyond health and healthcare. 

Approaches to addressing the decision problem described here are complementary to 
existing approaches to technology appraisal, and are not a replacement. In the scenarios 
that we consider, we assume that HTA processes remain in place. As such, the decision to 
invest in a particular technology is separate. Our analyses assumes that any future 
reimbursement of CGTs has been demonstrated to be cost-effective, and in focusing on 
health-related benefits, our analyses exclude the direct costs associated with CGT 
reimbursement. 

Crucially, the decision problem does not relate to any specific technology or disease area, 
nor to the healthcare budget exclusively. Instead, it relates to investment in CGTs in 
general. However, evidence for the value of investment in CGTs is only available in relation 
to individual technologies, and we must rely on this evidence to inform our broader 
decision problem.  

Our starting point in addressing the decision problem is to estimate the health-related 
value associated with a potential system-shift, with a focus in this report on the 
application of our methods to selected indications. We present our analyses of these 
indications as a series of case studies. Our objective in the case studies is to consider a 
broad range of technologies that address different disease areas and outcomes. We make 
realistic assumptions about CGTs that may come to market in the future and represent a 
plausible vision of an imminent CGT landscape. 

 
1 Only health-related benefits for a small number of case studies are considered here. Non-health related benefits and costs will be considered in 
subsequent research. 
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3.4 Scenarios: conservative vs optimistic 

There is a great deal of uncertainty in the nature and scope of a potential CGT system-
shift. In particular, we cannot be confident about the types and numbers of indications 
that may be treated with CGTs in the near future. Some CGTs are already approved for 
use, including for acute lymphoblastic leukaemia (ALL), beta thalassaemia (BT), and sickle 
cell disease (NICE, 2019, 2025, 2024b). In the context of these conditions, there is a well-
developed evidence base characterising the potential health improvements. Nevertheless, 
the extent to which indications will expand, and the effectiveness of future CGTs in these 
indications, remains uncertain. 

For other conditions, CGTs are in an early stage of development, and there is a lack of 
evidence to support the estimation of their effectiveness or the specific indications in 
which they are likely to be used. 

In light of these elements of uncertainty, we consider two distinct scenarios in our 
analyses.  

Scenario A considers the most credible scenario for the near-term, with conservative 
estimates of treatment effectiveness and therapeutic indication. Parameters and model 
assumptions are primarily derived from empirical estimates from clinical trials or in line 
with current use in similar disease areas. Where CGTs are currently available, estimates 
align with their current use and observed effectiveness. 

Scenario B presents a more optimistic scenario, which may be most likely only in the 
long-term. This scenario will consider broader populations for eligibility, optimistic 
assessments of treatment-related outcomes, or optimistic expectations about the 
likelihood of pipeline products coming to market. For instance, this scenario may assume 
opportunities for early intervention, more sustained treatment effectiveness, or uncertain 
mechanisms of action. Nevertheless, estimates are informed by the best available 
evidence and scientific opinion. 

3.5 Populations 

Our analyses focus on populations that are anticipated to benefit from wider access to 
CGTs or may already be benefitting from access to CGTs. In specifying a realistic 
population, our analyses avoid simply including an entire patient population. It is 
unreasonable to assume that all potential patients within a broadly defined indication 
would be eligible and would benefit from CGTs. 

In line with the scenarios described above, we adopt both less and more optimistic 
assumptions about patient eligibility. Scenario A aligns with samples specified in clinical 
trial information, economic evaluations, or technology appraisals. If this information is 
unavailable or insufficient, assumptions are specified to define a realistic population. 
Scenario B allows for a larger eligible population, or intervention at an earlier stage of the 
patient pathway.  

Benefits to the UK economy, realised over a fixed time horizon, do not occur in a fixed 
population. The return on investment in a CGT system-shift would be achieved 
dynamically, as newly incident patient become eligible for treatment. Therefore, our 
analyses consider both the current prevalent patient population (at the point of 
investment) and future incidence. In some circumstances, the nature of a disease may 
dictate an exclusive focus on either incidence or prevalence alone. For example, if first-line 
treatments for newly incident cases are being considered, the prevalence of this disease 
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may not be relevant. In all cases, clear justification of the size and characteristics of both 
the prevalent and incident populations is provided. 

In essence, populations and their characteristics are defined as those representing future 
patients within a given indication, that we anticipate would receive CGTs following the 
achievement of a CGT system-shift. 

3.6 Interventions 

The analysis compares treatment regimens before and after a CGT system-shift. Thus, the 
intervention being considered is access to CGTs for the patient population that has been 
defined. The comparator is a lack of access to CGTs, represented by current standard of 
care (SoC).  

SoC is defined on the basis of targeted literature reviews for the population with the 
relevant indication for which we are estimating the value of CGTs. Literature searches 
were performed in PubMed and on the NICE website to identify relevant health 
technology appraisals or clinical guidelines. The review enabled us to define current care 
pathways, informing our methodology and the inputs to our analyses. 

The health-related benefits of CGTs may be realised through a single hypothetical cell or 
gene therapy or a basket of available CGTs for the relevant indication. In our analyses, the 
nature of the CGTs available is informed by current medicines development pipelines, 
results of recent clinical trials, and HTA reports. This information is also supplemented by 
the results of targeted literature reviews, where studies may consider the adoption of 
CGTs in different settings, scenarios for access and effectiveness, or evidence relating to 
CGTs adopted for similar indications.  

While specific technologies are referenced to inform the case studies, this analysis does 
not constitute an appraisal of individual interventions. Rather, these technologies are used 
to illustrate the types of benefits that may be achieved through a broader system shift, 
one in which CGTs are routinely accessible for appropriate indications. For each case 
study, we clearly outline the assumed clinical benefits of the CGTs considered, particularly 
whether they slow or halt disease progression, whether the CGT is considered curative 
and for whom, and any waning of effectiveness over time. Given the transformative 
potential of CGTs to replace ongoing management with one-time, potentially curative 
treatments, these case studies support an understanding of the value such a system shift 
could deliver. 

3.7 Outcomes  

All outcomes of value to society, that may be realised as a consequence of health 
improvements (including the value of those health improvements), are within the scope of 
our analysis. Our scope therefore extends beyond that of standard approaches to the 
evaluation of health technologies, which tend only to consider health outcomes and 
healthcare expenditures. Our analysis considers costs and benefits being realised outside 
of the health (care) sector, and accounts for the potential link between health and wider 
economic outcomes.  

Outcomes that are within scope for our analysis include those that have previously been 
considered in economic evaluations that adopt a societal perspective, including patient 
and caregiver productivity effects, informal care time losses, and non-health sector costs 
(e.g. education) (Sittimart et al., 2024). The outcomes assessed are determined by 
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available evidence, with different outcomes depending on the nature of the disease and 
the characteristics of the population in which health gains are realised. Not all potentially 
relevant outcomes apply to all indications. For example, in indications affecting older 
populations, productivity benefits may be limited, whilst the carer burden may be 
significant. For working-age populations, the opposite may be true. 

Changes in health outcomes can also have fiscal implications, for example, through the 
impact on government tax revenue and transfer payments such as pensions and welfare 
(OBR, 2024). While impacts on public finances are important to consider from a budget 
sustainability standpoint, our analysis focuses on the social value associated with a CGT 
system-shift and does not analyse the fiscal effects. Transfer payments are typically 
excluded from evaluations following Green Book methods. 

We report the absolute values associated with CGT and SoC scenarios, as well as the 
incremental value associated with the CGT scenario. The value of outcomes may be 
positive or negative, but our focus in these analyses is on the incremental monetised value 
of the health-related outcomes associated with a CGT system-shift. 

Outcomes that are within scope, and for which data are available, can be summarised in 
terms of to whom the value accrues: individuals (e.g. patients and their carers), systems 
(e.g. health and social care), and the national economy. Accordingly, outcomes may be 
realised at the micro (individual), meso (systems), or macro (economy) level.  

Table 2 provides a non-exhaustive list of candidate outcomes that may be considered 
within each of these categories, and according to whether they are realised through health 
improvements and therefore, within scope for our current analysis.  

Table 2  Examples of candidate outcomes 

 INDIVIDUALS 
(Micro) 

SYSTEMS 
(Meso) 

NATIONAL ECONOMY 
(Macro) 

HEALTH-RELATED 
(within scope of 
current study) 

• Patient health-related 
quality of life 

• Patient longevity 

• Carer burden 

• Out-of-pocket costs 

• NHS service use 
• Healthcare capacity gains 

• Unrelated future medical 
costs 

• Social care service use 
• Long-term care 

• Education 

• Productivity 
• Public health indicators 

• Socioeconomic 
inequalities 

• National income 

NON-HEALTH 
RELATED 
(future research) 

• Treatment choice 

• Clinical trial participation 

• Clinical expertise  

• Evidence generation 

• Research infrastructure 

• Industrial expansion 

• Manufacturing capacity 

• Attracting investment 
• Export revenue 

• Job creation 

The categorisation into individuals, systems, and national economy supports interpretation 
of the findings and the avoidance of double counting where outcomes may be observed at 
more than one level. As described in more detail in Appendix A, outcomes are valued 
monetarily and require careful interpretation: simply summing across categories and 
attributing this value as a macroeconomic benefit would result in double-counting. The 
categorisation also supports the assessment of value from different perspectives, and 
allows us to understand the different drivers of value. 
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Individuals 
The individual (micro) level captures patient and caregiver gains, such as health-related 
quality of life improvements and life extension, which can be measures in terms of quality-
adjusted life years (QALYs). In our analyses, we monetise QALYs associated with CGTs and 
SoC according to monetary valuations from the Green Book. Personal financial impacts, 
such as out-of-pocket costs for treatment, also accrue to individuals.  

 
Systems 
The system (meso) level includes net NHS and social care costs, including the avoidance 
of downstream expenditure and service use. For some indications, we identify evidence for 
productivity costs realised at the system level, for example when formal care funded by 
social care services could be displaced by informal caregiving by patients. Within the 
‘systems’ category of outcomes, we also consider future unrelated medical costs. These 
are costs that are incurred for either conditions or treatments that are not related to the 
initial intervention and instead arise during the gains in life-years due to the intervention. 
This is particularly important since we are evaluating CGTs, which often treat a disease's 
underlying cause and can significantly extend survival. The inclusion of these costs is 
important to ensure life-extending interventions are not disproportionately favoured over 
those which primarily improve quality of life (Perry-Duxbury et al., 2020). As described 
above, direct costs associated with specific CGT therapies are excluded. 

 

National economy 
The national economy (macro) level values additional labour market participation, 
productivity impacts, and informal care contributions as monetary economic benefits. We 
monetise productivity impacts for CGT and SoC by measuring patient absenteeism, i.e. 
days of work lost during illness. Productivity impacts associated with family members’ and 
informal caregivers’ time use is estimated equivalently. Impacted time for patients and 
carers is valued based on the average income in the UK, as described in more detail in 
Appendix A. 
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4 Case studies 

4.1 Case study selection 

The process of selecting disease indications for the case studies was informed by an 
analysis of the likelihood of CGTs emerging, the feasibility of modelling the indications, the 
extent of disease burden, and a qualitative assessment of the potential research value. We 
sought to select a range of indications in terms of their characteristics and the 
populations affected. 

Likelihood of CGTs emerging 
We conducted a review and analysis of published pipeline data from BioMed Tracker 
(2024), filtering for disease groups, disease subgroups and indications with the highest 
number of CGT pipeline products. Maturity of the pipeline (e.g. trial phases) and 
treatment descriptions were also considered, alongside experts’ opinions about the 
potential for CGT products in the pipeline to reach market for shortlisted indications. 

Feasibility of modelling 
Based on a PubMed search for published economic evaluations (as a proxy for feasibility 
of modelling), we removed indications with fewer than 10 PubMed results.  

Disease burden 

We assessed the population disease burden, comparing prevalence or incidence across all 
indications. We took into consideration disease severity, primarily based on DALY burden 
per 100,000 population. This information was balanced with an intention to also include 
rare diseases, which will have a lower DALY burden at the population level.      

Potential research value    
We then conducted a qualitative assessment of the potential research value of the 
proposed shortlist of indications in a collaborative workshop convening experts across 
multiple disciplines. An attempt was made to include a mix of indications for which 
therapeutic benefit is driven by life extension and indications for which quality of life 
improvement is likely to be the primary benefit. Further effort was made to include 
indications affecting a range of population age groups to showcase the variety of benefits 
which may accrue.   

A range of indications 
Following deliberative discussions, we included a range of indications in terms of 
characteristics and the populations affected. This included indications within the oncology 
disease area, given the high number of promising pipeline products in the disease group 
overall, as well as rare diseases, for which results on macroeconomic benefit may be 
transferable across other rare disease indications. We also included an ‘aspirational’ 
indication with a significant population disease burden (and a promising CGT pipeline). As 
an exploratory piece of work, our case study selection balances indications for which the 
exploration of a CGT system-shift may be especially relevant, either due to the viability of 
the current CGT pipeline or due to the potential scale of impact in disease areas with high 
unmet need.  
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The final case studies chosen for analysis were acute lymphoblastic leukaemia (ALL), 
acute myeloid leukaemia (AML), beta-thalassaemia (BT), and Alzheimer’s Disease (AD). 
Short summaries of the case studies are presented here (sections 4.2-4.5), with full 
details provided in the Appendix. Table 3 summarises the patient populations included in 
our study. 

Table 3  Summary of eligible patient population 

INDICATION POPULATION ELIGIBLE PATIENT SIZE 
(SCENARIO A) 

ELIGIBLE PATIENT SIZE 
(SCENARIO B) 

ALL Paediatric and young adult patients 
(under 25 years) with relapsed or 
refractory (r/r) B-cell ALL. 

Incidence and prevalence: 31 patients 

AML Adult patients with untreated AML Incidence and prevalence: 
2,397 patients 

Incidence and prevalence: 
2,945 patients 

BT Patients aged 12 and older with 
transfusion-dependent beta 
thalassaemia 

Prevalence: 352 patients 
Incidence: 8.18 patients 

Prevalence: 920 patients 
Incidence: 21.4 patients 

AD Scenario A: Adults aged 65 and older 
with mild dementia due to AD (mild 
AD)  

Scenario B: Adults aged 65 and older 
with mild cognitive impairment due to 
AD (MCI-AD) 

Incidence: 97,316 patients 

4.2 Acute lymphoblastic leukaemia (ALL) 
Disease overview 
ALL is an aggressive haematological malignancy characterised by the clonal proliferation 
of immature lymphoid cells, known as lymphoblasts, in the bone marrow and peripheral 
blood. This uncontrolled proliferation impairs normal blood cell production, leading to a 
range of clinical symptoms (Terwilliger and Abdul-Hay, 2017).  

ALL is most prevalent in children, although it can also affect adults, particularly those over 
40 years of age. Leukaemia is the most prevalent childhood cancer in the UK and ALL is 
the predominant form of childhood leukaemia, accounting for about 78% of all leukaemia 
diagnoses in children in the UK (Children with Cancer UK, 2025). Globally, over 150,000 
new cases of ALL and over 40,000 deaths were reported in 2019, with the highest 
incidence in children aged 1–4 years (Pagliaro et al., 2024a; Zhang et al., 2023). 

Standard of care for ALL follows a multi-phase pathway beginning with induction 
chemotherapy to achieve remission, followed by consolidation and maintenance phases 
over up to three years, alongside CNS prophylaxis. In cases of relapse or refractory 
disease, patients can be treated with CAR T-cell therapy which targets CD19-positive 
leukaemia cells. Further detail on treatment pathways for the patient population is 
provided in Appendix B. 

Health-related quality of life (HRQoL) studies in ALL highlight consistent impairment 
during treatment and variable recovery post-therapy. ALL and its treatment can lead to 
fatigue, pain, and mobility issues, which can negatively affect mental health and school 
functioning (Iyer et al., 2015; Shalitin et al., 2018; Chow et al., 2010). This burden extends 
to caregivers: up to 94% report work disruption, with one study estimating 17.3 missed 
workdays in the first month post-diagnosis (Bona et al., 2014; Fluchel et al., 2014).  



 OFFICE OF HEALTH ECONOMICS 
 CONTRACT RESEARCH 
 
 

ohe.org 
15 

PICO and scenarios 
Scenarios:  

• Scenario A: parameters and assumptions are derived from clinical trials, published 
HTA appraisals and economic models published in the literature. 

• Scenario B: explores plausible optimistic estimates and assumptions largely based 
on benefits to the economy that arise from health improvements associated with 
CGT, such as improved socioeconomic outcomes and reduced caregiver burden. 

Population: Paediatric and young adult patients (under the age of 25 years) with 
relapsed (either after a transplant or after two or more lines of treatment) or refractory 
(r/r) B-cell ALL. The mean age is 12 years, with 43.04% of the population female. 

Intervention: We model the CGT as CAR-T therapy, using effectiveness data related to 
tisagenlecleucel. The intervention is delivered as a single, one-time dose of a CGT. We 
include the costs associated with pre-treatment procedures (leukapheresis to collect T 
cells), lymphodepleting chemotherapy to enhance CAR-T efficacy and bridging 
chemotherapy to stabilize disease while CAR-T cells are manufactured. 

Comparator: A basket of blinatumomab (an immunotherapy) and salvage chemotherapy. 
Blinatumomab, a bispecific T-cell engager targeting CD19, is frequently used in paediatric 
patients with primary refractory disease or those in second or subsequent relapse. Salvage 
chemotherapy, typically consisting of intensive multi-agent regimens such as FLAG-IDA, 
continues to be widely used for patients who are ineligible for, or have previously failed, 
immunotherapy. 

Outcomes: Life years gained, QALYs, total healthcare costs, productivity losses for the 
caregiver. Broader socioeconomic outcomes, such as educational outcomes, are not 
included due to lack of data; see Appendix B for further details. 

 

Model structure 
The model structure, as shown in Figure 2, follows a seven-state cohort transition model, 
similar to an existing cohort model published for paediatric and young adult patients with 
relapsed or refractory B-cell ALL (Lin et al., 2018). 

Figure 2  ALL model structure based on Lin et al., 2018 
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Results  
Table 4 shows that in conservative scenario A, health gains to individuals from CGT 
therapy (relative to SoC) total an additional 159 QALYs, delivering additional value to the 
sum of £11m over the 10-year period. The benefit to the national economy amounts to 
£600k over the same period.  

 

Table 4  Scenario A results, ALL 

  TREATMENT INCREMENTAL 
DIFFERENCE 

  CGT SoC 

MONETISED VALUE  
OF OUTCOMES 

Individuals £98,077,925 £86,937,484 £11,140,441 

Systems -£1,056,479 -£1,228,165 £171,686 

National economy -£36,443,123 -£37,043,264 £600,141 

HEALTH OUTCOMES QALYs 1,401 1,242 159 QALYs 

 Life years 1,659 1,539 120 LYs 

 Deaths 22 65 43 deaths averted 
Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care. 
Positive figures represent gains during the time horizon, while negative figures represent losses. 
 

Table 5 presents results from a more optimistic scenario B, where the benefit to society is 
estimated at £16m over the 10-year period. Health gains to individuals and system 
benefits remained unchanged, as no assumptions related to these impacts were altered.  

Steady-state (annual) estimates for ALL for scenario A indicate that gains to individuals 
from CGTs (relative to SoC) have a value of £335 million per year. Further results are 
presented in Appendix B. 

 

Table 5  Scenario B results, ALL 

  TREATMENT INCREMENTAL 
DIFFERENCE 

  CGT SoC 

MONETISED VALUE  
OF OUTCOMES 

Individuals £98,077,925 £86,937,484 £11,140,441 

Systems -£1,056,479 -£1,228,165 £171,686 

National economy -£36,443,123 -£52,747,641 £16,304,518 

HEALTH OUTCOMES QALYs 1,401 1,242 159 QALYs 

 Life years 1,659 1,539 120 LYs 

 Deaths 22 65 43 deaths averted 
Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care. 
Positive figures represent gains during the time horizon, while negative figures represent losses. 
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4.3 Acute myeloid leukaemia (AML) 
Disease overview 
AML is a rapidly progressing haematological malignancy characterised by the abnormal 
proliferation of immature myeloid cells (Juliusson, Lehmann and Lazarevic, 2021). It is the 
most prevalent form of acute leukaemia in adults, with a higher incidence observed in 
individuals over 60 years of age (Vakiti, Reynolds and Mewawalla, 2024). In the UK, AML 
accounts for around 2,945 new cases each year (Cancer Research UK, 2019). Five-year 
survival rates in the UK vary by age: over 35% for patients under 60 years and below 15% 
for those over 60 (Haematological Malignancy Research Network (HMRN), 2024).  

Standard of care for AML involves intensive chemotherapy, and in selected cases, 
chemotherapy combined with HSCT (Kantarjian et al., 2021). The disease and its 
treatments can substantially affect patients' health-related quality of life (HRQoL) (Korol 
et al., 2017). Physical symptoms commonly include fatigue, pain, and dyspnoea. 
Psychological distress, such as anxiety and depression, is often reported amongst patients 
treated with ‘intensive’ chemotherapy requiring prolonged hospitalisations (El-Jawahri et 
al., 2019; Lockwood et al., 2020). A study on work absenteeism and disability among AML 
patients and their caregivers reported significant impacts on workplace absence and 
disability days (Pandya et al., 2024). 

 

PICO and scenarios 
Scenarios:  

• Scenario A: parameters and assumptions are derived from clinical trials or in line 
with current use in similar indications, such as ALL. The population receiving CAR-T 
therapy is based on the CAR-T population identified in the NICE appraisal of 
tisagenlecleucel. The probability of resistant disease amongst patients is informed by 
empirical estimates associated with current antibody-based therapy for AML (Russell-
Smith et al., 2021). A proportion of CAR-T patients are assumed to receive HSCT after 
relapse in line with estimates for current antibody-based therapy for AML (Russell-
Smith et al., 2021). 

• Scenario B: All untreated AML patients within the assessed population will be eligible 
for CAR-T treatment. Lower probabilities of resistant disease are assumed amongst 
CAR-T patients, based on evidence in the literature that CAR-T therapies are 
associated with higher rates of complete remission compared to SoC (Cappell and 
Kochenderfer, 2023a). It is assumed that CAR-T patients do not undergo HSCT 
treatment. 

Population: Adult patients with untreated AML. We model the mean age to be 61.2 years, 
with 50.93% of the population female. This is in line with similar NICE appraisals of 
therapies for untreated AML (Russell-Smith et al., 2021). We focus exclusively on an 
incident population of AML. 

Intervention: We model the CGT as CAR-T therapy, given that CAR-T therapies are 
currently in development for AML and are successfully used to treat related cancers. The 
intervention involves a one-off single dose of a CGT, along with the costs of pre-
treatment (leukapheresis to obtain T-cells, conditioning chemotherapy to enhance CAR-T 
efficacy and bridging chemotherapy to stabilise disease) and administration. 

Comparator:  
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• For 70% of patients: Induction: 7+3 regimen with cytarabine and daunorubicin; 
Consolidation: High dose cytarabine; Subsequent therapies: FLAG-IDA chemotherapy 
regimen or non-curative therapies. 

• For 30% of patients with FLT3 mutations:  Induction: 7+3 regimen with cytarabine and 
daunorubicin, with quizartinib; Consolidation: High dose cytarabine, with quizartinib; 
Maintenance: Quizartinib only; Second-line treatment: FLAG-IDA chemotherapy 
regimen or non-curative therapies. 

Outcomes: Life years gained, QALYs, total healthcare costs, productivity losses for the 
patient and caregiver. 

 

Model structure 
The model structure, as shown in Figure 3 follows a five-state cohort transition model, 
similar to existing cohort models published for AML therapies (Russell-Smith et al., 2021). 

Figure 3  AML model structure, based on Russell-Smith et al., 
2021 

 

Results  
Table 6 shows that in conservative scenario A, health gains to individuals from CGT 
therapy (relative to SoC) total an additional 8,335 QALYs, with additional value of £583m 
over the 10-year period. Gains to the health system are of a similar magnitude, around 
£464m. The value to the national economy amounts to £5.5m.  

Table 7 shows that in the more optimistic scenario B, the individual gains from CGT 
therapy provide an additional 10,367 QALYs and a value of £726m. Systems benefits 
equate to £616m, and national economy value is £8.4m. 

Steady-state (annual) estimates for AML for scenario A indicate that health gains to 
individuals from CGT therapy (relative to SoC) equal a gain of £255 million, a systems-
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level value of £410 million and a national economy value of £4.3 million per year. Further 
results are presented in Appendix C. 

Table 6  Scenario A results, AML 

  TREATMENT INCREMENTAL 
DIFFERENCE 

  CGT SoC 

MONETISED VALUE  
OF OUTCOMES 

Individuals £7,049,307,907 £6,465,890,707 £583,417,200 

Systems -£866,020,112 -£1,329,615,158 £463,595,047 

National economy -£3,834,831,012 -£3,840,358,757 £5,527,745 

HEALTH OUTCOMES QALYs 100,704 92,370 8,335 QALYs 

 Life years 130,791 130,713 78 LYs 

 Deaths 882 922 40 deaths averted 
Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care. 
Positive figures represent gains during the time horizon, while negative figures represent losses. 

Table 7  Scenario B results, AML 

  TREATMENT INCREMENTAL 
DIFFERENCE 

  CGT SoC 

MONETISED VALUE  
OF OUTCOMES 

Individuals £8,669,016,327 £7,943,354,677 £725,661,651 

Systems -£1,017,319,160 -£1,633,433,856 £616,114,695 

National economy -£4,709,441,732 -£4,717,885,451 £8,443,719 

HEALTH OUTCOMES QALYs 123,843 113,476 10,367 QALYs 

 Life years 160,700 160,581 120 LYs 

 Deaths 1,071 1,132 61 deaths averted 
 
Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care. 
Positive figures represent gains during the time horizon, while negative figures represent losses. 

4.4 Beta thalassaemia  
Disease overview 
Beta thalassaemia (BT) is an inherited disorder caused by mutations that reduce or 
eliminate beta-globin production, impairing haemoglobin synthesis and leading to anaemia 
(NICE, 2024a). Severity ranges from non-transfusion-dependent (NTDT) to transfusion-
dependent beta thalassaemia (TDT), the latter requiring lifelong red blood cell 
transfusions and iron chelation therapy (Thalassaemia Internation Federation, 2021). TDT 
is associated with serious complications, reduced life expectancy, and substantial 
healthcare costs (NICE, 2024a). Life expectancy for individuals with TDT remains 
significantly lower than the general population, with estimates indicating that 40% of 
patients in the UK die before reaching the age of 50 (Weidlich, Kefalas and Guest, 2016). 

TDT also significantly impacts quality of life and productivity. Many patients report pain, 
anxiety, and difficulty with daily activities (Li et al., 2022a), though standard tools like EQ-
5D-5L may underestimate disease burden (Boateng-Kuffour et al., 2024). The condition 
affects employment, with only 65.4% of patients working compared to 75.5% in the 
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general UK population (ONS, 2024a), and high rates of absenteeism (19.5%) and 
presenteeism (34.4%) (Li et al., 2022a). 

 

PICO and scenarios 
Scenarios:  

• Scenario A: is identical to the population in the NICE appraisal of exa-cel, 
specifically patients over the age of 12 who have TDT who are fit for transplant and 
without a human leukocyte antigen (HLA)-matched sibling donor (NICE, 2024a). The 
proportion of patient’s achieving transfusion independence (TI) is in-line with the 
NICE evaluation of exagamglogene autotemcel (exa-cel), 92.6%. 

• Scenario B: considers the entire TDT population being eligible for treatment, thereby 
assuming a larger pool of patients able to benefit from the CGT. In addition, 100% of 
patients achieve TI.  

Population: Adult patients with TDT. We model the mean age to be 25 years, with 52.1% 
of the population female. This age threshold and disease definition broadly align with the 
population used in the NICE appraisal of exa-cel (NICE, 2024a) and the Institute for 
Clinical and Economic Review (ICER) appraisal of betibeglogene autotemcel (beti-cel) 
(Beaudoin et al., 2022). 

Intervention: The intervention evaluated in this analysis is a hypothetical one-time cell or 
gene therapy (CGT) that aims to address the underlying cause of BT, leading to a 
transfusion-independent, disease-free state. While not representing a specific marketed 
therapy, its assumed effectiveness and characteristics are informed by clinical data for 
exa-cel and beti-cel (NICE, 2024a; Beaudoin et al., 2022). 
 
Comparator: A regular programme of red blood cell (RBC) transfusions, alongside iron 
chelation therapy (ICT) and the monitoring and management of complications (NICE, 
2024a).  

Outcomes: Life years, QALYs, total healthcare costs, productivity losses for the patient 
and caregiver. 

 

Model structure 
The model structure, as shown in Figure 4 follows a cohort three-state transition model, 
similar to existing cohort models published for BT CGTs (NICE, 2024a; Beaudoin et al., 
2022). The three states include transfusion independent (TI), transfusion dependent (TD), 
and death.  
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Figure 4  Beta thalassaemia model diagram adapted from 
(Beaudoin et al., 2022; NICE, 2024a) 

 

Results  
Table 8 shows that in conservative scenario A, health gains to individuals from CGT 
therapy (relative to SoC) total an additional 747 QALYs, delivering additional value to the 
sum of £52m over the 10-year period. System-level gains are of a similar magnitude, 
around £74m. The benefit to the national economy amounts to £51m over the same 
period. 

Table 9 shows that in the more optimistic scenario B, the health gains from CGT therapy 
provide an additional 2118 QALYs, with the value of these health benefits being £148m, 
benefits to the health system £211m, and society £144m. 

Steady-state (annual) estimates for BT for scenario A indicate that health gains to 
individuals from CGT therapy (relative to SoC) equal a gain of 163 QALYs, with an 
individual-level value of £11m, a systems-level value of £5.7m, and a national economy 
value of £3.4m per year. Further results are provided in Appendix D. 

 

Table 8  Scenario A results, BT 

  TREATMENT INCREMENTAL 
DIFFERENCE 

  CGT SoC 

MONETISED VALUE  
OF OUTCOMES 

Individuals £247,588,220 £195,311,700 £52,276,520 

Systems - £15,636,841 - £89,759,186 £74,122,345 

National economy - £4,902,476 - £55,448,235 £50,545,759 

HEALTH OUTCOMES QALYs 3537 2790 747 QALYs 

 Life years 4298 4269 29 LYs 

 Deaths 3.40 10.9 7.5 deaths averted 
Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care. 
Positive figures represent gains during the time horizon, while negative figures represent losses. 
 



 OFFICE OF HEALTH ECONOMICS 
 CONTRACT RESEARCH 
 
 

ohe.org 
22 

Table 9  Scenario B results, BT 

  TREATMENT INCREMENTAL 
DIFFERENCE 

  CGT SoC 

MONETISED VALUE  
OF OUTCOMES 

Individuals £658,919,573 £510,618,825 £148,300,748 

Systems -£24,072,975 -£234,664,539 £210,591,564 

National economy -£1,325,995 -£144,962,707 £143,636,712 

HEALTH OUTCOMES QALYs 9413 7295 2118 QALYs 

 Life years 11243 11162 111 LYs 

 Deaths 7.19 28.4 21.21 deaths averted 
Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care. 
Positive figures represent gains during the time horizon, while negative figures represent losses. 

 

4.5 Alzheimer’s disease 
Disease overview 
Alzheimer's disease (AD) is an irreversible and neurodegenerative brain condition 
characterised by significant and progressive cognitive decline (Davis et al., 2018). 
Alzheimer’s is the most common form of dementia (Davis et al., 2018). Dementia 
incidence is on the rise, and recent estimates project that by 2040, there will be 1.7 million 
dementia cases in England and Wales (Chen et al., 2023). 

Standard treatment for AD includes AChE inhibitors for mild to moderate stages and 
Memantine for severe cases or when AChE inhibitors are not suitable (NHS, 2018). Recent 
advances have led to the development of disease-modifying therapies that target the 
underlying biology of the disease, including gene therapies. 

Alzheimer’s disease has significant implications for patient and caregiver quality of life. 
The progressive reduction in patients’ independence and quality of life subjects caregivers 
to increased emotional distress, poor mental and physical well-being, decreased workplace 
productivity, and loss of earnings and savings (Herring et al., 2021; Robinson et al., 2020). 
The economic burden of dementia (and AD) has been found to more substantially impact 
the social care sector than the healthcare sector, and increases with the severity of 
dementia (Wittenberg et al., 2019). For example, healthcare costs are estimated to only 
make up 14% of total AD costs, whereas 77% of total AD costs are spent on social care 
and unpaid care (Carnall Farrar, 2024). 

 

PICO and scenarios 
Scenarios:  

The primary differences between scenarios A and B for Alzheimer’s Disease are the stage 
at which individuals enter the model and the point at which the CGT intervention is 
delivered. 

• Scenario A: individuals enter the model and receive the CGT at the mild AD stage. 
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• Scenario B: individuals enter the model and the CGT is delivered at the mild 
cognitive impairment due to AD (MCI-AD) stage (Herring et al., 2021). MCI due to 
AD is a pre-dementia phase of AD, defined by noticeable memory problems or 
impaired judgment or decision-making, which does not affect independence of 
function in daily life nor meet the criteria for dementia (Davis et al., 2018). Modelling 
an intervention targeting MCI due to AD would be more effective at preventing 
disease progression and subsequent costs (Kieu and Look, 2023). However, estimates 
of the MCI-AD population may be less accurate due to lack of diagnosis at that early 
stage (Davis et al., 2018; NICE, 2023). We assume that the same incident population 
in scenario A is diagnosed and treated earlier in scenario B. 

Population: Adults aged 65 and older with mild dementia due to AD (mild AD) in 
scenario A or mild cognitive impairment due to AD (MCI-AD) in scenario B. An estimated 
982,000 people are living with dementia in the UK, with 49.7% (488,054) estimated to 
have mild dementia. We estimated an incident population of 97,316 per year, using the 
average number of new cases of Alzheimer's per year in England during pre-COVID years 
and multiplying it by a scaling factor to estimate the UK total (NICE, 2023, p.202). We 
assume that newly incident cases are categorised as mild AD (or MCI-AD in the case of 
scenario B). 

Intervention: The intervention is access to one or more hypothetical gene therapies that 
deliver a copy of the apolipoprotein E (APOE)-e2 gene into the central nervous system 
(Lexeo Therapeutics, 2023; Serrano-Pozo, Das and Hyman, 2021), in addition to SoC for 
management of AD symptoms. Patients receive the gene therapy once on entry to the 
model (Kieu and Look, 2023). 

Comparator: Varies based on the severity of the disease, but consists of medication to 
manage symptoms but not to alter disease progression. For managing mild to moderate 
AD, the SoC involves acetylcholinesterase (AChE) inhibitor monotherapies (e.g. donepezil, 
galantamine and rivastigmine). Patients with severe AD or with moderate AD who are 
intolerant of or have a contraindication to AChE inhibitors are recommended memantine 
monotherapy.  

Outcomes: Life years gained, QALYs, total healthcare costs, productivity losses for the 
patient and caregiver. 

 

Model structure 
The model structure is shown in Figure 5. A similar model structure has been used 
previously in the economic evaluation of disease-modifying therapies for AD, as well as for 
non- disease-modifying therapies s for AD (Davis et al., 2018; Kieu and Look, 2023; Green 
et al., 2019; Boustani et al., 2022).  
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Figure 5  Alzheimer's Disease model diagram based on 
Transition probabilities from (Potashman et al., 2021) 

 

Note: diagram includes MCI-AD state due to its inclusion in scenario B 

 

 
 
Results 
Table 10 shows that in conservative scenario A, health gains to individuals from CGT 
therapy (relative to SoC) total an additional 412,821 QALYs, delivering additional value to 
individuals of £40bn over the 10-year period. Gains to health and social care systems are 
around £19bn. The benefit to the national economy amounts to £21bn over the same 
period.  

Table 11 shows that in the more optimistic scenario B, the health gains from CGT therapy 
provide an additional 454,637 QALYs, with a value of these health (micro) benefits at 
£45bn, benefits to health and social care systems £27bn, and to the national economy 
£27bn. 

Steady-state (annual) estimates for AD for scenario A indicate that health gains to 
individuals from CGT therapy (relative to SoC) equal a gain of 68,049 QALYs, with an 
individual-level value of £5.3bn, a systems-level value of £792 million, and a national 
economy value of £956 million per year. Further results are provided in Appendix E. 
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Table 10  Scenario A results, Alzheimer’s disease 

  TREATMENT INCREMENTAL 
DIFFERENCE 

  CGT SoC 

MONETISED VALUE  
OF OUTCOMES 

Individuals £214,220,869,619 £174,666,993,879 £39,553,875,739 

Systems -£268,066,331,663 -£287,279,607,754 £19,213,276,091 

National economy -£217,857,016,757 -£239,329,418,718 £21,472,401,962 

HEALTH OUTCOMES QALYs 4,640,989 4,228,168 412,821 QALYs 

 Life years 8,913,805 8,703,217 210,588 LYs 

 Deaths 555,850 618,368 62,518 deaths averted 
Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care. 
Positive figures represent gains during the time horizon, while negative figures represent losses. 
 

Table 11  Scenario B results, Alzheimer’s disease 

  TREATMENT INCREMENTAL 
DIFFERENCE 

  CGT SoC 

MONETISED VALUE  
OF OUTCOMES 

Individuals £390,858,015,062 £345,821,035,374 £45,036,979,688 

Systems -£163,894,215,575 -£190,802,391,865 £26,908,176,291 

National economy -£121,844,807,713 -£148,841,729,356 £26,996,921,644 

HEALTH OUTCOMES QALYs 6,494,299 6,039,662 454,637 QALYs 

 Life years 10,100,404 9,863,536 236,868 LYs 

 Deaths 238,643 337,532 98,888 deaths 
averted 

Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care. 
Positive figures represent gains during the time horizon, while negative figures represent losses. 
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5 Implications and next steps 

5.1 Summary of findings 

Under the conservative scenario A, widening access to CGTs is projected to create value 
between £20 billion and £40 billion across the four indications, depending on the 
category of value considered. Due to the risk of double-counting across categories, it is 
important to consider the individual, system, and national economy results separately, as 
shown in Table 12. 

Alzheimer’s disease dominates the aggregated results, contributing £39.6 billion in 
individual benefits, £19.9 billion in health-system savings, and £21.5 billion in wider-
economy gains. The costs of dementia in the UK have been estimated at around £42 
billion per year (Carnall Farrar, 2024): the 10-year gains estimated in our base case 
analysis represent a significant proportion of the estimated burden of disease.  

At the other extreme, acute lymphoblastic leukaemia (ALL) generates value through a very 
small patient cohort, illustrating that rarity need not be a barrier to positive social returns. 
Beta-thalassaemia (BT) stands out as the only case in which system savings (£74 million) 
exceed individual gains (£52 million), confirming transfusion independence as a major 
budgetary lever. Acute myeloid leukaemia (AML) delivers a more balanced mix of 
individual value (£583 million) and system offsets (£463 million). 

If services can move closer to the more optimistic scenario B, the ten-year benefit 
envelope widens by almost 50% in some cases. The largest incremental uplift again comes 
from Alzheimer’s disease, where faster uptake and improved durability of effect may raise 
total gains by as much as 38%. Every other indication also posts material gains in the 
more optimistic scenario. AML adds a further £146 million across individual and system 
value. In practical terms, these figures imply that each year of delay in rolling out CGTs 
may cost society several billion pounds. 

 

Table 12  Main findings 

 INDIVIDUALS SYSTEMS NATIONAL ECONOMY 

Scenario: A B A B A B 

ALL £11 m £11 m £0.1 m £0.1 m £0.6 m £16 m 

AML £583 m £725 m £463 m £616 m £5.5 m £8.4 m 

BT £52 m £148 m £74 m £211 m £51 m £144 m 

AD £39.6 bn £45.0 bn £19.9 bn £27.6 bn £21.5 bn £27.0 bn 
Estimates represent the incremental monetised value of outcomes over 10 years 

 

These analyses incorporate immediately relevant and achievable expansion of access to 
CGTs (e.g. for AML) with more ambitious and longer-term expectations about the 
availability of CGTs (e.g. for AD). The disease areas that we have explored also differ 
significantly in terms of the nature of existing healthcare and the characteristics of 
patients. This heterogeneity in the selection of indications supports a nuanced and 
realistic assessment of the drivers of value for a CGT system-shift. Notably, the drivers of 
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value differ significantly across indications. For BT, there is substantial potential for health 
system savings through reduced red blood cell transfusions, iron chelation therapy, and 
complications as patients achieve transfusion independence. In contrast, the AML and AD 
case studies show value predominantly through health outcomes, with very large QALY 
gains in each scenario. 

These findings demonstrate that CGTs can create substantial value at multiple levels, 
from direct patient health benefits to healthcare system savings and broader economic 
impacts. The heterogeneity of benefits across indications highlights the need for a holistic 
assessment approach when considering investments in CGTs. 

While our findings demonstrate substantial value associated with a CGT system-shift, it is 
important to emphasise that these results should not be used to infer the value of any 
specific technology. In particular, for indications such as ALL and BT, where CGTs are 
already available, our estimates must not be misread as suggesting that the NHS is 
currently paying more than these therapies are worth. This would be a misinterpretation. 
Our analyses focus on small populations and adopt a conservative, short- to medium-term 
time horizon. Our base case analysis does not capture benefits beyond 10 years, including 
potential lifetime health gains, avoided long-term costs, or long-term broader societal 
impacts. Moreover, our approach is fundamentally different from health technology 
assessment: it is not designed to inform pricing or reimbursement decisions for individual 
products. Instead, it provides a system-level perspective on the potential value of 
coordinated investment in CGT infrastructure and access. As such, our results should be 
interpreted as indicative of the value of a system-shift, and not as a judgement on the 
cost-effectiveness of specific therapies. 

For each of our case studies, we compare our results with published economic evaluations. 
For paediatric B-cell ALL, we modelled tisagenlecleucel (Kymriah) and compared results 
with a NICE technology appraisal and two US studies, finding our estimates of incremental 
QALYs and life years were more conservative, likely reflecting our shorter time horizon and 
cautious assumptions. In AML, where no CAR-T therapies are yet approved, we compared 
our proposed therapy with azacitidine evaluations, observing broadly comparable QALYs 
but greater benefit for CAR-T consistent with its curative potential, while our slightly lower 
life year estimates reflect conservative survival assumptions due to limited CAR-T data in 
this indication. For BT, our one-time gene therapy model informed by exa-cel data showed 
clinical outcomes that aligned well with three relevant economic evaluations, with our total 
QALYs falling between existing studies and reinforcing our disease model's robustness 
despite healthcare system differences limiting cost comparisons. For AD, our hypothetical 
gene therapy analysis showed incremental QALYs and life years of similar magnitude to a 
comparable US-based evaluation when using matched methodology and time horizons, 
providing validation for our modelling approach across this diverse therapeutic portfolio. 
Further detail is provided in Appendices B to E. 

5.2 Research agenda 

The research presented in this report constitutes the foundation for establishing the 
return on investment of a CGT system-shift. Our methodology provides a framework for 
evaluating the health-related benefits of CGTs that can be extended to other disease 
areas and adapted to other similar health technology-related system-shifts. Future 
research should extend this analysis in several important directions: 

• A subsequent stage of this analysis will evaluate benefits beyond those associated 
with health gains, including research and innovation ecosystem benefits, such as 
increased employment in healthcare and life sciences sectors, attraction of 
commercial trials to the UK, and knowledge spillovers. Establishing the UK as a leader 
in CGT development could significantly boost the life sciences sector and in turn the 
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national economy. Clinical trials in 2022 alone generated an estimated £7.4 billion 
and supported around 65,000 jobs in the UK, with wider spillovers leading to higher 
NHS revenue, improved patient outcomes and the generation of academic 
publications (ABPI, 2024). CGTs involve advanced manufacturing techniques, 
creating highly skilled job opportunities in the UK economy. 

• A comprehensive evaluation must also include the costs of achieving a CGT system-
shift, including infrastructure development, workforce training, and capacity building. 
This will enable calculation of a full return on investment and benefit-cost ratio. 

• Further work may also examine additional disease areas and indications where CGTs 
are in development, expanding the evidence base for the value of a system-shift. The 
2024 BioMed Tracker identifies 36 indications with Phase 3 CGT trials, ranging from 
cancers and rare diseases to chronic and acute conditions with long-term impacts. 
Each of these indications likely imposes a distinctive combination of burdens on 
individuals, systems, and national economies. Our findings are specific to the four 
case studies selected and thus our assessment of the health-related benefits of a 
system-shift is incomplete. While we illustrate the different types and potential 
magnitudes of the health-related benefits of CGT, extending this analysis to include 
indications with a mature CGT pipeline would offer a broader illustration of the 
potential value of a system shift.    

• Future analyses will need to address the challenge of aggregation across indications 
and across categories of value. 

The generalisability of our approach means that it can be adapted to evaluate other 
healthcare innovations requiring system-level changes beyond individual technology 
assessments. Inevitably, an ambitious analysis of this kind is associated with some 
limitations. We do not seek to develop the most nuanced specification of clinical pathways 
and disease progression in our models, and do not account for individual variations in 
treatment needs or response. Future research should consider the limitations associated 
with this trade-off. 

5.3 Policy implications 

Our analysis employs a novel perspective to a challenging decision problem, seeking to 
inform national level investment decisions to support the achievement of a CGT system-
shift. Our approach and methodology are grounded in best-practice guidance for both 
public investment decision-making and decision modelling techniques. Our societal 
perspective analysis provides a complementary approach to traditional HTA methods, 
which typically focus on health gains and healthcare expenditures. For transformative 
technologies like CGTs, this broader perspective can better inform national-level 
investment decisions. Government decision-makers should consider frameworks that 
capture the full range of benefits demonstrated in our case studies - from direct health 
improvements to healthcare resource savings and productivity gains. 

The substantial benefits identified may justify significant public investment in CGT 
infrastructure and capacity building, with clear potential for returns across multiple 
sectors of the economy. The diverse value profiles across indications suggest that policy 
planning should anticipate emerging CGT therapies across a range of disease areas, 
rather than focusing exclusively on areas where CGTs are currently available. 

For a CGT system-shift to occur, stakeholders need to have a better understanding of the 
CGT paradigm and the benefits of building the necessary organisational and societal 
culture. This may require significant investment, but such investment should not be limited 
to the healthcare sector. As CGT culture becomes embedded, knowledge spillovers 
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(externalities) may emerge surrounding how CGT products work and can be delivered 
within the healthcare system. Capacity will be needed to efficiently absorb these 
spillovers.  

It will be important to explore practical approaches that can support bringing CGTs to 
market, which might require changes in policy. This may include novel payment approaches 
such as annuitisation, outcomes-based payments, and indication-based pricing models, 
which could support sustainable implementation of CGTs (Firth et al., 2021). 

5.4 Conclusion 

Wider access to cell and gene therapies could be supported by a shift in technology, 
infrastructure, behaviour, and policy, which in turn could realise diverse health-related 
benefits. Such a system shift is likely to require investment beyond the reimbursement of 
individual health technologies. 

Our analyses demonstrate the potential health-related value of such investments, 
illustrated using four heterogeneous case studies. Health-related benefits associated with 
access to CGTs are realised at different levels, from the individual patient, to health and 
social systems, to the wider economy. The magnitude of these benefits differs across 
technologies, ranging from around £5.3 million over 10 years for macro-level benefits 
associated with CGT treatment of AML (conservative scenario A) to around £40 billion 
over 10 years for micro-level benefits associated with CGT treatment of Alzheimer's 
disease (also under conservative scenario A). 

These estimates represent the total value that may be realised from the health-related 
benefits associated with CGTs in each indication. They provide initial estimates for value 
associated with health gains that can be realised for the economy per indication within the 
short to medium term. When combined with future research on wider economic benefits 
and investment requirements, these findings will provide a comprehensive assessment of 
the case for a CGT system-shift in the UK.  
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Appendix 

A. Methodology 

This section outlines a generalisable methodology for our analysis, aligned with the 
rationale and approach described above. It is designed to be taken as a protocol for 
modelling the value of CGTs in any disease area. We outline generalisable methods for 
structuring disease models, identifying parameters, and specifying the analysis. The 
informativeness of our approach relies on meaningful selection of disease areas, and so 
we outline a rational methodology for selecting indications. 

A template model, based on the model protocol outlined below, was developed in R and is 
available open-source (Sampson et al., 2025). This aligns with our aim to develop a 
generalisable approach to modelling outcomes that can be applied and adapted to 
different therapeutic areas or types of technology. Its usefulness, in its current form, relies 
on the use of a cohort state transition model described in the model structure section 
below. 

As an open-source model, adaptations can be made to the R script to more accurately 
model outcomes as required. This has been necessary in making the template more 
applicable to the specific case studies we have modelled. For example, to facilitate 
accurate representation of clinical pathways and treatment protocols for CGTs (in 
Alzheimer’s disease), our model incorporates functionality for the specification of states 
with fixed durations. These adaptations are present in the current template. 

The process of selecting a set of indications is informed by a qualitative assessment of 
the likelihood of CGTs emerging in the near future, the feasibility of modelling the 
indication, and the extent of disease burden, as described in section 4. 

 

Modelling protocol 
Model structure 

We develop disease-specific decision models informed by published economic 
evaluations and appraisals identified through targeted literature reviews. As far as possible, 
model structures should align with those used in previously validated or tested decision 
models. 

Our methodology seeks to facilitate interpretation of the value of CGTs across disease 
areas. We therefore prioritise consistency in the model structures. In particular, all models 
adopt a cohort state transition structure, with states specified on the basis of disease 
state. Cohort state transition models simulate a group’s movement (often progression) 
through a mutually exclusive and collectively exhaustive set of disease states. The amount 
of time spent in each state will determine the relevant outcomes for the cohort. The use 
of a cohort means that the model does not consider differences between individuals and 
seeks to provide accurate estimates of outcomes on average. CGTs seek to substantially 
alter disease progression, such that model results are expected to be less reliant on a 
nuanced specification of the model structure, or precision in the definition of health 
states and transitions. 

The identification of health states is determined based on current treatment pathways for 
selected indications in the UK, accounting for any precedent in the evaluation of cell and 
gene therapeutic options. The models should be parsimonious, built with as few health 
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states as is necessary, to support generalisability. The feasibility of transitions (between 
given states) should reflect realistic disease trajectories, and different indications will 
require different levels of complexity in this regard. 

The models seek to capture meaningful differences in patient disease history and 
treatment effects. Given this, elements of the model structure are expected to differ 
between the models, including cycle length, treatment waning, mortality risks, and any 
assumptions taken to capture long-term outcomes. This should be determined based on 
targeted or systematic literature reviews of the disease area. To facilitate accurate 
representation of clinical pathways and treatment protocols for CGTs, our model 
incorporates functionality for the specification of states with fixed durations. 

Table 13 outlines the parameters required for a state transition model, accompanied by a 
description of each parameter.  

Table 13  State transition model parameters 

PARAMETER DESCRIPTION 

States (𝑆𝑆) Health states in the model that patients can occupy 

Transition probabilities (𝑃𝑃𝑖𝑖𝑖𝑖) The probability of moving between states, i and j 

Cycle length (∆𝑡𝑡) The duration of one model cycle (e.g., 1 month, 1 year). 

Time horizon (𝑇𝑇) The total duration of the model (e.g. 10 years, 20 years) 

Health state distribution 
(𝑁𝑁𝑡𝑡) The distribution of the population across health states at time, t 

A state transition model consists of discrete health states (𝑆𝑆1,𝑆𝑆2, … , 𝑆𝑆𝑛𝑛) where 𝑛𝑛 is the 
number of health states. A simple example would be:  

• 𝑆𝑆1 = Healthy 

• 𝑆𝑆2 = Diseased 

• 𝑆𝑆3 = Dead 

Each model has a series of transition probabilities, which is the probability, 𝑃𝑃𝑖𝑖𝑖𝑖 , of moving 
from the health state 𝑖𝑖 to 𝑗𝑗. These probabilities can be represented in a transition matrix 
(𝑃𝑃), an example is displayed below: 

𝑃𝑃 = �
𝑃𝑃11 𝑃𝑃12 𝑃𝑃13
𝑃𝑃21 𝑃𝑃22 𝑃𝑃23
𝑃𝑃31 𝑃𝑃32 𝑃𝑃33

� 

The number of individuals that occupy each state over time is calculated iteratively, 
depending on the cycle length, ∆𝑡𝑡, for the full duration of the time horizon 𝑇𝑇. This 
calculation occurs using the following formula: 

𝑁𝑁𝑡𝑡 =  𝑁𝑁𝑡𝑡−1𝑃𝑃 

Where 𝑁𝑁𝑡𝑡 is the distribution of patients at time t, 𝑁𝑁𝑡𝑡−1 is the distribution on the previous 
cycle, and 𝑃𝑃 is the transition matrix. 

The outcomes associated with occupancy of each state are then calculated. The transition 
probabilities, and the initial state distribution (𝑁𝑁0) may differ depending on the treatment 
offered to patients, hence driving the differences in outcomes.  
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Parameters 

Key input parameters to the model include probabilities for transitions between states, 
state-based estimates of outcomes, and population characteristics. These should all be 
derived from published literature, clinical trial data, or appraisals of relevant technologies. 

Parameters should be selected based on their alignment with the population, intervention, 
and outcomes specified in our approach. As far as possible, evidence should be derived in 
the UK setting, or from comparable health services. 

Both transition probabilities and state-based outcomes may differ between the CGT and 
SoC. However, we assume that CGTs are disease modifying, and that their effectiveness 
can therefore be reflected in differential estimates of disease progression (transition 
probabilities). 

Future unrelated medical costs are incorporated using standard methods described in the 
literature and are applied equivalently across scenarios. We use estimates from Asaria et 
al. (2017), inflated to 2024 prices. The model multiplies person-time alive in each cycle 
with age-specific per-capita spend, and is included in the systems cost category. 

 
Analytic methods 

Table 14 summarises the key analytic configuration of our models in the base case, 
accompanied by the NICE reference case specification for comparison. 

Table 14  Model settings 

PARAMETER BASE CASE NICE REFERENCE CASE 
(NICE, 2022) 

Perspective Society NHS/PSS 

Time horizon 10 years Lifetime 

Discount rate costs 0% 3.5% 

Discount rate health benefits 
(SLY, QALYs) 0% 3.5% 

Value of health outcomes: QALY £70,000 £20,000-£30,000 

SLY = statistical life year; QALY = quality adjusted life year 

Time horizon  

The time horizon for our analysis is the duration over which the cohort is modelled and 
outcomes are observed. It should be specified based on what is informative to the 
decision-maker. As a guideline, the UK Green Book suggests a time horizon of 10 years as 
“a suitable working assumption for many interventions”.  

However, the Green Book advises that the time horizon should be long enough to capture 
all significant costs and benefits associated with the interventions' useful lifespan. 
Interventions likely to have longer term effects, for example vaccination programmes or 
infrastructure projects with significant long-term costs or benefits, may require evaluation 
periods extending several decades into the future (e.g. 60-years), or even a lifetime 
horizon. A complexity in our analysis is that the evaluation of a CGT ‘system-shift’ does not 
have an obvious, predictable, or measurable lifespan. 
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According to NICE guidance, a lifetime horizon is justifiable when a technology leads to 
differences in patient survival or benefits that persist for the remainder of their life (NICE, 
2022). However, lifetime time horizons are associated with high levels of uncertainty given 
the assumptions required to extrapolate data on disease progression and outcomes 
beyond available real-world evidence.  

Our analysis encompasses a range of indications with different ages of onset/treatment 
initiation and varying disease progression rates, and therapies with various mechanisms of 
action (i.e. extending life vs. improving quality of life). Accordingly, a unified fixed time 
horizon must strike a balance between capturing treatment costs and benefits across 
indications, data limitations, and contextual considerations. 

A 10-year time horizon may capture some changes in long term treatment outcomes and 
limit uncertainty, while aligning with the healthcare planning and budgetary considerations 
the UK, e.g. the NHS 10-year 'long term plan' (NHS, 2025a). Additional longer fixed time 
horizons (e.g. 20 and 30 years) could be presented where relevant (Drummond et al., 
2019). Since it’s expected that CGTs will have long-lasting and sustained effects over a 
patient's life course, estimating the longer-term outcomes is likely to have important 
implications for the analysis. 

For all of our indications, we also present an annual ‘steady-state’ time horizon, in which 
outcomes are evaluated once the system has stabilised, i.e. there is a consistent number 
of new patients entering the model and dying each year. A steady-state model examines 
costs and outcomes for a single, typical year in a stable population. In practice, the model 
is run until all new patients have died (e.g. 100 years), and then that year is taken as 
representative. Thus, the analysis focuses on newly incident (future) patients and excludes 
the gains associated with treating a stock of prevalent patients with unmet needs. This 
approach is used to estimate the annual impact of a policy or intervention and can be 
scaled to any number of years. It estimates the ongoing costs and benefits after full 
implementation of an intervention (in our case, a system-shift), rather than the transitional 
effects of introducing a new intervention. 

Discount rates  

Technology appraisals and evaluations of investment decisions typically employ 
discounting. This is based on the notion of ‘net present value’ and the idea that the value of 
costs and benefits is diminished as they move further into the future. People – and 
governments – prefer to realise benefits sooner rather than later, and to defer costs or 
burdens into the future. However, the realisation of a CGT system-shift will require 
ongoing investment of currently unknown timing and magnitude, and the definition of 
‘present’ – for the identification of net present value – is currently unspecified. This is 
particularly challenging when our analysis considers future (newly incident) patients, who 
cannot be treated at present but whose outcomes would be diminished in value through 
the application of discounting. Therefore, to simplify interpretation of the results, and to 
avoid difficult ethical justifications for the deprioritisation of future populations, our base 
case analysis adopts a 0% discount rate. 

Scenarios 

As outlined in our approach, we model two alternative scenarios when estimating the 
potential benefits of CGTs, a ‘most credible’ scenario A and a more optimistic scenario B. 
For disease areas in which there is a treatment in the pipeline, this facilitates consideration 
of uncertainties in where the CGT will fit in the patient pathway, who may be eligible, and 
its effectiveness. In contrast, where CGTs are already approved and available in the 
market, it provides an estimate if, say, there were to be an improvement in the 
effectiveness of treatments, a change in placement in the patient pathway, or an 
expansion in the eligibility of patients. 
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For each scenario, the overall approach and execution of the model will remain consistent, 
with differences being specified as alternative parameter inputs. Full results will be 
presented for each scenario for each case study. 
 

Valuation of outcomes 

Our analyses estimate the monetised value of outcomes within each of the individuals 
(micro), systems (meso), and national economy (macro) categories described above. 
Outcomes may be positive or negative, but our focus in these analyses is on the 
incremental monetised value of outcomes associated with a CGT system-shift. 

The way that outcomes are valued – monetarily – is critical to the analysis and requires 
careful interpretation. Simply summing the individual benefits, national economy benefits, 
and health and social system benefits, and attributing this value as a macroeconomic 
benefit would result in double-counting. For example, if we were to sum the improved 
mortality using the value of a quality-adjusted life year (QALY), based on the Green Book 
valuation, together with productivity costs using the human capital approach (HCA), there 
would be an overlap in the benefits considered. Here, we describe how health and 
productivity should be valued in this analysis. 

Health 

In the valuation of health benefits, we follow the Green Book approach to the 
measurement and valuation of risks to life and health (HM Treasury, 2022). The 
measurement of health impact can be expressed in terms of both the length of life (life 
years gained) and quality of life (QoL).  

A statistical life year (SLY) represents an additional year of life, and its valuation depends 
on the age of the individual benefitting from the intervention; a higher value is placed on 
the life of a child than on that of an elderly person (Keller et al., 2021). The measurement 
reflects only the length of life dimension.  

A QALY represents a year of life in perfect health, accounting for both the length of life 
and quality of life (QoL), see the equation below. The QoL element is often estimated 
using the EQ-5D, which is a tool recommended by NICE and used to show the changes in 
self-reported health over time or relative to the receipt of a healthcare intervention. In this 
case, health-related QoL is described using five dimensions: mobility, ability to self-care, 
ability to carry out usual activities, pain/discomfort, and anxiety/depression (Devlin, Parkin 
and Janssen, 2020). Where possible, we use QoL values derived using the EQ-5D. Below 
are a series of equations to show how QALY gains are calculated in our analysis, with Table 
15 outlining the key parameters. 

Table 15  Health outcomes parameters 

PARAMETER DESCRIPTION 

Life years (𝐿𝐿𝑡𝑡) The number of life years in any year (𝑡𝑡) 

Health related QoL (𝑈𝑈𝑡𝑡) The health-related quality of life in any year (𝑡𝑡) 

Discount rate (𝑟𝑟) The rate at which outcomes accrued after the first year 
are discounted each year 

Time horizon (𝑇𝑇) The total duration of the model (e.g. 10 years, 20 years) 

 

𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑡𝑡 = 𝐿𝐿𝑡𝑡 × 𝑈𝑈𝑡𝑡 
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For both the CGT and SoC, we calculate the total QALYs across the entire population 
(incident and prevalent). 

𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑆𝑆𝑆𝑆𝑆𝑆 = �(
𝐿𝐿𝑡𝑡𝑆𝑆𝑆𝑆𝑆𝑆 × 𝑈𝑈𝑡𝑡𝑆𝑆𝑆𝑆𝑆𝑆

(1 + 𝑟𝑟)𝑡𝑡

𝑇𝑇

𝑡𝑡=1

 

𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝐶𝐶𝐶𝐶𝐶𝐶 = �(
𝐿𝐿𝑡𝑡𝐶𝐶𝐶𝐶𝐶𝐶 × 𝑈𝑈𝑡𝑡𝐶𝐶𝐶𝐶𝐶𝐶

(1 + 𝑟𝑟)𝑡𝑡

𝑇𝑇

𝑡𝑡=1

 

∆𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄 = 𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝐶𝐶𝐶𝐶𝐶𝐶 − 𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑆𝑆𝑆𝑆𝑆𝑆 

We then monetise the QALYs or SLYs, both the difference in incremental health outcomes 
and the absolute gains for CGT and SoC. The monetary valuations we apply are from the 
Green Book and are based on representative samples of the population, who differ based 
on incomes, preferences, age, states of health, and other circumstances. Their values are 
comparable and represent the ‘social value’ that society places on either an improvement 
in life expectancy and QoL, the QALY, or a small change in the probability of gaining/losing 
a year of life expectancy, the SLY (HM Treasury, 2022).  

Ultimately, whether SLYs or QALYs should be used depends upon the expected impact of 
the CGT intervention. If both length of life and quality of life are improved, the QALY would 
be the most appropriate measure to use.  

Table 16 provides the monetary values of the QALY and SLY in the Green Book (HM 
Treasury, 2022). 

Table 16  Valuation of health benefits 

PARAMETER VALUE (SOURCE) 

Monetary value of a QALY (𝑉𝑉𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄) £70,000/QALY (20/21 prices) (HM Treasury, 2022) 

Monetary value of a SLY (𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆) £60,000/SLY (HM Treasury, 2022) 

In contrast to these values, when evaluating health technologies, NICE applies a threshold 
of £20,000-£30,000 per QALY when considering its cost-effectiveness to the NHS 
(NICE, 2022). An intervention is deemed good value for money for the NHS if its 
associated cost per QALY falls within or below this range. NICE’s cost-effectiveness 
threshold is not intended as a measure of the value of a QALY, but rather of the marginal 
cost of generating a QALY in the NHS (Sampson et al., 2022). 

Time use 

Different uses of time for patients and carers can generate differential value. We 
categorise and value patient and carer time use as either relating to individuals, systems, 
or the national economy. This approach allows flexibility in the valuation of different time-
use inputs, as they relate to different treatment indications and populations. We anticipate 
that the best evidence will be available for differences in time spent in paid employment, 
which generates value for the national economy. We may also identify evidence for 
productivity impacts realised at the systems level, for example where formal care funded 
by NHS and social care services is displaced by informal caregiving by patients. Some 
changes in time use will only give rise to differential value at the individual level, such as 
changes in leisure time. 
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We estimate and value time as a proportion of all of a person’s time. For working time, we 
standardise time-use calculations as full-time equivalents (FTEs), representing the 
proportion of a full-time workload impacted by illness or caregiving responsibilities. For 
example, if we assume an average full-time schedule of 40 hours per week, and a person 
loses 10 hours of work per week due to illness, this implies a loss of 0.25 FTE. 

Estimates of time based on FTEs are converted in our analysis to a proportion of all of a 
person’s time (on average), which can be expressed as a function of FTEs: 

𝑃𝑃(𝑎𝑎𝑎𝑎𝑎𝑎) =
𝑡𝑡
𝑇𝑇  × 𝐹𝐹𝐹𝐹𝐹𝐹 × 𝑃𝑃(𝐹𝐹𝐹𝐹𝐹𝐹)   

Where 𝑡𝑡 is the number of hours associated with an FTE, 𝑇𝑇 is the total available hours, 𝐹𝐹𝐹𝐹𝐹𝐹 
is the (average) number of FTEs per patient (e.g. based on the proportion of people in 
work) and 𝑃𝑃(𝐹𝐹𝐹𝐹𝐹𝐹) is the FTE productivity loss associated with illness for those in work 
(based on estimates of absenteeism and presenteeism). For example, we can calculate a 
𝑃𝑃(𝑎𝑎𝑎𝑎𝑎𝑎) for a patient population where 80% of the patients work a 38-hour week and lose 0.5 
FTEs due to illness: 

𝑃𝑃(𝑎𝑎𝑎𝑎𝑎𝑎) =
38

168  × 0.8 × 0.5 = 0.0905 

Thus, the proportion of total weekly time impacted is 9.05%, which equates to 15.2 hours 
per week. This method ensures that productivity gains and losses are appropriately scaled 
relative to total available time, allowing for a consistent estimate of economic impact. 

National economy 

Productivity gains/losses at the macro level, due to changes in productivity and 
employment rates, are adjusted using FTE-weighted time loss due to absenteeism and 
presenteeism. Estimates are made in terms of the costs related to absenteeism, i.e. days 
of work lost during illness, due to both mortality and morbidity. Productivity impacts 
associated with family members’ and informal caregivers’ time use is estimated 
equivalently. The proportion of impacted time for patients and carers is valued based on 
the average income in the UK, obtained from the most recent estimates from the Office 
for National Statistics (ONS) (ONS, 2022).  

For patients, the impact of mortality on productivity may be estimated using either the 
human capital approach (HCA) or the friction cost approach (FCA). The HCA calculates 
the economic loss due to illness, disability, or death by estimating the lost earnings that 
would have been generated by the individual over their remaining working life. The FCA 
only accounts for productivity losses in the ‘friction period’, or the time it takes to find and 
train a replacement worker who can perform the job at the same level as the person who 
is deceased or otherwise unable to work. The FCA includes costs associated with finding, 
hiring, and training a replacement worker, and any temporary loss of productivity during 
this transition period. 

There is a lack of consensus over which approach is best to quantify formal market 
productivity losses (Pike and Grosse, 2018). The friction cost approach likely 
underestimates the long-term impact of mortality; however, the HCA likely overestimates 
these productivity losses. HCA better represents the loss of productive potential of 
individuals due to ill health and death, whereas the FCA only accounts for a short-term 
impact on the economy. The difference between HCA and FCA estimates differs widely 
across studies (Pike and Grosse, 2018), and will ultimately depend on the impact of the 
intervention and the age of the population affected. In this analysis, losses will be 
estimated using the HCA as this may better reflect a societal perspective with a long time 
horizon.  
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Systems 

Similarly, for meso productivity gains/losses, we adjust informal caregiving time by FTE to 
estimate its displacement of formal care services. The valuation of informal care is at the 
same rate as formal workplace productivity impacts, assuming that the value of unpaid 
labour is equivalent to that of paid labour (Park, Jit and Wu, 2018; Deloitte, 2020). Patient 
time savings among patients who are informal caregivers’, represented in FTE units, allow 
us to estimate sector-level cost reductions within the NHS and social care systems. 

Individuals 

‘Micro’ productivity gains/losses can be difficult to conceptualise and measure, given that 
time use on an individual level reflects reallocation of time to alternative purposes (which 
can be more or less ‘valuable’), and not time ‘lost.’ There is a lack of consensus on how to 
best value “unproductive” leisure time. The ideal approach would consistently capture and 
value leisure time while not double-counting (Sendi and Brouwer, 2004). The opportunity 
cost method can be used for valuing leisure time in terms of monetary costs, utilising a 
fraction (or multiple) of the wage rate based on the context and methodology (Verbooy et 
al., 2018). This assumes that individuals, given limited time, choose a combination of work 
and leisure time that maximises their utility (Sendi and Brouwer, 2004). Another approach 
is to capture leisure time in terms of quality of life, as measured by health state valuations. 
However, quality of life instruments may not be explicit in this respect and may not fully 
capture the impact of illness on an individual’s ability to enjoy leisure time (Sendi and 
Brouwer, 2004). For this reason, we include ‘micro’ productivity impacts when loss of 
leisure time is likely not fully captured by health state valuations, and where data on 
explicit time loss and suitable proxies for valuation are available. For example, not all 
informal caregivers are formally employed (thus not contributing to ‘macro’ productivity 
value), but their caregiving time ‘loss’ may be explicitly documented. Thus, for our analysis 
we value caregiving time among unemployed informal caregivers as lost leisure time 
where appropriate.  

Our approach enables a breakdown of productivity value in terms of to whom they accrue: 
the national economy, systems (e.g. health and social care), and individuals (e.g. patients 
and their carers), while preventing double-counting.  



 OFFICE OF HEALTH ECONOMICS 
 CONTRACT RESEARCH 
 
 

ohe.org 
55 

B. Acute lymphoblastic leukaemia details 
 

Acute lymphoblastic leukaemia (ALL) is an aggressive haematological malignancy 
characterised by the clonal proliferation of immature lymphoid cells, known as 
lymphoblasts, in the bone marrow and peripheral blood. This uncontrolled proliferation 
impairs normal blood cell production, leading to a range of clinical symptoms (Terwilliger 
and Abdul-Hay, 2017). ALL is most prevalent in children, although it can also affect adults, 
particularly those over 40 years of age. Leukaemia is the most prevalent childhood cancer 
in the UK and ALL is the predominant form of childhood leukaemia, accounting for about 
78% of all leukaemia diagnoses in children in the UK (Children with Cancer UK, 2025).  

ALL arises from mutations in the haematopoietic stem cells that result in the 
accumulation of lymphoblasts. These abnormal cells interfere with normal haematopoiesis, 
causing the ineffective production of red blood cells, white blood cells, and platelets. As a 
result, patients present with symptoms of anaemia, neutropenia, and thrombocytopenia. 
The disease can also infiltrate extramedullary sites such as the liver, spleen, and central 
nervous system (CNS), leading to more severe manifestations (Terwilliger and Abdul-Hay, 
2017). 

Globally, over 150,000 new cases of ALL and over 40,000 deaths due to ALL were 
reported in 2019 (Zhang et al., 2023). Incidence in the US was estimated at 1.8 per 
100,000 people in 2021, with age-specific rates highest in children aged 1–4 years 
(Pagliaro et al., 2024b). In the UK, ALL is responsible for 765 new cases of leukaemia each 
year (Cancer Research UK, 2021).  

Paediatric ALL typically follows a more favourable clinical course compared to adults, with 
most patients achieving remission. Advances in treatment regimen and diagnostic 
technologies have contributed to the substantial improvement in rates of remission and 
survival. Five-year survival rates for children exceed 90% in many cases (Malard and 
Mohty, 2020), although long-term survival rates in adults are lower, ranging from 30% to 
40% (Pulte et al., 2014). In this analysis, we employ paediatric and young adult ALL as the 
reference case due to the availability of robust long-term survival data and real-world 
evidence in this population. 

Health-related quality of life (HRQoL) studies in ALL highlight consistent patterns of 
impairment during treatment, and variable recovery post-therapy. Survivorship studies 
demonstrate that overall HRQoL for ALL patients post-treatment completion was either 
similar to or higher than patients on active treatment, albeit patients still reported lower 
physical and psychosocial functioning compared to population norms or siblings (Garas et 
al., 2019). The majority of long-term survivors of paediatric cancer are likely to experience 
at least one late effect during survivorship, including fatigue, neurological conditions, pain, 
and neurocognitive difficulties (Vetsch et al., 2018). A prospective, cross-sectional study 
of childhood ALL survivors found that neurological symptoms were present in 83% of 
survivors, and high doses of intrathecal chemotherapy and relapse predisposed survivors 
to impaired QoL (Khan et al., 2014). 

Survivors of ALL treated with conventional chemotherapy face substantial long-term 
health impacts. Neurocognitive impairments, including deficits in attention, memory, and 
executive function, are common, and these can adversely affect academic attainment and 
long-term employment prospects (Iyer et al., 2015). In addition, chronic health conditions 
such as endocrine complications (e.g., growth hormone deficiencies, hypothyroidism), 
cardiometabolic conditions, and fatigue are frequent among survivors exposed to 
intensive therapies such as stem cell transplants (Shalitin et al., 2018; Chow et al., 2010; 
Kelkar, Antin and Shapiro, 2023). These conditions can significantly impair long-term 
workforce participation, especially among individuals with lower educational attainment. By 
comparison, CAR T-cell therapy—while associated with acute toxicities like cytokine 



 OFFICE OF HEALTH ECONOMICS 
 CONTRACT RESEARCH 
 
 

ohe.org 
56 

release syndrome (CRS) and neurotoxicity—has demonstrated more favourable long-
term recovery patterns. HRQoL often rebounds within six months post-treatment, often 
reaching levels comparable to or better than those observed in patients receiving 
conventional care (Johnson et al., 2023). 

The long-term socioeconomic burden of ALL also extends to caregivers. Caregiver 
responsibilities can lead to reduced working hours, missed workdays, and decreased 
efficiency while at work, resulting in measurable productivity losses that contribute to the 
broader socioeconomic impact of the disease. In families of children with advanced 
paediatric cancer, up to 94% of parents experienced some form of work disruption, 
including reduced hours, missed workdays, or leaving employment altogether (Bona et al., 
2014). One study reported that parents missed an average of 17.3 workdays within the 
first month following their child’s diagnosis (Fluchel et al., 2014). While CAR-T therapy may 
shorten the duration of active treatment as well as reduce the frequency of long-term 
hospital visits compared to multi-phase chemotherapy regimens, it is expected that 
caregiving needs remain elevated well into survivorship. Families will still need to navigate 
follow-up care, late effect surveillance, and psychosocial support needs, often without the 
same level of clinical oversight provided during initial treatment.  

Standard treatment for ALL typically involves multi-phase chemotherapy combined with 
central nervous system (CNS) prophylaxis. Induction therapy aims to achieve remission, 
followed by consolidation and maintenance phases lasting up to three years. Intrathecal 
chemotherapy is often employed to prevent CNS relapse, given the limited penetration of 
systemic drugs into this area. While effective in achieving high remission rates, particularly 
in children, standard chemotherapy is associated with substantial toxicities such as 
myelosuppression, neurocognitive impairment, and increased infection risk. Stem cell 
transplantation may be considered for high-risk or relapsed cases. 

Modern treatments for ALL have been revolutionised by the introduction of CAR T-cell 
therapy, particularly for relapsed or refractory B-cell ALL. CAR-T therapy, such as 
tisagenlecleucel, targets CD19-positive leukaemia cells with precision, achieving durable 
remissions in patients who fail standard therapies. Unlike chemotherapy, CAR-T therapy 
minimises off-target effects but carries unique risks like cytokine release syndrome (CRS) 
and neurotoxicity. Studies show that CAR-T-treated patients experience faster recovery in 
terms of health-related quality of life (HRQoL) compared to those undergoing traditional 
treatments. Additionally, targeted therapies like tyrosine kinase inhibitors (e.g., imatinib) 
are increasingly used in Philadelphia chromosome-positive ALL cases, further improving 
outcomes. These advancements highlight a shift towards personalised and less toxic 
therapeutic approaches in ALL management. 

 

Methods 
For this case study, we develop a state-transition model to evaluate the costs and benefits 
of CGT compared to standard of care for paediatric and young adult patients with 
relapsed or refractory B-cell ALL. CAR-T therapies are actively used in clinical practice in 
this population and are therefore modelled as the CGT intervention. The model considers 
disease progression, treatment response, resource use, and patient outcomes. Our 
approach is structured to align with recent economic evaluations of CAR-T therapies for 
B-cell ALL, to ensure it is reflective of current care practices.   

Scenarios 

We consider two scenarios for this case study. ALL provides a well-established evidence 
base for the effectiveness of CAR-T treatments, having been in clinical practice for close 
to a decade. Given this, we focus the difference between the scenarios on any 
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uncertainties in parameters that are impacted by real-world evidence and those that are 
heavily informed by assumptions.  

Table 17 outlines key differences with scenario A and B. Scenario A considers a more 
credible scenario, with parameters and assumptions derived from clinical trials, published 
HTA appraisals and economic models published in the literature. Scenario B explores 
plausible optimistic estimates and assumptions largely based on benefits to the economy 
that arise from health improvements associated with CGT, such as improved 
socioeconomic outcomes and reduced caregiver burden. 

We explore parameters related to intravenous immunoglobulin treatment, which is 
commonly used in conjunction with CAR-T therapy to manage hypogammaglobulinaemia, 
a frequent side-effect that results from the depletion of normal B cells. These parameters 
were highlighted as highly uncertain in the NICE appraisal for tisagenlecleucel for CAR-T 
therapy. Scenario A adopts a conservative approach, where IVIG use is informed by a real-
world evidence dataset (the Systemic Anti-Cancer Therapy [SACT] dataset) and 
assumes greater hospital admissions and duration of use associated with CGT treatment. 
Scenario B aligns with clinical trial data.  

The burden of care for children with cancer often falls to families, particularly parents, 
whose work productivity is affected by the need to attend frequent hospital appointments, 
manage complex treatment schedules, and provide ongoing care at home. Scenario A 
assumes equivalent caregiving requirements across treatment arms, reflecting a 
conservative base case. We assume high caregiving intensity during ‘Initial Treatment; 
estimates for this state is informed by Fluchel et al. (2014), which reports 17.3 missed 
workdays among parents of children with cancer in the first month post-diagnosis. We also 
assume ‘Relapse’ and ‘Remission after transplant’ health states to have increased 
caregiving demands relative to the ‘Remission’ health state based on clinical opinion and 
previous appraisals. For these states, we apply productivity loss estimates from Angioli et 
al. (2015), a broader study on caregiving in cancer given limited treatment-specific data. 
The study found that employed caregivers reported an average of 8.7% work time lost due 
to absenteeism and a 12.8% reduction in productivity from presenteeism, with an overall 
carer productivity loss of 20.67% (Angioli et al., 2015). For caregivers of patients 
undergoing relapse after transplant, we model additional assumptions based on evidence 
showing caregivers miss approximately 25 work days in the year following transplant 
(Biddell et al., 2022) In both treatment arms, the ‘Remission’ and ‘Cure’ health states is 
assumed to have no ongoing caregiver burden. 

Scenario B incorporates differential caregiver burden by treatment and disease severity. 
We assume high caregiving intensity to extend into the relapse health state for SoC 
patients, given that these patients are often still treated with additional rounds of therapy 
or other high-dose salvage regimens. We would expect high caregiver burden given the 
need for ongoing hospital visits for treatment and management of any adverse effects. 
Based on this, we apply Fluchel et al.'s (2014) estimate of 17.3 missed workdays during 
both the initial treatment and relapse health states for the standard chemotherapy arm.  

In contrast, CAR-T therapy is modelled as requiring intensive caregiving only during the 
initial treatment health state, reflecting the need for close monitoring of cytokine release 
syndrome and neurotoxicity, but with reduced long-term burden due to its single 
administration and shorter treatment trajectory. For relapse states following CAR-T, we 
apply the broader productivity loss estimates from Angioli et al. (2015): 8.7% absenteeism 
and 12.8% presenteeism. All other inputs are aligned with scenario A, including parameters 
for transplant and cure health states. 

Socioeconomic parameters were considered for inclusion as part of scenario B in this 
analysis, given the growing evidence of long-term functional and societal impacts of ALL 
treatment on a paediatric and adult population (Mody et al., 2008). These parameters can 
help capture the full spectrum of long-term impacts on survivors and society. Survivors of 
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treatment, particularly treatment that is considered curative early in life, often face 
challenges that extend beyond immediate health concerns, and affect their educational 
achievements and future work productivity. We conceptualised the level of socioeconomic 
participation in two ways:  

(1) school absences, where patients and survivors of treatment are found to have high 
absenteeism relative to the general population (French et al., 2013); 

(2) cognitive impairments resulting from treatment, particularly cranial irradiation and 
high-dose chemotherapy which affect memory, attention, and executive function, which 
can persist into adulthood (Iyer et al., 2015).  

Educational and cognitive challenges are likely to translate into direct economic 
consequences; increased school absences and cognitive impairments are linked to 
reduced educational attainment and future employment challenges (Krull et al., 2013; 
Dräger, Klein and Sosu, 2024). A US study estimates that adult survivors of childhood 
cancer experience an excess annual productivity loss of $5,086 per person, highlighting 
the lasting effects of a childhood cancer diagnosis (Guy et al., 2016). 

Emerging therapies, such as CAR-T cell therapy, may offer different long-term 
socioeconomic outcomes compared to existing treatments. While CAR-T therapy involves 
intensive short-term care, its potential for sustained remission could reduce long-term 
cognitive and educational disruptions. Nevertheless, more comprehensive longitudinal 
studies are needed to fully understand these differences. 

 

Table 17  Acute lymphoblastic leukaemia scenarios 

PARAMETER SCENARIO A SOURCE / 
EXPLANATION A 

SCENARIO B SOURCE / 
EXPLANATION B 

PROPORTION OF 
PATIENTS WITH / 
DURATION OF 
INTRAVENOUS 
IMMUNOGLOBULIN 
(IVIG) TREATMENT 

47% / 18 months In line with NICE 
evaluation of 
tisagenlecleucel (NICE, 
2024c), parameters 
related to IVIG treatment 
were informed by a real-
world evidence dataset, 
the Systemic Anti-
Cancer Therapy (SACT) 
dataset 

30.4% / 11.4 months ELIANA trial 

CAREGIVING 
PARAMETERS 

Initial treatment: 17.3 
missed workdays in 
the month following 
infusion 
Relapse: Carer 
productivity loss 
(20.67%)  
Transplant: 25 
missed workdays for 
the year following 
transplant 

Cure: No caregiving 
burden assumed 

These values are applied 
to the proportion of the 
population that is 
economically active, as 
per ONS data. Sources 
for initial treatment, 
remission / relapse and 
transplant states are 
respectively Fluchel et al. 
(2014), Angioli et al. 
(2015) and Biddell et al. 
(2022) 

Relapse:  Assumed 
17.3 missed workdays 
in the month, to align 
with high caregiving 
intensity needs in 
relapse 
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Despite the importance of these factors, modelling educational and other longer term 
socioeconomic outcomes remains challenging due to a lack of robust data. These impacts 
typically manifest over extended time periods and are unlikely to yield measurable 
economic consequences within the short- to medium-term time horizon of this analysis. 
Additionally, there is limited evidence on how different types of treatment influence the 
level of socioeconomic burden, further constraining the inclusion of these outcomes in the 
model. 

Given this, we did not model these parameters in scenario B of the analysis. There is a 
need for further research into developing methodologies to integrate longer-term 
productivity losses or gains and human capital impacts into economic evaluations. This is 
important to ensure a more comprehensive assessment of treatment value.  

 
Population 

The population we model is paediatric and young adult patients (under the age of 25 
years) with relapsed (either after a transplant or after two or more lines of treatment) or 
refractory (r/r) B-cell ALL. We model this population because CAR-T therapies are actively 
used in clinical practice for treating r/r B-ALL in these age groups. 

The mean age is modelled to be 12 years, with 43.04% of the population female. This is in 
line with a NICE appraisal for a CAR-T therapy for ALL in the selected population (NICE, 
2024c).  

In the UK, there were 765 new cases of ALL diagnosed in the UK each year from 2017 to 
2019, with 484 cases (63.3%) were in patients aged 0 to 24 years (Cancer Research UK, 
2021). Clinical evidence suggests that approximately 15% to 20% of patients have been 
reported to experience relapsed disease within the first two years of achieving complete 
remission from first-line chemotherapy (Pui et al., 2015). Given this, we have 
conservatively modelled an incident relapsed/refractory population of 38 patients. Of 
these 38 patients, we assume 81.4% patients are eligible for CAR-T therapy, based on the 
CAR-T population identified in the NICE appraisal of tisagenlecleucel which restricts the 
eligible patient population based on any adverse events or failures in the manufacturing 
process, giving us an eligible population of 31 patients. 

Intervention 

We model the intervention as a CAR-T therapy, using effectiveness data related to 
tisagenlecleucel, which is currently the only CAR-T therapy licensed for use in paediatric 
and young adult patients with relapsed or refractory B-cell ALL in the UK. It is an 
established and effective treatment option in this population. Tisagenlecleucel has 
demonstrated high efficacy in clinical trials and real-world studies; the ELIANA trial 
reported an 81% complete remission (CR) rate in pediatric and young adult patients with 
R/R B-cell ALL, with a 12-month overall survival (OS) rate of 76% and durable remissions 
in responders (Maude et al., 2018). 

The intervention is delivered as a single, one-time dose of a CGT. We further include the 
costs associated with pre-treatment procedures (leukapheresis to collect T cells), 
lymphodepleting chemotherapy to enhance CAR-T efficacy and bridging chemotherapy to 
stabilize disease while CAR-T cells are manufactured. 

Comparator 

The standard of care (SoC) for paediatric and young adult patients (up to 25 years) with 
relapsed or refractory (r/r) B-cell ALL in the UK includes a mix of immunotherapies and 
salvage chemotherapy regimens. In line with the NICE appraisal of tisagenlecleucel 
(TA975), the relevant comparators for this population include blinatumomab and salvage 
chemotherapy; in this analysis, we consider a SoC as a basket comparator of these two 
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treatments forming a basket of comparators representing routine NHS practice (NICE, 
2024c). 

Blinatumomab, a bispecific T-cell engager targeting CD19, is frequently used in paediatric 
patients with primary refractory disease or those in second or subsequent relapse. The 
treatment is administered as a continuous intravenous infusion over 28 days per cycle, 
typically delivered via a central venous catheter in an inpatient or ambulatory setting. Each 
cycle is followed by a 14-day treatment-free interval, and patients may receive up to five 
cycles depending on response and tolerance. Clinical trial evidence demonstrates 
improved complete remission (CR) rates and overall survival compared to conventional 
chemotherapy, with fewer grade 3/4 adverse events (Brown et al., 2021a; von Stackelberg 
et al., 2016).  

Salvage chemotherapy, typically consisting of intensive multi-agent regimens such as 
FLAG-IDA, continues to be widely used for patients who are ineligible for, or have 
previously failed, immunotherapy. The FLAG-IDA regimen includes fludarabine, cytarabine 
(Ara-C), granulocyte-colony stimulating factor (G-CSF), and idarubicin, typically delivered 
over 4–5 days in repeated cycles. These regimens are associated with significant toxicity, 
requiring inpatient admission, intensive supportive care, and prophylactic antimicrobials. 
Nevertheless, they remain a mainstay in clinical practice, especially when aiming to induce 
remission prior to allogeneic stem cell transplant (allo-SCT), or in settings where access 
to immunotherapies is limited. 

We do not include inotuzumab ozogamicin, a CD22-targeted antibody–drug conjugate 
also licensed for use in r/r B-cell ALL, within the basket of comparators. While inotuzumab 
ozogamicin may be offered to select patients, particularly in older adolescents and young 
adults with confirmed CD22 expression, its routine use in younger paediatric patients is 
more limited. The use of inotuzumab in this population is often restricted to 
compassionate use or managed access schemes, making it difficult to capture within 
standard pathways of care. Additionally, there is limited clinical trial evidence evaluating 
the efficacy and long-term outcomes of inotuzumab specifically in paediatric patients. 

Allogeneic stem cell transplantation is not considered a comparator in this model. It is 
instead incorporated within the model structure, wherein patients can transition into 
hematopoietic stem cell transplantation (HSCT) health states after either relapse or 
remission. This is primarily to account for the fact that blinatumomab and clofarabine-
containing therapies are generally seen as bridges to transplantation in clinical practice, 
wherein they are considered insufficient to ensure durable long-term remission in relapsed 
disease.  

Outcomes 

Outcomes focus on both achieving and maintaining complete remission (CR), with 
patients considered “functionally cured” of ALL. Reaching CR is associated with improved 
health-related quality of life, longer survival, fewer chemotherapy-related adverse events, 
and reduced use of healthcare resources. Patients in remission are also expected to 
achieve better educational outcomes, have improved future workplace productivity, and 
place a reduced burden on caregivers. 

Key outcome measures include life years gained, QALYs, total healthcare costs, and 
productivity losses; these reflect the impact on both patients and their caregivers. 
Educational outcomes are likely to improve with sustained remission, and we sought to 
identify relevant parameters to inform the estimation of education-related outcomes at 
the individual and system-level. However, we were unable to identify relevant evidence and 
these outcomes are therefore excluded from the current analysis. 
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Model structure 

Figure 2 demonstrates the model structure for this analysis, which is a seven-state cohort 
transition model, with a monthly cycle length. The structure is adapted from an existing 
cohort model published for paediatric and young adult patients with relapsed or refractory 
B-cell ALL (Lin et al., 2018).  

Initial treatment: Patients enter the model in this state, receiving either CAR-T therapy or 
SoC treatment, such as blinatumomab or salvage chemotherapy. Patients who achieve 
remission transition to the Remission state. Patients who do not achieve remission either 
transition to Relapse or refractory state if their disease progresses or to death.  

Remission: In this state, patients are monitored for disease recurrence. A subset of these 
patients may undergo allogeneic stem cell transplantation (allo-SCT) as part of 
consolidation therapy. Patients may remain in remission, relapse, transition to the cure 
state if they remain relapse-free for a pre-specified period, or transition to death. 

Relapse or refractory: Patients who do not achieve or who lose remission transition to this 
state. They may receive allo-SCT if eligible. Death is the only possible transition from this 
state. 

Remission after transplant: Patients who achieve a second remission after transplant may 
remain in this state, relapse, transition to the cure state if they remain relapse-free for a 
pre-specified period, or transition to death. 

Relapse after transplant: Patients whose disease returns after allo-SCT move into this 
state. These patients are typically offered palliative treatment and may remain in this state 
or transition to death.  

Cure: This state represents patients who remain in remission (either pre- or post-
transplant) for five years and are considered functionally cured. Patients in this state can 
only transition to death. These patients are assumed to experience a higher background 
mortality than a person of similar age from the general population, based on existing 
evidence from relevant populations. 

Death: This is an absorbing state (no transition out of this state). A one-off terminal care 
cost is applied in this state. 

Table 18 sets out the transition probabilities for the model. 
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Table 18  Transition probabilities for acute lymphoblastic 
leukaemia 

STANDARD 
OF CARE State 

To 

Initial tx Remission Relapse Remission 
after SCT 

Relapse 
after SCT Cure Death 

Fr
om

 

Initial tx 0.00 0.79 0.18 0.00 0.00 0.00 0.03 

Remission 0.00 0.95 0.02 0.02 0.00 0.00 0.01 

Relapse 0.00 0.00 0.76 0.00 0.00 0.00 0.24 
Remission 
after SCT 0.00 0.00 0.00 0.98 0.01 0.00 0.01 

Relapse 
after SCT 0.00 0.00 0.00 0.00 0.94 0.00 0.06 

Cure 0.00 0.00 0.00 0.00 0.00 0.97 0.03 

Death 0.00 0.00 0.00 0.00 0.00 0.00 1.00 

CELL AND 
GENE 
THERAPY 

State 
To 

Initial tx Remission Relapse Remission 
after SCT 

Relapse 
after SCT Cure Death 

Fr
om

 

Initial tx 0.00 0.94 0.06 0.00 0.00 0.00 0.00 

Remission 0.00 0.95 0.02 0.00 0.00 0.01 0.02 

Relapse 0.00 0.00 0.89 0.00 0.00 0.00 0.11 
Remission 
after SCT 0.00 0.00 0.00 0.97 0.01 0.01 0.01 

Relapse 
after SCT 0.00 0.00 0.00 0.00 0.94 0.00 0.06 

Cure 0.00 0.00 0.00 0.00 0.00 0.98 0.02 

Death 0.00 0.00 0.00 0.00 0.00 0.00 1.00 
Notes: The values indicated in red are non-zero but have been rounded for consistency. 
Abbreviations: SCT: stem-cell transplantation. 

This analysis sources key clinical inputs for the intervention, including remission rates, 
overall survival, relapse-free survival, and adverse events—from the pivotal phase II 
ELIANA trial for tisagenlecleucel and supporting real-world data where applicable. 

Inputs specific to the CGT arm are aligned with those used in the NICE technology 
appraisal TA975, which informed the recommendation of tisagenlecleucel for paediatric 
and young adult patients with relapsed or refractory B-cell ALL (NICE, 2024c). 
Comparator arm inputs are derived from published clinical trials, including AALL1331, and 
supplemented with data from prior economic evaluations of immunotherapy in paediatric 
ALL (Hogan et al., 2023; von Stackelberg et al., 2016; Brown et al., 2021a; Jeha et al., 
2006). 

 

Simplifying assumptions 
This analysis includes several simplifying assumptions, compared to economic evaluations 
and appraisals of the same therapy. This was done to enable consistency with NICE 
appraisals and prior evaluations of CAR-T therapy in ALL, and to allow for broader 
generalisability and comparison with other case studies. 
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Defining the population 

In this analysis, we model a cohort of ‘initial’ patients entering the relapsed or refractory 
(r/r) B-cell ALL setting, rather than including a broader population that spans multiple lines 
of prior treatment. Patients are assumed to enter the model at the point of first relapse or 
primary refractory disease, consistent with eligibility criteria used in clinical trials for CAR-
T and other r/r therapies. Modelling at this consistent entry point ensures alignment with 
available trial data and avoids heterogeneity related to multiple prior treatment lines or 
disease outcomes.  

Additionally, we do not model a prevalent population, as patients with r/r ALL are generally 
treated immediately upon relapse or refractory progression and do not remain in a stable 
“prevalent” state. Unlike chronic conditions, there is no clinically meaningful period where a 
prevalent, untreated r/r population would accumulate. 

Eligibility for HSCT 

We conservatively assume that only patients who achieve complete remission (CR) are 
eligible to proceed to haematopoietic stem cell transplantation (HSCT). In clinical 
practice, HSCT is typically considered in patients in second complete remission (CR2) or 
those with high-risk features in CR1, particularly in relapsed or refractory B-cell ALL 
(Brown et al., 2021b). Performing HSCT in active disease (i.e., without prior remission) is 
associated with poor outcomes and is rarely undertaken in paediatric patients due to high 
transplant-related mortality and low curative potential (Okamoto et al., 2020). This 
assumption aligns with published treatment guidelines, simplifies the model structure by 
restricting HSCT transitions to post-remission states only and avoids overestimating the 
benefits of HSCT in populations where it is not routinely used. 

Cure assumptions 

We assume a fixed percentage of patients are cured by each treatment, consistent with 
assumptions used in the NICE TA975 appraisal and related economic models (Lin et al., 
2018; NICE, 2024c). In the model, “cure” is defined as sustained long-term remission 
without the need for further treatment or risk of relapse. The assumed cure rates are: 1) 
CAR-T therapy: 40%; 2) Blinatumomab: 25%; 3) Salvage chemotherapy: 10%. These values 
are derived from expert opinion and extrapolated survival curves from the NICE TA975 
appraisal based on data from key trials (NICE, 2024c; Maude et al., 2018; Hogan et al., 
2023). Using fixed cure rates helps avoid the need for complex long-term survival 
modelling, which is difficult when follow-up data are limited. 

 

Parameter values for ALL 

Table 19  Parameter values for acute lymphoblastic leukaemia 

 PARAMETER VALUE (CGT) REFERENCES / NOTES 

EPIDEMIOLOGY Mean age at baseline (years) 12 ELIANA trial, based on TA975 

 Proportion of female 43.04% ELIANA trial, based on TA975 

 Incident ALL population 484 Cancer Research UK, 2017–2019 

 Relapsed/refractory population 
eligible for CAR-T  

31 Based on the assumption that roughly 15 
per 100 patients relapse over 2 years and 
only 81.4% of patients are eligible for 
CAR-T infusion, based on TA975 
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PATIENT UTILITIES Patient utility – Initial treatment 0.78 Lin et al. (2018b) 

 Patient utility – Remission 0.88 Lin et al. (2018b) 

 Patient utility – Relapse 0.76 Lin et al. (2018b) 

 Patient utility – Remission after 
transplant 

0.8 Lin et al. (2018b) 

 Patient utility – Relapse after 
transplant 

0.73 Lin et al. (2018b) 

 Patient utility – Cure 0.86 Lin et al. (2018b) 

 Patient utility – Death 0 Lin et al. (2018b) 

HEALTH-STATE 
COSTS FOR CGT1 

Treatment costs (excluding CAR-T 
infusion) 

£47,698.57 Derived from TA975 

Healthcare costs – Remission £640.50 Derived from TA975 

Healthcare costs – Relapse £209.17 Derived from TA975 

Healthcare costs – Remission after 
transplant 

£122.51 Derived from TA975 

Healthcare costs – Relapse after 
transplant 

£288.02 Derived from TA975 

Healthcare costs – Cure £30.08 Derived from TA975 

Healthcare costs – Death £0.00 Derived from TA975 

HEALTH-STATE 
COSTS FOR SOC1 

Treatment costs £57,349.40 Derived from TA975 

Healthcare costs – Remission £409.42 Derived from TA975 

Healthcare costs – Relapse £288.02 Derived from TA975 

Healthcare costs – Remission after 
transplant 

£121.41 Derived from TA975 

Healthcare costs – Relapse after 
transplant 

£288.02 Derived from TA975 

Healthcare costs – Cure £30.08 Derived from TA975 

Healthcare costs – Death £0.00 Derived from TA975 

ONE-OFF COSTS AND 
DISUTILITIES1 

Costs – HSCT £165,613.15 Derived from TA975 

Costs – HSCT, follow-up £47,906.88 Derived from TA975 

Disutilities – HSCT  0.04 Derived from Sung et al. (2003), 
adjusted for the cycle 

EVENT 
PROBABILITIES 

Probability – CRS (CGT) 48.10% Derived from TA975 

Probability – CRS (SoC) 2.86% This is based on the assumption that 
50% of the SoC arm is treated with 
blinatumomab, with a CRS rate of 5.71% 
based on von Stackelberg et al. (2016) 

Probability – B-cell aplasia (CGT 
only; Scenario A) 

47.00% NICE SACT dataset 

Probability – B-cell aplasia (CGT 
only; Scenario B) 

30.40% Derived from TA975 

ADVERSE EVENTS1 Costs – CRS £38,485.61 Derived from TA975 

Costs – B-cell aplasia (CGT only; 
Scenario A) 

£35,138.9 Based on NICE SACT dataset, where 
treatment for B-cell aplasia is expected 
to be 18 months 
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Costs – B-cell aplasia (CGT only; 
Scenario B) 

£22,254.64 Based on TA975, where treatment for B-
cell aplasia is expected to be 11.4 months 

Disutilities – CRS  0.03 Derived from TA975 

Disutilities – B-cell aplasia 0.00  

DEATH COST1 End-of-life care £11,989.12 NHS Reference Costs 2023/2024, 
weighted average of Non-Elective Long 
Stay Paediatric Acute Lymphoblastic 
Leukaemia codes 

1. All costs are inflated to and reported in 2024 GBP 
 

Table 20  Productivity effects for acute lymphoblastic leukaemia 

 PARAMETER VALUE (CGT) REFERENCES / NOTES 

GENERAL 
POPULATION INPUTS Retirement age 

68 (NICE, 2024) 

 Days of work, per year 253.25 Calculated 

 
Hours of work, per day 

6.36 Average working hours per week (ONS, 
2024a) 

 Value of working time: lost 
production 

£18.93 Average hourly wage (ONS, 2024a) 

 Proportion of the population 
economically inactive 

21.80% ONS (2024a) 

 Value of working time: lost 
production 

£37,430 Median salary UK (ONS, 2024c) 

CARER 
PRODUCTIVITY LOSS Carer work productivity loss, % 20.67% (Angioli et al., 2015) 

 Missed workdays post-diagnosis, 
monthly 

17.3 (Fluchel et al., 2014) 

 Missed workdays post-transplant, 
monthly 

2.08 (Biddell et al., 2022) 

 Proportion of caregivers 
experiencing work disruption 
(Scenario B only) 

94.00% (Bona et al., 2014) 

 

 
Steady-state results for ALL 

Table 21  Steady-state (annual) results, ALL, scenario A 

  TREATMENT INCREMENTAL 
DIFFERENCE 

  CGT SoC 

MONETISED VALUE  
OF OUTCOMES 

Individuals £3,389,283,698 £3,054,067,365 £335,216,333 

Systems -£175,266,600 -£724,573,612 £549,307,012 

National economy -£2,127,202,019 -£2,120,976,085 -£6,225,934 



 OFFICE OF HEALTH ECONOMICS 
 CONTRACT RESEARCH 
 
 

ohe.org 
66 

HEALTH OUTCOMES QALYs 48,418 43,630 4,789 QALYs 

 Life years 61,605 61,344 261 LYs 
Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care. 
 

Table 22  Steady-state (annual) results, ALL, scenario B 

  TREATMENT INCREMENTAL 
DIFFERENCE 

  CGT SoC 

MONETISED VALUE  
OF OUTCOMES 

Individuals £4,172,813,158 £3,751,925,510 £420,887,647 

Systems -£168,062,024 -£890,139,573 £722,077,549 

National economy -£2,615,131,940 -£2,605,621,726 -£9,510,214 

HEALTH OUTCOMES QALYs 59,612 53,599 6,013 QALYs 

 Life years 75,760 75,362 398 LYs 
Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care. 
 

Comparison of results to similar evaluations 
In our analysis, we consider a CAR-T therapy as the CGT intended to alter disease 
progression in ALL. Currently, tisagenlecleucel (Kymriah) is the only licensed CAR-T option 
for children and young adults with relapsed or refractory B-cell ALL. The therapy modelled 
here is modelled after tisagenlecleucel and uses both published clinical and cost 
parameters related to the treatment. 

We alter our original analysis by simulating outcomes for one prevalent patient over a 
lifetime horizon to enable meaningful comparison with existing evaluations of 
tisagenlecleucel in ALL. To maintain consistency in methodology, we also incorporated 
costs of CAR-T treatment into our model, reflecting approaches taken in prior analyses. 

For reference, we selected three comparator studies: 1) (NICE, 2024c), the NICE 
technology appraisal of tisagenlecleucel, which examines cost-effectiveness within the 
NHS, 2) (Lin et al., 2018b), a published economic evaluation of tisagenlecleucel in the 
United States, and 3) (Sarkar et al., 2019), which employs a microsimulation model to 
estimate long-term outcomes and value of tisagenlecleucel using trial data inputs. 

Per-patient discounted outcomes for scenarios A and B are presented in Table 23, 
alongside findings from the two selected studies. We do not include a cost comparison for 
any of the studies. Although the NICE technology appraisal of tisagenlecleucel was 
conducted within a comparable UK setting, the incremental costs and QALYs are redacted, 
limiting meaningful comparison. The evaluations by Lin et al. (2018) and Sarkar et al. 
(2019) both employ resource use and cost inputs based on the US healthcare system, 
which differs in pricing structures and clinical practice patterns, reducing the 
transferability of cost outcomes to a UK-specific context.  

The QALY and life year outcomes in our analysis do not fully align with those reported in 
the comparator studies, and several factors may explain this divergence. Notably, our 
model adopts a shorter effective time horizon than selected comparator studies (which all 
employ a lifetime horizon). This is likely to truncate the long-term survival benefits 
associated with CAR-T therapy, and particularly affects life year gains, as curative effects 
and survival plateaus often emerge well beyond the initial follow-up period. We adopt a 
more conservative survival assumptions, borrowing reported transitions and response 
rates from relevant literature where possible. This may underestimate time spent in high-
utility health states or the curative potential of CAR-T therapy, particularly in younger 
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patients. Regardless, the selected studies all report substantial improvements in health 
benefit associated with CAR-T therapies. While of lower magnitude, our analysis still 
demonstrates a measurable clinical benefit, suggesting that the macroeconomic value of 
CGT in this case may be underestimated. 

 

Table 23  Tisagenlecleucel evaluation comparison 

SOURCE SETTING INTERVENTION INCREMENTAL GAIN 
DISCOUNTED QALYS (3.5% 
FOR NICE; 3% OTHERWISE) 

INCREMENTAL GAIN 
DISCOUNTED LYS (3.5% FOR 

NICE; 3% OTHERWISE)  

NICE TA975 UK Tisagenlecleucel  

vs blinatumomab 
vs salvage 
chemotherapy 

 

NA vs blinatumomab, 7.13  

vs salvage chemotherapy, 8.18  

Lin et al., 2018 US Tisagenlecleucel (40% 
cure assumption) 
vs blinatumomab 

vs clofarabine 
combination 
vs clofarabine 
monotherapy 

vs blinatumomab, 5.17  
vs blinatumomab, 5.62 

vs blinatumomab, 12.05  
vs clofarabine combination, 12.05  

vs clofarabine monotherapy, 13  

Sarkar et al., 2019 US Tisagenlecleucel 

vs standard therapy 

8.18 NA  

Current analysis 
(Scenario A-
Scenario B) 

UK CGT versus SoC 4.46 / 5.18 4.75 / 5.57 
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C. Acute myeloid leukaemia case study details 

Acute myeloid leukaemia (AML) is a rapidly progressing haematological malignancy 
characterised by the abnormal proliferation of immature myeloid cells (Juliusson, Lehmann 
and Lazarevic, 2021). It is the most prevalent form of acute leukaemia in adults, with a 
higher incidence observed in individuals over 60 years of age (Vakiti, Reynolds and 
Mewawalla, 2024). 

AML arises from the clonal expansion of myeloid precursors in the bone marrow, resulting 
in ineffective erythropoiesis and megakaryopoiesis, rapid bone marrow failure, and 
insufficient production of red blood cells and platelets. The disease is defined by the 
accumulation of immature myeloblasts in bone marrow and peripheral blood, impaired 
production of normal blood cells, and potential infiltration of other organs such as the liver, 
spleen, and lymph nodes (Vakiti, Reynolds and Mewawalla, 2024). 

The clinical course of AML is characterised by rapid progression, necessitating prompt 
initiation of treatment upon diagnosis. Without intervention, AML can lead to mortality 
within months of diagnosis (National organisation for rare disorders, 2024). Even with 
current treatment modalities, prognosis remains suboptimal, particularly in older patient 
populations. 

In the UK, AML accounts for around 2,945 new cases each year (Cancer Research UK, 
2019). The disease demonstrates a higher prevalence in adults over 60 years old. Five-
year survival rates of patients in the UK exhibit significant age-related disparities, with 
patients under 60 years showing a survival rate of over 35%, while those over 60 years 
have a survival rate below 15% or less (Haematological Malignancy Research Network 
(HMRN), 2024). 

The disease and its treatments can substantially affect patients' health-related quality of 
life (HRQoL). A systematic review of HRQoL in AML patients found that HRQoL declined 
quickly after diagnosis and treatment initiation, with physical symptoms such as fatigue, 
pain, and dyspnoea commonly reported (Korol et al., 2017). Fatigue was identified as the 
most problematic symptom domain in patients, irrespective of their treatment status 
(Bryant et al., 2015). Psychological distress, such as anxiety and depression, is often 
reported amongst patients treated with ‘intensive’ chemotherapy requiring prolonged 
hospitalisations (El-Jawahri et al., 2019; Lockwood et al., 2020). Impact on social wellbeing 
is also a notable concern, with one study estimating up to 69% of AML patients having 
experienced at least one form of social toxicity, such as changes in work, school or home 
life (Fortune et al., 2023).  

A study on work absenteeism and disability among AML patients and their caregivers 
reported significant impacts on workplace absence and disability days. In the year 
following an AML diagnosis, patients experienced a significant increase in short-term 
disability (STD) and long-term disability (LTD) leave days, with claims rising sixfold and 
fourfold, respectively. Caregivers' workplace absence peaked in the first two months post-
diagnosis and remained elevated thereafter (Pandya et al., 2024). 

Standard treatment for AML typically involves intensive chemotherapy, and in selected 
cases, chemotherapy combined with HSCT (Kantarjian et al., 2021). Treatment initiation is 
time-sensitive due to the aggressive nature of the disease. Despite advancements in 
treatment protocols, AML continues to present significant therapeutic challenges, 
particularly in older patient populations. 

Recent advances in molecular characterisation have led to improved risk stratification and 
the development of targeted therapies. The European LeukemiaNET (ELN) 2022 
guidelines emphasise molecular characterisation and risk stratification for individuals with 
AML, providing updated data on these aspects (Döhner et al., 2022). These 
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advancements have resulted in the approval of several new treatments in recent years, 
potentially offering improved outcomes in the future. 

 
Methods 
In this case study, we developed a state-transition model to evaluate the costs and 
benefits of CGT compared to standard of care for patients with untreated AML. We model 
the CGT as CAR-T therapy, given that CAR-T therapies are currently in development for 
AML and are used to treat related cancers. The model accounts for disease progression, 
treatment response, healthcare resource utilisation, and patient outcomes. Our analysis 
incorporates current clinical evidence where available and uses evidence-based 
assumptions otherwise. We structured our approach to align with previous economic 
appraisals conducted for AML therapies, to ensure comparability with existing evaluations.   

Scenarios 

As outlined above, we consider two separate scenarios for this case study to account for 
uncertainties in treatment effectiveness, given the treatment is still in the pipeline. Table 
24 below outlines the differences between the scenarios.  

Scenario A considers a more credible scenario, where parameters and assumptions are 
derived from clinical trials or in line with current use in similar indications, such as ALL 
(where CAR-T therapy use is already approved and in use). The population receiving CAR-T 
therapy is based on the CAR-T population identified in the NICE appraisal of 
tisagenlecleucel, wherein the eligible proportion of patients for CAR-T therapy is estimated 
based on any adverse events or failures in the manufacturing process. (NICE, 2024c). In 
terms of CGT therapy effectiveness, the probability of resistant disease amongst patients 
is informed by empirical estimates associated with current antibody-based therapy for 
AML (Russell-Smith et al., 2021). A proportion of CAR-T patients are assumed to receive 
HSCT after relapse in line with estimates for current antibody-based therapy for AML 
(Russell-Smith et al., 2021), given that HSCT is currently an available option for AML 
patients subject to donor availability and literature suggesting there may overlap between 
CAR-T treatment and HSCT (Goldsmith et al., 2022). 

Scenario B presents a more optimistic scenario and employs assumptions allowing for 
higher and more sustained treatment effectiveness. Here, all untreated AML patients 
within the assessed population will be eligible for CAR-T treatment. Scenario B assumes 
lower probabilities of resistant disease amongst CAR-T patients, based on evidence in the 
literature that CAR-T therapies are associated with higher rates of complete remission 
compared SoC (Cappell and Kochenderfer, 2023). 

It is assumed that CAR-T patients do not undergo HSCT treatment, aligning with current 
evidence that CAR-T therapy provides durable remissions without the need for subsequent 
transplantation (Cappell and Kochenderfer, 2023).  
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Table 24  Acute myeloid leukaemia scenarios 

PARAMETER SCENARIO A SOURCE / EXPLANATION A SCENARIO B SOURCE / EXPLANATION B 

Proportion of incident 
population eligible for 
CAR-T therapy 

81.40% In line with NICE evaluation of 
tisagenlecleucel (NICE, 
2024c), the proportion of 
leukaemia patients eligible for 
CAR-T therapy is restricted 
based on adverse events or 
failures in the manufacturing 
process 

100.00% The entire untreated AML 
population is assumed eligible 
for CAR-T therapy 

Probability of resistant 
disease after receiving 
induction treatment 

12.00% Assumed equal to probability 
of resistant disease derived 
for gemtuzumab ozogamicin 
patients in ALFA-0701 
(Russell-Smith et al., 2021) 

10.00% Assumption 

HSCT utilisation for 
relapse AML patients  

9.58% Assumed equal to rate of 
HSCT use for gemtuzumab 
ozogamicin patients in ALFA-
0701 (Russell-Smith et al., 
2021) 

0.00% Assumption 

 
Population 

The population we modelled was adult patients with untreated AML. We model the mean 
age to be 61.2 years, with 50.93% of the population female. This is in line with similar NICE 
appraisals of therapies for untreated AML (Russell-Smith et al., 2021).  

For this analysis, we focus exclusively on an incident population of AML – assuming that 
there is no untreated prevalent population – as this approach aligns with the typical 
progression and treatment patterns associated with the disease. Given the high mortality 
rate and the need for timely treatment, it is standard to consider only newly diagnosed 
patients. This restriction also allows us to limit the analysis to untreated AML patients, 
avoiding the inclusion of those with prior relapses, who follow distinct treatment pathways 
and may introduce confounding factors. 

In the UK, it has been estimated that approximately 2,945 new cases of AML are 
diagnosed each year in individuals aged 18 years and older (Cancer Research UK, 2019). 
In Scenario A, we assume that 81.4% of patients are eligible for CGT, while the remaining 
patients are considered ineligible due to adverse events or failures in the manufacturing 
process (NICE, 2024c). This results in a starting population, as well as subsequent 
incident population, of 2397 patients per year. Scenario B assumes all patients are eligible 
for CGT, resulting in a starting and incident population of 2,945 patients per year. 

Intervention 

We assume that patients have access to one or more hypothetical CAR-T therapies. The 
success of CAR-T based therapies in cancer, including other types of leukaemias and 
lymphomas, has led to efforts to develop immune-based approaches for AML treatment, 
encompassing both antibody-based therapies and cellular strategies. Currently, there are 
several ongoing trials exploring the use of CAR-T cells, including both autologous and 
allogeneic CAR-T cells targeting markers such as CD123, CD33, and CLL1 for patients 
with acute myeloid leukaemia (Koneru et al., 2022; Shah et al., 2023).   
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The intervention involves a one-off single dose of a CGT, along with the costs of pre-
treatment (leukapheresis to obtain T-cells, conditioning chemotherapy to enhance CAR-T 
efficacy and bridging chemotherapy to stabilise disease) and administration. The base 
case analysis assumes that the rate of patients transitioning into the disease-free state 
(complete remission) is higher than, and the rate of patients transitioning into relapse 
health states is lower than that of the comparator. According to the ALFA-0701 phase III 
trial, approximately 21% of patients treated with standard chemotherapy have resistant 
disease (i.e., do not achieve complete remission), whereas roughly 12% treated with an 
anti-CD33 antibody conjugate have resistant disease. In scenario A, we conservatively 
assumed that 12% of CAR-T patients have resistant disease. For scenario B, given clinical 
evidence of CAR-T therapy having more durable remissions and better survival outcomes 
in similar disease indications, we assume a lower proportion (10%) of CAR-T patients with 
resistant disease (Cappell and Kochenderfer, 2023a). 

Comparator 

The SoC for untreated AML varies based on patient age, fitness, and disease 
characteristics. For typical patients (under 70 and fit enough to have intensive 
chemotherapy), the standard approach is intensive induction chemotherapy with the "7+3" 
regimen (7 days of cytarabine plus 3 days of an anthracycline, i.e., daunorubicin), often 
followed by consolidation therapy with high dose cytarabine. Recent guidelines and 
updates to recommendations also underscore that anthracyclines and cytarabine remain 
the backbone of intensive and consolidation chemotherapy (Döhner et al., 2022). If 
complete remission is not achieved, salvage chemotherapy or non-curative therapies are 
considered. There are some newer therapies added to first line AML therapy, such as 
gemtuzumab-ozogamicin (GO, a humanized anti-CD33 IgG4 antibody), but evidence on 
the is not unanimous and is limited to favourable or intermediate cytogenetic risk in 
disease. 

For older patients (70 or older) who are often considered unfit for intensive chemotherapy, 
SoC includes a combination of a hypomethylating agent (azacitidine or decitabine) with 
venetoclax. In this analysis, we exclude this subpopulation for two primary reasons. First, 
although CAR T-cell therapy has shown promise in treating certain hematologic 
malignancies, its applicability in older populations is constrained; factors such as 
comorbidities and related toxicities may limit its use in older patients (Shouse, Danilov and 
Artz, 2022). Second, we expect a limited impact on broader economic impacts for an 
older population due to factors such as retirement or decreased workforce participation 
(Zheng et al., 2015).  

There are additional therapies available for specific genetic mutations, such as FLT3 
(~30% of AML patients (Daver et al., 2019)) or IDH1/IDH2 (~10% of AML patients; 
(Molenaar et al., 2018)) mutations. It has now become standard to incorporate FLT3 
inhibitors into first-line therapy for patients with FLT3-mutant AML, in the induction and 
consolidation stages as well as the maintenance stage. Maintenance treatment includes 
post-remission therapy that aims to eliminate any remaining leukaemia cells and prevent 
relapse. 

Given the prevalence of FLT3-mutant AML and the routine commissioning of FLT3 
inhibitors, we have assumed that comparator for this analysis will be a basket of therapies, 
wherein 70% of patients are treated as patients with no identified specific mutations, and 
30% of patients will be treated as patients with FLT3 mutation status (Daver et al., 2019). 
In the UK, no IDH mutation-specific treatments have been approved and are in routine 
use; therefore, it will be assumed that these patients are treated similar to patients with no 
identified specific mutations. 

For intermediate- or high-risk patients who achieve remission, allogeneic stem cell 
transplantation (allo-SCT) is considered provided a suitable donor is identified. Given that 
allo-SCT can only be received after initial treatment and eligibility is a key factor for 
consideration, this analysis does not consider allo-SCT as a comparator, nor does it 
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include allo-SCT within the treatment pathway. Instead, the costs and disutilities of allo-
SCT are applied to each treatment arm based on published rates of allo-SCT. 

Based on the reasons outlined above, the SoC consists of: 

For 70% of patients:  

Induction: 7+3 regimen with cytarabine and daunorubicin 

Consolidation: High dose cytarabine 

Subsequent therapies: FLAG-IDA chemotherapy regimen or non-curative therapies 

For 30% of patients with FLT3 mutations:  

Induction: 7+3 regimen with cytarabine and daunorubicin, with quizartinib 

Consolidation: High dose cytarabine, with quizartinib 

Maintenance: Quizartinib only 

Second-line treatment: FLAG-IDA chemotherapy regimen or non-curative therapies 

 

Outcomes 

Outcomes are based on achieving and retaining complete remission, with patients 
considered “functionally cured” from AML. Complete remission is associated with 
improved health-related quality of life, higher rates of survival, lower use of healthcare 
resources, and reduced risk of developing adverse events associated with chemotherapy. 
These patients are also expected to have improved workplace productivity and reduced 
carer burden. 

Outcome measures that are considered include life years, QALYs, total healthcare costs 
and productivity losses for the patient as well as the caregiver. 

Model structure 

The model structure, as seen in Figure 3, follows a five-state cohort transition model, 
similar to existing cohort models published for AML therapies (Russell-Smith et al., 2021): 

Induction: the first phase of AML treatment, aimed at achieving remission. SoC patients 
are given the “7+3” regimen with or without quizartinib, while CAR-T patients are 
administered treatment in this cycle (and undergo leukapheresis, conditioning and 
bridging chemotherapy). Patients are assumed to receive one round of induction therapy, 
and if they achieve remission, they move to complete remission state. Otherwise, they 
move to the refractory state. All patients have to exit the health state after one cycle.  

Complete Remission (CR): this state includes the consolidation treatment, as well as 
maintenance treatment for SoC patients. This health state includes a tunnel state, CR I, 
where all SoC patients can receive consolidation treatment for 2 cycles, after which they 
move into CR II. Here, CAR-T patients and SoC patients without FLT3+ mutation only 
receive costs of disease monitoring and management in this health state. SoC patients 
with FLT3+ mutation receive maintenance treatment with quizartinib. Patients who do not 
achieve remission move into the relapse state. 
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Refractory: patients move to this state if they do not respond to initial therapy and do not 
achieve CR. Here, SoC patients receive a combination of salvage chemotherapy and non-
curative therapies. CAR-T patients only receive costs of disease monitoring and 
management in this health state. 

Relapse: patients move to this state if their disease returns after remission (CR). Here, 
SoC patients receive a combination of salvage chemotherapy and non-curative therapies. 
CAR-T patients only receive costs of disease monitoring and management in this health 
state. 

Death: this is an absorbing state (no transition out of this state). A one-off terminal care 
cost is applied in this state. 

The transition probabilities used for SoC and the gene therapies are shown in the matrix in 
Table 25. 

Table 25  Transition probabilities for acute myeloid leukaemia 

STANDARD OF CARE State 
To 

Induction CR I CR II Refractory Relapse Death 
 

Fr
om

 

Induction 0.00 0.98 0.00 0.02 0.00 0.00 

 CR I 0.00 0.00 1.00 0.00 0.00 0.00 

 CR II 0.00 0.00 0.96 0.00 0.04 0.00 

 Refractory 0.00 0.00 0.00 0.95 0.00 0.05 

 Relapse 0.00 0.00 0.00 0.00 0.94 0.06 

 Death 0.00 0.00 0.00 0.00 0.00 1.00 

CELL AND GENE 
THERAPY State 

To 

Induction CR I CR II Refractory Relapse Death 
 

Fr
om

 

Induction 0.00   0.99* 0.00   0.01* 0.00 0.00 

 CR I 0.00 0.00 1.00 0.00 0.00 0.00 

 CR II 0.00 0.00 0.96 0.00 0.04 0.00 

 Refractory 0.00 0.00 0.00 0.95 0.00 0.05 

 Relapse 0.00 0.00 0.00 0.00 0.94 0.06 

 Death 0.00 0.00 0.00 0.00 0.00 1.00 
Abbreviations: CR: complete remission. 
Note: *The transitions from induction to CR I and refractory health states differ between Scenario A and B, although this difference is not significant 
for up to two decimal points. 
 

In this analysis, HSCT is not modelled as a separate health state, given the lack of 
probable estimates for transitions to HSCT for patients receiving CAR-T therapy. Instead, a 
simplified approach is applied, wherein a proportion of SoC patients are assigned the 
costs and disutilities associated with HSCT. Additionally, this model accounts for 
“functionally cured” patients based on achieving and retaining complete remission, rather 
than including a separate state as per Russell-Smith et al. (2021).  

The economic evaluation of gemtuzumab ozogamicin sources inputs such as remission 
rates, overall survival, relapse-free survival and adverse events from the ALFA-0701 phase 
III trial. Given that the economic evaluation assesses direct healthcare costs and QALYs 
for standard chemotherapy, our model borrows relevant parameters informing the health 
state transitions, mortality risk, health state costs, and HRQoL. For the proportion of 
patients receiving quizartinib, cost and utility inputs are taken from an economic 
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evaluation of quizartinib for patients with FLT3-ITD mutant AML (Bewersdorf et al., 2024). 
Inputs for the CAR-T therapy are derived from NICE submissions or publications from 
related disease indications with established CAR-T treatment pathways, such as ALL and 
mantle cell lymphoma (NICE, 2021a; Petersohn et al., 2022). All additional relevant AML 
parameters per disease state (direct and indirect costs, patient and carer productivity 
losses, utility values, and mortality risk) are in Table 26, Table 27, and Table 28. 

 

Simplifying assumptions 
We have made several simplifying assumptions in this analysis, compared to previous 
economic evaluations and appraisals. This was due to i) the limited availability of clinical 
data; ii) modelling a hypothetical treatment with less evidence of impact on treatment 
progression; and iii) need for increased generalisability in approach to allow for 
comparison with other indications.  

Incidence-only population 

In this analysis, we only model an incident population of AML instead of considering both 
prevalent and incident populations together. The population of interest is untreated AML 
patients, i.e., patients beginning treatment. The typical disease progression and treatment 
pathways vary significantly between untreated patients and patients with relapse or 
refractory disease. For example, prognosis for relapsed AML patients is generally poorer 
than for newly diagnosed patients, with lower median overall survival (Thol and Heuser, 
2021). Further, treatment approaches differ between the groups; while newly diagnosed 
patients typically receive standard induction, relapsed patients often require salvage 
cytotoxic therapy or are considered for clinical trials testing pathway-targeted agents and 
immunotherapy-based approaches (Daver et al., 2020). Modelling only incident 
population allows for a more homogenous sample of patients, ensuring both inputs and 
outcomes remain valid for the chosen population. 

Adverse events  

Given previous trials and NICE submissions indicate a comparable safety profile between 
CAR-T and SoC patients, we take a simplified approach to modelling adverse events, 
focusing only on those which are potentially severe and are likely to differ between 
treatment groups (NICE, 2024c; Maude et al., 2018). We include the most significant 
adverse events associated with CAR-T therapy, which are cytokine release syndrome 
(CRS) and neurological events (Adkins, 2019). CRS is a systemic inflammatory response 
that occurs from the rapid activation of immune cells, resulting in fever, hypotension and 
organ dysfunction. Neurological events associated to CAR-T therapy range from mild, such 
as headache and confusion, to severe, such as encephalopathy and seizures. 

While there are ongoing trials exploring CAR-T therapies in AML, there are no CAR-T 
treatments currently offered in clinical practice. Given this, this analysis assumes the 
safety profile of the hypothetical CAR-T to be similar to that of CAR-T therapies in similar 
disease indications, such as ALL and mantle cell lymphoma. Adverse event rates are 
derived from the ZUMA-3 trial, which evaluated brexucabtagene autoleucel in adults with 
relapsed or refractory B-cell ALL.  

Simplification of HSCT  

In existing state-transition models of AML, HSCT is typically included within the model 
structure as a distinct health state. This is done to reflect the transition to transplantation 
from other health states, as well as incorporate transplant-related mortality and long-term 
survival probabilities for patients who undergo HSCT. We take a simplified approach in this 
analysis in order to limit the number of assumptions used for determining transitions 
between health states, specifically for the hypothetical CGT.  
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In our analysis, a proportion of patients are assigned costs and disutilities related to HSCT. 
For SoC patients, this is based on state-specific HSCT utilisation for patients in complete 
remission (8.4%), refractory (19.1%) and relapse (14.4%) health states, as reported in 
ALFA-0701 (Russell-Smith et al., 2021). Patients undergoing HSCT have a high risk of 
graft-versus-host disease (GVHD), a potentially life-threatening complication; we further 
model a proportion of patients to receive the costs and disutilities associated with GVHD, 
obtained from the NICE appraisal of midostaurin for untreated AML (NICE, 2017).  

Given that the relationship between CAR-T therapy and HSCT is still subject to ongoing 
research and the use of CAR-T in AML is still evolving, we apply certain restrictions in the 
modelling of HSCT and related complications for CAR-T patients. In scenario A, we model 
HSCT and related complications for CAR-T patients in the relapse health state, in line with 
HSCT utilisation estimates for current antibody-based therapy for AML, derived from 
ALFA-0701 (Russell-Smith et al., 2021). In our more optimistic scenario, scenario B, we 
assume that CAR-T patients do not undergo HSCT treatment. This is because there is still 
uncertainty on whether CAR-T therapy and HSCT are complementary or competitive 
treatments for hematologic malignancies, especially given increasing evidence that CAR-T 
therapy provides durable remissions without the need for subsequent transplantation 
(Goldsmith et al., 2022; Cappell and Kochenderfer, 2023b).  

 

Parameter values for AML 

Table 26  Parameter values for acute myeloid leukaemia 

 PARAMETER VALUE (CGT) REFERENCES / NOTES 

EPIDEMIOLOGY Mean age at baseline (years) 61.2 Russell-Smith et al. (2021) 

 Proportion of female 50.93% Russell-Smith et al. (2021) 

 Incident AML population 2945 Cancer Research UK (2019) 

 Population eligible for CAR-T 
(Scenario A) 2397 Assumption, 81.4% of patients receive 

CAR-T based on TA975 

 Population eligible for CAR-T 
(Scenario B) 2945 Assumption, all patients receive CAR-T 

PATIENT UTILITIES Patient utility – Induction 0.66 Russell-Smith et al. (2021) 

 Patient utility – CR I 0.74 Russell-Smith et al. (2021) 

 Patient utility – CR II 0.74 Russell-Smith et al. (2021) 

 Patient utility – Refractory 0.57 Russell-Smith et al. (2021) 

 Patient utility – Relapse 0.57 Russell-Smith et al. (2021) 

 Patient utility – Death 0.00  

HEALTH-STATE 
COSTS FOR CGT1 

Healthcare costs – Induction £28,453.70 TA1013 

Healthcare costs – CR I £511.14 TA1013 

Healthcare costs – CR II £511.14 TA1013 

Healthcare costs – Refractory £2,464.01 TA1013 

Healthcare costs – Relapse £2,464.01 TA1013 

Healthcare costs – Death £0.00  
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HEALTH-STATE 
COSTS FOR SOC1 

Healthcare costs – Induction £10,078.81 TA1013 

Healthcare costs – CR I £3,538.11 TA1013 

Healthcare costs – CR II £6,209.09 TA1013 

Healthcare costs – Refractory £5,803.97 TA1013 

Healthcare costs – Relapse £5,803.97 TA1013 

Healthcare costs – Death £0.00  

ONE-OFF COSTS AND 
DISUTILITIES1 

Costs – HSCT £39,257 TA1013 

Disutilities – HSCT  -0.04 Sung et al. (2003) 

EVENT 
PROBABILITIES 

Probability – HSCT (SoC: CR II) 8.38% Tokaz et al. (2023) 

Probability – HSCT (SoC: 
refractory) 19.15% Russell-Smith et al. (2021) 

Probability – HSCT (SoC: relapse) 14.37% Russell-Smith et al. (2021) 

Probability – HSCT (CGT: relapse) 
(Scenario A) 9.58% Russell-Smith et al. (2021) 

Probability – HSCT (CGT: relapse) 
(Scenario B) 0.00% Assumption 

Probability – GVHD (SoC; CGT 
only for Scenario A) 39% TA523 

Probability – CRS (CGT only) 24% ZUMA-3 

Probability – Neurologic events 
(CGT only) 25% ZUMA-3 

ADVERSE EVENTS1 Costs – CRS £9,094.81 TA893 

Costs – Neurologic events £3,284.82 TA893 

Costs – GVHD £61,023.63 TA1013 

Disutilities – CRS  -0.03 Howell et al. (2020) 

Disutilities – Neurologic events -0.04 TA893 

Disutilities – GVHD -0.085 TA1013 

DEATH COST1 End-of-life care £6,948.31 Russell-Smith et al. (2021) 

1. All costs are inflated to and reported in 2024 GBP 
 

Table 27  Productivity effects for acute myeloid leukaemia 

 
 PARAMETER VALUE (CGT) REFERENCES / NOTES 

GENERAL 
POPULATION INPUTS 

Retirement age 68 (NICE, 2024) 

Days of work, per year 253.25  

Hours of work, per day 6.36 Average working hours per week (ONS, 
2024a) 

Value of working time: lost 
production 

£18.93 Average hourly wage (ONS, 2024a) 
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Average employment rate amongst 
AML patients 

54% (Samadi et al., 2017) 

PATIENT 
PRODUCTIVITY LOSS 

Absenteeism – Induction 72.78% (Pandya, 2024) 

 Absenteeism – CR I 56.96% (Pandya, 2024) 

 Absenteeism – CR II 56.96% (Pandya, 2024) 

 Absenteeism – Refractory 70.97% Assumed the same as relapse, based on 
(Pandya, 2024) 

 Absenteeism – Relapse 70.97% (Pandya, 2024) 

 Absenteeism – Death 100.00% Assumption 

CARER PRODUCTIVITY 
LOSS 

Absenteeism – Induction 83.21% (Pandya, 2024) 

Absenteeism – CR I 79.56% (Pandya, 2024) 

Absenteeism – CR II 79.56% (Pandya, 2024) 

Absenteeism – Refractory 83.78% Assumed the same as relapse, based on 
(Pandya, 2024) 

Absenteeism – Relapse 83.78% (Pandya, 2024) 

Absenteeism – Death 0.00% Assumption 
1. All costs are inflated to and reported in 2024 GBP 
 

Table 28  Mortality for acute myeloid leukaemia 

 PARAMETER VALUE  HAZARD RATIO - AML 

DEATH RISK Retirement age Hazard ratio – AML 1.35 

 
 

 

Steady-state results for AML 

Table 29  Steady-state (annual) results, AML, scenario A  

  TREATMENT INCREMENTAL 
DIFFERENCE 

  CGT SoC 

MONETISED VALUE  
OF OUTCOMES 

Individuals £2,652,696,761 £2,398,050,359 £254,646,402 

Systems -£163,220,844 -£573,613,821 £410,392,977 

National economy -£1,845,716,235 -£1,841,458,613 -£4,257,622 

HEALTH OUTCOMES QALYs 37,896 34,258 3,638 

 Life years 48,563 48,394 169 
Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care. 
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Table 30  Steady-state (annual) results, AML, scenario B  

  TREATMENT INCREMENTAL 
DIFFERENCE 

  CGT SoC 

MONETISED VALUE  
OF OUTCOMES 

Individuals £3,265,945,807 £2,946,007,813 £319,937,994 

Systems - £158,271,105 - £704,685,283 546,414,178 

National economy - £2,268,737,755 - £2,262,234,168 - £6,503,587 

HEALTH OUTCOMES QALYs 46,656 42,086 4,571 

 Life years 59,711 59,452 259 
Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care. 
 
 

Comparison of results to similar evaluations 
This analysis considers a hypothetical CAR-T therapy designed to modify disease 
progression in AML. To date, no CAR-T therapies have received regulatory approval for 
AML. The proposed CGT can be conceptually aligned with other disease-modifying 
treatments. This includes azacitidine, which is routinely used in patients deemed 
unsuitable for intensive chemotherapy. Azacitidine is approved for use in selected AML 
populations, including older adults and patients with high-risk myelodysplastic syndromes. 
Additionally, for patients with FLT3+ mutations, targeted therapies like midostaurin offer 
improved outcomes when used in combination with intensive chemotherapy (Tremblay et 
al., 2018). 

We modelled one prevalent patient over a lifetime horizon, to compare results with 
existing studies exploring the impact of treatments in AML whose effect is most similar to 
CGT. We also include the cost of the CAR-T therapy in this analysis to align our results 
with the methods used in the other studies.  

For comparison, we selected two relevant studies: 1) Coyle and Villeneuve, 2020, which is 
an economic evaluation of azacitidine compared to SoC for treating high-risk patients 
with AML in a Canadian public healthcare system and 2) Tremblay et al., 2018, a cost-
effectiveness analysis of addition of midostaurin to standard of care for newly diagnosed 
FLT3+ AML patients in the UK.  

In Table 31 and Table 32, we present per-patient discounted outcomes for scenarios A and 
B alongside the results from the selected studies. For the azacitidine comparison, we do 
not include a cost comparison, as the reference study (Coyle and Villeneuve, 2020) was 
conducted in the Canadian healthcare setting, where differences in unit costs, resource 
use patterns, and reimbursement mechanisms limit the transferability of cost estimates to 
our UK-specific context.  

While we include costs for the midostaurin study (Tremblay et al., 2018), this comparison 
has a few limitations and should be interpreted with caution. Midostaurin is an oral 
targeted therapy used alongside standard chemotherapy, whereas CAR-T therapy is a 
complex, personalised, hospital-delivered treatment with high upfront costs. The two 
interventions have fundamentally different cost structures. In addition, the midostaurin 
analysis uses 2017 prices, and while inflation adjustments were made, differences in drug 
pricing, care pathways, and follow-up costs remain. 
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Table 31  Azacitidine evaluation comparison 

SOURCE SETTING INTERVENTION INCREMENTAL GAIN 
DISCOUNTED QALYS 
(1.5%) 

INCREMENTAL GAIN 
DISCOUNTED LYS (1.5%) 

(Coyle and 
Villeneuve, 2020; 
Udeze et al., 2023) 

Canada Azacitidine versus SoC 0.10 0.17 

Current analysis 
(Scenario A-
Scenario B) 

UK CGT versus SoC 1.43 0.06 

Table 32  Midostaurin evaluation comparison 

SOURCE SETTING INTERVENTION INCREMENTAL GAIN 
DISCOUNTED QALYS 
(3.5%) 

INCREMENTAL GAIN 
DISCOUNTED LYS 
(3.5%) 

INCREMENTAL GAIN 
DISCOUNTED COSTS 
(3.5%) 

(Tremblay et al., 
2018; Udeze et al., 
2023) 

UK Midostaurin + 
SoC versus SoC 

1.47 1.67 £65k 

Current analysis 
(Scenario A-
Scenario B) 

UK CGT versus SoC 1.11 0.05 £186k 

The QALYs in our analysis are broadly comparable to those reported in the comparator 
studies, with greater benefit observed for CAR-T, which is consistent with its curative 
potential. The differences in QALYs in our analysis relative to selected studies may reflect 
the lack of data for CAR-T in AML and subsequent conservative survival assumptions we 
have taken. Despite demonstrating a survival advantage in specific patient groups, neither 
azacitidine nor midostaurin is curative and they both require ongoing or multi-phase 
administration. In contrast, CAR-T therapy may represent a transformative therapeutic 
approach in this indication, offering the potential for a more durable or potentially curative 
effect with a single administration. The negligible difference in life years is likely due to the 
shorter time horizon in our analysis, which may not fully capture the long-term survival 
benefits associated with CGT. 
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D. Beta thalassaemia case study details 

Beta thalassaemia (BT) is among the most common autosomal recessive disorders 
globally (NICE, 2024a), requiring the inheritance of two mutated gene copies, one from 
each parent. These mutations result in either reduced (β⁺) or absent (β⁰) production of 
beta-globin chains, essential components of adult haemoglobin (NICE, 2024a). 
Consequently, haemoglobin synthesis is impaired, and unpaired alpha-globin chains 
accumulate in red blood cell (RBC) precursors, forming aggregates that cause mechanical 
and oxidative damage. 

The severity of BT is determined by the specific mutation in the beta-globin gene and is 
broadly classified into (NICE, 2024a):  

• BT major: haemoglobin production is so reduced that normal growth, development, 
and health-related quality of life (HRQoL) can only be achieved by regular RBC 
transfusion 

• BT intermedia: although haemoglobin production is decreased, the levels are 
sufficient to support growth and development, and regular transfusions are not 
strictly necessary. 

However, disease severity exists on a continuum, with overlapping features between BT 
major and intermedia. An alternative classification, used in this analysis, follows the 
Thalassemia International Federation (TIF) guidelines, which categorise patients based on 
transfusion requirements (Thalassaemia Internation Federation, 2021): 

• Non-transfusion dependent beta-thalassaemia (NTDT) 

• Transfusion-dependent beta-thalassaemia (TDT) 

TDT is the most severe form and is characterised by chronic, life-threatening anaemia that 
necessitates lifelong, regular RBC transfusions (Thalassaemia Internation Federation, 
2021). Due to the need for ongoing transfusions, patients must also undergo lifelong iron 
chelation therapy (ICT), which is associated with substantial healthcare resource 
utilisation and costs. 

Both the disease itself and complications arising from iron overload contribute to various 
comorbidities specifically linked to TDT (NICE, 2024a). Life expectancy for individuals with 
TDT remains significantly lower than the general population, with estimates indicating that 
40% of patients in the UK die before reaching the age of 50 (Weidlich, Kefalas and Guest, 
2016). Jobanputra et al., (2020) reported the mean age of death for patients with TDT as 
55.0 years, while a separate study found an even lower mean age of death at 43.9 years. 

TDT also profoundly affects patients' ability to perform daily activities and engage in family 
and social life (NICE, 2024a). A multi-national prospective longitudinal study evaluating 
HRQoL using the EQ-5D-5L and work productivity among adult patients with TDT 
reported that most patients experienced problems with pain, anxiety, or depression, and 
the ability to conduct daily activities (Li et al., 2022a). However, evidence suggests that 
the EQ-5D-5L descriptive system lacks content validity, and the derived health utility 
index score may not fully represent the burden of disease in BT, hence it may 
underestimate the overall burden (Boateng-Kuffour et al., 2024). 

The impact of TDT goes beyond the individual, resulting in impacts on carer burden, work 
productivity, and employment outcomes. Patients with TDT need a considerable amount of 
time off from education and work to manage their condition. This is due to time spent 
travelling to and from medical appointments and time spent at appointments  (Li et al., 
2022a). 
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Patients with TDT both experience absenteeism and presenteeism, 19.5% and 34.4% 
respectively (Li et al., 2022a). In addition, only 65.4% of patients with TDT are employed 
either part-time or full-time (Li et al., 2022a), below the general population average of 
75.5% (ONS, 2024a). 

 

Methods  
Scenarios 

Table 33 below outlines the differences between the conservative scenario A and the 
more optimistic scenario B. The primary difference is the population that receives the 
CGT. Scenario A is identical to the population in the NICE appraisal of exa-cel, specifically 
patients over the age of 12 who have TDT who are fit for transplant and without a human 
leukocyte antigen (HLA)-matched sibling donor (NICE, 2024a). Scenario B considers the 
complete TDT population, assuming a larger pool of patients may benefit from a CGT. The 
populations are shown in Table 33. 

The other difference between the scenarios is the effectiveness of the CGT, namely the 
proportion of patients reaching the state of transfusion independent (TI). This is as 
described in ‘Dropping the TR health state’ sub section below, where in scenario B, 100% 
achieve TI and in scenario A, 92.6% achieve TI, with the rest being transfusion dependent 
(TD). 

 

Table 33  Beta thalassaemia scenarios 

PARAMETER SCENARIO A SOURCE / EXPLANATION A SCENARIO B SOURCE / EXPLANATION B 

PREVALENT 
POPULATION 
ELIGIBLE FOR 
TREATMENT 

352 In line with the base case 
population in the NICE 
evaluation of exa-cel (NICE, 
2024a). Patients who are TDT, 
fit for the procedure, and don’t 
have a matched donor 

920 The entire TDT population 
being eligible for the 
treatment. 

INCIDENT 
POPULATION 
ELIGIBLE FOR 
TREATMENT 

8.18 Estimation of the incident 
population size based on the 
eligibility as above (NICE, 
2024a). 

21.4 Estimation of the incident 
population size based on the 
eligibility as above. 

PROPORTION 
ACHIEVING TI 

0.926 In line with the NICE 
evaluation of exa-cel (NICE, 
2024a), 92.6% of patients 
achieve TI.  

1 All patients achieve TI 
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Population 

The modelled population differs across the two scenarios in our analysis, but both focus 
on patients aged 12 and older with TDT. This age threshold and disease definition align 
with the population used in the NICE appraisal of exa-cel (NICE, 2024a) and the Institute 
for Clinical and Economic Review (ICER) appraisal of beti-cel (Beaudoin et al., 2022). 

In the NICE appraisal of exa-cel, the mean patient age was 21 years, with 52.1% identifying 
as female. The ICER appraisal of beti-cel reported a similar mean age of 22 years. Based 
on assumptions described in the next section, we used a starting age of 25 years for our 
analysis.   

It’s estimated that there are 1,210 patients with BT aged 12 years or older in the UK (NICE, 
2024a), and 76% of patients are considered to have TDT (NHS, 2014), defined as 
requiring greater than or equal to eight RBC transfusions per year. Using this estimate, the 
prevalent population of patients with TDT in the UK is approximately 920. In the NICE 
appraisal of exa-cel, the population was further restricted to those who are fit for 
transplant and without a human leukocyte antigen (HLA)-matched sibling donor (NICE, 
2024a). This results in a population size of 352 patients with TDT without an HLA-
matched sibling donor. Figure 6 illustrates the epidemiological cascade described above.  

We were not able to identify any sources reporting the incidence of BT. The ‘Sickle Cell 
and Thalassemia Screening: Data Report 2019 to 2020’ combines data on both sickle cell 
and thalassaemia screening outcomes (NHS England, 2022). It provides data on carrier 
rates, prenatal diagnoses, and screening coverage; however, the data is not separated into 
specific case counts for BT or other variants.  

Therefore, to estimate the incident population, we divided the size of the prevalent, 
treatment-eligible population by the average disease duration. This approach assumes a 
constant age distribution among patients with BT. Average disease duration was estimated 
by subtracting the age of inclusion (12 years) from the life expectancy of individuals with 
TDT in the UK, 55 years, resulting in an average disease duration of 43 years. 

Figure 6  Beta thalassaemia epidemiological cascade, recreated 
from (NICE, 2024a) 
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Intervention 

The intervention evaluated in this analysis is a hypothetical one-time gene or cell therapy 
(CGT) that aims to address the underlying cause of beta-thalassaemia (BT), leading to a 
transfusion-independent (TI), disease-free state. While not representing a specific 
marketed therapy, its assumed effectiveness and characteristics are informed by clinical 
data for exa-cel and beti-cel (Beaudoin et al., 2022; NICE, 2024a). 

Comparator 

In the UK, TDT is treated by a regular programme of RBC transfusions, administered 
approximately every 2-5 weeks (NICE, 2024a). This is to treat anaemia in patients with BT, 
as the disease causes a drop in RBC count (NHS, 2022), helping to reduce anaemia, 
increase haemoglobin levels and improve health.  

However, frequent RBC transfusions result in iron accumulation and overload, which is 
associated with TDT complications (NICE, 2024a). This means patients require their iron 
burden to be monitored alongside treatment with ICT. Due to the nature of ICT, patients 
must be constantly monitored and managed, increasing the burden of treatment on 
clinicians, patients, and caregivers. 

Allogenic HSCT (allo-HSCT) can be curative of BT and is a potential treatment option for 
some patients. It involves replacing the bone marrow stem cells in patients with stem cells 
from an HLA-matched sibling donor (NHS England, 2023). Following a recommendation 
from NHS England’s clinical priorities advisory group, it has recently become available on 
the NHS for those over 18 years old (NHS England, 2023). 

However, it is generally restricted to paediatric patients who have a matched sibling donor 
(Kansal et al., 2021). Clinical expert opinion from the NICE appraisal of exa-cel suggests 
that it’s only given to patients who are 9 years and younger (NICE, 2024a). Furthermore, in 
the USA, allo-HSCT is only performed in children under the age of 14 years of age. This is 
because allo-HSCT carries a significant risk of transplant-related mortality that increases 
with age, and serious complications such as graft versus host disease and graft rejection 
(NICE, 2024a). 

Furthermore, the lack of compatible donors is a limiting factor for allo-HSCT, with only 
around 25% of patients having access to a compatible donor (NICE, 2024a; Beaudoin et 
al., 2022). In the appraisal of exa-cel, the population was restricted to transfusion-
dependent BT patients 12 years of age or older for whom an HLA-matched related allo-
HSCT donor is not available (NICE, 2024a). 

For the reasons outlined above, we are not considering allo-HSCT as a comparator. The 
SoC is therefore frequent RBC transfusions, ICT, as well as the monitoring and 
management of complications.  

Outcomes 

Outcomes are based on achieving TI, with no waning treatment effect. This eliminates the 
need for RBC transfusions, reduces the complications associated with RBC transfusions, 
and lowers the risk of developing complications related to iron levels. 

Exa-cel enables some patients to achieve a disease-free state; 92.6% achieve TI with exa-
cel, while the remaining 7.4% achieve transfusion reduction (NICE, 2024a). Beti-cel is 
another potentially curative gene therapy (Beaudoin et al., 2022), involving intravenous 
delivery following myeloablative conditioning with chemotherapy; data suggests 90.2% 
achieve TI following treatment with Beti-cel (Beaudoin et al., 2022). 
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Being in the disease-free TI state will contribute to reduced healthcare resource 
utilisation, improved health-related quality of life and survival, as well as improved work-
related outcomes and reduced carer burden. All of which will be captured and measured. 

Model structure 

The model structure follows a cohort three-state transition mode, shown in Figure 4: 

Transfusion dependent (TD): the most serious form of BT representing TDT. Patients 
require regular RBC transfusions for life, ICT therapy, increased risk of mortality, lower 
HRQoL and decreased workplace productivity. 

Transfusion independent (TI): represents a disease-free state, with a slightly higher 
mortality risk compared to the general population. 

Dead 

A version of this model structure, based on transfusion status, has been used previously in 
the economic evaluation of both CGT therapies in BT as well as for non-CGT therapies in 
BT (NICE, 2024a; Beaudoin et al., 2022; CDA-AMC, 2021; Kansal et al., 2021). 

A very similar model structure is used in the ICER evaluation of beti-cel (Beaudoin et al., 
2022). In the NICE appraisal of exa-cel, a similar structure is also applied with an 
additional health state, namely a transfusion reduction (TR) state. This is to capture those 
patients who don’t achieve TI but experience a significant reduction in RBC transfusion 
frequency (NICE, 2024a). Exclusion of this state here is explained in the “simplifying 
assumptions” section below.  

Patients who are TD are at risk of a series of complications based on their transfusion 
status and a series of iron levels: serum ferritin, myocardial T2, and liver iron concentration 
(NICE, 2024a). For each of these iron levels, patients who are TD are distributed between 
low, medium, and high levels, which determines their risk of experiencing certain 
complications. The distribution remains constant through the entire time horizon of the 
model.  

Cardiac complications are based on myocardial T2 levels, and liver complications are 
based on liver iron concentration levels. The risks of developing diabetes or hypogonadism 
were calculated as a function of age, SF level, and myocardial T2 level. The risk of 
complications for patients who achieve TI is assumed to be the same as for the general 
population.  

The parameter values informing the health state costs, risk of mortality, HRQoL, and 
productivity effects were primarily sourced from the NICE appraisal of exa-cel (NICE, 
2024a). Where alternative sources are used, these are outlined and explained. The full list 
of parameters used are in Table 34, Table 35, and Table 36. 

 

Simplifying assumptions 
When modelling patients with BT we have made a few simplifying assumptions in 
comparison to previous economic evaluations and HTA appraisals. This is to increase the 
generalisability of the approach, in line with the generalisable model template developed in 
R.  
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Dropping the TR health state 

We have used a slightly simplified model structure compared to the NICE evaluation of 
exa-cel, without the TR state. In the NICE evaluation, 92.6% achieved TI, and 7.4% TR, with 
no patients remaining in the TD state.  

When we model the two base case scenarios (A&B), we vary the proportion achieving TI. In 
the more optimistic scenario, we assume all patients receiving the intervention will achieve 
TI. In the other, we assume a small proportion remain in TD, despite receiving the CGT. We 
do not expect this to have a significant impact on the results due to the relatively small 
numbers who are TR. 

Furthermore, many parameters for TR state in the NICE evaluation of exa-cel, are selected 
as a midpoint between TD and TI. This applies to parameters including but not limited to 
the health state costs, caregiver's disutility, and absenteeism and presenteeism values for 
patients and caregivers. On this basis and to simplify the structure of the model where 
possible, we excluded this health state. 

No iron normalisation period or treatment phase 

In three evaluations of CGTs found in the literature (Beaudoin et al., 2022; Kansal et al., 
2021; NICE, 2024a), there was a period known as the ‘iron normalisation’ period following 
CGT treatment. During this time, patients' iron levels gradually adjust until they reach a 
normal, healthy range, at which point RBC transfusions are no longer required. In NICE’s 
evaluation of exa-cel, this period spans three years, following a one-year treatment phase. 
Meanwhile, in the ICER evaluation of beti-cel, the iron normalisation period was set at five 
years. 

Our model follows a simplified approach, whereby we apply an upfront utility loss, 
representing the HRQoL impact of treatment with a CGT, based on exa-cel and beti-cel. 
In the CGT arm, the proportion of patients who achieve TI, start and remain in that state 
(until death). This is rather than this being proceeded by an iron normalisation period. In 
the SoC group, patients will start and stay in the TD state with the associated distribution 
of iron levels.  

This simplification was made on the basis that in the iron normalisation period, the 
outcomes would offset one another, if not be exceeded in the SoC arm. This means the 
assumption is overall conservative. The consideration of these outcomes would be more 
important for a HTA style evaluation or budget impact analysis and are less relevant to our 
analysis.  

TDT complications simplification 

The TDT-related complications are health issues associated with TD and the 
administration of regular RBC transfusion. Whilst essential, regular RBC transfusions lead 
to a range of complications due to a combination of the underlying disease and treatment. 
These complications include, but are not necessarily limited to: cardiac, liver, osteoporosis, 
diabetes and infertility (NICE, 2024a). They impact health state utility, costs, and (some) 
mortality.  

In our analysis, these are captured and treated as adverse events, associated with a cost 
and impact on utility. Monthly event rates are estimated and used to capture the 
proportion of patients who suffer from complications. In the NICE evaluation of exa-cel, 
these are assumed to last for the remainder of the modelled period (NICE, 2024a). 
However, since we are treating them as adverse events in our analysis, we do not make this 
same assumption, with the events occurring at fixed event rates. This likely underestimates 
the full cost and humanistic burden of such complications.  
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Complication-specific disutility and costs are applied for the patient’s suffering 
complications. An increased mortality risk associated with complications is not directly 
accounted for by those who suffer the complications. However, this is reflected in the 
standardised mortality ratio (SMR) for TI and TD. Some of the data in the NICE analysis is 
redacted or not reported simply as monthly event rates, and in some cases, we use 
alternative sources to generate estimations. We account for the occurrence of 
complications as far as possible, but we likely underestimate the full burden in this study.   

 
 

 
 
Parameter values for BT 

Table 34  Parameter values for beta-thalassaemia 

 PARAMETER VALUE (CGT) REFERENCES / NOTES 

EPIDEMIOLOGY Mean age at baseline (years) 25 (NICE, 2024a) 

 Proportion of female 52.1% (NICE, 2024a) 

 Scenario A prevalent population 352 Based on data from (NHS, 2020; NICE, 
2024a) 

 Scenario A incident population 8.18 Calculated based on the size of the 
prevalent TDT population and average life 
expectancy of TDT (55 years) (NICE, 
2024a) 

 Scenario B prevalent TDT 
population 

920 Based on data from (NHS, 2020; NICE, 
2024a) 

 Scenario B incident TDT population 21.39 Calculated based on the size of the 
prevalent TDT population and average life 
expectancy of TDT (55 years) (NICE, 
2024a) 

PATIENT UTILITIES Patient utility – TI 0.93 (Matza et al., 2020) 

 Patient utility – TD 0.73 (Matza et al., 2020) 

 Patient utility – Death 0.00  

HEALTH-STATE 
COSTS1 

Monthly healthcare costs – TI £38.14 (NICE, 2024a) 

Monthly healthcare costs – TD £1,780.65 Calculation based on (NICE, 2024a), 
includes cost of RBC transfusion and 
iron chelation 

ONE OF COSTS AND 
DISUTILITIES1 

Costs - Acquisition cost of CGT £1,651,000 Reported list price of exa-cel (NICE, 
2024d) 

Costs – Healthcare costs 
associated with CGT 

£37,033.24 Calculated based on the costs reported 
in NICE (2024a), excluding mobilisation 
cost 

Disutility – Treatment with CGT in 
transplant year 

0.31 Based on (NICE, 2024a; Matza et al., 
2020) 

CGT EFFECTIVENESS The proportion of patients 
achieving TI in scenario A 

0.926 In line with the effectiveness of exa-cel, 
with 92.6% achieving TI 
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The proportion of patients 
achieving TI 

1 An assumption based on the 
effectiveness of exa-cel with 92.6% 
achieving TI, 7.4% achieving TR and 0% 
with TD 

TDT 
COMPLICATIONS 
EVENT RATES 

Monthly event rate – cardiac 
complications - TD 

0.00101 Calculated based on (Pepe et al., 2018) 
and distribution of myocardial T2 iron 
levels (Shah et al., 2021) 

Monthly event rate – cardiac 
complications - TI 

0.00025 Calculated based on (Pepe et al., 2018) 
and distribution of myocardial T2 iron 
levels (Shah et al., 2021) 

Monthly event rate – liver 
complications - TD 

0.00118 Calculated based on (Angelucci et al., 
2002; NICE, 2024a) and distribution LIC 
(Shah et al., 2021) 

Monthly event rate – liver 
complications - TI 

0.0000417 Calculated based on (Angelucci et al., 
2002; NICE, 2024a) and distribution LIC 
(Shah et al., 2021) 

Monthly event rate – Osteoporosis 
- TD 

0.0053 Calculated taking the incident rate 
average across all age cohorts 
(Hippisley-Cox and Coupland, 2009) 
and increased risk associated with TD 
(NICE, 2024a) 

Monthly event rate – Osteoporosis 
- TI 

0.000195 Calculated taking the incident rate 
average across all age cohorts 
(Hippisley-Cox and Coupland, 2009) 

Monthly event rate – Diabetes - TD 0.0446 Calculated using relative risk values 
(Beaudoin et al., 2022), the annual risk of 
diabetes at normal iron levels (NICE, 
2024a), and the distributions of serum 
ferritin and myocardial T2 (NICE, 2024a) 

Monthly event rate – Diabetes - TI 0.0070 Calculated using the annual risk of 
diabetes at normal iron levels (NICE, 
2024a) 

ADVERSE EVENTS1 Costs – Cardiac complications £684.71 The monthly cost of cardiac 
complications (Karnon et al., 2012)  

Costs – Liver complications £283.67 (NICE, 2024a) 

Costs – Osteoporosis £756.18 The monthly cost of osteoporosis 
(Hernlund et al., 2013) 

Costs – Diabetes £531.79 The monthly cost of diabetes (Karnon et 
al., 2012) 

Costs – Infertility £1,520.25 

Calculated using the cost of IVF 
weighted by the proportion of females, 
and an ongoing cost of infertility (NICE, 
2024a) 

Disutility – Cardiac complications 0.11 (Karnon et al., 2012) 

Disutility – Liver complications 0.11 (Tsochatzis, Bosch and Burroughs, 2014) 

Disutility – Osteoporosis 0.08 (NICE, 2024a) 

Disutility – Diabetes 0.06 (Jalkanen et al., 2019) 

Disutility – Infertility 0.06 (NICE, 2024a) 

Costs – Cardiac complications £684.71 The monthly cost of cardiac 
complications (Karnon et al., 2012)  

1. All costs are inflated to and reported in 2024 GBP. 
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Table 35  Productivity effects for beta-thalassaemia 

 PARAMETER VALUE REFERENCES / NOTES 

GENERAL 
POPULATION INPUTS 

Retirement age 68 (NICE, 2024) 

 Days of work, per year 253.25  

 Hours of work, per day 6.36 Average working hours per week (ONS, 
2024a) 

 Value of working time: lost 
production 

£37,430 Median salary UK (ONS, 2024c) 

 Average employment rate amongst 
general population 

75.4% (ONS, 2024a) 

 Average employment rate amongst 
TDT patients 

65.4% (Li et al., 2022b) 

PATIENT 
PRODUCTIVITY LOSS 

Productivity losses – TI 0% Assumed to be the same as general 
population 

 Productivity losses – TD 41.7% Productivity losses due to absenteeism 
and presenteeism (Li et al., 2022b) 

CARER 
PRODUCTIVITY LOSS 

Productivity losses  – TI 0% No caregiver responsibilities assumed for 
TI 

Productivity losses  – TD 36% Productivity losses due to absenteeism 
and presenteeism (Shah et al., 2021) 

Caregiving up to age 26 An assumption used in (NICE, 2024a) 
that caregiving is only needed for 
patients below the age of 26  

Table 36 - Mortality for beta-thalassaemia 

 PARAMETER VALUE REFERENCES / NOTES 

DEATH RISK SMR – TI  1.25 SMR is applied to age-specific probability 
of death from UK national life tables 
(ONS, 2024e). The SMR value is an 
assumption, used in NICE (2024a), that 
TI carries a slightly higher mortality risk 
than the general population 

 SMR - TD 5 SMR is applied to age-specific probability 
of death from UK national life tables 
(ONS, 2024e). 

DEATH COST1 End-of-life care £13,576 (NICE, 2024a) 
1. All costs are inflated to and reported in 2024 GBP 
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Steady-state results for BT 

Table 37  Steady-state (annual) results, beta-thalassaemia, 
scenario A  

  TREATMENT INCREMENTAL 
DIFFERENCE 

  CGT SoC 

MONETISED VALUE  
OF OUTCOMES 

Individuals £28,110,345 £16,677,238 £11,433,107 

Systems -£2,229,143 -£7,949,806 £5,720,663 

National economy -£2,226,260 -£5,623,107 £3,396,847 

HEALTH OUTCOMES QALYs 401 238 163 

 Life years 437 328 109 
Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care. 

Table 38  Steady-state (annual) results, beta-thalassaemia, 
scenario B  

  TREATMENT INCREMENTAL 
DIFFERENCE 

  CGT SoC 

MONETISED VALUE  
OF OUTCOMES 

Individuals £76,068,556 £43,600,623 £32,467,933 

Systems -£4,530,988 -£20,783,808 £16,252,820 

National economy -£5,048,057 -£14,700,933 £9,652,876 

HEALTH OUTCOMES QALYs 1086 622 464 

 Life years 1169 858 311 
Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care. 

Comparison of results to similar evaluations 
The analysis is not specific to any CGT currently available on the market; its effectiveness 
and characteristics are primarily informed by evidence related to exa-cel (NICE, 2024a). 
The therapy involves a single, one-time dose intended to address the underlying cause of 
BT. To enable comparison with other studies, we modelled one prevalent patient over a 
lifetime horizon, undiscounted, and discounted for scenarios A and B. This is to align our 
results with the analytical methods used in the other studies. 

We identified three relevant studies for comparison in the BT case study (Udeze et al., 
2023; Kansal et al., 2021; Beaudoin et al., 2022). Due to redactions in the NICE appraisal 
of exa-cel, we could not include its results in our comparison. All the studies compare a 
CGT to SoC, which involves frequent RBC transfusions and iron chelation therapy. This is 
in line with the SoC used in our analysis. 

One study is an abstract outlining an economic evaluation of exa-cel for treating patients 
with TDT from the US payer and societal perspective (Udeze et al., 2023). A comparison 
to our results is seen on Table 39. The incremental gain in discounted QALYs is 
comparable to our analysis. However, the incremental gain in undiscounted LYs is much 
larger in the Udeze et al. (2023) study. 
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Table 39  Exa-cel evaluation comparison 

SOURCE SETTING INTERVENTION INCREMENTAL GAIN 
DISCOUNTED QALYS 
(3%) 

INCREMENTAL GAIN 
UNDISCOUNTED LYS 

(Udeze et al., 2023) US Exa-cel versus SoC 8.5-8.8 16.1-18.7 

Current analysis 
(Scenario A-Scenario B) 

UK CGT versus SoC 6.79-7.37 9.19-9.99 

The CGT considered in our analysis also shares characteristics with beti-cel, the therapy 
assessed in two of the economic evaluations (Kansal et al., 2021; Beaudoin et al., 2022). 
NICE did not recommend beti-cel due to insufficient evidence of cost-effectiveness and 
limited clinical trial data (Staines, 2021; NICE, 2021b). Although it initially received 
marketing authorisation in the EU in 2019, it was subsequently withdrawn by the marketing 
authorisation holder in March 2022 (EMA, 2019). Beti-cel received FDA approval in March 
2022 for treating adult and paediatric patients with BT who require regular RBC 
transfusions (FDA, 2022).  

Table 40 presents a comparison of our results. Both CGT and SoC show higher 
undiscounted QALYs in our analysis compared to the two beti-cel evaluations. 
Nonetheless, the incremental QALY gains in our model are similar, falling between those 
reported by Kansal et al. (2021) and Beaudoin et al. (2022) for both scenarios A and B. 

Table 40  Beti-cel evaluation comparison 

SOURCE SETTING INTERVENTION TOTAL 
QALYS 

INCREMENTAL 
GAIN (QALYS) 

TOTAL 
LIFE 
YEARS 

INCREMENTAL 
GAIN (LIFE 
YEARS) 

(Beaudoin et al., 2022) US 
Beti-cel 37.24 

14.10 
49.19 

10.83 
SoC 23.14 38.36 

(Kansal et al., 2021) US 
Beti-cel 40.82 

17.99 
52.97 

13.78 
SoC 22.83 39.19 

Current analysis 
(Scenario A) UK 

CGT 44.92 
QALYs 

16 
50.02 

9.19 
SoC 28.92 

QALYs 40.83 

Current analysis 
(Scenario B) UK 

Gene therapy with 
SoC 

46.29 
QALYs 

17.37 
50.82 

9.99 
SoC only 28.92 

QALYs 40.83 

Overall, the comparisons indicate that the disease model component of our analysis yields 
results consistent with those from other economic evaluations of similar interventions. As 
all comparator studies adopt a U.S. perspective, we did not include a direct cost 
comparison, as differences in healthcare systems would limit the relevance of such a 
comparison from a UK perspective.  
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E. Alzheimer’s disease case study details 
 

Alzheimer's Disease (AD) is an irreversible and neurodegenerative brain condition. The 
clinical course is characterised by significant and progressive cognitive decline, from 
normal cognition to Mild Cognitive Impairment (MCI) due to AD, followed by increasingly 
severe AD-dementia (Davis et al., 2018).  

Alzheimer’s is the most common form of dementia (Davis et al., 2018). Dementia 
incidence is on the rise, and recent estimates project that by 2040, there will be 1.7 million 
dementia cases in England and Wales (Chen et al., 2023). Research suggests that there 
are inequalities in dementia associated with social deprivation and demographic factors. 
For example, the largest increase in dementia cases have been observed among people 
with lower education levels (Chen et al., 2023). Further, Black and South Asian populations 
living in the UK experience higher rates of dementia and are more likely to be diagnosed at 
a younger age and die earlier from dementia (Alzheimer’s Research UK, 2023). 

Alzheimer’s disease has significant implications for patient and caregiver quality of life. 
The progressive reduction in patients’ independence and quality of life subjects caregivers 
to increased emotional distress, poor mental and physical well-being, decreased workplace 
productivity, and loss of earnings and savings (Herring et al., 2021; Robinson et al., 2020). 

Healthcare costs are estimated to only make up 14% of total AD costs, whereas 77% of 
total AD costs are spent on social care and unpaid care (Carnall Farrar, 2024). The 
economic burden of dementia has been found to more substantially impact the social 
care sector than the healthcare sector, and increases with the severity of dementia 
(Wittenberg et al., 2019). 

Alzheimer’s disease also has substantial negative effects on patient and caregiver 
productivity. Often only caregiver productivity costs are considered, given that the 
affected patient population is often close to or past retirement age (Robinson et al., 
2020). Research has found that caregiver time often represents the largest resource use 
component related to AD ( Robinson et al., 2020). Data suggests, however, that higher 
disease severity is also associated with a lower likelihood of working for pay among 
patients, and a greater proportion of reduced work hours due to AD among those who do 
work (Robinson et al., 2020).  

Costs per patient have been estimated to increase significantly – and at a faster rate - as 
patients progress through AD disease stages (Robinson et al., 2020). Accordingly, 
effective strategies to delay the onset of severe dementia symptoms (and the subsequent 
care needs) are key to reducing the overall costs of AD. 

Standard treatment for AD typically involves Acetylcholinesterase (AChE) inhibitors for 
mild and moderate AD, and Memantine for severe AD (and for patients who cannot take 
AChE inhibitors) (NHS, 2018). However, these medications only offer temporary symptom 
relief and do not halt or delay disease progression.  

Recent advancements in the understanding of disease progression have led to the 
development of disease-modifying therapies which alter the disease’s underlying biology, 
including gene therapies. Research finds that individuals carrying the e4 isoform of the 
apolipoprotein E (APOE) carry an increased risk of developing late-onset AD, whereas the 
e2 isoform is assumed to be neuroprotective (Serrano-Pozo, Das and Hyman, 2021; Kieu 
and Look, 2023). A gene therapy delivering the APOE-e2 gene into the central nervous 
system could potentially generate therapeutic benefits, by delaying onset or progression 
of AD, particularly in patients carrying only two copies of the APOE-e4 gene (Kieu and 
Look, 2023). 
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Methods  
Scenarios 

The primary differences between Scenarios A and B for Alzheimer’s Disease are the stage 
at which individuals enter the model and the point at which the CGT intervention is 
delivered. In scenario A, the CGT is delivered at the mild AD stage, whereas in scenario B, 
the CGT is delivered at the mild cognitive impairment due to AD (MCI-AD) stage 
(Herring et al., 2021). 

 
Population 

The typical population qualified for gene therapy treatment in clinical trials is adults aged 
50+, but individuals with mild dementia who are younger than 65 years are categorised as 
having ‘early onset dementia’ and likely to have other underlying characteristics (Lexeo 
Therapeutics, 2023). Accordingly, we assume age 65 as the starting age of the model. 
Two-thirds (65%) of the population with AD is estimated to be female (Alzheimer’s 
Research UK, 2022).  

The population modelled is adults aged 65 and older with mild dementia due to AD (mild 
AD) in scenario A or mild cognitive impairment due to AD (MCI-AD) in scenario B (see 
Model structure section below for further specification). MCI due to AD is a pre-dementia 
phase of AD, defined by noticeable memory problems or impaired judgment or decision-
making, which does not affect independence of function in daily life nor meet the criteria 
for dementia, but has AD as a suspected etiology (Davis et al., 2018). Modelling an 
intervention targeting MCI due to AD would be more effective at preventing disease 
progression and subsequent costs (Kieu and Look, 2023). However, estimates of the MCI-
AD population may be less accurate due to lack of diagnosis at that early stage (Davis et 
al., 2018; NICE, 2023). Accordingly, in scenario B we assume the same prevalence and 
incidence rate for MCI-AD as we do for mild AD, and that all AD patients are diagnosed 
and receive care in the predementia phase. 

An estimated 982,000 people are living with dementia in the UK, with 49.7% (488,054) 
estimated to have mild dementia, and 37.3% and 13% estimated to have moderate and 
severe dementia, respectively (Carnall Farrar, 2024). We estimated an incident population 
of 97,316 per year, using the average number of new cases of Alzheimer's per year in 
England during pre-COVID years (NICE, 2023, p.202), and multiplying it by a scaling 
factor from (Carnall Farrar, 2024) to estimate the UK total. We use pre-COVID values, 
given that COVID-19 substantially affected use of NHS services (including diagnostics), 
and that the values were relatively stable in the 5 years before the pandemic (2013-2018). 
This is likely a conservative estimate given that dementia incidence is on the rise (Chen et 
al., 2023). We assume that newly incident cases are categorised as mild AD (or MCI-AD 
in the case of scenario B). 

Intervention 

The intervention is access to one or more hypothetical gene therapies that deliver a copy 
of the apolipoprotein E (APOE)-e2 gene into the central nervous system (Lexeo 
Therapeutics, 2023; Serrano-Pozo, Das and Hyman, 2021), in addition to SoC for 
management of AD symptoms (see comparator section below). Patients receive the gene 
therapy once on entry to the model (Kieu and Look, 2023). In the base case, we assume 
that the gene therapy will produce a 30% risk reduction in disease progression to the next 
state, based on Kieu and Look’s evaluation of a hypothetical gene therapy (2023). The 
assumptions of a 30% risk reduction in disease progression has also been used in an 
economic evaluation of hypothetical disease-modifying therapies for AD, informed by 
recent clinical trials in AD progression, as well as a European Union consensus statement 
on clinically meaningful modifications in AD progression (Boustani et al., 2022). Treatment 
is assumed to remain effective for patients with MCI-AD, mild, and moderate AD but to 
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provide no benefits to patients once they are diagnosed with severe AD. We do not 
assume that gene therapies produce any increase in regression (or improvement) to 
earlier stages of disease. We also do not assume that gene therapies will produce any 
direct reduction in mortality risk at each disease stage, though the delays in disease 
progression indirectly result in deaths delayed, given the higher risk of death associated 
with later stages of disease (see hazard ratios in Table 46). The effect of gene therapies 
on disease progression is reflected in the transition matrices Table 42.  

Comparator  

We assume that patients in the comparator arm receive SoC only. The SoC for AD varies 
based on the severity of the disease, but consists of medication to manage symptoms but 
not to alter disease progression. For managing mild to moderate AD, the SoC involves 
acetylcholinesterase (AChE) inhibitors monotherapies (e.g. donepezil, galantamine and 
rivastigmine). Patients with severe AD or with moderate AD who are intolerant of or have a 
contraindication to AChE inhibitors are recommended memantine monotherapy.  

Outcomes 

Dementia is an irreversible progressive disease. Accordingly, outcomes are based on 
reductions in transition to progressive disease states (and the subsequent associated 
medical costs, social care costs, and other indirect costs).  

Model structure 

Disease progression is modelled for each scenario using a Markov model which includes 
the health states listed in Table 41, as shown in Figure 5. The dementia health states are 
categorised using CDR-SB scales (Mesterton et al., 2010; O’Bryant et al., 2008; 
Gustavsson et al., 2011).  

Table 41  Alzheimer's disease health states and scenarios 

 

A similar model structure has been used previously in the economic evaluation of disease-
modifying therapies for AD, as well as for non- disease-modifying therapies for AD (Davis 
et al., 2018; Kieu and Look, 2023; Green et al., 2019; Boustani et al., 2022). 

For scenario A, all individuals are assumed to enter the model at age 65 and receive the 
CGT at the mild AD stage. The transition probabilities used for SoC and the gene 
therapies are adapted from (Potashman et al., 2021) to drop the MCI-AD state in the 
base case, and patients observed to transition from AD-related dementia back to MCI-AD 
are assumed to remain in their prior health state (Davis et al., 2018). Individuals in the mild 
AD state may transition to the moderate or severe AD states in the following cycles. 
Forward transitions to more progressive dementia states will be allowed between all 
disease severity states. We also allow reversal or improvement within AD dementia states 
to the milder health state (Davis et al., 2018). 

Transition probabilities are given in Table 42 and Table 43. 

SCENARIO A SCENARIO B  
 ild AD: CDR-SB score of [4.5-9.0] 1. MCI-AD: CDR-SB score of [0.5–4.0]) 

2. Moderate AD: CDR-SB score of [9.5-15.5] 2. Mild AD: CDR-SB score of [4.5-9.0] 

3. Severe AD: CDR-SB score of [16.0-18.0] 3. Moderate AD: CDR-SB score of [9.5-15.5] 

4. Dead (absorbing state) 4. Severe AD: CDR-SB score of [16.0-18.0] 

 5. Dead (absorbing state) 
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Table 42  Transition probabilities for Alzheimer’s disease for 
scenario A 

STANDARD OF CARE State 
To 

Mild AD Moderate AD Severe AD Death 

Fr
om

 

Mild AD 0.59 0.34 0.04 0.03 

Moderate AD 0.03 0.53 0.40 0.04 

Severe AD 0.00 0.02 0.89 0.10 

Death 0.00 0.00 0.00 1.00 

CELL AND GENE 
THERAPY State To 

Mild AD Moderate AD Severe AD Death 

Fr
om

 

Mild AD 0.71 0.24 0.03 0.03 

Moderate AD 0.03 0.65 0.28 0.04 

Severe AD 0.00 0.02 0.89 0.10 

Death 0.00 0.00 0.00 1.00 

For scenario B, we include the MCI-AD state in the transition matrix as the starting point 
of the model. It is important to note that observed MCI-AD study populations may 
generate transition matrices with a higher or lower risk than the true average for the 
(largely unobserved) real MCI population. 

 

Table 43  Transition probabilities for Alzheimer’s disease for 
scenario B 

STANDARD 
OF CARE State 

To 
MCI-AD Mild AD Moderate AD Severe AD Death 

Fr
om

 

MCI-AD 0.77 0.23 0.00 0.00 0 

Mild AD 0.03 0.58 0.35 0.04 0 

Moderate AD 0.00 0.03 0.55 0.42 0 

Severe AD 0.00 0.00 0.02 0.98 0 

Death 0.00 0.00 0.00 0.00 1.00 

CELL AND 
GENE 
THERAPY 

State 
To 

MCI-AD Mild AD Moderate AD Severe AD Death 

Fr
om

 

MCI-AD 0.84 0.16 0.00 0.00 0 

Mild AD 0.04 0.69 0.25 0.03 0 

Moderate AD 0.00 0.04 0.67 0.29 0 

Severe AD 0.00 0.00 0.02 0.98 0 

Death 0.00 0.00 0.00 0.00 1.00 
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Simplifying assumptions 
When modelling patients with AD we have made a few simplifying assumptions in 
comparison to the economic evaluations and HTA appraisals reviewed. This is to increase 
the generalisability of the approach, enabling the use of a generalisable model template 
code in R studio.  

 
Institutionalisation 

Most of the economic evaluations reviewed involve changes in care setting (i.e. a risk of 
moving from a community-based dementia state to a state requiring institutional care) as 
a distinct model state. They assume new diagnoses of AD dementia occur in a community 
(noninstitutional) setting (Green et al., 2019), and once patients move into institutional 
care, they remain there until death (Touchon et al., 2014; Whittington et al., 2022). Given 
that incorporating care-related states necessitates a more complex model structure 
which is less generalisable to other diseases, we solely consider health states, and 
incorporate institutionalisation in our model by attributing average healthcare, social care, 
and indirect costs to each health state.  

 

Funding of health and social care  

Some estimates suggest that almost 50% of social care for AD could be funded out-of-
pocket. However, detailed health and social care funding data is difficult to obtain as it is 
not captured in a systematic way (Carnall Farrar, 2024). Given the lack of reliable data at 
the national level, we use a simplifying assumption that the costs of health and social care 
for Alzheimer’s disease are realised entirely at the ‘systems’ level, rather than half being 
attributed to individuals. One advantage of this approach is that the system-level value 
estimates provide a fuller characterisation of health and social care costs. Nevertheless, 
future work should seek to more clearly disentangle to whom costs accrue in Alzheimer’s 
disease. 

 
Post-administration monitoring and treatment due to adverse 
reactions  

Costs associated with post-administration monitoring and treatment due to gene 
therapy-related adverse reactions (e.g. immunologic events) were not addressed in our 
model, due to a lack of available data (Kieu and Look, 2023). 

 

Parameter values for AD 

Table 44  State parameter values for Alzheimer’s disease 

 PARAMETER VALUE (CGT) REFERENCES / NOTES 

PATIENT UTILITIES Patient utility – MCI 0.80 (Herring et al., 2021) 

 Patient utility – Mild AD 0.74 (Herring et al., 2021) 

 Patient utility – Moderate AD 0.59 (Herring et al., 2021) 

 Patient utility – Severe AD 0.36 (Herring et al., 2021) 

CAREGIVER UTILITIES Caregiver utility – MCI 1 Assumption (Herring et al., 2021) 
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Caregiver utility – Mild AD 0.964 (Herring et al., 2021) assume same 
caregiver disutilities across both 
community and institutional care 
settings.  

Caregiver utility – Moderate AD 0.93 (Herring et al., 2021) assume same 
caregiver disutilities across both 
community and institutional care 
settings. 

Caregiver utility – Severe AD 0.914 (Herring et al., 2021) assume same 
caregiver disutilities across both 
community and institutional care 
settings. 

Caregiver utility – Death 1 Assume no disutility 

Caregiver utility – MCI 1 Assumption (Herring et al., 2021) 

Caregiver utility – Mild AD 0.964 (Herring et al., 2021) assume same 
caregiver disutilities across both 
community and institutional care 
settings.  

DIRECT COSTS1 Healthcare costs – MCI £6,480.00 (Carnall Farrar, 2024). Costs for patients 
in the two years before a diagnosis is 
recorded. 

Healthcare costs – Mild AD £7,766.00 (Carnall Farrar, 2024) 

Healthcare costs - Moderate AD £7,468.00 (Carnall Farrar, 2024) 

Healthcare costs – Severe AD £7,976.00 (Carnall Farrar, 2024) 

INDIRECT COSTS2 Social costs – MCI £0.00 Assumption 

Social costs – Mild AD £16,500.00 (Carnall Farrar, 2024) 

Social costs - Moderate AD £8,800.00 (Carnall Farrar, 2024) 

Social costs – Severe AD £47,600.00 (Carnall Farrar, 2024) 

1- Average by disease state. Includes primary care, Secondary care, Community healthcare, Mental Health, prescribing. 2- Rounded values. Include 
residential care, nursing care, domicilliary care, caregiver respite. 
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Table 45  Productivity effects for Alzheimer’s disease 

 PARAMETER VALUE REFERENCES / NOTES 

GENERAL 
PRODUCTIVITY 
EFFECT PARAMETERS 

Retirement age 74 Assumption, based on (Department for 
Work & Pensions, 2015) age band cut-off. 
Applies to formal employment and 
informal caregiving among patients. 

 Average hours of work, per week 31.8 Working hours per week (ONS, 2024a) 

 Average annual salary (formal 
employment) 

£37,430 Median salary UK (ONS, 2024c) 

 Average hourly wage  £18.93 Average hourly wage (ONS, 2024a) 

MACRO - PATIENT Formal employment rate, ages 65+ 12.2% (ONS, 2025). Applied to patients ages 
65-74. 

 Reduced productivity – MCI 20% (Robinson et al., 2020) 

 Reduced productivity – Mild AD 26% (Robinson et al., 2020) 

 Reduced productivity – Moderate 
AD 

100% Assumption, based on (Lin et al., 2019) 

 Reduced productivity – Severe AD 100% Assumption, based on (Lin et al., 2019) 

MACRO-CARER1 Caregivers who have given up 
employment due to AD 

16.1% (Carnall Farrar, 2024).  

Caregivers employed 21.1% (Carnall Farrar, 2024) 

Carer hours per year– MCI  
828 Average per patient (Carnall Farrar, 

2024)  

Carer hours per year – Mild AD 
1826 Average per patient (Carnall Farrar, 

2024)  

Carer hours per year – Moderate 
AD 

3329 Average per patient (Carnall Farrar, 
2024) 

MESO-PATIENT2 Proportion of 65+ who are informal 
carers  

8.43% (Department for Work and Pensions, 
2023). Calculated rate for ages 65-74. 
Assume status as informal carer if 
otherwise economically inactive, i.e. 
unemployed, retired or other.  

Average annual income for unpaid 
informal carers 

£27,882 Assume that the value of unpaid informal 
care is equivalent to that of paid informal 
care (Park, Jit and Wu, 2018; Deloitte, 
2020). Data from (ONS, 2024b),  Table 
20.7a   Annual Gross pay - for full-time 
employee jobs. Use value for full-time 
employees, 60+, for caring, leisure and 
other service occupations. 

Average hours of informal 
caregiving per week 

29.4 Weighted average from values in (ONS, 
2023b) 

Reduced productivity – MCI 3.2% Assume same as for formal employment, 
(Robinson et al., 2020) 

Reduced productivity – Mild AD 13.8% Assume same as for formal employment, 
(Robinson et al., 2020) 

Reduced productivity – Moderate 
AD 

100% Assume same as for formal employment, 
assumed zero productivity from (Lin et 
al., 2019) 



 OFFICE OF HEALTH ECONOMICS 
 CONTRACT RESEARCH 
 
 

ohe.org 
98 

Reduced productivity – Severe AD 100% Assume same as for formal employment, 
assumed zero productivity from (Lin et 
al., 2019) 

MESO-CARER N/A  Assumption. Avoids double counting 
among carers. 

MICRO-PATIENT N/A  Assumes leisure time effects for patients 
are captured by QALYs. 

MICRO-CARER3 Caregivers not employed  63.8% (Carnall Farrar, 2024) Not in paid 
employment for other reasons (e.g. 
retired). Apply leisure time losses to 
these caregivers. 

Annual value of leisure time  £11,654 35% of the average income is used as a 
proxy for the monetary value of leisure 
time per assumptions in (Wimo et al., 
2013; Johannesson et al., 1991). 

Total carer hours per year – MCI  828 Average per patient (Carnall Farrar, 
2024)  

Total carer hours per year –Mild AD 1826 Average per patient (Carnall Farrar, 
2024)  

Total carer hours per year –
Moderate AD 

3329 Average per patient (Carnall Farrar, 
2024) 

Total carer hours per year – Severe 
AD 

5728 Average per patient (Carnall Farrar, 
2024) 

1- Macro productivity losses are calculated for all employed caregivers and caregivers who are unemployed due to AD caregiving duties. Calculated 
based on an average fixed value of hours spent caregiving per AD patient weighted based on caregiver employment, rather than a percentage 
reduced productivity, given data availability. 2- A significant proportion of individuals aged 65+ provide informal care. The value of informal 
caregiving is assumed to be equivalent to that of paid labour (Park, Jit and Wu, 2018; Deloitte, 2020). 3 - Effect on leisure time activity is calculated 
for non-working carers. The utility values for caregivers are obtained from a study which also separately measures leisure time. Calculated based on 
an average fixed value of hours spent caregiving per AD patient, weighted based on caregiver employment.  
 
 

Table 46  Mortality for Alzheimer’s disease 

 PARAMETER VALUE REFERENCES / NOTES 

DEATH RISK  Hazard ratio – MCI 1.2 (Santabárbara et al., 2016) cited in 
(Martins et al., 2022) 

 Hazard ratio – Mild AD 2.92 (Davis et al., 2018) cited in (Martins et al., 
2022) 

 Hazard ratio – Moderate AD 3.85 (Davis et al., 2018) cited in (Martins et al., 
2022) 

 Hazard ratio – Severe AD 9.52 (Davis et al., 2018) cited in (Martins et al., 
2022) 

DEATH COST1 End-of-life care £8,480.62 (Wittenberg et al., 2019) 
1. All costs are reported in 2024 GBP 
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Steady-state results for AD 

Table 47  Steady-state (annual) results, Alzheimer’s disease, 
scenario A  

  TREATMENT INCREMENTAL 
DIFFERENCE 

  CGT SoC 

MONETISED VALUE  
OF OUTCOMES 

Individuals £19,980,036,590 £14,722,411,947 £5,257,624,642 

Systems -£35,031,197,104 -£35,823,584,527 £ 792,387,422 

National economy -£29,002,782,930 -£29,958,558,885 £ 955,775,955 

HEALTH OUTCOMES QALYs 493,931 425,882 68,049 QALYs 

 Life years 868,737 805,241 63,496 LYs 
Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care. 
 

Table 48  Steady-state (annual) results, Alzheimer’s disease, 
scenario B 

  TREATMENT INCREMENTAL 
DIFFERENCE 

  CGT SoC 

MONETISED VALUE  
OF OUTCOMES 

Individuals £52,047,895,865 £37,486,576,928 £14,561,318,936 

Systems -£32,359,051,675 -£32,807,365,159 £448,313,484 

National economy -£ 24,416,518,512 -£26,022,694,702 £1,606,176,190 

HEALTH OUTCOMES QALYs 921,327 724,089 197,236 QALYs 

 Life years 1,316,247 1,107,378 208,869 LYs 
Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care 
 

 Comparison of Alzheimer’s results to similar 
evaluations 
Our analysis is based on a hypothetical CGT requiring a one-off single administration of a 
CGT that aims to slow down and delay the progression of AD. There are currently no 
approved gene therapies for AD on the market. The mechanism of gene therapy can be 
compared to disease-modifying therapies such as aducanumab, which is administered to 
individuals with mild cognitive impairment or mild dementia due to AD with confirmed 
amyloid beta pathology. Aducanumab received accelerated approval for use in the US 
(FDA, 2021), but it does not have marketing authorisation in the UK or EU due to 
insufficient evidence on the safety, effectiveness and clinical benefit for people living with 
AD (EMA, 2022).  

An ICER evaluation compares aducanumab administered to adults with MCI due to AD or 
mild AD, compared to supportive care (pharmacologic and non-pharmacologic). The 
analysis is conducted from the US societal perspective over a lifetime time horizon, 
reporting discounted outcomes using a rate of 3% (Line et al., 2021). Table 49 shows the 
health gains (QALYs and life-years) reported for the ICER evaluation (Line et al., 2021) 
comparing aducanumab to standard of care, and the results of our model comparing a 
hypothetical gene therapy to standard of care, run for a single patient over a lifetime (up 
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to age 100) and applying a 3% discount rate. A comparison of costs was not possible due 
to the different healthcare system contexts and cost components considered. The 
incremental QALY and life year gains for scenario A in our analysis are slightly higher 
compared to the ICER evaluation, although both analyses show improvements withing a 
comparable order of magnitude.  

Table 49  Results of ICER evaluation vs. current analysis, lifetime  

 

An economic evaluation by Kieu and Look (2023) compares a hypothetical gene therapy 
(along with standard of care) to standard of care alone. The analysis is conducted from 
the US perspective over a 20-year time horizon, reporting discounted outcomes using a 
rate of 3%. Table 50 shows the health gains (QALYs and life-years) reported by Kieu and 
Look (2023), and the results of our model run for a single patient over a 20 year time 
horizon and applying a 3% discount rate. A comparison of costs was not possible due to 
the different healthcare system contexts and cost components considered. Our analysis 
yields slightly lower incremental QALY and life year gains than those reported by Kieu and 
Look (2023), although both studies demonstrate substantial improvements in outcomes 
with gene therapies. 

Table 50  Results of Kieu and Look (2023) vs. current analysis, 20 
year time horizon 

 
  

SOURCE SETTING INTERVENTION INCREMENTAL GAIN 
DISCOUNTED QALYS 
(3%) 

INCREMENTAL GAIN 
DISCOUNTED LIFE YEARS 
(3%) 

(Line et al., 2021) 
Current analysis 
(Scenario A – mild AD) 

US 
UK 

Aducanumab versus 
Supportive care 
Gene therapy with 
SoC versus SoC only 

0.16 
0.43 

0.14 
0.47 

(Line et al., 2021) 
Current analysis 
(Scenario A – mild AD) 

US 
UK 

Aducanumab versus 
Supportive care 
Gene therapy with 
SoC versus SoC only 

0.16 
0.43 

0.14 
0.47 

SOURCE SETTING INTERVENTION INCREMENTAL GAIN 
DISCOUNTED QALYS 

INCREMENTAL GAIN 
DISCOUNTED LIFE YEARS 

(Kieu and Look, 2023) US Gene therapy with 
SoC versus SoC only 

0.78 1.0 

Current analysis 
(Scenario A – mild AD) 

UK Gene therapy with 
SoC versus SoC only 

0.43 0.47 



 OFFICE OF HEALTH ECONOMICS 
 CONTRACT RESEARCH 
 
 

ohe.org 
101 

 

ohe.org 
The Office of Health Economics A Company Limited by Guarantee of Registered No.09848965  
OHE Consulting Ltd Registered Company No.09853113  
OHE is a Charity Registration No.1170829  
Registered Office 2nd Floor Goldings House, Hay’s Galleria, 2 Hay’s Lane, London, SE1 2HB 
 
 

About us 

With over 60 years of expertise, the Office of Health Economics (OHE) is 
the world’s oldest independent health economics research organisation. 
Every day we work to improve health care through pioneering and innovative 
research, analysis, and education.  

As a global thought leader and publisher in the economics of health, health 
care, and life sciences, we partner with Universities, Government, health 
systems and the pharmaceutical industry to research and respond to global 
health challenges.  

As a government-recognised Independent Research Organisation and  
not-for-profit, our international reputation for the quality and independence 
of our research is at the forefront of all we do. OHE provides independent 
and pioneering resources, research and analyses in health economics, 
health policy and health statistics. Our work informs decision-making about 
health care and pharmaceutical issues at a global level.  

All of our work is available for free online at www.ohe.org. 
 

C
O

N
TRAC

T 
RESEARC

H
 REPO

RT 
O

ctober 2025 

https://www.ohe.org/

	CGT Macro Modelling Report - 8.10.25 COVER PAGE V3.pdf
	Sampson at al. (2025) The value of cell and gene therapies to the UK economy UPDATED V2.pdf
	1. Mild AD: CDR-SB score of [4.5-9.0]
	MODELLING HEALTH-RELATED IMPACTS
	The value of cell and gene therapies to the UK economy
	Chris SampsonOffice of Health Economics, London
	Sukanya SubramaniyanOffice of Health Economics, London
	Matthew NapierOffice of Health Economics, London
	Hania El BanhawiOffice of Health Economics, London
	Panos KefalasCell and Gene Therapy Catapult, London
	Jacqueline BarryCell and Gene Therapy Catapult, London
	Laura BeswickCell and Gene Therapy Catapult, London
	Matthew DurdyCell and Gene Therapy Catapult, London
	Grace HampsonOffice of Health Economics, London
	Please cite this report as:
	Sampson C., Subramaniyan S., Napier M., El Banhawi H., Kefalas P., Beswick L., Durdy M., Hampson G. 2025. The value of cell and gene therapies to the UK economy: Modelling health-related impacts. OHE Contract Research Report, London: Office of Health Economics. Available at: https://www.ohe.org/publications/value-of-cell-and-gene-therapies-to-the-uk-economy/ 
	Corresponding Author: Chris Sampsoncsampson@ohe.org
	About OHE contract research reports
	Funding and acknowledgements

	Many of the studies OHE performs are proprietary and the results are not released publicly. Studies of interest to a wide audience, however, may be made available, in whole or in part, with the client’s permission. They may be published by OHE alone, jointly with the client, or externally in scholarly publications. Publication is at the client’s discretion. 
	Studies published by OHE as OHE Contract Research Reports are subject to internal quality assurance and undergo external review, usually by a member of OHE’s Editorial Panel. Any views expressed are those of the authors and do not necessarily reflect the views of OHE as an organisation.
	This Contract Research Report was commissioned and funded by the Cell and Gene Therapy Catapult, with support from Innovate UK.
	Table of contents
	About OHE contract research reports ii
	Funding and acknowledgements ii
	Executive summary iv
	A new analytic approach iv
	Main findings v
	Implications v
	Next steps vi
	1 Introduction 1
	2 Rationale 3
	2.1 The system-shift 3
	2.2 Policy context 4
	2.3 Benefits 6
	3 Our approach 7
	3.1 Perspective 7
	3.2 Analytical approach 7
	3.3 Decision problem 8
	3.4 Scenarios: conservative vs optimistic 9
	3.5 Populations 9
	3.6 Interventions 10
	3.7 Outcomes 10
	4 Case studies 13
	4.1 Case study selection 13
	4.2 Acute lymphoblastic leukaemia (ALL) 14
	4.3 Acute myeloid leukaemia (AML) 17
	4.4 Beta thalassaemia 19
	4.5 Alzheimer’s disease 22
	5 Implications and next steps 26
	5.1 Summary of findings 26
	5.2 Research agenda 27
	5.3 Policy implications 28
	5.4 Conclusion 29
	References 30
	Appendix 47
	A. Methodology 47
	B. Acute lymphoblastic leukaemia details 55
	C. Acute myeloid leukaemia case study details 68
	D. Beta thalassaemia case study details 80
	E. Alzheimer’s disease case study details 91
	Executive summary
	A new analytic approach
	Main findings
	Implications
	Next steps

	Cell and gene therapies (CGTs) are moving rapidly from specialist trials to routine care: more than thirty products are already licensed worldwide and over two thousand are in clinical development. Their promise—a single intervention that can arrest or even cure previously intractable diseases—creates both opportunity and pressure for health systems. 
	The UK is well placed to capture the public value of a CGT‑driven system‑shift, realised through its existing life-science ecosystem and national health service. The objective of such a shift is to ensure that CGTs are routinely incorporated into care pathways and that the UK is established as a hub for research and manufacturing. Achieving this, however, requires decisions that go beyond the reimbursement of individual products: government and industry must coordinate investment in manufacturing capacity, clinical infrastructure, data systems, regulation, and workforce skills.
	This report presents the first part of a whole-system economic framework designed to quantify the return on coordinated investment in cell and gene therapy. It considers the range of benefits resulting from health gains due to broader use of cell and gene therapies, including advantages for the health system and the wider economy (we refer to these as ‘health-related benefits’). By valuing costs and benefits across patients, care systems, and the wider economy—and aligning the analysis with HM Treasury’s Green Book—we offer an evidence base for academics, policymakers, and investors who must judge whether to invest in a CGT system-shift.
	We adapt conventional approaches to decision analytic cost-effectiveness modelling, characterising value according to the level at which value is realised:
	 Individuals captures patient and caregiver impacts, including health outcomes measured in quality-adjusted life years (QALYs) and personal financial impacts.
	 Systems includes net NHS and social care costs, including downstream expenditure.
	 National economy includes value associated with labour market participation, productivity, and informal care contributions.
	The model is implemented as an open-source state transition template, populated with two evidence sets: Scenario A uses the most recent clinical and economic evidence relating to existing technologies; Scenario B explores an optimistic but plausible frontier. In contrast to individual technology assessments, the analysis accounts for current and future patient flows to identify value realised over a fixed period. A ten-year time horizon anchors the analysis to government spending review cycles, while an annual steady-state analysis provides estimates for long-term scaling. Four contrasting indications were selected to test the framework and provide an overview of the potential value of a system-shift in each area: acute lymphoblastic leukaemia (ALL), acute myeloid leukaemia (AML), beta-thalassaemia (BT), and Alzheimer’s disease (AD).
	Across the four case studies, widening CGT access yields large net societal benefits, even when only health-related outcomes are counted. Our findings demonstrate the substantial societal value of CGTs, derived from increased productivity, reduced absenteeism, and enhanced quality of life for patients and caregivers. CGTs are already in use in ALL, AML, and BT, and have small eligible populations. Despite small population sizes, we show significant potential for the realisation of value within a 10-year time horizon. For example, the value of CGTs to individuals with AML is £578 million, driven primarily by health gains. Meanwhile, the most significant value created in BT relates to healthcare cost savings, at around £74 million.
	As shown in Table 1, under a conservative scenario (Scenario A), the additional value of widening access to CGTs is projected to create value between £20-40 billion across the four case study indications, depending on the category of value considered. AD dominates the aggregate because of its prevalence, but every indication is associated with significant returns in at least one category, even ALL, for which we modelled a small paediatric population.
	Table 1  Summary of case study findings for the value of a CGT system-shift 
	VALUE OF SYSTEM-SHIFT*
	MAIN DRIVER
	ECONOMY
	SYSTEMS
	INDIVIDUALS
	POPULATION SIZE
	INDICATION
	Longer survival in a small cohort
	 £0.6 m
	£0.1 m
	£11 m
	310
	ALL
	Durable remission reducing care needs
	£5.5 m
	£463 m
	£583 m
	23,970
	AML
	Transfusion independence
	£51 m
	£74 m
	£52 m
	426
	BT
	Slower progression, reduced care burden
	£21.5 bn
	£19.9 bn
	£39.6 bn
	973,160
	AD
	              * Estimates represent the incremental monetised value of outcomes over 10 years
	For policymakers, the results signal the scale of the prize and the potential cost of delay. By presenting benefits and costs on a common monetary scale, and separating to whom value accrues, the analysis can support top-level and cross-departmental business cases that must satisfy both health and industrial strategy objectives. The analysis may also inform payment and risk-sharing mechanisms to help align incentives between the Treasury and the NHS.
	For industry, aggregate demand signals matter. Even under conservative assumptions, the ten-year returns on wider access to CGTs could be substantial and may help justify the location of advanced therapy manufacturing capacity in the UK. 
	For researchers, the framework offers a transparent, adaptable starting point for evaluating other treatment paradigm-shifting investments requiring system-level change and warranting consideration by diverse budget holders. The template model script is publicly available, allowing researchers to interrogate its assumptions, incorporate emerging data, and test alternative valuation methods.
	Our approach integrates the broad societal perspective recommended by the Green Book, applies it consistently across four heterogeneous diseases, and provides model code and inputs for scrutiny. Nevertheless, the current report focuses on benefits related to four indications only (benefits arising from a whole system shift would be much larger), and only describes benefits derived from health improvements. It excludes industrial spillovers and revenue factors that could materially increase the benefit-cost ratio. The type and scale of investment required to realise a CGT system-shift are also yet to be identified. Subsequent stages of work will address some of these questions.
	Our work supports the view of a UK CGT system-shift as a definable investment option rather than an abstract aspiration. Even a conservative reading of the health-related gains makes a compelling public value case; the inclusion of industrial and knowledge economy effects is likely to strengthen it further. The framework offered here provides researchers and decision-makers with a flexible and open-source tool for turning bold ambitions into evidence-based action.
	1 Introduction
	Cell and gene therapies (CGTs) are advanced therapy medicinal products (ATMPs) with the potential to revolutionise the treatment of disease. Gene therapies work by modifying parts of a patient’s DNA, through the insertion of ‘recombinant’ genes into the body (EMA, 2017). Gene therapies can prevent or correct the underlying genetic defects of genetic disorders, potentially offering substantial health gains for patients (Besley et al., 2022). Cell therapies involve the transfer of specific cell types that have been cultivated to contain genetic information to induce the intended therapeutic response. One example is chimeric antigen receptor (CAR) T-cell therapy. In this case, the process involves collecting T-cells, which are then altered to become CAR T-cells and then re-introduced into the bloodstream, where they recognise and attack cancer cells (CRUK, 2024).
	Together, CGTs represent an opportunity to transform health outcomes and reach areas of current unmet need for many patients. They have the potential to offer significant value to patients, health and social care systems, and wider society, and to play a central role in a new era of advanced therapies, supporting a shift from chronic disease management to prevention of future healthcare needs. 
	However, there are barriers to wider uptake of CGTs in the UK, relating to manufacturing, infrastructure, regulation, value assessment, and delivery (Beswick, 2024). To support wider adoption of CGTs in the UK, piecemeal and technology-specific funding may be insufficient, and there is merit in considering a system-wide approach, in the form of a CGT system-shift.
	Such a CGT system-shift would be characterised by a broad acceptance of CGTs by healthcare payers and widespread implementation in the NHS. The UK would be a hub for research and development in innovative health technologies, in line with the NHS’s 10-Year Health Plan’s ambition for the UK to be in the ‘driving seat’ of innovation, fostering a highly skilled workforce, economic growth, and a healthier population (NHS, 2025b). 
	 The system-shift is described in more detail in section 2.1.
	Evaluative research in health economics has long embraced a healthcare decision-maker perspective (Sugden and Williams, 1978), whereby the evaluation focuses on health gains to the patient and costs (and savings) to the healthcare system. Indeed, a significant body of research has investigated the clinical and cost-effectiveness of cell and gene therapies using this perspective (Lloyd-Williams and Hughes, 2021; Petrou, 2023; Ho et al., 2021). 
	Yet, in recent years, researchers have embraced the notion of alternative decision-makers valuing outcomes beyond health (Walker et al., 2019). This is in part a recognition that health plays a role in determining an individual’s productivity, earning potential, and economic contribution to society (Pinna Pintor, Fumagalli and Suhrcke, 2024; Bloom and Canning, 2003). There is compelling evidence that health significantly affects an individual's economic outcomes, resulting in higher employment rates and increased hours worked (Pinna Pintor, Fumagalli and Suhrcke, 2024). These benefits to the economy arise from the health improvements realised through effective healthcare, but may justify investment beyond the reimbursement of individual technologies and beyond healthcare in general.
	In this report, a collaboration between the Office of Health Economics and the Cell and Gene Therapy Catapult, we outline a novel methodological approach for evaluating the economic impact of CGTs collectively. This is to inform the value of a ‘CGT system-shift’. We apply our methodology to four case studies, representing disease areas, to provide initial estimates of the value of a CGT system-shift that occurs as a result of the health benefits (we refer to these as health-related benefits). These results will demonstrate the potential scale of the benefits that could be realised via the significant health improvements offered by CGTs to the UK. These analyses will form the foundation for further research. Future studies will seek to estimate value associated with wider (non-health-related) economic benefits and the costs involved with the system-shift, with a view to informing investment decision-making. 
	2 Rationale
	2.1 The system-shift
	2.2 Policy context
	2.3 Benefits

	This research aims to inform decision-making at the national government level. The Green Book (HM Treasury, 2022) is a guidance document published by HM Treasury, setting out best practices for the appraisal and evaluation of public policies and programmes. Decisions about public expenditure and investments should be informed by the framework outlined in the Green Book, according to which the first step in policy evaluation is to provide a strong rationale and need for the policy itself. This is the starting point for our analysis.
	CGTs are distinct from many other types of treatment in their ability to address the root causes of disease, rather than managing symptoms. Unlike traditional pharmaceutical therapies, which may require lifelong administration, CGTs offer the potential for durable or even permanent therapeutic effects through a single intervention. A shift to CGTs thus represents a paradigm shift in treatment practice, from ongoing management to potential cures, which can drastically alter care pathways and delivery models across disease areas.
	We seek to demonstrate the rationale for a ‘system-shift’, rather than a specific investment or policy change. By this, we refer to a strategic and coordinated transformation of a particular industry or sector of the economy. This may be achieved through deliberate policy interventions, targeted investment, and/or regulatory alignment. A ‘system-shift’ should be perceived as a change of the system, rather than a change within the system, with a reorientation of objectives and institutional frameworks and a view to achieving broad social objectives.
	A system-shift, in this context, should be understood as a deliberate and coordinated reconfiguration of the health and life sciences ecosystem, to enable the routine integration of CGTs into clinical practice. This is not a marginal or incremental change, but a transformation that requires system-level investments across multiple domains: manufacturing infrastructure, regulatory frameworks, clinical delivery models, data systems, and workforce capabilities. Without such investments, the full potential of CGTs is not likely to be realised.
	A system-shift is not only about enabling access to existing therapies; it is about reshaping the conditions under which innovation occurs and is adopted. As a result, we may see reductions in the cost of goods, as manufacturing processes mature and scale. We would also see expansion in the size of eligible populations, as earlier intervention becomes feasible and as clinical and regulatory systems become more accommodating. These changes could unlock substantial value across health and social care systems and the wider economy, realising the return on public and private investment.
	The system-shift that we seek to evaluate is the establishment of the UK as a hub for research, development, and wider adoption of CGTs: a CGT system-shift. Of particular interest to this research is the necessity for a shift in how CGTs are evaluated, going beyond individual technologies and their health and health system benefits, towards viewing the value of CGT adoption at a system level.
	A CGT system-shift in the UK would seek to secure the wider economic potential of CGTs including a healthier population, a highly productive workforce, and economic growth. Here, we describe the rationale for such a change in policy and practice. This is framed within a policy context defined in terms of the prevailing economic conditions in the UK, challenges faced by the NHS, and population health dynamics. We outline how a CGT system-shift may lead to gains across relevant metrics, and consider the changes needed to achieve this. A simplified overview is given in Figure 1, which shows examples of health-related benefits (within the scope of this report) and improvements in non-health-related outcomes (beyond the scope of this report). Both health-related benefits and non-health outcomes are expected to influence economic growth.
	Figure 1  Overview of rationale for CGT system-shift
	Poor economic growth 
	Economic growth in the UK, measured by real gross domestic product (GDP), has been historically slow since the 2007-09 financial crisis. Between 1993 and 2007, the economy grew by an average of 3% annually. This fell to 1.5% between 2009 and 2023 (Harari, 2024), to 1% between Q3 2023 and Q3 2024 (ONS, 2024d), and has further stagnated in recent months.
	This lack of growth has been attributed to, among other factors, poor growth in labour productivity, as measured by economic output per hour worked. Recent data from the ONS in Q3 2024 has shown that labour productivity fell by 1.8% in the UK year on year compared to Q3 2023 (Romei and Smith, 2024). Economists have cited multiple factors driving low labour productivity in the UK, including low investment and policy uncertainty (Harari, 2024), but the definitive causes of the UK’s ‘productivity puzzle’ remain uncertain. 
	Nevertheless, boosting productivity is essential for the realisation of long-term economic growth. Improvements in population health are likely to be an important driver of growth at the macroeconomic level (Sharma, 2018), as has been recognised by NHS leaders (Wood and Bosch, 2022). In part, this is likely to be driven by improvements in productivity at the individual level, through reductions in absenteeism and presenteeism (Koopmanschap, Burdorf and Lötters, 2013; Schultz, Chen and Edington, 2009).
	Another lever to unlocking economic growth is to increase economic activity in the UK. Over 2.5 million people are out of work, defined as economically inactive, due to long-term sickness (ONS, 2023a). This represents an increase of over 400,000 since the beginning of the COVID-19 pandemic. The current Labour government in the UK has prioritised increasing economic activity, outlined in the white paper titled ‘Get Britain Working’ (Department for Work & Pensions, 2024). Supporting individuals with a long-term illness in returning to work is a key element of this strategy.
	NHS in crisis
	The current state of the UK NHS is an important contextual factor to consider. There are more than 100,000 vacancies across the NHS, despite the overall workforce growing by more than 30% in the last 15 years (Mallorie, 2024). Excess demand is putting NHS and social care staff under significant pressure.
	A recent analysis by the Health Foundation forecast that the demand for healthcare will increase due to an ageing population and greater complexity in healthcare needs (Rocks et al., 2025). The average diagnosed illness rate in the population from 2019-2040 is expected to increase by 5.3% when excluding demographic changes in the population, and by almost 25% when population ageing is accounted for. 
	Moreover, by 2040, more than 9.1 million people are expected to be living with major illnesses in England, compared to approximately 6.6 million in 2019 (Watt et al., 2023). These expected trends in health and demography will place an increasing burden on already overburdened health and social care systems.
	Barriers to CGT adoption
	Greater capacity for the development and adoption of CGTs represents a potential mechanism for addressing this challenging policy context. 
	However, there are substantial barriers to accessing CGTs that necessitate broader system change (Sharma and John, 2024; Wagner et al., 2024). CGTs are considered disruptive technologies, posing challenges to health systems in terms of affordability, infrastructure, and delivery (Beswick, 2024; Wagner et al., 2024; Phares et al., 2024). The way that health systems currently pay for and deliver medicines is designed primarily around long-term treatments for chronic illnesses (Hampson, Towse and Zhang, 2021). Health systems are typically not well-designed for treatments like CGTs, which are often associated with single-administration and high upfront costs, delivering long-term and potentially curative outcomes (Henderson et al., 2025). This presents a significant affordability challenge when evaluated in line with current approaches to medicines reimbursement (Wong et al., 2023). There is also uncertainty in the long-term benefits of CGTs, which extend far beyond the time horizon of observational studies; this characteristic is used as a justification for coverage exclusions (Wagner et al., 2024). Uncertainty manifests at the individual patient level (in terms of the persistence of health benefits) and at the system level (in terms of the future value and economies of scale associated with wider use of CGTs).
	The anticipated benefits of achieving the CGT system-shift include improvements in population health, reductions in health and social care system pressures, and growth in the national economy. These benefits are particularly significant given the current context in which existing technologies are failing to meet many patients’ needs or address health system challenges. Despite ongoing advances in drug development, much of the innovation pipeline continues to focus on incremental improvements rather than transformative change. As a result, many conditions remain poorly treated, and the burden on health and care services continues to grow.
	In contrast, CGTs represent a fundamentally different class of innovation. They offer the potential for durable outcomes through a single intervention, disrupting the traditional model of chronic disease management. This shift has implications not only for clinical outcomes but also for how value is generated and distributed across the health and social care systems and the wider economy. 
	CGTs can reduce the need for long-term treatment, lower the incidence of complications, and alleviate the burden on caregivers and health services. Some CGTs help to reduce hospitalisations and long-term management of conditions (Firth et al., 2021; Wagner et al., 2024; Salzman et al., 2018), alleviating pressure on an overburdened NHS. 
	It’s well-accepted that health plays a role in determining an individual’s productivity, earning potential, and economic contribution to society (Pinna Pintor, Fumagalli and Suhrcke, 2024; Bloom and Canning, 2003). Health issues can lead to significant productivity losses in the form of presenteeism and absenteeism (Schultz and Edington, 2007; Asay, 2016). Presenteeism is the impact on productivity of working while ill, and absenteeism is the time taken off due to illness. It’s been estimated that respiratory infections alone cost UK businesses £44 billion each year, due to absenteeism and presenteeism (Hayes et al., 2024). 
	There is evidence that individuals in better health have higher earning potential, improved labour supply, higher employment rates, and increased working hours (Pinna Pintor, Fumagalli and Suhrcke, 2024). Furthermore, this impact can be felt on informal caregivers, whose productivity could be impacted through time spent carrying out caregiving activities rather than work (Josten, Verbakel and Boer, 2022). The time spent caregiving also has a value in itself, and in the UK this is estimated to be approximately £184 billion (Carers UK, 2025), almost the equivalent of the entire NHS budget.
	Improvements in health associated with access to CGTs are expected to lead to improved productivity and labour market outcomes for both patients and caregivers (Advanced Therapy Treatment Centres, 2022; Cell and Gene Therapy Catapult, 2023; Salzman et al., 2018). 
	The current analysis focuses on estimating the potential benefits associated with a system shift towards CGTs, including the examples provided in the upper half of Figure 1. As introduced in Figure 1, the rationale for investment extends to a broad range of benefits that may influence economic growth. The scope of this report is partial, limited to those benefits that are realised as a consequence of health improvements and their spillovers. Future work will extend the analysis to include improvements in non-health-related benefits, as introduced in the lower half of Figure 1. This includes industrial expansion, the creation of highly skilled jobs, and investment in research and development. For example, there is potential for the development of industrial capacity and market expansion to take advantage of a projected growth in the global gene therapy market to almost $100 billion by 2033 (Market Data Forecast ltd, 2025). Future analyses will support a more complete characterisation and quantification of the rationale for investing in a CGT system-shift, and the benefits that may be realised.
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	The scope of our current analysis is the potential health-related economic value of access to CGTs in general. Our interest is not in estimating the value of specific technologies. In this way, our approach is complementary to health technology assessment (HTA) and is distinct from typical HTA methods.
	Our approach adopts a societal perspective, with the consideration and valuation of outcomes broadly aligned with Green Book recommendations (HM Treasury, 2022). We appraise CGTs in terms of their social (public) value, based on principles of welfare economics and social welfare efficiency. Social or public value includes all significant costs and benefits that affect the welfare and well-being of the population. 
	A narrower healthcare perspective typically assumes a fixed budget, and a decision-maker whose objective is to maximise health from that budget, only accounting for costs that fall on the budget deemed relevant (Brouwer and van Baal, 2023; Henderson et al., 2025). Some health technologies, particularly those of a transformative nature like ATMPs, may have a wider impact beyond costs to the health system and direct health benefits which may accrue over a longer time horizon (Henderson et al., 2025). Failing to fully account for these costs and benefits risks a sub-optimal allocation of resources (Wouterse et al., 2023). Shifting to a full consideration of the welfare impact of an intervention can help inform optimal decision-making (Brouwer and van Baal, 2023). 
	Our analysis adopts principles of the Green Book, as described above. However, this report does not describe a full cost-benefit analysis. Our analysis is partial in several ways.
	First, in developing the approach described in this report, we only apply our analysis to a selection of case studies, rather than a complete representation of the anticipated consequences of investing in a CGT system-shift. The purpose of the case studies is to illustrate our methodology and to provide signals of the magnitude of (health-related) value that may be realised from investment.
	Second, we measure and value outcomes in a disaggregated way, to identify the level at which value is accrued. This does not align with typical (Green Book) approaches to cost-benefit analysis. In our analyses, value accrued at different levels should not be considered additive, because of a risk of double-counting. For example, the value that individuals attribute to their own health gains is partially determined by the increase in economic activity that it facilitates, which can also be captured as a value to the economy as a whole. A full cost-benefit analysis would demand a resolution to the challenge of double-counting.
	Base case analysis
	Our base case analysis adopts a 10-year time horizon, based on guidance from the Green Book. It is not anticipated that this time horizon will capture all value that may arise from a CGT system-shift. Rather, this time horizon is intended to align with significant government spending reviews and therefore, to provide an informative base case to decision-makers. 
	Steady-state analysis
	In addition to the fixed time horizon base case analysis, we conduct a steady-state analysis. This analysis is intended to represent a long-run equilibrium in which the annual incidence of new patients is balanced by those who recover or die. In this scenario, the CGT system-shift has been realised and in place for many years and all implementation effects (e.g. learning curves, backlog clearance, one-off entry costs) have been cleared. Presenting these estimates is important given that, once a system-shift is realised, decision-makers will need to understand its annual implications.
	Steady-state estimates can also provide a scalable estimate of the value of CGTs, disregarding the timing of benefits including delays in their realisation or any front-loaded cost associated with treating a prevalent population with unmet need. Accordingly, it is a useful complement to the fixed time horizon used in our base case analysis. Steady-state results are only presented in the Appendix.
	The relevant decision problem for our analysis is whether to invest in a CGT system-shift. This report does not seek to provide a complete characterisation or answering of this decision problem, but rather to support the generation of evidence to inform it. Nevertheless, it is important to consider the broader decision context in the design of our approach.
	An important distinction can be drawn here between our approach and that of the National Institute for Health and Care Excellence (NICE). The decision problem faced by NICE relates only to the allocation of healthcare resources and is concerned primarily with the achievement of health outcomes. In contrast, our decision problem relates to public investment in general, beyond health and healthcare.
	Approaches to addressing the decision problem described here are complementary to existing approaches to technology appraisal, and are not a replacement. In the scenarios that we consider, we assume that HTA processes remain in place. As such, the decision to invest in a particular technology is separate. Our analyses assumes that any future reimbursement of CGTs has been demonstrated to be cost-effective, and in focusing on health-related benefits, our analyses exclude the direct costs associated with CGT reimbursement.
	Crucially, the decision problem does not relate to any specific technology or disease area, nor to the healthcare budget exclusively. Instead, it relates to investment in CGTs in general. However, evidence for the value of investment in CGTs is only available in relation to individual technologies, and we must rely on this evidence to inform our broader decision problem. 
	Our starting point in addressing the decision problem is to estimate the health-related value associated with a potential system-shift, with a focus in this report on the application of our methods to selected indications. We present our analyses of these indications as a series of case studies. Our objective in the case studies is to consider a broad range of technologies that address different disease areas and outcomes. We make realistic assumptions about CGTs that may come to market in the future and represent a plausible vision of an imminent CGT landscape.
	There is a great deal of uncertainty in the nature and scope of a potential CGT system-shift. In particular, we cannot be confident about the types and numbers of indications that may be treated with CGTs in the near future. Some CGTs are already approved for use, including for acute lymphoblastic leukaemia (ALL), beta thalassaemia (BT), and sickle cell disease (NICE, 2019, 2025, 2024b). In the context of these conditions, there is a well-developed evidence base characterising the potential health improvements. Nevertheless, the extent to which indications will expand, and the effectiveness of future CGTs in these indications, remains uncertain.
	For other conditions, CGTs are in an early stage of development, and there is a lack of evidence to support the estimation of their effectiveness or the specific indications in which they are likely to be used.
	In light of these elements of uncertainty, we consider two distinct scenarios in our analyses. 
	Scenario A considers the most credible scenario for the near-term, with conservative estimates of treatment effectiveness and therapeutic indication. Parameters and model assumptions are primarily derived from empirical estimates from clinical trials or in line with current use in similar disease areas. Where CGTs are currently available, estimates align with their current use and observed effectiveness.
	Scenario B presents a more optimistic scenario, which may be most likely only in the long-term. This scenario will consider broader populations for eligibility, optimistic assessments of treatment-related outcomes, or optimistic expectations about the likelihood of pipeline products coming to market. For instance, this scenario may assume opportunities for early intervention, more sustained treatment effectiveness, or uncertain mechanisms of action. Nevertheless, estimates are informed by the best available evidence and scientific opinion.
	Our analyses focus on populations that are anticipated to benefit from wider access to CGTs or may already be benefitting from access to CGTs. In specifying a realistic population, our analyses avoid simply including an entire patient population. It is unreasonable to assume that all potential patients within a broadly defined indication would be eligible and would benefit from CGTs.
	In line with the scenarios described above, we adopt both less and more optimistic assumptions about patient eligibility. Scenario A aligns with samples specified in clinical trial information, economic evaluations, or technology appraisals. If this information is unavailable or insufficient, assumptions are specified to define a realistic population. Scenario B allows for a larger eligible population, or intervention at an earlier stage of the patient pathway. 
	Benefits to the UK economy, realised over a fixed time horizon, do not occur in a fixed population. The return on investment in a CGT system-shift would be achieved dynamically, as newly incident patient become eligible for treatment. Therefore, our analyses consider both the current prevalent patient population (at the point of investment) and future incidence. In some circumstances, the nature of a disease may dictate an exclusive focus on either incidence or prevalence alone. For example, if first-line treatments for newly incident cases are being considered, the prevalence of this disease may not be relevant. In all cases, clear justification of the size and characteristics of both the prevalent and incident populations is provided.
	In essence, populations and their characteristics are defined as those representing future patients within a given indication, that we anticipate would receive CGTs following the achievement of a CGT system-shift.
	The analysis compares treatment regimens before and after a CGT system-shift. Thus, the intervention being considered is access to CGTs for the patient population that has been defined. The comparator is a lack of access to CGTs, represented by current standard of care (SoC). 
	SoC is defined on the basis of targeted literature reviews for the population with the relevant indication for which we are estimating the value of CGTs. Literature searches were performed in PubMed and on the NICE website to identify relevant health technology appraisals or clinical guidelines. The review enabled us to define current care pathways, informing our methodology and the inputs to our analyses.
	The health-related benefits of CGTs may be realised through a single hypothetical cell or gene therapy or a basket of available CGTs for the relevant indication. In our analyses, the nature of the CGTs available is informed by current medicines development pipelines, results of recent clinical trials, and HTA reports. This information is also supplemented by the results of targeted literature reviews, where studies may consider the adoption of CGTs in different settings, scenarios for access and effectiveness, or evidence relating to CGTs adopted for similar indications. 
	While specific technologies are referenced to inform the case studies, this analysis does not constitute an appraisal of individual interventions. Rather, these technologies are used to illustrate the types of benefits that may be achieved through a broader system shift, one in which CGTs are routinely accessible for appropriate indications. For each case study, we clearly outline the assumed clinical benefits of the CGTs considered, particularly whether they slow or halt disease progression, whether the CGT is considered curative and for whom, and any waning of effectiveness over time. Given the transformative potential of CGTs to replace ongoing management with one-time, potentially curative treatments, these case studies support an understanding of the value such a system shift could deliver.
	All outcomes of value to society, that may be realised as a consequence of health improvements (including the value of those health improvements), are within the scope of our analysis. Our scope therefore extends beyond that of standard approaches to the evaluation of health technologies, which tend only to consider health outcomes and healthcare expenditures. Our analysis considers costs and benefits being realised outside of the health (care) sector, and accounts for the potential link between health and wider economic outcomes. 
	Outcomes that are within scope for our analysis include those that have previously been considered in economic evaluations that adopt a societal perspective, including patient and caregiver productivity effects, informal care time losses, and non-health sector costs (e.g. education) (Sittimart et al., 2024). The outcomes assessed are determined by available evidence, with different outcomes depending on the nature of the disease and the characteristics of the population in which health gains are realised. Not all potentially relevant outcomes apply to all indications. For example, in indications affecting older populations, productivity benefits may be limited, whilst the carer burden may be significant. For working-age populations, the opposite may be true.
	Changes in health outcomes can also have fiscal implications, for example, through the impact on government tax revenue and transfer payments such as pensions and welfare (OBR, 2024). While impacts on public finances are important to consider from a budget sustainability standpoint, our analysis focuses on the social value associated with a CGT system-shift and does not analyse the fiscal effects. Transfer payments are typically excluded from evaluations following Green Book methods.
	We report the absolute values associated with CGT and SoC scenarios, as well as the incremental value associated with the CGT scenario. The value of outcomes may be positive or negative, but our focus in these analyses is on the incremental monetised value of the health-related outcomes associated with a CGT system-shift.
	Outcomes that are within scope, and for which data are available, can be summarised in terms of to whom the value accrues: individuals (e.g. patients and their carers), systems (e.g. health and social care), and the national economy. Accordingly, outcomes may be realised at the micro (individual), meso (systems), or macro (economy) level. 
	Table 2 provides a non-exhaustive list of candidate outcomes that may be considered within each of these categories, and according to whether they are realised through health improvements and therefore, within scope for our current analysis. 
	Table 2  Examples of candidate outcomes
	NATIONAL ECONOMY
	SYSTEMS
	INDIVIDUALS
	(Macro)
	(Meso)
	(Micro)
	 Productivity
	 NHS service use
	 Patient health-related quality of life
	HEALTH-RELATED
	 Public health indicators
	 Healthcare capacity gains
	(within scope of current study)
	 Patient longevity
	 Socioeconomic inequalities
	 Unrelated future medical costs
	 Carer burden
	 National income
	 Social care service use
	 Out-of-pocket costs
	 Long-term care
	 Education
	 Industrial expansion
	 Clinical expertise 
	 Treatment choice
	NON-HEALTH RELATED
	 Manufacturing capacity
	 Evidence generation
	 Clinical trial participation
	(future research)
	 Attracting investment
	 Research infrastructure
	 Export revenue
	 Job creation
	The categorisation into individuals, systems, and national economy supports interpretation of the findings and the avoidance of double counting where outcomes may be observed at more than one level. As described in more detail in Appendix A, outcomes are valued monetarily and require careful interpretation: simply summing across categories and attributing this value as a macroeconomic benefit would result in double-counting. The categorisation also supports the assessment of value from different perspectives, and allows us to understand the different drivers of value.
	Individuals
	The individual (micro) level captures patient and caregiver gains, such as health-related quality of life improvements and life extension, which can be measures in terms of quality-adjusted life years (QALYs). In our analyses, we monetise QALYs associated with CGTs and SoC according to monetary valuations from the Green Book. Personal financial impacts, such as out-of-pocket costs for treatment, also accrue to individuals. 
	Systems
	The system (meso) level includes net NHS and social care costs, including the avoidance of downstream expenditure and service use. For some indications, we identify evidence for productivity costs realised at the system level, for example when formal care funded by social care services could be displaced by informal caregiving by patients. Within the ‘systems’ category of outcomes, we also consider future unrelated medical costs. These are costs that are incurred for either conditions or treatments that are not related to the initial intervention and instead arise during the gains in life-years due to the intervention. This is particularly important since we are evaluating CGTs, which often treat a disease's underlying cause and can significantly extend survival. The inclusion of these costs is important to ensure life-extending interventions are not disproportionately favoured over those which primarily improve quality of life (Perry-Duxbury et al., 2020). As described above, direct costs associated with specific CGT therapies are excluded.
	National economy
	The national economy (macro) level values additional labour market participation, productivity impacts, and informal care contributions as monetary economic benefits. We monetise productivity impacts for CGT and SoC by measuring patient absenteeism, i.e. days of work lost during illness. Productivity impacts associated with family members’ and informal caregivers’ time use is estimated equivalently. Impacted time for patients and carers is valued based on the average income in the UK, as described in more detail in Appendix A.
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	The process of selecting disease indications for the case studies was informed by an analysis of the likelihood of CGTs emerging, the feasibility of modelling the indications, the extent of disease burden, and a qualitative assessment of the potential research value. We sought to select a range of indications in terms of their characteristics and the populations affected.
	Likelihood of CGTs emerging
	We conducted a review and analysis of published pipeline data from BioMed Tracker (2024), filtering for disease groups, disease subgroups and indications with the highest number of CGT pipeline products. Maturity of the pipeline (e.g. trial phases) and treatment descriptions were also considered, alongside experts’ opinions about the potential for CGT products in the pipeline to reach market for shortlisted indications.
	Feasibility of modelling
	Based on a PubMed search for published economic evaluations (as a proxy for feasibility of modelling), we removed indications with fewer than 10 PubMed results. 
	Disease burden
	We assessed the population disease burden, comparing prevalence or incidence across all indications. We took into consideration disease severity, primarily based on DALY burden per 100,000 population. This information was balanced with an intention to also include rare diseases, which will have a lower DALY burden at the population level.     
	Potential research value   
	We then conducted a qualitative assessment of the potential research value of the proposed shortlist of indications in a collaborative workshop convening experts across multiple disciplines. An attempt was made to include a mix of indications for which therapeutic benefit is driven by life extension and indications for which quality of life improvement is likely to be the primary benefit. Further effort was made to include indications affecting a range of population age groups to showcase the variety of benefits which may accrue.  
	A range of indications
	Following deliberative discussions, we included a range of indications in terms of characteristics and the populations affected. This included indications within the oncology disease area, given the high number of promising pipeline products in the disease group overall, as well as rare diseases, for which results on macroeconomic benefit may be transferable across other rare disease indications. We also included an ‘aspirational’ indication with a significant population disease burden (and a promising CGT pipeline). As an exploratory piece of work, our case study selection balances indications for which the exploration of a CGT system-shift may be especially relevant, either due to the viability of the current CGT pipeline or due to the potential scale of impact in disease areas with high unmet need. 
	The final case studies chosen for analysis were acute lymphoblastic leukaemia (ALL), acute myeloid leukaemia (AML), beta-thalassaemia (BT), and Alzheimer’s Disease (AD). Short summaries of the case studies are presented here (sections 4.2-4.5), with full details provided in the Appendix. Table 3 summarises the patient populations included in our study.
	Table 3  Summary of eligible patient population
	ELIGIBLE PATIENT SIZE (SCENARIO B)
	ELIGIBLE PATIENT SIZE (SCENARIO A)
	POPULATION
	INDICATION
	Paediatric and young adult patients (under 25 years) with relapsed or refractory (r/r) B-cell ALL.
	ALL
	Incidence and prevalence: 31 patients
	Incidence and prevalence: 2,945 patients
	Incidence and prevalence: 2,397 patients
	Adult patients with untreated AML
	AML
	Prevalence: 920 patients
	Prevalence: 352 patients
	Patients aged 12 and older with transfusion-dependent beta thalassaemia
	BT
	Incidence: 21.4 patients
	Incidence: 8.18 patients
	Scenario A: Adults aged 65 and older with mild dementia due to AD (mild AD) 
	AD
	Incidence: 97,316 patients
	Scenario B: Adults aged 65 and older with mild cognitive impairment due to AD (MCI-AD)
	Disease overview
	ALL is an aggressive haematological malignancy characterised by the clonal proliferation of immature lymphoid cells, known as lymphoblasts, in the bone marrow and peripheral blood. This uncontrolled proliferation impairs normal blood cell production, leading to a range of clinical symptoms (Terwilliger and Abdul-Hay, 2017). 
	ALL is most prevalent in children, although it can also affect adults, particularly those over 40 years of age. Leukaemia is the most prevalent childhood cancer in the UK and ALL is the predominant form of childhood leukaemia, accounting for about 78% of all leukaemia diagnoses in children in the UK (Children with Cancer UK, 2025). Globally, over 150,000 new cases of ALL and over 40,000 deaths were reported in 2019, with the highest incidence in children aged 1–4 years (Pagliaro et al., 2024a; Zhang et al., 2023).
	Standard of care for ALL follows a multi-phase pathway beginning with induction chemotherapy to achieve remission, followed by consolidation and maintenance phases over up to three years, alongside CNS prophylaxis. In cases of relapse or refractory disease, patients can be treated with CAR T-cell therapy which targets CD19-positive leukaemia cells. Further detail on treatment pathways for the patient population is provided in Appendix B.
	Health-related quality of life (HRQoL) studies in ALL highlight consistent impairment during treatment and variable recovery post-therapy. ALL and its treatment can lead to fatigue, pain, and mobility issues, which can negatively affect mental health and school functioning (Iyer et al., 2015; Shalitin et al., 2018; Chow et al., 2010). This burden extends to caregivers: up to 94% report work disruption, with one study estimating 17.3 missed workdays in the first month post-diagnosis (Bona et al., 2014; Fluchel et al., 2014). 
	PICO and scenarios
	Scenarios: 
	 Scenario A: parameters and assumptions are derived from clinical trials, published HTA appraisals and economic models published in the literature.
	 Scenario B: explores plausible optimistic estimates and assumptions largely based on benefits to the economy that arise from health improvements associated with CGT, such as improved socioeconomic outcomes and reduced caregiver burden.
	Population: Paediatric and young adult patients (under the age of 25 years) with relapsed (either after a transplant or after two or more lines of treatment) or refractory (r/r) B-cell ALL. The mean age is 12 years, with 43.04% of the population female.
	Intervention: We model the CGT as CAR-T therapy, using effectiveness data related to tisagenlecleucel. The intervention is delivered as a single, one-time dose of a CGT. We include the costs associated with pre-treatment procedures (leukapheresis to collect T cells), lymphodepleting chemotherapy to enhance CAR-T efficacy and bridging chemotherapy to stabilize disease while CAR-T cells are manufactured.
	Comparator: A basket of blinatumomab (an immunotherapy) and salvage chemotherapy. Blinatumomab, a bispecific T-cell engager targeting CD19, is frequently used in paediatric patients with primary refractory disease or those in second or subsequent relapse. Salvage chemotherapy, typically consisting of intensive multi-agent regimens such as FLAG-IDA, continues to be widely used for patients who are ineligible for, or have previously failed, immunotherapy.
	Outcomes: Life years gained, QALYs, total healthcare costs, productivity losses for the caregiver. Broader socioeconomic outcomes, such as educational outcomes, are not included due to lack of data; see Appendix B for further details.
	Model structure
	The model structure, as shown in Figure 2, follows a seven-state cohort transition model, similar to an existing cohort model published for paediatric and young adult patients with relapsed or refractory B-cell ALL (Lin et al., 2018).
	Figure 2  ALL model structure based on Lin et al., 2018
	Results 
	Table 4 shows that in conservative scenario A, health gains to individuals from CGT therapy (relative to SoC) total an additional 159 QALYs, delivering additional value to the sum of £11m over the 10-year period. The benefit to the national economy amounts to £600k over the same period. 
	Table 4  Scenario A results, ALL
	INCREMENTAL DIFFERENCE
	TREATMENT
	SoC
	CGT
	£11,140,441
	£86,937,484
	£98,077,925
	Individuals
	MONETISED VALUE 
	OF OUTCOMES
	£171,686
	-£1,228,165
	-£1,056,479
	Systems
	£600,141
	-£37,043,264
	-£36,443,123
	National economy
	159 QALYs
	1,242
	1,401
	QALYs
	HEALTH OUTCOMES
	120 LYs
	1,539
	1,659
	Life years
	43 deaths averted
	65
	22
	Deaths
	Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care.
	Positive figures represent gains during the time horizon, while negative figures represent losses.
	Table 5 presents results from a more optimistic scenario B, where the benefit to society is estimated at £16m over the 10-year period. Health gains to individuals and system benefits remained unchanged, as no assumptions related to these impacts were altered. 
	Steady-state (annual) estimates for ALL for scenario A indicate that gains to individuals from CGTs (relative to SoC) have a value of £335 million per year. Further results are presented in Appendix B.
	Table 5  Scenario B results, ALL
	INCREMENTAL DIFFERENCE
	TREATMENT
	SoC
	CGT
	£11,140,441
	£86,937,484
	£98,077,925
	Individuals
	MONETISED VALUE 
	OF OUTCOMES
	£171,686
	-£1,228,165
	-£1,056,479
	Systems
	£16,304,518
	-£52,747,641
	-£36,443,123
	National economy
	159 QALYs
	1,242
	1,401
	QALYs
	HEALTH OUTCOMES
	120 LYs
	1,539
	1,659
	Life years
	43 deaths averted
	65
	22
	Deaths
	Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care.
	Positive figures represent gains during the time horizon, while negative figures represent losses.
	Disease overview
	AML is a rapidly progressing haematological malignancy characterised by the abnormal proliferation of immature myeloid cells (Juliusson, Lehmann and Lazarevic, 2021). It is the most prevalent form of acute leukaemia in adults, with a higher incidence observed in individuals over 60 years of age (Vakiti, Reynolds and Mewawalla, 2024). In the UK, AML accounts for around 2,945 new cases each year (Cancer Research UK, 2019). Five-year survival rates in the UK vary by age: over 35% for patients under 60 years and below 15% for those over 60 (Haematological Malignancy Research Network (HMRN), 2024). 
	Standard of care for AML involves intensive chemotherapy, and in selected cases, chemotherapy combined with HSCT (Kantarjian et al., 2021). The disease and its treatments can substantially affect patients' health-related quality of life (HRQoL) (Korol et al., 2017). Physical symptoms commonly include fatigue, pain, and dyspnoea. Psychological distress, such as anxiety and depression, is often reported amongst patients treated with ‘intensive’ chemotherapy requiring prolonged hospitalisations (El-Jawahri et al., 2019; Lockwood et al., 2020). A study on work absenteeism and disability among AML patients and their caregivers reported significant impacts on workplace absence and disability days (Pandya et al., 2024).
	PICO and scenarios
	Scenarios: 
	 Scenario A: parameters and assumptions are derived from clinical trials or in line with current use in similar indications, such as ALL. The population receiving CAR-T therapy is based on the CAR-T population identified in the NICE appraisal of tisagenlecleucel. The probability of resistant disease amongst patients is informed by empirical estimates associated with current antibody-based therapy for AML (Russell-Smith et al., 2021). A proportion of CAR-T patients are assumed to receive HSCT after relapse in line with estimates for current antibody-based therapy for AML (Russell-Smith et al., 2021).
	 Scenario B: All untreated AML patients within the assessed population will be eligible for CAR-T treatment. Lower probabilities of resistant disease are assumed amongst CAR-T patients, based on evidence in the literature that CAR-T therapies are associated with higher rates of complete remission compared to SoC (Cappell and Kochenderfer, 2023a). It is assumed that CAR-T patients do not undergo HSCT treatment.
	Population: Adult patients with untreated AML. We model the mean age to be 61.2 years, with 50.93% of the population female. This is in line with similar NICE appraisals of therapies for untreated AML (Russell-Smith et al., 2021). We focus exclusively on an incident population of AML.
	Intervention: We model the CGT as CAR-T therapy, given that CAR-T therapies are currently in development for AML and are successfully used to treat related cancers. The intervention involves a one-off single dose of a CGT, along with the costs of pre-treatment (leukapheresis to obtain T-cells, conditioning chemotherapy to enhance CAR-T efficacy and bridging chemotherapy to stabilise disease) and administration.
	Comparator: 
	 For 70% of patients: Induction: 7+3 regimen with cytarabine and daunorubicin; Consolidation: High dose cytarabine; Subsequent therapies: FLAG-IDA chemotherapy regimen or non-curative therapies.
	 For 30% of patients with FLT3 mutations:  Induction: 7+3 regimen with cytarabine and daunorubicin, with quizartinib; Consolidation: High dose cytarabine, with quizartinib; Maintenance: Quizartinib only; Second-line treatment: FLAG-IDA chemotherapy regimen or non-curative therapies.
	Outcomes: Life years gained, QALYs, total healthcare costs, productivity losses for the patient and caregiver.
	Model structure
	The model structure, as shown in Figure 3 follows a five-state cohort transition model, similar to existing cohort models published for AML therapies (Russell-Smith et al., 2021).
	Figure 3  AML model structure, based on Russell-Smith et al., 2021
	Results 
	Table 6 shows that in conservative scenario A, health gains to individuals from CGT therapy (relative to SoC) total an additional 8,335 QALYs, with additional value of £583m over the 10-year period. Gains to the health system are of a similar magnitude, around £464m. The value to the national economy amounts to £5.5m. 
	Table 7 shows that in the more optimistic scenario B, the individual gains from CGT therapy provide an additional 10,367 QALYs and a value of £726m. Systems benefits equate to £616m, and national economy value is £8.4m.
	Steady-state (annual) estimates for AML for scenario A indicate that health gains to individuals from CGT therapy (relative to SoC) equal a gain of £255 million, a systems-level value of £410 million and a national economy value of £4.3 million per year. Further results are presented in Appendix C.
	Table 6  Scenario A results, AML
	INCREMENTAL DIFFERENCE
	TREATMENT
	SoC
	CGT
	£583,417,200
	£6,465,890,707
	£7,049,307,907
	Individuals
	MONETISED VALUE 
	OF OUTCOMES
	£463,595,047
	-£1,329,615,158
	-£866,020,112
	Systems
	£5,527,745
	-£3,840,358,757
	-£3,834,831,012
	National economy
	8,335 QALYs
	92,370
	100,704
	QALYs
	HEALTH OUTCOMES
	78 LYs
	130,713
	130,791
	Life years
	40 deaths averted
	922
	882
	Deaths
	Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care.
	Positive figures represent gains during the time horizon, while negative figures represent losses.
	Table 7  Scenario B results, AML
	INCREMENTAL DIFFERENCE
	TREATMENT
	SoC
	CGT
	£725,661,651
	£7,943,354,677
	£8,669,016,327
	Individuals
	MONETISED VALUE 
	OF OUTCOMES
	£616,114,695
	-£1,633,433,856
	-£1,017,319,160
	Systems
	£8,443,719
	-£4,717,885,451
	-£4,709,441,732
	National economy
	10,367 QALYs
	113,476
	123,843
	QALYs
	HEALTH OUTCOMES
	120 LYs
	160,581
	160,700
	Life years
	61 deaths averted
	1,132
	1,071
	Deaths
	Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care.
	Positive figures represent gains during the time horizon, while negative figures represent losses.
	Disease overview
	Beta thalassaemia (BT) is an inherited disorder caused by mutations that reduce or eliminate beta-globin production, impairing haemoglobin synthesis and leading to anaemia (NICE, 2024a). Severity ranges from non-transfusion-dependent (NTDT) to transfusion-dependent beta thalassaemia (TDT), the latter requiring lifelong red blood cell transfusions and iron chelation therapy (Thalassaemia Internation Federation, 2021). TDT is associated with serious complications, reduced life expectancy, and substantial healthcare costs (NICE, 2024a). Life expectancy for individuals with TDT remains significantly lower than the general population, with estimates indicating that 40% of patients in the UK die before reaching the age of 50 (Weidlich, Kefalas and Guest, 2016).
	TDT also significantly impacts quality of life and productivity. Many patients report pain, anxiety, and difficulty with daily activities (Li et al., 2022a), though standard tools like EQ-5D-5L may underestimate disease burden (Boateng-Kuffour et al., 2024). The condition affects employment, with only 65.4% of patients working compared to 75.5% in the general UK population (ONS, 2024a), and high rates of absenteeism (19.5%) and presenteeism (34.4%) (Li et al., 2022a).
	PICO and scenarios
	Scenarios: 
	 Scenario A: is identical to the population in the NICE appraisal of exa-cel, specifically patients over the age of 12 who have TDT who are fit for transplant and without a human leukocyte antigen (HLA)-matched sibling donor (NICE, 2024a). The proportion of patient’s achieving transfusion independence (TI) is in-line with the NICE evaluation of exagamglogene autotemcel (exa-cel), 92.6%.
	 Scenario B: considers the entire TDT population being eligible for treatment, thereby assuming a larger pool of patients able to benefit from the CGT. In addition, 100% of patients achieve TI. 
	Population: Adult patients with TDT. We model the mean age to be 25 years, with 52.1% of the population female. This age threshold and disease definition broadly align with the population used in the NICE appraisal of exa-cel (NICE, 2024a) and the Institute for Clinical and Economic Review (ICER) appraisal of betibeglogene autotemcel (beti-cel) (Beaudoin et al., 2022).
	Intervention: The intervention evaluated in this analysis is a hypothetical one-time cell or gene therapy (CGT) that aims to address the underlying cause of BT, leading to a transfusion-independent, disease-free state. While not representing a specific marketed therapy, its assumed effectiveness and characteristics are informed by clinical data for exa-cel and beti-cel (NICE, 2024a; Beaudoin et al., 2022).
	Comparator: A regular programme of red blood cell (RBC) transfusions, alongside iron chelation therapy (ICT) and the monitoring and management of complications (NICE, 2024a). 
	Outcomes: Life years, QALYs, total healthcare costs, productivity losses for the patient and caregiver.
	Model structure
	The model structure, as shown in Figure 4 follows a cohort three-state transition model, similar to existing cohort models published for BT CGTs (NICE, 2024a; Beaudoin et al., 2022). The three states include transfusion independent (TI), transfusion dependent (TD), and death. 
	Figure 4  Beta thalassaemia model diagram adapted from (Beaudoin et al., 2022; NICE, 2024a)
	Results 
	Table 8 shows that in conservative scenario A, health gains to individuals from CGT therapy (relative to SoC) total an additional 747 QALYs, delivering additional value to the sum of £52m over the 10-year period. System-level gains are of a similar magnitude, around £74m. The benefit to the national economy amounts to £51m over the same period.
	Table 9 shows that in the more optimistic scenario B, the health gains from CGT therapy provide an additional 2118 QALYs, with the value of these health benefits being £148m, benefits to the health system £211m, and society £144m.
	Steady-state (annual) estimates for BT for scenario A indicate that health gains to individuals from CGT therapy (relative to SoC) equal a gain of 163 QALYs, with an individual-level value of £11m, a systems-level value of £5.7m, and a national economy value of £3.4m per year. Further results are provided in Appendix D.
	Table 8  Scenario A results, BT
	INCREMENTAL DIFFERENCE
	TREATMENT
	SoC
	CGT
	£52,276,520
	£195,311,700
	£247,588,220
	Individuals
	MONETISED VALUE 
	OF OUTCOMES
	£74,122,345
	- £89,759,186
	- £15,636,841
	Systems
	£50,545,759
	- £55,448,235
	- £4,902,476
	National economy
	747 QALYs
	2790
	3537
	QALYs
	HEALTH OUTCOMES
	29 LYs
	4269
	4298
	Life years
	7.5 deaths averted
	10.9
	3.40
	Deaths
	Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care.
	Positive figures represent gains during the time horizon, while negative figures represent losses.
	Table 9  Scenario B results, BT
	INCREMENTAL DIFFERENCE
	TREATMENT
	SoC
	CGT
	£148,300,748
	£510,618,825
	£658,919,573
	Individuals
	MONETISED VALUE 
	OF OUTCOMES
	£210,591,564
	-£234,664,539
	-£24,072,975
	Systems
	£143,636,712
	-£144,962,707
	-£1,325,995
	National economy
	2118 QALYs
	7295
	9413
	QALYs
	HEALTH OUTCOMES
	111 LYs
	11162
	11243
	Life years
	21.21 deaths averted
	28.4
	7.19
	Deaths
	Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care.
	Positive figures represent gains during the time horizon, while negative figures represent losses.
	Disease overview
	Alzheimer's disease (AD) is an irreversible and neurodegenerative brain condition characterised by significant and progressive cognitive decline (Davis et al., 2018). Alzheimer’s is the most common form of dementia (Davis et al., 2018). Dementia incidence is on the rise, and recent estimates project that by 2040, there will be 1.7 million dementia cases in England and Wales (Chen et al., 2023).
	Standard treatment for AD includes AChE inhibitors for mild to moderate stages and Memantine for severe cases or when AChE inhibitors are not suitable (NHS, 2018). Recent advances have led to the development of disease-modifying therapies that target the underlying biology of the disease, including gene therapies.
	Alzheimer’s disease has significant implications for patient and caregiver quality of life. The progressive reduction in patients’ independence and quality of life subjects caregivers to increased emotional distress, poor mental and physical well-being, decreased workplace productivity, and loss of earnings and savings (Herring et al., 2021; Robinson et al., 2020). The economic burden of dementia (and AD) has been found to more substantially impact the social care sector than the healthcare sector, and increases with the severity of dementia (Wittenberg et al., 2019). For example, healthcare costs are estimated to only make up 14% of total AD costs, whereas 77% of total AD costs are spent on social care and unpaid care (Carnall Farrar, 2024).
	PICO and scenarios
	Scenarios: 
	The primary differences between scenarios A and B for Alzheimer’s Disease are the stage at which individuals enter the model and the point at which the CGT intervention is delivered.
	 Scenario A: individuals enter the model and receive the CGT at the mild AD stage.
	 Scenario B: individuals enter the model and the CGT is delivered at the mild cognitive impairment due to AD (MCI-AD) stage (Herring et al., 2021). MCI due to AD is a pre-dementia phase of AD, defined by noticeable memory problems or impaired judgment or decision-making, which does not affect independence of function in daily life nor meet the criteria for dementia (Davis et al., 2018). Modelling an intervention targeting MCI due to AD would be more effective at preventing disease progression and subsequent costs (Kieu and Look, 2023). However, estimates of the MCI-AD population may be less accurate due to lack of diagnosis at that early stage (Davis et al., 2018; NICE, 2023). We assume that the same incident population in scenario A is diagnosed and treated earlier in scenario B.
	Population: Adults aged 65 and older with mild dementia due to AD (mild AD) in scenario A or mild cognitive impairment due to AD (MCI-AD) in scenario B. An estimated 982,000 people are living with dementia in the UK, with 49.7% (488,054) estimated to have mild dementia. We estimated an incident population of 97,316 per year, using the average number of new cases of Alzheimer's per year in England during pre-COVID years and multiplying it by a scaling factor to estimate the UK total (NICE, 2023, p.202). We assume that newly incident cases are categorised as mild AD (or MCI-AD in the case of scenario B).
	Intervention: The intervention is access to one or more hypothetical gene therapies that deliver a copy of the apolipoprotein E (APOE)-e2 gene into the central nervous system (Lexeo Therapeutics, 2023; Serrano-Pozo, Das and Hyman, 2021), in addition to SoC for management of AD symptoms. Patients receive the gene therapy once on entry to the model (Kieu and Look, 2023).
	Comparator: Varies based on the severity of the disease, but consists of medication to manage symptoms but not to alter disease progression. For managing mild to moderate AD, the SoC involves acetylcholinesterase (AChE) inhibitor monotherapies (e.g. donepezil, galantamine and rivastigmine). Patients with severe AD or with moderate AD who are intolerant of or have a contraindication to AChE inhibitors are recommended memantine monotherapy. 
	Outcomes: Life years gained, QALYs, total healthcare costs, productivity losses for the patient and caregiver.
	Model structure
	The model structure is shown in Figure 5. A similar model structure has been used previously in the economic evaluation of disease-modifying therapies for AD, as well as for non- disease-modifying therapies s for AD (Davis et al., 2018; Kieu and Look, 2023; Green et al., 2019; Boustani et al., 2022). 
	Figure 5  Alzheimer's Disease model diagram based on Transition probabilities from (Potashman et al., 2021)
	Note: diagram includes MCI-AD state due to its inclusion in scenario B
	Results
	Table 10 shows that in conservative scenario A, health gains to individuals from CGT therapy (relative to SoC) total an additional 412,821 QALYs, delivering additional value to individuals of £40bn over the 10-year period. Gains to health and social care systems are around £19bn. The benefit to the national economy amounts to £21bn over the same period. 
	Table 11 shows that in the more optimistic scenario B, the health gains from CGT therapy provide an additional 454,637 QALYs, with a value of these health (micro) benefits at £45bn, benefits to health and social care systems £27bn, and to the national economy £27bn.
	Steady-state (annual) estimates for AD for scenario A indicate that health gains to individuals from CGT therapy (relative to SoC) equal a gain of 68,049 QALYs, with an individual-level value of £5.3bn, a systems-level value of £792 million, and a national economy value of £956 million per year. Further results are provided in Appendix E.
	Table 10  Scenario A results, Alzheimer’s disease
	INCREMENTAL DIFFERENCE
	TREATMENT
	SoC
	CGT
	£39,553,875,739
	£174,666,993,879
	£214,220,869,619
	Individuals
	MONETISED VALUE 
	OF OUTCOMES
	£19,213,276,091
	-£287,279,607,754
	-£268,066,331,663
	Systems
	£21,472,401,962
	-£239,329,418,718
	-£217,857,016,757
	National economy
	412,821 QALYs
	4,228,168
	4,640,989
	QALYs
	HEALTH OUTCOMES
	210,588 LYs
	8,703,217
	8,913,805
	Life years
	62,518 deaths averted
	618,368
	555,850
	Deaths
	Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care.
	Positive figures represent gains during the time horizon, while negative figures represent losses.
	Table 11  Scenario B results, Alzheimer’s disease
	INCREMENTAL DIFFERENCE
	TREATMENT
	SoC
	CGT
	£45,036,979,688
	£345,821,035,374
	£390,858,015,062
	Individuals
	MONETISED VALUE 
	OF OUTCOMES
	£26,908,176,291
	-£190,802,391,865
	-£163,894,215,575
	Systems
	£26,996,921,644
	-£148,841,729,356
	-£121,844,807,713
	National economy
	454,637 QALYs
	6,039,662
	6,494,299
	QALYs
	HEALTH OUTCOMES
	236,868 LYs
	9,863,536
	10,100,404
	Life years
	98,888 deaths averted
	337,532
	238,643
	Deaths
	Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care.
	Positive figures represent gains during the time horizon, while negative figures represent losses.
	5 Implications and next steps
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	5.4 Conclusion

	Under the conservative scenario A, widening access to CGTs is projected to create value between £20 billion and £40 billion across the four indications, depending on the category of value considered. Due to the risk of double-counting across categories, it is important to consider the individual, system, and national economy results separately, as shown in Table 12.
	Alzheimer’s disease dominates the aggregated results, contributing £39.6 billion in individual benefits, £19.9 billion in health-system savings, and £21.5 billion in wider-economy gains. The costs of dementia in the UK have been estimated at around £42 billion per year (Carnall Farrar, 2024): the 10-year gains estimated in our base case analysis represent a significant proportion of the estimated burden of disease. 
	At the other extreme, acute lymphoblastic leukaemia (ALL) generates value through a very small patient cohort, illustrating that rarity need not be a barrier to positive social returns. Beta-thalassaemia (BT) stands out as the only case in which system savings (£74 million) exceed individual gains (£52 million), confirming transfusion independence as a major budgetary lever. Acute myeloid leukaemia (AML) delivers a more balanced mix of individual value (£583 million) and system offsets (£463 million).
	If services can move closer to the more optimistic scenario B, the ten-year benefit envelope widens by almost 50% in some cases. The largest incremental uplift again comes from Alzheimer’s disease, where faster uptake and improved durability of effect may raise total gains by as much as 38%. Every other indication also posts material gains in the more optimistic scenario. AML adds a further £146 million across individual and system value. In practical terms, these figures imply that each year of delay in rolling out CGTs may cost society several billion pounds.
	Table 12  Main findings
	NATIONAL ECONOMY
	SYSTEMS
	INDIVIDUALS
	B
	A
	B
	A
	B
	A
	Scenario:
	£16 m
	£0.6 m
	£0.1 m
	£0.1 m
	£11 m
	£11 m
	ALL
	£8.4 m
	£5.5 m
	£616 m
	£463 m
	£725 m
	£583 m
	AML
	£144 m
	£51 m
	£211 m
	£74 m
	£148 m
	£52 m
	BT
	£27.0 bn
	£21.5 bn
	£27.6 bn
	£19.9 bn
	£45.0 bn
	£39.6 bn
	AD
	Estimates represent the incremental monetised value of outcomes over 10 years
	These analyses incorporate immediately relevant and achievable expansion of access to CGTs (e.g. for AML) with more ambitious and longer-term expectations about the availability of CGTs (e.g. for AD). The disease areas that we have explored also differ significantly in terms of the nature of existing healthcare and the characteristics of patients. This heterogeneity in the selection of indications supports a nuanced and realistic assessment of the drivers of value for a CGT system-shift. Notably, the drivers of value differ significantly across indications. For BT, there is substantial potential for health system savings through reduced red blood cell transfusions, iron chelation therapy, and complications as patients achieve transfusion independence. In contrast, the AML and AD case studies show value predominantly through health outcomes, with very large QALY gains in each scenario.
	These findings demonstrate that CGTs can create substantial value at multiple levels, from direct patient health benefits to healthcare system savings and broader economic impacts. The heterogeneity of benefits across indications highlights the need for a holistic assessment approach when considering investments in CGTs.
	While our findings demonstrate substantial value associated with a CGT system-shift, it is important to emphasise that these results should not be used to infer the value of any specific technology. In particular, for indications such as ALL and BT, where CGTs are already available, our estimates must not be misread as suggesting that the NHS is currently paying more than these therapies are worth. This would be a misinterpretation. Our analyses focus on small populations and adopt a conservative, short- to medium-term time horizon. Our base case analysis does not capture benefits beyond 10 years, including potential lifetime health gains, avoided long-term costs, or long-term broader societal impacts. Moreover, our approach is fundamentally different from health technology assessment: it is not designed to inform pricing or reimbursement decisions for individual products. Instead, it provides a system-level perspective on the potential value of coordinated investment in CGT infrastructure and access. As such, our results should be interpreted as indicative of the value of a system-shift, and not as a judgement on the cost-effectiveness of specific therapies.
	For each of our case studies, we compare our results with published economic evaluations. For paediatric B-cell ALL, we modelled tisagenlecleucel (Kymriah) and compared results with a NICE technology appraisal and two US studies, finding our estimates of incremental QALYs and life years were more conservative, likely reflecting our shorter time horizon and cautious assumptions. In AML, where no CAR-T therapies are yet approved, we compared our proposed therapy with azacitidine evaluations, observing broadly comparable QALYs but greater benefit for CAR-T consistent with its curative potential, while our slightly lower life year estimates reflect conservative survival assumptions due to limited CAR-T data in this indication. For BT, our one-time gene therapy model informed by exa-cel data showed clinical outcomes that aligned well with three relevant economic evaluations, with our total QALYs falling between existing studies and reinforcing our disease model's robustness despite healthcare system differences limiting cost comparisons. For AD, our hypothetical gene therapy analysis showed incremental QALYs and life years of similar magnitude to a comparable US-based evaluation when using matched methodology and time horizons, providing validation for our modelling approach across this diverse therapeutic portfolio. Further detail is provided in Appendices B to E.
	The research presented in this report constitutes the foundation for establishing the return on investment of a CGT system-shift. Our methodology provides a framework for evaluating the health-related benefits of CGTs that can be extended to other disease areas and adapted to other similar health technology-related system-shifts. Future research should extend this analysis in several important directions:
	 A subsequent stage of this analysis will evaluate benefits beyond those associated with health gains, including research and innovation ecosystem benefits, such as increased employment in healthcare and life sciences sectors, attraction of commercial trials to the UK, and knowledge spillovers. Establishing the UK as a leader in CGT development could significantly boost the life sciences sector and in turn the national economy. Clinical trials in 2022 alone generated an estimated £7.4 billion and supported around 65,000 jobs in the UK, with wider spillovers leading to higher NHS revenue, improved patient outcomes and the generation of academic publications (ABPI, 2024). CGTs involve advanced manufacturing techniques, creating highly skilled job opportunities in the UK economy.
	 A comprehensive evaluation must also include the costs of achieving a CGT system-shift, including infrastructure development, workforce training, and capacity building. This will enable calculation of a full return on investment and benefit-cost ratio.
	 Further work may also examine additional disease areas and indications where CGTs are in development, expanding the evidence base for the value of a system-shift. The 2024 BioMed Tracker identifies 36 indications with Phase 3 CGT trials, ranging from cancers and rare diseases to chronic and acute conditions with long-term impacts. Each of these indications likely imposes a distinctive combination of burdens on individuals, systems, and national economies. Our findings are specific to the four case studies selected and thus our assessment of the health-related benefits of a system-shift is incomplete. While we illustrate the different types and potential magnitudes of the health-related benefits of CGT, extending this analysis to include indications with a mature CGT pipeline would offer a broader illustration of the potential value of a system shift.   
	 Future analyses will need to address the challenge of aggregation across indications and across categories of value.
	The generalisability of our approach means that it can be adapted to evaluate other healthcare innovations requiring system-level changes beyond individual technology assessments. Inevitably, an ambitious analysis of this kind is associated with some limitations. We do not seek to develop the most nuanced specification of clinical pathways and disease progression in our models, and do not account for individual variations in treatment needs or response. Future research should consider the limitations associated with this trade-off.
	Our analysis employs a novel perspective to a challenging decision problem, seeking to inform national level investment decisions to support the achievement of a CGT system-shift. Our approach and methodology are grounded in best-practice guidance for both public investment decision-making and decision modelling techniques. Our societal perspective analysis provides a complementary approach to traditional HTA methods, which typically focus on health gains and healthcare expenditures. For transformative technologies like CGTs, this broader perspective can better inform national-level investment decisions. Government decision-makers should consider frameworks that capture the full range of benefits demonstrated in our case studies - from direct health improvements to healthcare resource savings and productivity gains.
	The substantial benefits identified may justify significant public investment in CGT infrastructure and capacity building, with clear potential for returns across multiple sectors of the economy. The diverse value profiles across indications suggest that policy planning should anticipate emerging CGT therapies across a range of disease areas, rather than focusing exclusively on areas where CGTs are currently available.
	For a CGT system-shift to occur, stakeholders need to have a better understanding of the CGT paradigm and the benefits of building the necessary organisational and societal culture. This may require significant investment, but such investment should not be limited to the healthcare sector. As CGT culture becomes embedded, knowledge spillovers (externalities) may emerge surrounding how CGT products work and can be delivered within the healthcare system. Capacity will be needed to efficiently absorb these spillovers. 
	It will be important to explore practical approaches that can support bringing CGTs to market, which might require changes in policy. This may include novel payment approaches such as annuitisation, outcomes-based payments, and indication-based pricing models, which could support sustainable implementation of CGTs (Firth et al., 2021).
	Wider access to cell and gene therapies could be supported by a shift in technology, infrastructure, behaviour, and policy, which in turn could realise diverse health-related benefits. Such a system shift is likely to require investment beyond the reimbursement of individual health technologies.
	Our analyses demonstrate the potential health-related value of such investments, illustrated using four heterogeneous case studies. Health-related benefits associated with access to CGTs are realised at different levels, from the individual patient, to health and social systems, to the wider economy. The magnitude of these benefits differs across technologies, ranging from around £5.3 million over 10 years for macro-level benefits associated with CGT treatment of AML (conservative scenario A) to around £40 billion over 10 years for micro-level benefits associated with CGT treatment of Alzheimer's disease (also under conservative scenario A).
	These estimates represent the total value that may be realised from the health-related benefits associated with CGTs in each indication. They provide initial estimates for value associated with health gains that can be realised for the economy per indication within the short to medium term. When combined with future research on wider economic benefits and investment requirements, these findings will provide a comprehensive assessment of the case for a CGT system-shift in the UK.
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	This section outlines a generalisable methodology for our analysis, aligned with the rationale and approach described above. It is designed to be taken as a protocol for modelling the value of CGTs in any disease area. We outline generalisable methods for structuring disease models, identifying parameters, and specifying the analysis. The informativeness of our approach relies on meaningful selection of disease areas, and so we outline a rational methodology for selecting indications.
	A template model, based on the model protocol outlined below, was developed in R and is available open-source (Sampson et al., 2025). This aligns with our aim to develop a generalisable approach to modelling outcomes that can be applied and adapted to different therapeutic areas or types of technology. Its usefulness, in its current form, relies on the use of a cohort state transition model described in the model structure section below.
	As an open-source model, adaptations can be made to the R script to more accurately model outcomes as required. This has been necessary in making the template more applicable to the specific case studies we have modelled. For example, to facilitate accurate representation of clinical pathways and treatment protocols for CGTs (in Alzheimer’s disease), our model incorporates functionality for the specification of states with fixed durations. These adaptations are present in the current template.
	The process of selecting a set of indications is informed by a qualitative assessment of the likelihood of CGTs emerging in the near future, the feasibility of modelling the indication, and the extent of disease burden, as described in section 4.
	Modelling protocol
	We develop disease-specific decision models informed by published economic evaluations and appraisals identified through targeted literature reviews. As far as possible, model structures should align with those used in previously validated or tested decision models.
	Our methodology seeks to facilitate interpretation of the value of CGTs across disease areas. We therefore prioritise consistency in the model structures. In particular, all models adopt a cohort state transition structure, with states specified on the basis of disease state. Cohort state transition models simulate a group’s movement (often progression) through a mutually exclusive and collectively exhaustive set of disease states. The amount of time spent in each state will determine the relevant outcomes for the cohort. The use of a cohort means that the model does not consider differences between individuals and seeks to provide accurate estimates of outcomes on average. CGTs seek to substantially alter disease progression, such that model results are expected to be less reliant on a nuanced specification of the model structure, or precision in the definition of health states and transitions.
	The identification of health states is determined based on current treatment pathways for selected indications in the UK, accounting for any precedent in the evaluation of cell and gene therapeutic options. The models should be parsimonious, built with as few health states as is necessary, to support generalisability. The feasibility of transitions (between given states) should reflect realistic disease trajectories, and different indications will require different levels of complexity in this regard.
	The models seek to capture meaningful differences in patient disease history and treatment effects. Given this, elements of the model structure are expected to differ between the models, including cycle length, treatment waning, mortality risks, and any assumptions taken to capture long-term outcomes. This should be determined based on targeted or systematic literature reviews of the disease area. To facilitate accurate representation of clinical pathways and treatment protocols for CGTs, our model incorporates functionality for the specification of states with fixed durations.
	Table 13 outlines the parameters required for a state transition model, accompanied by a description of each parameter. 
	Table 13  State transition model parameters
	DESCRIPTION
	PARAMETER
	Health states in the model that patients can occupy
	States (𝑆)
	Transition probabilities (𝑃𝑖𝑗)
	The probability of moving between states, i and j
	The duration of one model cycle (e.g., 1 month, 1 year).
	Cycle length (∆𝑡)
	The total duration of the model (e.g. 10 years, 20 years)
	Time horizon (𝑇)
	Health state distribution (𝑁𝑡)
	The distribution of the population across health states at time, t
	A state transition model consists of discrete health states (𝑆1, 𝑆2, …, 𝑆𝑛) where 𝑛 is the number of health states. A simple example would be: 
	 𝑆1 = Healthy
	 𝑆2 = Diseased
	 𝑆3 = Dead
	Each model has a series of transition probabilities, which is the probability, 𝑃𝑖𝑗, of moving from the health state 𝑖 to 𝑗. These probabilities can be represented in a transition matrix (𝑃), an example is displayed below:
	𝑃=𝑃11𝑃12𝑃13𝑃21𝑃22𝑃23𝑃31𝑃32𝑃33
	The number of individuals that occupy each state over time is calculated iteratively, depending on the cycle length, ∆𝑡, for the full duration of the time horizon 𝑇. This calculation occurs using the following formula:
	𝑁𝑡= 𝑁𝑡−1𝑃
	Where 𝑁𝑡 is the distribution of patients at time t, 𝑁𝑡−1 is the distribution on the previous cycle, and 𝑃 is the transition matrix.
	The outcomes associated with occupancy of each state are then calculated. The transition probabilities, and the initial state distribution (𝑁0) may differ depending on the treatment offered to patients, hence driving the differences in outcomes. 
	Key input parameters to the model include probabilities for transitions between states, state-based estimates of outcomes, and population characteristics. These should all be derived from published literature, clinical trial data, or appraisals of relevant technologies.
	Parameters should be selected based on their alignment with the population, intervention, and outcomes specified in our approach. As far as possible, evidence should be derived in the UK setting, or from comparable health services.
	Both transition probabilities and state-based outcomes may differ between the CGT and SoC. However, we assume that CGTs are disease modifying, and that their effectiveness can therefore be reflected in differential estimates of disease progression (transition probabilities).
	Future unrelated medical costs are incorporated using standard methods described in the literature and are applied equivalently across scenarios. We use estimates from Asaria et al. (2017), inflated to 2024 prices. The model multiplies person-time alive in each cycle with age-specific per-capita spend, and is included in the systems cost category.
	Table 14 summarises the key analytic configuration of our models in the base case, accompanied by the NICE reference case specification for comparison.
	Table 14  Model settings
	NICE REFERENCE CASE (NICE, 2022)
	BASE CASE
	PARAMETER
	NHS/PSS
	Society
	Perspective
	Lifetime
	10 years
	Time horizon
	3.5%
	0%
	Discount rate costs
	Discount rate health benefits (SLY, QALYs)
	3.5%
	0%
	£20,000-£30,000
	£70,000
	Value of health outcomes: QALY
	SLY = statistical life year; QALY = quality adjusted life year
	Time horizon 
	The time horizon for our analysis is the duration over which the cohort is modelled and outcomes are observed. It should be specified based on what is informative to the decision-maker. As a guideline, the UK Green Book suggests a time horizon of 10 years as “a suitable working assumption for many interventions”. 
	However, the Green Book advises that the time horizon should be long enough to capture all significant costs and benefits associated with the interventions' useful lifespan. Interventions likely to have longer term effects, for example vaccination programmes or infrastructure projects with significant long-term costs or benefits, may require evaluation periods extending several decades into the future (e.g. 60-years), or even a lifetime horizon. A complexity in our analysis is that the evaluation of a CGT ‘system-shift’ does not have an obvious, predictable, or measurable lifespan.
	According to NICE guidance, a lifetime horizon is justifiable when a technology leads to differences in patient survival or benefits that persist for the remainder of their life (NICE, 2022). However, lifetime time horizons are associated with high levels of uncertainty given the assumptions required to extrapolate data on disease progression and outcomes beyond available real-world evidence. 
	Our analysis encompasses a range of indications with different ages of onset/treatment initiation and varying disease progression rates, and therapies with various mechanisms of action (i.e. extending life vs. improving quality of life). Accordingly, a unified fixed time horizon must strike a balance between capturing treatment costs and benefits across indications, data limitations, and contextual considerations.
	A 10-year time horizon may capture some changes in long term treatment outcomes and limit uncertainty, while aligning with the healthcare planning and budgetary considerations the UK, e.g. the NHS 10-year 'long term plan' (NHS, 2025a). Additional longer fixed time horizons (e.g. 20 and 30 years) could be presented where relevant (Drummond et al., 2019). Since it’s expected that CGTs will have long-lasting and sustained effects over a patient's life course, estimating the longer-term outcomes is likely to have important implications for the analysis.
	For all of our indications, we also present an annual ‘steady-state’ time horizon, in which outcomes are evaluated once the system has stabilised, i.e. there is a consistent number of new patients entering the model and dying each year. A steady-state model examines costs and outcomes for a single, typical year in a stable population. In practice, the model is run until all new patients have died (e.g. 100 years), and then that year is taken as representative. Thus, the analysis focuses on newly incident (future) patients and excludes the gains associated with treating a stock of prevalent patients with unmet needs. This approach is used to estimate the annual impact of a policy or intervention and can be scaled to any number of years. It estimates the ongoing costs and benefits after full implementation of an intervention (in our case, a system-shift), rather than the transitional effects of introducing a new intervention.
	Discount rates 
	Technology appraisals and evaluations of investment decisions typically employ discounting. This is based on the notion of ‘net present value’ and the idea that the value of costs and benefits is diminished as they move further into the future. People – and governments – prefer to realise benefits sooner rather than later, and to defer costs or burdens into the future. However, the realisation of a CGT system-shift will require ongoing investment of currently unknown timing and magnitude, and the definition of ‘present’ – for the identification of net present value – is currently unspecified. This is particularly challenging when our analysis considers future (newly incident) patients, who cannot be treated at present but whose outcomes would be diminished in value through the application of discounting. Therefore, to simplify interpretation of the results, and to avoid difficult ethical justifications for the deprioritisation of future populations, our base case analysis adopts a 0% discount rate.
	Scenarios
	As outlined in our approach, we model two alternative scenarios when estimating the potential benefits of CGTs, a ‘most credible’ scenario A and a more optimistic scenario B. For disease areas in which there is a treatment in the pipeline, this facilitates consideration of uncertainties in where the CGT will fit in the patient pathway, who may be eligible, and its effectiveness. In contrast, where CGTs are already approved and available in the market, it provides an estimate if, say, there were to be an improvement in the effectiveness of treatments, a change in placement in the patient pathway, or an expansion in the eligibility of patients.
	For each scenario, the overall approach and execution of the model will remain consistent, with differences being specified as alternative parameter inputs. Full results will be presented for each scenario for each case study.
	Our analyses estimate the monetised value of outcomes within each of the individuals (micro), systems (meso), and national economy (macro) categories described above. Outcomes may be positive or negative, but our focus in these analyses is on the incremental monetised value of outcomes associated with a CGT system-shift.
	The way that outcomes are valued – monetarily – is critical to the analysis and requires careful interpretation. Simply summing the individual benefits, national economy benefits, and health and social system benefits, and attributing this value as a macroeconomic benefit would result in double-counting. For example, if we were to sum the improved mortality using the value of a quality-adjusted life year (QALY), based on the Green Book valuation, together with productivity costs using the human capital approach (HCA), there would be an overlap in the benefits considered. Here, we describe how health and productivity should be valued in this analysis.
	Health
	In the valuation of health benefits, we follow the Green Book approach to the measurement and valuation of risks to life and health (HM Treasury, 2022). The measurement of health impact can be expressed in terms of both the length of life (life years gained) and quality of life (QoL). 
	A statistical life year (SLY) represents an additional year of life, and its valuation depends on the age of the individual benefitting from the intervention; a higher value is placed on the life of a child than on that of an elderly person (Keller et al., 2021). The measurement reflects only the length of life dimension. 
	A QALY represents a year of life in perfect health, accounting for both the length of life and quality of life (QoL), see the equation below. The QoL element is often estimated using the EQ-5D, which is a tool recommended by NICE and used to show the changes in self-reported health over time or relative to the receipt of a healthcare intervention. In this case, health-related QoL is described using five dimensions: mobility, ability to self-care, ability to carry out usual activities, pain/discomfort, and anxiety/depression (Devlin, Parkin and Janssen, 2020). Where possible, we use QoL values derived using the EQ-5D. Below are a series of equations to show how QALY gains are calculated in our analysis, with Table 15 outlining the key parameters.
	Table 15  Health outcomes parameters
	DESCRIPTION
	PARAMETER
	The number of life years in any year (𝑡)
	Life years (𝐿𝑡)
	The health-related quality of life in any year (𝑡)
	Health related QoL (𝑈𝑡)
	The rate at which outcomes accrued after the first year are discounted each year
	Discount rate (𝑟)
	The total duration of the model (e.g. 10 years, 20 years)
	Time horizon (𝑇)
	𝑄𝐴𝐿𝑌𝑡=𝐿𝑡×𝑈𝑡
	For both the CGT and SoC, we calculate the total QALYs across the entire population (incident and prevalent).
	𝑄𝐴𝐿𝑌𝑆𝑂𝐶=𝑡=1𝑇(𝐿𝑡𝑆𝑂𝐶×𝑈𝑡𝑆𝑂𝐶(1+𝑟)𝑡
	𝑄𝐴𝐿𝑌𝐶𝐺𝑇=𝑡=1𝑇(𝐿𝑡𝐶𝐺𝑇×𝑈𝑡𝐶𝐺𝑇(1+𝑟)𝑡
	∆𝑄𝐴𝐿𝑌=𝑄𝐴𝐿𝑌𝐶𝐺𝑇−𝑄𝐴𝐿𝑌𝑆𝑂𝐶
	We then monetise the QALYs or SLYs, both the difference in incremental health outcomes and the absolute gains for CGT and SoC. The monetary valuations we apply are from the Green Book and are based on representative samples of the population, who differ based on incomes, preferences, age, states of health, and other circumstances. Their values are comparable and represent the ‘social value’ that society places on either an improvement in life expectancy and QoL, the QALY, or a small change in the probability of gaining/losing a year of life expectancy, the SLY (HM Treasury, 2022). 
	Ultimately, whether SLYs or QALYs should be used depends upon the expected impact of the CGT intervention. If both length of life and quality of life are improved, the QALY would be the most appropriate measure to use. 
	Table 16 provides the monetary values of the QALY and SLY in the Green Book (HM Treasury, 2022).
	Table 16  Valuation of health benefits
	(SOURCE)
	VALUE
	PARAMETER
	(HM Treasury, 2022)
	£70,000/QALY (20/21 prices)
	Monetary value of a QALY (𝑉𝑄𝐴𝐿𝑌)
	(HM Treasury, 2022)
	£60,000/SLY
	Monetary value of a SLY (𝑉𝑆𝐿𝑌)
	In contrast to these values, when evaluating health technologies, NICE applies a threshold of £20,000-£30,000 per QALY when considering its cost-effectiveness to the NHS (NICE, 2022). An intervention is deemed good value for money for the NHS if its associated cost per QALY falls within or below this range. NICE’s cost-effectiveness threshold is not intended as a measure of the value of a QALY, but rather of the marginal cost of generating a QALY in the NHS (Sampson et al., 2022).
	Time use
	Different uses of time for patients and carers can generate differential value. We categorise and value patient and carer time use as either relating to individuals, systems, or the national economy. This approach allows flexibility in the valuation of different time-use inputs, as they relate to different treatment indications and populations. We anticipate that the best evidence will be available for differences in time spent in paid employment, which generates value for the national economy. We may also identify evidence for productivity impacts realised at the systems level, for example where formal care funded by NHS and social care services is displaced by informal caregiving by patients. Some changes in time use will only give rise to differential value at the individual level, such as changes in leisure time.
	We estimate and value time as a proportion of all of a person’s time. For working time, we standardise time-use calculations as full-time equivalents (FTEs), representing the proportion of a full-time workload impacted by illness or caregiving responsibilities. For example, if we assume an average full-time schedule of 40 hours per week, and a person loses 10 hours of work per week due to illness, this implies a loss of 0.25 FTE.
	Estimates of time based on FTEs are converted in our analysis to a proportion of all of a person’s time (on average), which can be expressed as a function of FTEs:
	𝑃(𝑎𝑙𝑙)=𝑡𝑇 ×𝐹𝑇𝐸×𝑃𝐹𝑇𝐸  
	Where 𝑡 is the number of hours associated with an FTE, 𝑇 is the total available hours, 𝐹𝑇𝐸 is the (average) number of FTEs per patient (e.g. based on the proportion of people in work) and 𝑃(𝐹𝑇𝐸) is the FTE productivity loss associated with illness for those in work (based on estimates of absenteeism and presenteeism). For example, we can calculate a 𝑃(𝑎𝑙𝑙) for a patient population where 80% of the patients work a 38-hour week and lose 0.5 FTEs due to illness:
	𝑃(𝑎𝑙𝑙)=38168 ×0.8×0.5 =0.0905
	Thus, the proportion of total weekly time impacted is 9.05%, which equates to 15.2 hours per week. This method ensures that productivity gains and losses are appropriately scaled relative to total available time, allowing for a consistent estimate of economic impact.
	National economy
	Productivity gains/losses at the macro level, due to changes in productivity and employment rates, are adjusted using FTE-weighted time loss due to absenteeism and presenteeism. Estimates are made in terms of the costs related to absenteeism, i.e. days of work lost during illness, due to both mortality and morbidity. Productivity impacts associated with family members’ and informal caregivers’ time use is estimated equivalently. The proportion of impacted time for patients and carers is valued based on the average income in the UK, obtained from the most recent estimates from the Office for National Statistics (ONS) (ONS, 2022). 
	For patients, the impact of mortality on productivity may be estimated using either the human capital approach (HCA) or the friction cost approach (FCA). The HCA calculates the economic loss due to illness, disability, or death by estimating the lost earnings that would have been generated by the individual over their remaining working life. The FCA only accounts for productivity losses in the ‘friction period’, or the time it takes to find and train a replacement worker who can perform the job at the same level as the person who is deceased or otherwise unable to work. The FCA includes costs associated with finding, hiring, and training a replacement worker, and any temporary loss of productivity during this transition period.
	There is a lack of consensus over which approach is best to quantify formal market productivity losses (Pike and Grosse, 2018). The friction cost approach likely underestimates the long-term impact of mortality; however, the HCA likely overestimates these productivity losses. HCA better represents the loss of productive potential of individuals due to ill health and death, whereas the FCA only accounts for a short-term impact on the economy. The difference between HCA and FCA estimates differs widely across studies (Pike and Grosse, 2018), and will ultimately depend on the impact of the intervention and the age of the population affected. In this analysis, losses will be estimated using the HCA as this may better reflect a societal perspective with a long time horizon. 
	Systems
	Similarly, for meso productivity gains/losses, we adjust informal caregiving time by FTE to estimate its displacement of formal care services. The valuation of informal care is at the same rate as formal workplace productivity impacts, assuming that the value of unpaid labour is equivalent to that of paid labour (Park, Jit and Wu, 2018; Deloitte, 2020). Patient time savings among patients who are informal caregivers’, represented in FTE units, allow us to estimate sector-level cost reductions within the NHS and social care systems.
	Individuals
	‘Micro’ productivity gains/losses can be difficult to conceptualise and measure, given that time use on an individual level reflects reallocation of time to alternative purposes (which can be more or less ‘valuable’), and not time ‘lost.’ There is a lack of consensus on how to best value “unproductive” leisure time. The ideal approach would consistently capture and value leisure time while not double-counting (Sendi and Brouwer, 2004). The opportunity cost method can be used for valuing leisure time in terms of monetary costs, utilising a fraction (or multiple) of the wage rate based on the context and methodology (Verbooy et al., 2018). This assumes that individuals, given limited time, choose a combination of work and leisure time that maximises their utility (Sendi and Brouwer, 2004). Another approach is to capture leisure time in terms of quality of life, as measured by health state valuations. However, quality of life instruments may not be explicit in this respect and may not fully capture the impact of illness on an individual’s ability to enjoy leisure time (Sendi and Brouwer, 2004). For this reason, we include ‘micro’ productivity impacts when loss of leisure time is likely not fully captured by health state valuations, and where data on explicit time loss and suitable proxies for valuation are available. For example, not all informal caregivers are formally employed (thus not contributing to ‘macro’ productivity value), but their caregiving time ‘loss’ may be explicitly documented. Thus, for our analysis we value caregiving time among unemployed informal caregivers as lost leisure time where appropriate. 
	Our approach enables a breakdown of productivity value in terms of to whom they accrue: the national economy, systems (e.g. health and social care), and individuals (e.g. patients and their carers), while preventing double-counting.
	Acute lymphoblastic leukaemia (ALL) is an aggressive haematological malignancy characterised by the clonal proliferation of immature lymphoid cells, known as lymphoblasts, in the bone marrow and peripheral blood. This uncontrolled proliferation impairs normal blood cell production, leading to a range of clinical symptoms (Terwilliger and Abdul-Hay, 2017). ALL is most prevalent in children, although it can also affect adults, particularly those over 40 years of age. Leukaemia is the most prevalent childhood cancer in the UK and ALL is the predominant form of childhood leukaemia, accounting for about 78% of all leukaemia diagnoses in children in the UK (Children with Cancer UK, 2025). 
	ALL arises from mutations in the haematopoietic stem cells that result in the accumulation of lymphoblasts. These abnormal cells interfere with normal haematopoiesis, causing the ineffective production of red blood cells, white blood cells, and platelets. As a result, patients present with symptoms of anaemia, neutropenia, and thrombocytopenia. The disease can also infiltrate extramedullary sites such as the liver, spleen, and central nervous system (CNS), leading to more severe manifestations (Terwilliger and Abdul-Hay, 2017).
	Globally, over 150,000 new cases of ALL and over 40,000 deaths due to ALL were reported in 2019 (Zhang et al., 2023). Incidence in the US was estimated at 1.8 per 100,000 people in 2021, with age-specific rates highest in children aged 1–4 years (Pagliaro et al., 2024b). In the UK, ALL is responsible for 765 new cases of leukaemia each year (Cancer Research UK, 2021). 
	Paediatric ALL typically follows a more favourable clinical course compared to adults, with most patients achieving remission. Advances in treatment regimen and diagnostic technologies have contributed to the substantial improvement in rates of remission and survival. Five-year survival rates for children exceed 90% in many cases (Malard and Mohty, 2020), although long-term survival rates in adults are lower, ranging from 30% to 40% (Pulte et al., 2014). In this analysis, we employ paediatric and young adult ALL as the reference case due to the availability of robust long-term survival data and real-world evidence in this population.
	Health-related quality of life (HRQoL) studies in ALL highlight consistent patterns of impairment during treatment, and variable recovery post-therapy. Survivorship studies demonstrate that overall HRQoL for ALL patients post-treatment completion was either similar to or higher than patients on active treatment, albeit patients still reported lower physical and psychosocial functioning compared to population norms or siblings (Garas et al., 2019). The majority of long-term survivors of paediatric cancer are likely to experience at least one late effect during survivorship, including fatigue, neurological conditions, pain, and neurocognitive difficulties (Vetsch et al., 2018). A prospective, cross-sectional study of childhood ALL survivors found that neurological symptoms were present in 83% of survivors, and high doses of intrathecal chemotherapy and relapse predisposed survivors to impaired QoL (Khan et al., 2014).
	Survivors of ALL treated with conventional chemotherapy face substantial long-term health impacts. Neurocognitive impairments, including deficits in attention, memory, and executive function, are common, and these can adversely affect academic attainment and long-term employment prospects (Iyer et al., 2015). In addition, chronic health conditions such as endocrine complications (e.g., growth hormone deficiencies, hypothyroidism), cardiometabolic conditions, and fatigue are frequent among survivors exposed to intensive therapies such as stem cell transplants (Shalitin et al., 2018; Chow et al., 2010; Kelkar, Antin and Shapiro, 2023). These conditions can significantly impair long-term workforce participation, especially among individuals with lower educational attainment. By comparison, CAR T-cell therapy—while associated with acute toxicities like cytokine release syndrome (CRS) and neurotoxicity—has demonstrated more favourable long-term recovery patterns. HRQoL often rebounds within six months post-treatment, often reaching levels comparable to or better than those observed in patients receiving conventional care (Johnson et al., 2023).
	The long-term socioeconomic burden of ALL also extends to caregivers. Caregiver responsibilities can lead to reduced working hours, missed workdays, and decreased efficiency while at work, resulting in measurable productivity losses that contribute to the broader socioeconomic impact of the disease. In families of children with advanced paediatric cancer, up to 94% of parents experienced some form of work disruption, including reduced hours, missed workdays, or leaving employment altogether (Bona et al., 2014). One study reported that parents missed an average of 17.3 workdays within the first month following their child’s diagnosis (Fluchel et al., 2014). While CAR-T therapy may shorten the duration of active treatment as well as reduce the frequency of long-term hospital visits compared to multi-phase chemotherapy regimens, it is expected that caregiving needs remain elevated well into survivorship. Families will still need to navigate follow-up care, late effect surveillance, and psychosocial support needs, often without the same level of clinical oversight provided during initial treatment. 
	Standard treatment for ALL typically involves multi-phase chemotherapy combined with central nervous system (CNS) prophylaxis. Induction therapy aims to achieve remission, followed by consolidation and maintenance phases lasting up to three years. Intrathecal chemotherapy is often employed to prevent CNS relapse, given the limited penetration of systemic drugs into this area. While effective in achieving high remission rates, particularly in children, standard chemotherapy is associated with substantial toxicities such as myelosuppression, neurocognitive impairment, and increased infection risk. Stem cell transplantation may be considered for high-risk or relapsed cases.
	Modern treatments for ALL have been revolutionised by the introduction of CAR T-cell therapy, particularly for relapsed or refractory B-cell ALL. CAR-T therapy, such as tisagenlecleucel, targets CD19-positive leukaemia cells with precision, achieving durable remissions in patients who fail standard therapies. Unlike chemotherapy, CAR-T therapy minimises off-target effects but carries unique risks like cytokine release syndrome (CRS) and neurotoxicity. Studies show that CAR-T-treated patients experience faster recovery in terms of health-related quality of life (HRQoL) compared to those undergoing traditional treatments. Additionally, targeted therapies like tyrosine kinase inhibitors (e.g., imatinib) are increasingly used in Philadelphia chromosome-positive ALL cases, further improving outcomes. These advancements highlight a shift towards personalised and less toxic therapeutic approaches in ALL management.
	Methods
	For this case study, we develop a state-transition model to evaluate the costs and benefits of CGT compared to standard of care for paediatric and young adult patients with relapsed or refractory B-cell ALL. CAR-T therapies are actively used in clinical practice in this population and are therefore modelled as the CGT intervention. The model considers disease progression, treatment response, resource use, and patient outcomes. Our approach is structured to align with recent economic evaluations of CAR-T therapies for B-cell ALL, to ensure it is reflective of current care practices.  
	Scenarios
	We consider two scenarios for this case study. ALL provides a well-established evidence base for the effectiveness of CAR-T treatments, having been in clinical practice for close to a decade. Given this, we focus the difference between the scenarios on any uncertainties in parameters that are impacted by real-world evidence and those that are heavily informed by assumptions. 
	Table 17 outlines key differences with scenario A and B. Scenario A considers a more credible scenario, with parameters and assumptions derived from clinical trials, published HTA appraisals and economic models published in the literature. Scenario B explores plausible optimistic estimates and assumptions largely based on benefits to the economy that arise from health improvements associated with CGT, such as improved socioeconomic outcomes and reduced caregiver burden.
	We explore parameters related to intravenous immunoglobulin treatment, which is commonly used in conjunction with CAR-T therapy to manage hypogammaglobulinaemia, a frequent side-effect that results from the depletion of normal B cells. These parameters were highlighted as highly uncertain in the NICE appraisal for tisagenlecleucel for CAR-T therapy. Scenario A adopts a conservative approach, where IVIG use is informed by a real-world evidence dataset (the Systemic Anti-Cancer Therapy [SACT] dataset) and assumes greater hospital admissions and duration of use associated with CGT treatment. Scenario B aligns with clinical trial data. 
	The burden of care for children with cancer often falls to families, particularly parents, whose work productivity is affected by the need to attend frequent hospital appointments, manage complex treatment schedules, and provide ongoing care at home. Scenario A assumes equivalent caregiving requirements across treatment arms, reflecting a conservative base case. We assume high caregiving intensity during ‘Initial Treatment; estimates for this state is informed by Fluchel et al. (2014), which reports 17.3 missed workdays among parents of children with cancer in the first month post-diagnosis. We also assume ‘Relapse’ and ‘Remission after transplant’ health states to have increased caregiving demands relative to the ‘Remission’ health state based on clinical opinion and previous appraisals. For these states, we apply productivity loss estimates from Angioli et al. (2015), a broader study on caregiving in cancer given limited treatment-specific data. The study found that employed caregivers reported an average of 8.7% work time lost due to absenteeism and a 12.8% reduction in productivity from presenteeism, with an overall carer productivity loss of 20.67% (Angioli et al., 2015). For caregivers of patients undergoing relapse after transplant, we model additional assumptions based on evidence showing caregivers miss approximately 25 work days in the year following transplant (Biddell et al., 2022) In both treatment arms, the ‘Remission’ and ‘Cure’ health states is assumed to have no ongoing caregiver burden.
	Scenario B incorporates differential caregiver burden by treatment and disease severity. We assume high caregiving intensity to extend into the relapse health state for SoC patients, given that these patients are often still treated with additional rounds of therapy or other high-dose salvage regimens. We would expect high caregiver burden given the need for ongoing hospital visits for treatment and management of any adverse effects. Based on this, we apply Fluchel et al.'s (2014) estimate of 17.3 missed workdays during both the initial treatment and relapse health states for the standard chemotherapy arm. 
	In contrast, CAR-T therapy is modelled as requiring intensive caregiving only during the initial treatment health state, reflecting the need for close monitoring of cytokine release syndrome and neurotoxicity, but with reduced long-term burden due to its single administration and shorter treatment trajectory. For relapse states following CAR-T, we apply the broader productivity loss estimates from Angioli et al. (2015): 8.7% absenteeism and 12.8% presenteeism. All other inputs are aligned with scenario A, including parameters for transplant and cure health states.
	Socioeconomic parameters were considered for inclusion as part of scenario B in this analysis, given the growing evidence of long-term functional and societal impacts of ALL treatment on a paediatric and adult population (Mody et al., 2008). These parameters can help capture the full spectrum of long-term impacts on survivors and society. Survivors of treatment, particularly treatment that is considered curative early in life, often face challenges that extend beyond immediate health concerns, and affect their educational achievements and future work productivity. We conceptualised the level of socioeconomic participation in two ways: 
	(1) school absences, where patients and survivors of treatment are found to have high absenteeism relative to the general population (French et al., 2013);
	(2) cognitive impairments resulting from treatment, particularly cranial irradiation and high-dose chemotherapy which affect memory, attention, and executive function, which can persist into adulthood (Iyer et al., 2015). 
	Educational and cognitive challenges are likely to translate into direct economic consequences; increased school absences and cognitive impairments are linked to reduced educational attainment and future employment challenges (Krull et al., 2013; Dräger, Klein and Sosu, 2024). A US study estimates that adult survivors of childhood cancer experience an excess annual productivity loss of $5,086 per person, highlighting the lasting effects of a childhood cancer diagnosis (Guy et al., 2016).
	Emerging therapies, such as CAR-T cell therapy, may offer different long-term socioeconomic outcomes compared to existing treatments. While CAR-T therapy involves intensive short-term care, its potential for sustained remission could reduce long-term cognitive and educational disruptions. Nevertheless, more comprehensive longitudinal studies are needed to fully understand these differences.
	Table 17  Acute lymphoblastic leukaemia scenarios
	SOURCE / EXPLANATION B
	SCENARIO B
	SOURCE / EXPLANATION A
	SCENARIO A
	PARAMETER
	ELIANA trial
	30.4% / 11.4 months
	In line with NICE evaluation of tisagenlecleucel (NICE, 2024c), parameters related to IVIG treatment were informed by a real-world evidence dataset, the Systemic Anti-Cancer Therapy (SACT) dataset
	47% / 18 months
	PROPORTION OF PATIENTS WITH / DURATION OF INTRAVENOUS IMMUNOGLOBULIN (IVIG) TREATMENT
	Relapse:  Assumed 17.3 missed workdays in the month, to align with high caregiving intensity needs in relapse
	These values are applied to the proportion of the population that is economically active, as per ONS data. Sources for initial treatment, remission / relapse and transplant states are respectively Fluchel et al. (2014), Angioli et al. (2015) and Biddell et al. (2022)
	Initial treatment: 17.3 missed workdays in the month following infusion
	CAREGIVING PARAMETERS
	Relapse: Carer productivity loss (20.67%) 
	Transplant: 25 missed workdays for the year following transplant
	Cure: No caregiving burden assumed
	Despite the importance of these factors, modelling educational and other longer term socioeconomic outcomes remains challenging due to a lack of robust data. These impacts typically manifest over extended time periods and are unlikely to yield measurable economic consequences within the short- to medium-term time horizon of this analysis. Additionally, there is limited evidence on how different types of treatment influence the level of socioeconomic burden, further constraining the inclusion of these outcomes in the model.
	Given this, we did not model these parameters in scenario B of the analysis. There is a need for further research into developing methodologies to integrate longer-term productivity losses or gains and human capital impacts into economic evaluations. This is important to ensure a more comprehensive assessment of treatment value. 
	The population we model is paediatric and young adult patients (under the age of 25 years) with relapsed (either after a transplant or after two or more lines of treatment) or refractory (r/r) B-cell ALL. We model this population because CAR-T therapies are actively used in clinical practice for treating r/r B-ALL in these age groups.
	The mean age is modelled to be 12 years, with 43.04% of the population female. This is in line with a NICE appraisal for a CAR-T therapy for ALL in the selected population (NICE, 2024c). 
	In the UK, there were 765 new cases of ALL diagnosed in the UK each year from 2017 to 2019, with 484 cases (63.3%) were in patients aged 0 to 24 years (Cancer Research UK, 2021). Clinical evidence suggests that approximately 15% to 20% of patients have been reported to experience relapsed disease within the first two years of achieving complete remission from first-line chemotherapy (Pui et al., 2015). Given this, we have conservatively modelled an incident relapsed/refractory population of 38 patients. Of these 38 patients, we assume 81.4% patients are eligible for CAR-T therapy, based on the CAR-T population identified in the NICE appraisal of tisagenlecleucel which restricts the eligible patient population based on any adverse events or failures in the manufacturing process, giving us an eligible population of 31 patients.
	We model the intervention as a CAR-T therapy, using effectiveness data related to tisagenlecleucel, which is currently the only CAR-T therapy licensed for use in paediatric and young adult patients with relapsed or refractory B-cell ALL in the UK. It is an established and effective treatment option in this population. Tisagenlecleucel has demonstrated high efficacy in clinical trials and real-world studies; the ELIANA trial reported an 81% complete remission (CR) rate in pediatric and young adult patients with R/R B-cell ALL, with a 12-month overall survival (OS) rate of 76% and durable remissions in responders (Maude et al., 2018).
	The intervention is delivered as a single, one-time dose of a CGT. We further include the costs associated with pre-treatment procedures (leukapheresis to collect T cells), lymphodepleting chemotherapy to enhance CAR-T efficacy and bridging chemotherapy to stabilize disease while CAR-T cells are manufactured.
	The standard of care (SoC) for paediatric and young adult patients (up to 25 years) with relapsed or refractory (r/r) B-cell ALL in the UK includes a mix of immunotherapies and salvage chemotherapy regimens. In line with the NICE appraisal of tisagenlecleucel (TA975), the relevant comparators for this population include blinatumomab and salvage chemotherapy; in this analysis, we consider a SoC as a basket comparator of these two treatments forming a basket of comparators representing routine NHS practice (NICE, 2024c).
	Blinatumomab, a bispecific T-cell engager targeting CD19, is frequently used in paediatric patients with primary refractory disease or those in second or subsequent relapse. The treatment is administered as a continuous intravenous infusion over 28 days per cycle, typically delivered via a central venous catheter in an inpatient or ambulatory setting. Each cycle is followed by a 14-day treatment-free interval, and patients may receive up to five cycles depending on response and tolerance. Clinical trial evidence demonstrates improved complete remission (CR) rates and overall survival compared to conventional chemotherapy, with fewer grade 3/4 adverse events (Brown et al., 2021a; von Stackelberg et al., 2016). 
	Salvage chemotherapy, typically consisting of intensive multi-agent regimens such as FLAG-IDA, continues to be widely used for patients who are ineligible for, or have previously failed, immunotherapy. The FLAG-IDA regimen includes fludarabine, cytarabine (Ara-C), granulocyte-colony stimulating factor (G-CSF), and idarubicin, typically delivered over 4–5 days in repeated cycles. These regimens are associated with significant toxicity, requiring inpatient admission, intensive supportive care, and prophylactic antimicrobials. Nevertheless, they remain a mainstay in clinical practice, especially when aiming to induce remission prior to allogeneic stem cell transplant (allo-SCT), or in settings where access to immunotherapies is limited.
	We do not include inotuzumab ozogamicin, a CD22-targeted antibody–drug conjugate also licensed for use in r/r B-cell ALL, within the basket of comparators. While inotuzumab ozogamicin may be offered to select patients, particularly in older adolescents and young adults with confirmed CD22 expression, its routine use in younger paediatric patients is more limited. The use of inotuzumab in this population is often restricted to compassionate use or managed access schemes, making it difficult to capture within standard pathways of care. Additionally, there is limited clinical trial evidence evaluating the efficacy and long-term outcomes of inotuzumab specifically in paediatric patients.
	Allogeneic stem cell transplantation is not considered a comparator in this model. It is instead incorporated within the model structure, wherein patients can transition into hematopoietic stem cell transplantation (HSCT) health states after either relapse or remission. This is primarily to account for the fact that blinatumomab and clofarabine-containing therapies are generally seen as bridges to transplantation in clinical practice, wherein they are considered insufficient to ensure durable long-term remission in relapsed disease. 
	Outcomes focus on both achieving and maintaining complete remission (CR), with patients considered “functionally cured” of ALL. Reaching CR is associated with improved health-related quality of life, longer survival, fewer chemotherapy-related adverse events, and reduced use of healthcare resources. Patients in remission are also expected to achieve better educational outcomes, have improved future workplace productivity, and place a reduced burden on caregivers.
	Key outcome measures include life years gained, QALYs, total healthcare costs, and productivity losses; these reflect the impact on both patients and their caregivers. Educational outcomes are likely to improve with sustained remission, and we sought to identify relevant parameters to inform the estimation of education-related outcomes at the individual and system-level. However, we were unable to identify relevant evidence and these outcomes are therefore excluded from the current analysis.
	Figure 2 demonstrates the model structure for this analysis, which is a seven-state cohort transition model, with a monthly cycle length. The structure is adapted from an existing cohort model published for paediatric and young adult patients with relapsed or refractory B-cell ALL (Lin et al., 2018). 
	Initial treatment: Patients enter the model in this state, receiving either CAR-T therapy or SoC treatment, such as blinatumomab or salvage chemotherapy. Patients who achieve remission transition to the Remission state. Patients who do not achieve remission either transition to Relapse or refractory state if their disease progresses or to death. 
	Remission: In this state, patients are monitored for disease recurrence. A subset of these patients may undergo allogeneic stem cell transplantation (allo-SCT) as part of consolidation therapy. Patients may remain in remission, relapse, transition to the cure state if they remain relapse-free for a pre-specified period, or transition to death.
	Relapse or refractory: Patients who do not achieve or who lose remission transition to this state. They may receive allo-SCT if eligible. Death is the only possible transition from this state.
	Remission after transplant: Patients who achieve a second remission after transplant may remain in this state, relapse, transition to the cure state if they remain relapse-free for a pre-specified period, or transition to death.
	Relapse after transplant: Patients whose disease returns after allo-SCT move into this state. These patients are typically offered palliative treatment and may remain in this state or transition to death. 
	Cure: This state represents patients who remain in remission (either pre- or post-transplant) for five years and are considered functionally cured. Patients in this state can only transition to death. These patients are assumed to experience a higher background mortality than a person of similar age from the general population, based on existing evidence from relevant populations.
	Death: This is an absorbing state (no transition out of this state). A one-off terminal care cost is applied in this state.
	Table 18 sets out the transition probabilities for the model.
	Table 18  Transition probabilities for acute lymphoblastic leukaemia
	To
	STANDARD OF CARE
	State
	Relapse after SCT
	Remission after SCT
	Death
	Cure
	Relapse
	Remission
	Initial tx
	0.03
	0.00
	0.00
	0.00
	0.18
	0.79
	0.00
	Initial tx
	0.01
	0.00
	0.00
	0.02
	0.02
	0.95
	0.00
	Remission
	0.24
	0.00
	0.00
	0.00
	0.76
	0.00
	0.00
	Relapse
	Remission after SCT
	0.01
	0.00
	0.01
	0.98
	0.00
	0.00
	0.00
	From
	Relapse after SCT
	0.06
	0.00
	0.94
	0.00
	0.00
	0.00
	0.00
	0.03
	0.97
	0.00
	0.00
	0.00
	0.00
	0.00
	Cure
	1.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	Death
	To
	CELL AND GENE THERAPY
	State
	Relapse after SCT
	Remission after SCT
	Death
	Cure
	Relapse
	Remission
	Initial tx
	0.00
	0.00
	0.00
	0.00
	0.06
	0.94
	0.00
	Initial tx
	0.02
	0.01
	0.00
	0.00
	0.02
	0.95
	0.00
	Remission
	0.11
	0.00
	0.00
	0.00
	0.89
	0.00
	0.00
	Relapse
	Remission after SCT
	0.01
	0.01
	0.01
	0.97
	0.00
	0.00
	0.00
	From
	Relapse after SCT
	0.06
	0.00
	0.94
	0.00
	0.00
	0.00
	0.00
	0.02
	0.98
	0.00
	0.00
	0.00
	0.00
	0.00
	Cure
	1.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	Death
	Notes: The values indicated in red are non-zero but have been rounded for consistency.
	Abbreviations: SCT: stem-cell transplantation.
	This analysis sources key clinical inputs for the intervention, including remission rates, overall survival, relapse-free survival, and adverse events—from the pivotal phase II ELIANA trial for tisagenlecleucel and supporting real-world data where applicable.
	Inputs specific to the CGT arm are aligned with those used in the NICE technology appraisal TA975, which informed the recommendation of tisagenlecleucel for paediatric and young adult patients with relapsed or refractory B-cell ALL (NICE, 2024c). Comparator arm inputs are derived from published clinical trials, including AALL1331, and supplemented with data from prior economic evaluations of immunotherapy in paediatric ALL (Hogan et al., 2023; von Stackelberg et al., 2016; Brown et al., 2021a; Jeha et al., 2006).
	Simplifying assumptions
	This analysis includes several simplifying assumptions, compared to economic evaluations and appraisals of the same therapy. This was done to enable consistency with NICE appraisals and prior evaluations of CAR-T therapy in ALL, and to allow for broader generalisability and comparison with other case studies.
	In this analysis, we model a cohort of ‘initial’ patients entering the relapsed or refractory (r/r) B-cell ALL setting, rather than including a broader population that spans multiple lines of prior treatment. Patients are assumed to enter the model at the point of first relapse or primary refractory disease, consistent with eligibility criteria used in clinical trials for CAR-T and other r/r therapies. Modelling at this consistent entry point ensures alignment with available trial data and avoids heterogeneity related to multiple prior treatment lines or disease outcomes. 
	Additionally, we do not model a prevalent population, as patients with r/r ALL are generally treated immediately upon relapse or refractory progression and do not remain in a stable “prevalent” state. Unlike chronic conditions, there is no clinically meaningful period where a prevalent, untreated r/r population would accumulate.
	We conservatively assume that only patients who achieve complete remission (CR) are eligible to proceed to haematopoietic stem cell transplantation (HSCT). In clinical practice, HSCT is typically considered in patients in second complete remission (CR2) or those with high-risk features in CR1, particularly in relapsed or refractory B-cell ALL (Brown et al., 2021b). Performing HSCT in active disease (i.e., without prior remission) is associated with poor outcomes and is rarely undertaken in paediatric patients due to high transplant-related mortality and low curative potential (Okamoto et al., 2020). This assumption aligns with published treatment guidelines, simplifies the model structure by restricting HSCT transitions to post-remission states only and avoids overestimating the benefits of HSCT in populations where it is not routinely used.
	We assume a fixed percentage of patients are cured by each treatment, consistent with assumptions used in the NICE TA975 appraisal and related economic models (Lin et al., 2018; NICE, 2024c). In the model, “cure” is defined as sustained long-term remission without the need for further treatment or risk of relapse. The assumed cure rates are: 1) CAR-T therapy: 40%; 2) Blinatumomab: 25%; 3) Salvage chemotherapy: 10%. These values are derived from expert opinion and extrapolated survival curves from the NICE TA975 appraisal based on data from key trials (NICE, 2024c; Maude et al., 2018; Hogan et al., 2023). Using fixed cure rates helps avoid the need for complex long-term survival modelling, which is difficult when follow-up data are limited.
	Parameter values for ALL
	Table 19  Parameter values for acute lymphoblastic leukaemia
	REFERENCES / NOTES
	VALUE (CGT)
	PARAMETER
	ELIANA trial, based on TA975
	12
	Mean age at baseline (years)
	EPIDEMIOLOGY
	ELIANA trial, based on TA975
	43.04%
	Proportion of female
	Cancer Research UK, 2017–2019
	484
	Incident ALL population
	Based on the assumption that roughly 15 per 100 patients relapse over 2 years and only 81.4% of patients are eligible for CAR-T infusion, based on TA975
	31
	Relapsed/refractory population eligible for CAR-T 
	Lin et al. (2018b)
	0.78
	Patient utility – Initial treatment
	PATIENT UTILITIES
	Lin et al. (2018b)
	0.88
	Patient utility – Remission
	Lin et al. (2018b)
	0.76
	Patient utility – Relapse
	Lin et al. (2018b)
	0.8
	Patient utility – Remission after transplant
	Lin et al. (2018b)
	0.73
	Patient utility – Relapse after transplant
	Lin et al. (2018b)
	0.86
	Patient utility – Cure
	Lin et al. (2018b)
	0
	Patient utility – Death
	Derived from TA975
	£47,698.57
	Treatment costs (excluding CAR-T infusion)
	HEALTH-STATE COSTS FOR CGT1
	Derived from TA975
	£640.50
	Healthcare costs – Remission
	Derived from TA975
	£209.17
	Healthcare costs – Relapse
	Derived from TA975
	£122.51
	Healthcare costs – Remission after transplant
	Derived from TA975
	£288.02
	Healthcare costs – Relapse after transplant
	Derived from TA975
	£30.08
	Healthcare costs – Cure
	Derived from TA975
	£0.00
	Healthcare costs – Death
	Derived from TA975
	£57,349.40
	Treatment costs
	HEALTH-STATE COSTS FOR SOC1
	Derived from TA975
	£409.42
	Healthcare costs – Remission
	Derived from TA975
	£288.02
	Healthcare costs – Relapse
	Derived from TA975
	£121.41
	Healthcare costs – Remission after transplant
	Derived from TA975
	£288.02
	Healthcare costs – Relapse after transplant
	Derived from TA975
	£30.08
	Healthcare costs – Cure
	Derived from TA975
	£0.00
	Healthcare costs – Death
	Derived from TA975
	£165,613.15
	Costs – HSCT
	ONE-OFF COSTS AND DISUTILITIES1
	Derived from TA975
	£47,906.88
	Costs – HSCT, follow-up
	Derived from Sung et al. (2003), adjusted for the cycle
	0.04
	Disutilities – HSCT 
	Derived from TA975
	48.10%
	Probability – CRS (CGT)
	EVENT PROBABILITIES
	This is based on the assumption that 50% of the SoC arm is treated with blinatumomab, with a CRS rate of 5.71% based on von Stackelberg et al. (2016)
	2.86%
	Probability – CRS (SoC)
	NICE SACT dataset
	47.00%
	Probability – B-cell aplasia (CGT only; Scenario A)
	Derived from TA975
	30.40%
	Probability – B-cell aplasia (CGT only; Scenario B)
	Derived from TA975
	£38,485.61
	Costs – CRS
	ADVERSE EVENTS1
	Based on NICE SACT dataset, where treatment for B-cell aplasia is expected to be 18 months
	£35,138.9
	Costs – B-cell aplasia (CGT only; Scenario A)
	Based on TA975, where treatment for B-cell aplasia is expected to be 11.4 months
	£22,254.64
	Costs – B-cell aplasia (CGT only; Scenario B)
	Derived from TA975
	0.03
	Disutilities – CRS 
	0.00
	Disutilities – B-cell aplasia
	NHS Reference Costs 2023/2024, weighted average of Non-Elective Long Stay Paediatric Acute Lymphoblastic Leukaemia codes
	£11,989.12
	End‐of‐life care
	DEATH COST1
	1. All costs are inflated to and reported in 2024 GBP
	Table 20  Productivity effects for acute lymphoblastic leukaemia
	REFERENCES / NOTES
	VALUE (CGT)
	PARAMETER
	(NICE, 2024)
	68
	GENERAL POPULATION INPUTS
	Retirement age
	Calculated
	253.25
	Days of work, per year
	Average working hours per week (ONS, 2024a)
	6.36
	Hours of work, per day
	Average hourly wage (ONS, 2024a)
	£18.93
	Value of working time: lost production
	ONS (2024a)
	21.80%
	Proportion of the population economically inactive
	Median salary UK (ONS, 2024c)
	£37,430
	Value of working time: lost production
	(Angioli et al., 2015)
	20.67%
	CARER PRODUCTIVITY LOSS
	Carer work productivity loss, %
	(Fluchel et al., 2014)
	17.3
	Missed workdays post-diagnosis, monthly
	(Biddell et al., 2022)
	2.08
	Missed workdays post-transplant, monthly
	(Bona et al., 2014)
	94.00%
	Proportion of caregivers experiencing work disruption (Scenario B only)
	Steady-state results for ALL
	Table 21  Steady-state (annual) results, ALL, scenario A
	INCREMENTAL DIFFERENCE
	TREATMENT
	SoC
	CGT
	£335,216,333
	£3,054,067,365
	£3,389,283,698
	Individuals
	MONETISED VALUE 
	OF OUTCOMES
	£549,307,012
	-£724,573,612
	-£175,266,600
	Systems
	-£6,225,934
	-£2,120,976,085
	-£2,127,202,019
	National economy
	4,789 QALYs
	43,630
	48,418
	QALYs
	HEALTH OUTCOMES
	261 LYs
	61,344
	61,605
	Life years
	Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care.
	Table 22  Steady-state (annual) results, ALL, scenario B
	INCREMENTAL DIFFERENCE
	TREATMENT
	SoC
	CGT
	£420,887,647
	£3,751,925,510
	£4,172,813,158
	Individuals
	MONETISED VALUE 
	OF OUTCOMES
	£722,077,549
	-£890,139,573
	-£168,062,024
	Systems
	-£9,510,214
	-£2,605,621,726
	-£2,615,131,940
	National economy
	6,013 QALYs
	53,599
	59,612
	QALYs
	HEALTH OUTCOMES
	398 LYs
	75,362
	75,760
	Life years
	Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care.
	Comparison of results to similar evaluations
	In our analysis, we consider a CAR-T therapy as the CGT intended to alter disease progression in ALL. Currently, tisagenlecleucel (Kymriah) is the only licensed CAR-T option for children and young adults with relapsed or refractory B-cell ALL. The therapy modelled here is modelled after tisagenlecleucel and uses both published clinical and cost parameters related to the treatment.
	We alter our original analysis by simulating outcomes for one prevalent patient over a lifetime horizon to enable meaningful comparison with existing evaluations of tisagenlecleucel in ALL. To maintain consistency in methodology, we also incorporated costs of CAR-T treatment into our model, reflecting approaches taken in prior analyses.
	For reference, we selected three comparator studies: 1) (NICE, 2024c), the NICE technology appraisal of tisagenlecleucel, which examines cost-effectiveness within the NHS, 2) (Lin et al., 2018b), a published economic evaluation of tisagenlecleucel in the United States, and 3) (Sarkar et al., 2019), which employs a microsimulation model to estimate long-term outcomes and value of tisagenlecleucel using trial data inputs.
	Per-patient discounted outcomes for scenarios A and B are presented in Table 23, alongside findings from the two selected studies. We do not include a cost comparison for any of the studies. Although the NICE technology appraisal of tisagenlecleucel was conducted within a comparable UK setting, the incremental costs and QALYs are redacted, limiting meaningful comparison. The evaluations by Lin et al. (2018) and Sarkar et al. (2019) both employ resource use and cost inputs based on the US healthcare system, which differs in pricing structures and clinical practice patterns, reducing the transferability of cost outcomes to a UK-specific context. 
	The QALY and life year outcomes in our analysis do not fully align with those reported in the comparator studies, and several factors may explain this divergence. Notably, our model adopts a shorter effective time horizon than selected comparator studies (which all employ a lifetime horizon). This is likely to truncate the long-term survival benefits associated with CAR-T therapy, and particularly affects life year gains, as curative effects and survival plateaus often emerge well beyond the initial follow-up period. We adopt a more conservative survival assumptions, borrowing reported transitions and response rates from relevant literature where possible. This may underestimate time spent in high-utility health states or the curative potential of CAR-T therapy, particularly in younger patients. Regardless, the selected studies all report substantial improvements in health benefit associated with CAR-T therapies. While of lower magnitude, our analysis still demonstrates a measurable clinical benefit, suggesting that the macroeconomic value of CGT in this case may be underestimated.
	Table 23  Tisagenlecleucel evaluation comparison
	INCREMENTAL GAIN DISCOUNTED LYS (3.5% FOR NICE; 3% OTHERWISE) 
	INCREMENTAL GAIN DISCOUNTED QALYS (3.5% FOR NICE; 3% OTHERWISE)
	INTERVENTION
	SETTING
	SOURCE
	vs blinatumomab, 7.13 
	NA
	Tisagenlecleucel 
	UK
	NICE TA975
	vs salvage chemotherapy, 8.18 
	vs blinatumomab
	vs salvage chemotherapy
	vs blinatumomab, 12.05 
	vs blinatumomab, 5.17 
	Tisagenlecleucel (40% cure assumption)
	US
	Lin et al., 2018
	vs clofarabine combination, 12.05 
	vs blinatumomab, 5.62
	vs blinatumomab
	vs clofarabine monotherapy, 13 
	vs clofarabine combination
	vs clofarabine monotherapy
	NA 
	8.18
	Tisagenlecleucel
	US
	Sarkar et al., 2019
	vs standard therapy
	4.75 / 5.57
	4.46 / 5.18
	CGT versus SoC
	UK
	Current analysis (Scenario A-Scenario B)
	Acute myeloid leukaemia (AML) is a rapidly progressing haematological malignancy characterised by the abnormal proliferation of immature myeloid cells (Juliusson, Lehmann and Lazarevic, 2021). It is the most prevalent form of acute leukaemia in adults, with a higher incidence observed in individuals over 60 years of age (Vakiti, Reynolds and Mewawalla, 2024).
	AML arises from the clonal expansion of myeloid precursors in the bone marrow, resulting in ineffective erythropoiesis and megakaryopoiesis, rapid bone marrow failure, and insufficient production of red blood cells and platelets. The disease is defined by the accumulation of immature myeloblasts in bone marrow and peripheral blood, impaired production of normal blood cells, and potential infiltration of other organs such as the liver, spleen, and lymph nodes (Vakiti, Reynolds and Mewawalla, 2024).
	The clinical course of AML is characterised by rapid progression, necessitating prompt initiation of treatment upon diagnosis. Without intervention, AML can lead to mortality within months of diagnosis (National organisation for rare disorders, 2024). Even with current treatment modalities, prognosis remains suboptimal, particularly in older patient populations.
	In the UK, AML accounts for around 2,945 new cases each year (Cancer Research UK, 2019). The disease demonstrates a higher prevalence in adults over 60 years old. Five-year survival rates of patients in the UK exhibit significant age-related disparities, with patients under 60 years showing a survival rate of over 35%, while those over 60 years have a survival rate below 15% or less (Haematological Malignancy Research Network (HMRN), 2024).
	The disease and its treatments can substantially affect patients' health-related quality of life (HRQoL). A systematic review of HRQoL in AML patients found that HRQoL declined quickly after diagnosis and treatment initiation, with physical symptoms such as fatigue, pain, and dyspnoea commonly reported (Korol et al., 2017). Fatigue was identified as the most problematic symptom domain in patients, irrespective of their treatment status (Bryant et al., 2015). Psychological distress, such as anxiety and depression, is often reported amongst patients treated with ‘intensive’ chemotherapy requiring prolonged hospitalisations (El-Jawahri et al., 2019; Lockwood et al., 2020). Impact on social wellbeing is also a notable concern, with one study estimating up to 69% of AML patients having experienced at least one form of social toxicity, such as changes in work, school or home life (Fortune et al., 2023). 
	A study on work absenteeism and disability among AML patients and their caregivers reported significant impacts on workplace absence and disability days. In the year following an AML diagnosis, patients experienced a significant increase in short-term disability (STD) and long-term disability (LTD) leave days, with claims rising sixfold and fourfold, respectively. Caregivers' workplace absence peaked in the first two months post-diagnosis and remained elevated thereafter (Pandya et al., 2024).
	Standard treatment for AML typically involves intensive chemotherapy, and in selected cases, chemotherapy combined with HSCT (Kantarjian et al., 2021). Treatment initiation is time-sensitive due to the aggressive nature of the disease. Despite advancements in treatment protocols, AML continues to present significant therapeutic challenges, particularly in older patient populations.
	Recent advances in molecular characterisation have led to improved risk stratification and the development of targeted therapies. The European LeukemiaNET (ELN) 2022 guidelines emphasise molecular characterisation and risk stratification for individuals with AML, providing updated data on these aspects (Döhner et al., 2022). These advancements have resulted in the approval of several new treatments in recent years, potentially offering improved outcomes in the future.
	Methods
	In this case study, we developed a state-transition model to evaluate the costs and benefits of CGT compared to standard of care for patients with untreated AML. We model the CGT as CAR-T therapy, given that CAR-T therapies are currently in development for AML and are used to treat related cancers. The model accounts for disease progression, treatment response, healthcare resource utilisation, and patient outcomes. Our analysis incorporates current clinical evidence where available and uses evidence-based assumptions otherwise. We structured our approach to align with previous economic appraisals conducted for AML therapies, to ensure comparability with existing evaluations.  
	Scenarios
	As outlined above, we consider two separate scenarios for this case study to account for uncertainties in treatment effectiveness, given the treatment is still in the pipeline. Table 24 below outlines the differences between the scenarios. 
	Scenario A considers a more credible scenario, where parameters and assumptions are derived from clinical trials or in line with current use in similar indications, such as ALL (where CAR-T therapy use is already approved and in use). The population receiving CAR-T therapy is based on the CAR-T population identified in the NICE appraisal of tisagenlecleucel, wherein the eligible proportion of patients for CAR-T therapy is estimated based on any adverse events or failures in the manufacturing process. (NICE, 2024c). In terms of CGT therapy effectiveness, the probability of resistant disease amongst patients is informed by empirical estimates associated with current antibody-based therapy for AML (Russell-Smith et al., 2021). A proportion of CAR-T patients are assumed to receive HSCT after relapse in line with estimates for current antibody-based therapy for AML (Russell-Smith et al., 2021), given that HSCT is currently an available option for AML patients subject to donor availability and literature suggesting there may overlap between CAR-T treatment and HSCT (Goldsmith et al., 2022).
	Scenario B presents a more optimistic scenario and employs assumptions allowing for higher and more sustained treatment effectiveness. Here, all untreated AML patients within the assessed population will be eligible for CAR-T treatment. Scenario B assumes lower probabilities of resistant disease amongst CAR-T patients, based on evidence in the literature that CAR-T therapies are associated with higher rates of complete remission compared SoC (Cappell and Kochenderfer, 2023).
	It is assumed that CAR-T patients do not undergo HSCT treatment, aligning with current evidence that CAR-T therapy provides durable remissions without the need for subsequent transplantation (Cappell and Kochenderfer, 2023). 
	Table 24  Acute myeloid leukaemia scenarios
	SOURCE / EXPLANATION B
	SCENARIO B
	SOURCE / EXPLANATION A
	SCENARIO A
	PARAMETER
	The entire untreated AML population is assumed eligible for CAR-T therapy
	100.00%
	In line with NICE evaluation of tisagenlecleucel (NICE, 2024c), the proportion of leukaemia patients eligible for CAR-T therapy is restricted based on adverse events or failures in the manufacturing process
	81.40%
	Proportion of incident population eligible for CAR-T therapy
	Assumption
	10.00%
	Assumed equal to probability of resistant disease derived for gemtuzumab ozogamicin patients in ALFA-0701 (Russell-Smith et al., 2021)
	12.00%
	Probability of resistant disease after receiving induction treatment
	Assumption
	0.00%
	Assumed equal to rate of HSCT use for gemtuzumab ozogamicin patients in ALFA-0701 (Russell-Smith et al., 2021)
	9.58%
	HSCT utilisation for relapse AML patients 
	The population we modelled was adult patients with untreated AML. We model the mean age to be 61.2 years, with 50.93% of the population female. This is in line with similar NICE appraisals of therapies for untreated AML (Russell-Smith et al., 2021). 
	For this analysis, we focus exclusively on an incident population of AML – assuming that there is no untreated prevalent population – as this approach aligns with the typical progression and treatment patterns associated with the disease. Given the high mortality rate and the need for timely treatment, it is standard to consider only newly diagnosed patients. This restriction also allows us to limit the analysis to untreated AML patients, avoiding the inclusion of those with prior relapses, who follow distinct treatment pathways and may introduce confounding factors.
	In the UK, it has been estimated that approximately 2,945 new cases of AML are diagnosed each year in individuals aged 18 years and older (Cancer Research UK, 2019). In Scenario A, we assume that 81.4% of patients are eligible for CGT, while the remaining patients are considered ineligible due to adverse events or failures in the manufacturing process (NICE, 2024c). This results in a starting population, as well as subsequent incident population, of 2397 patients per year. Scenario B assumes all patients are eligible for CGT, resulting in a starting and incident population of 2,945 patients per year.
	We assume that patients have access to one or more hypothetical CAR-T therapies. The success of CAR-T based therapies in cancer, including other types of leukaemias and lymphomas, has led to efforts to develop immune-based approaches for AML treatment, encompassing both antibody-based therapies and cellular strategies. Currently, there are several ongoing trials exploring the use of CAR-T cells, including both autologous and allogeneic CAR-T cells targeting markers such as CD123, CD33, and CLL1 for patients with acute myeloid leukaemia (Koneru et al., 2022; Shah et al., 2023).  
	The intervention involves a one-off single dose of a CGT, along with the costs of pre-treatment (leukapheresis to obtain T-cells, conditioning chemotherapy to enhance CAR-T efficacy and bridging chemotherapy to stabilise disease) and administration. The base case analysis assumes that the rate of patients transitioning into the disease-free state (complete remission) is higher than, and the rate of patients transitioning into relapse health states is lower than that of the comparator. According to the ALFA-0701 phase III trial, approximately 21% of patients treated with standard chemotherapy have resistant disease (i.e., do not achieve complete remission), whereas roughly 12% treated with an anti-CD33 antibody conjugate have resistant disease. In scenario A, we conservatively assumed that 12% of CAR-T patients have resistant disease. For scenario B, given clinical evidence of CAR-T therapy having more durable remissions and better survival outcomes in similar disease indications, we assume a lower proportion (10%) of CAR-T patients with resistant disease (Cappell and Kochenderfer, 2023a).
	The SoC for untreated AML varies based on patient age, fitness, and disease characteristics. For typical patients (under 70 and fit enough to have intensive chemotherapy), the standard approach is intensive induction chemotherapy with the "7+3" regimen (7 days of cytarabine plus 3 days of an anthracycline, i.e., daunorubicin), often followed by consolidation therapy with high dose cytarabine. Recent guidelines and updates to recommendations also underscore that anthracyclines and cytarabine remain the backbone of intensive and consolidation chemotherapy (Döhner et al., 2022). If complete remission is not achieved, salvage chemotherapy or non-curative therapies are considered. There are some newer therapies added to first line AML therapy, such as gemtuzumab-ozogamicin (GO, a humanized anti-CD33 IgG4 antibody), but evidence on the is not unanimous and is limited to favourable or intermediate cytogenetic risk in disease.
	For older patients (70 or older) who are often considered unfit for intensive chemotherapy, SoC includes a combination of a hypomethylating agent (azacitidine or decitabine) with venetoclax. In this analysis, we exclude this subpopulation for two primary reasons. First, although CAR T-cell therapy has shown promise in treating certain hematologic malignancies, its applicability in older populations is constrained; factors such as comorbidities and related toxicities may limit its use in older patients (Shouse, Danilov and Artz, 2022). Second, we expect a limited impact on broader economic impacts for an older population due to factors such as retirement or decreased workforce participation (Zheng et al., 2015). 
	There are additional therapies available for specific genetic mutations, such as FLT3 (~30% of AML patients (Daver et al., 2019)) or IDH1/IDH2 (~10% of AML patients; (Molenaar et al., 2018)) mutations. It has now become standard to incorporate FLT3 inhibitors into first-line therapy for patients with FLT3-mutant AML, in the induction and consolidation stages as well as the maintenance stage. Maintenance treatment includes post-remission therapy that aims to eliminate any remaining leukaemia cells and prevent relapse.
	Given the prevalence of FLT3-mutant AML and the routine commissioning of FLT3 inhibitors, we have assumed that comparator for this analysis will be a basket of therapies, wherein 70% of patients are treated as patients with no identified specific mutations, and 30% of patients will be treated as patients with FLT3 mutation status (Daver et al., 2019). In the UK, no IDH mutation-specific treatments have been approved and are in routine use; therefore, it will be assumed that these patients are treated similar to patients with no identified specific mutations.
	For intermediate- or high-risk patients who achieve remission, allogeneic stem cell transplantation (allo-SCT) is considered provided a suitable donor is identified. Given that allo-SCT can only be received after initial treatment and eligibility is a key factor for consideration, this analysis does not consider allo-SCT as a comparator, nor does it include allo-SCT within the treatment pathway. Instead, the costs and disutilities of allo-SCT are applied to each treatment arm based on published rates of allo-SCT.
	Based on the reasons outlined above, the SoC consists of:
	For 70% of patients: 
	Induction: 7+3 regimen with cytarabine and daunorubicin
	Consolidation: High dose cytarabine
	Subsequent therapies: FLAG-IDA chemotherapy regimen or non-curative therapies
	For 30% of patients with FLT3 mutations: 
	Induction: 7+3 regimen with cytarabine and daunorubicin, with quizartinib
	Consolidation: High dose cytarabine, with quizartinib
	Maintenance: Quizartinib only
	Second-line treatment: FLAG-IDA chemotherapy regimen or non-curative therapies
	Outcomes are based on achieving and retaining complete remission, with patients considered “functionally cured” from AML. Complete remission is associated with improved health-related quality of life, higher rates of survival, lower use of healthcare resources, and reduced risk of developing adverse events associated with chemotherapy. These patients are also expected to have improved workplace productivity and reduced carer burden.
	Outcome measures that are considered include life years, QALYs, total healthcare costs and productivity losses for the patient as well as the caregiver.
	The model structure, as seen in Figure 3, follows a five-state cohort transition model, similar to existing cohort models published for AML therapies (Russell-Smith et al., 2021):
	Induction: the first phase of AML treatment, aimed at achieving remission. SoC patients are given the “7+3” regimen with or without quizartinib, while CAR-T patients are administered treatment in this cycle (and undergo leukapheresis, conditioning and bridging chemotherapy). Patients are assumed to receive one round of induction therapy, and if they achieve remission, they move to complete remission state. Otherwise, they move to the refractory state. All patients have to exit the health state after one cycle. 
	Complete Remission (CR): this state includes the consolidation treatment, as well as maintenance treatment for SoC patients. This health state includes a tunnel state, CR I, where all SoC patients can receive consolidation treatment for 2 cycles, after which they move into CR II. Here, CAR-T patients and SoC patients without FLT3+ mutation only receive costs of disease monitoring and management in this health state. SoC patients with FLT3+ mutation receive maintenance treatment with quizartinib. Patients who do not achieve remission move into the relapse state.
	Refractory: patients move to this state if they do not respond to initial therapy and do not achieve CR. Here, SoC patients receive a combination of salvage chemotherapy and non-curative therapies. CAR-T patients only receive costs of disease monitoring and management in this health state.
	Relapse: patients move to this state if their disease returns after remission (CR). Here, SoC patients receive a combination of salvage chemotherapy and non-curative therapies. CAR-T patients only receive costs of disease monitoring and management in this health state.
	Death: this is an absorbing state (no transition out of this state). A one-off terminal care cost is applied in this state.
	The transition probabilities used for SoC and the gene therapies are shown in the matrix in Table 25.
	Table 25  Transition probabilities for acute myeloid leukaemia
	To
	STANDARD OF CARE
	State
	Death
	Relapse
	Refractory
	CR II
	CR I
	Induction
	0.00
	0.00
	0.02
	0.00
	0.98
	0.00
	Induction
	0.00
	0.00
	0.00
	1.00
	0.00
	0.00
	CR I
	0.00
	0.04
	0.00
	0.96
	0.00
	0.00
	CR II
	0.05
	0.00
	0.95
	0.00
	0.00
	0.00
	From
	Refractory
	0.06
	0.94
	0.00
	0.00
	0.00
	0.00
	Relapse
	1.00
	0.00
	0.00
	0.00
	0.00
	0.00
	Death
	To
	CELL AND GENE THERAPY
	State
	Death
	Relapse
	Refractory
	CR II
	CR I
	Induction
	0.00
	0.00
	  0.01*
	0.00
	  0.99*
	0.00
	Induction
	0.00
	0.00
	0.00
	1.00
	0.00
	0.00
	CR I
	0.00
	0.04
	0.00
	0.96
	0.00
	0.00
	CR II
	0.05
	0.00
	0.95
	0.00
	0.00
	0.00
	Refractory
	From
	0.06
	0.94
	0.00
	0.00
	0.00
	0.00
	Relapse
	1.00
	0.00
	0.00
	0.00
	0.00
	0.00
	Death
	Abbreviations: CR: complete remission.
	Note: *The transitions from induction to CR I and refractory health states differ between Scenario A and B, although this difference is not significant for up to two decimal points.
	In this analysis, HSCT is not modelled as a separate health state, given the lack of probable estimates for transitions to HSCT for patients receiving CAR-T therapy. Instead, a simplified approach is applied, wherein a proportion of SoC patients are assigned the costs and disutilities associated with HSCT. Additionally, this model accounts for “functionally cured” patients based on achieving and retaining complete remission, rather than including a separate state as per Russell-Smith et al. (2021). 
	The economic evaluation of gemtuzumab ozogamicin sources inputs such as remission rates, overall survival, relapse-free survival and adverse events from the ALFA-0701 phase III trial. Given that the economic evaluation assesses direct healthcare costs and QALYs for standard chemotherapy, our model borrows relevant parameters informing the health state transitions, mortality risk, health state costs, and HRQoL. For the proportion of patients receiving quizartinib, cost and utility inputs are taken from an economic evaluation of quizartinib for patients with FLT3-ITD mutant AML (Bewersdorf et al., 2024). Inputs for the CAR-T therapy are derived from NICE submissions or publications from related disease indications with established CAR-T treatment pathways, such as ALL and mantle cell lymphoma (NICE, 2021a; Petersohn et al., 2022). All additional relevant AML parameters per disease state (direct and indirect costs, patient and carer productivity losses, utility values, and mortality risk) are in Table 26, Table 27, and Table 28.
	Simplifying assumptions
	We have made several simplifying assumptions in this analysis, compared to previous economic evaluations and appraisals. This was due to i) the limited availability of clinical data; ii) modelling a hypothetical treatment with less evidence of impact on treatment progression; and iii) need for increased generalisability in approach to allow for comparison with other indications. 
	In this analysis, we only model an incident population of AML instead of considering both prevalent and incident populations together. The population of interest is untreated AML patients, i.e., patients beginning treatment. The typical disease progression and treatment pathways vary significantly between untreated patients and patients with relapse or refractory disease. For example, prognosis for relapsed AML patients is generally poorer than for newly diagnosed patients, with lower median overall survival (Thol and Heuser, 2021). Further, treatment approaches differ between the groups; while newly diagnosed patients typically receive standard induction, relapsed patients often require salvage cytotoxic therapy or are considered for clinical trials testing pathway-targeted agents and immunotherapy-based approaches (Daver et al., 2020). Modelling only incident population allows for a more homogenous sample of patients, ensuring both inputs and outcomes remain valid for the chosen population.
	Given previous trials and NICE submissions indicate a comparable safety profile between CAR-T and SoC patients, we take a simplified approach to modelling adverse events, focusing only on those which are potentially severe and are likely to differ between treatment groups (NICE, 2024c; Maude et al., 2018). We include the most significant adverse events associated with CAR-T therapy, which are cytokine release syndrome (CRS) and neurological events (Adkins, 2019). CRS is a systemic inflammatory response that occurs from the rapid activation of immune cells, resulting in fever, hypotension and organ dysfunction. Neurological events associated to CAR-T therapy range from mild, such as headache and confusion, to severe, such as encephalopathy and seizures.
	While there are ongoing trials exploring CAR-T therapies in AML, there are no CAR-T treatments currently offered in clinical practice. Given this, this analysis assumes the safety profile of the hypothetical CAR-T to be similar to that of CAR-T therapies in similar disease indications, such as ALL and mantle cell lymphoma. Adverse event rates are derived from the ZUMA-3 trial, which evaluated brexucabtagene autoleucel in adults with relapsed or refractory B-cell ALL. 
	In existing state-transition models of AML, HSCT is typically included within the model structure as a distinct health state. This is done to reflect the transition to transplantation from other health states, as well as incorporate transplant-related mortality and long-term survival probabilities for patients who undergo HSCT. We take a simplified approach in this analysis in order to limit the number of assumptions used for determining transitions between health states, specifically for the hypothetical CGT. 
	In our analysis, a proportion of patients are assigned costs and disutilities related to HSCT. For SoC patients, this is based on state-specific HSCT utilisation for patients in complete remission (8.4%), refractory (19.1%) and relapse (14.4%) health states, as reported in ALFA-0701 (Russell-Smith et al., 2021). Patients undergoing HSCT have a high risk of graft-versus-host disease (GVHD), a potentially life-threatening complication; we further model a proportion of patients to receive the costs and disutilities associated with GVHD, obtained from the NICE appraisal of midostaurin for untreated AML (NICE, 2017). 
	Given that the relationship between CAR-T therapy and HSCT is still subject to ongoing research and the use of CAR-T in AML is still evolving, we apply certain restrictions in the modelling of HSCT and related complications for CAR-T patients. In scenario A, we model HSCT and related complications for CAR-T patients in the relapse health state, in line with HSCT utilisation estimates for current antibody-based therapy for AML, derived from ALFA-0701 (Russell-Smith et al., 2021). In our more optimistic scenario, scenario B, we assume that CAR-T patients do not undergo HSCT treatment. This is because there is still uncertainty on whether CAR-T therapy and HSCT are complementary or competitive treatments for hematologic malignancies, especially given increasing evidence that CAR-T therapy provides durable remissions without the need for subsequent transplantation (Goldsmith et al., 2022; Cappell and Kochenderfer, 2023b). 
	Parameter values for AML
	Table 26  Parameter values for acute myeloid leukaemia
	REFERENCES / NOTES
	VALUE (CGT)
	PARAMETER
	EPIDEMIOLOGY
	Russell-Smith et al. (2021)
	61.2
	Mean age at baseline (years)
	Russell-Smith et al. (2021)
	50.93%
	Proportion of female
	Cancer Research UK (2019)
	2945
	Incident AML population
	Assumption, 81.4% of patients receive CAR-T based on TA975
	Population eligible for CAR-T (Scenario A)
	2397
	Population eligible for CAR-T (Scenario B)
	Assumption, all patients receive CAR-T
	2945
	Russell-Smith et al. (2021)
	0.66
	Patient utility – Induction
	PATIENT UTILITIES
	Russell-Smith et al. (2021)
	0.74
	Patient utility – CR I
	Russell-Smith et al. (2021)
	0.74
	Patient utility – CR II
	Russell-Smith et al. (2021)
	0.57
	Patient utility – Refractory
	Russell-Smith et al. (2021)
	0.57
	Patient utility – Relapse
	0.00
	Patient utility – Death
	HEALTH-STATE COSTS FOR CGT1
	TA1013
	£28,453.70
	Healthcare costs – Induction
	TA1013
	£511.14
	Healthcare costs – CR I
	TA1013
	£511.14
	Healthcare costs – CR II
	TA1013
	£2,464.01
	Healthcare costs – Refractory
	TA1013
	£2,464.01
	Healthcare costs – Relapse
	£0.00
	Healthcare costs – Death
	TA1013
	£10,078.81
	Healthcare costs – Induction
	HEALTH-STATE COSTS FOR SOC1
	TA1013
	£3,538.11
	Healthcare costs – CR I
	TA1013
	£6,209.09
	Healthcare costs – CR II
	TA1013
	£5,803.97
	Healthcare costs – Refractory
	TA1013
	£5,803.97
	Healthcare costs – Relapse
	£0.00
	Healthcare costs – Death
	TA1013
	£39,257
	Costs – HSCT
	ONE-OFF COSTS AND DISUTILITIES1
	Sung et al. (2003)
	-0.04
	Disutilities – HSCT 
	Tokaz et al. (2023)
	8.38%
	Probability – HSCT (SoC: CR II)
	EVENT PROBABILITIES
	Probability – HSCT (SoC: refractory)
	Russell-Smith et al. (2021)
	19.15%
	Russell-Smith et al. (2021)
	14.37%
	Probability – HSCT (SoC: relapse)
	Probability – HSCT (CGT: relapse) (Scenario A)
	Russell-Smith et al. (2021)
	9.58%
	Probability – HSCT (CGT: relapse) (Scenario B)
	Assumption
	0.00%
	Probability – GVHD (SoC; CGT only for Scenario A)
	TA523
	39%
	ZUMA-3
	24%
	Probability – CRS (CGT only)
	Probability – Neurologic events (CGT only)
	ZUMA-3
	25%
	TA893
	£9,094.81
	Costs – CRS
	ADVERSE EVENTS1
	TA893
	£3,284.82
	Costs – Neurologic events
	TA1013
	£61,023.63
	Costs – GVHD
	Howell et al. (2020)
	-0.03
	Disutilities – CRS 
	TA893
	-0.04
	Disutilities – Neurologic events
	TA1013
	-0.085
	Disutilities – GVHD
	Russell-Smith et al. (2021)
	£6,948.31
	End‐of‐life care
	DEATH COST1
	1. All costs are inflated to and reported in 2024 GBP
	Table 27  Productivity effects for acute myeloid leukaemia
	REFERENCES / NOTES
	VALUE (CGT)
	PARAMETER
	(NICE, 2024)
	68
	Retirement age
	GENERAL POPULATION INPUTS
	253.25
	Days of work, per year
	Average working hours per week (ONS, 2024a)
	6.36
	Hours of work, per day
	Average hourly wage (ONS, 2024a)
	£18.93
	Value of working time: lost production
	(Samadi et al., 2017)
	54%
	Average employment rate amongst AML patients
	PATIENT PRODUCTIVITY LOSS
	(Pandya, 2024)
	72.78%
	Absenteeism – Induction
	(Pandya, 2024)
	56.96%
	Absenteeism – CR I
	(Pandya, 2024)
	56.96%
	Absenteeism – CR II
	Assumed the same as relapse, based on (Pandya, 2024)
	70.97%
	Absenteeism – Refractory
	(Pandya, 2024)
	70.97%
	Absenteeism – Relapse
	Assumption
	100.00%
	Absenteeism – Death
	(Pandya, 2024)
	83.21%
	CARER PRODUCTIVITY LOSS
	Absenteeism – Induction
	(Pandya, 2024)
	79.56%
	Absenteeism – CR I
	(Pandya, 2024)
	79.56%
	Absenteeism – CR II
	Assumed the same as relapse, based on (Pandya, 2024)
	83.78%
	Absenteeism – Refractory
	(Pandya, 2024)
	83.78%
	Absenteeism – Relapse
	Assumption
	0.00%
	Absenteeism – Death
	1. All costs are inflated to and reported in 2024 GBP
	Table 28  Mortality for acute myeloid leukaemia
	HAZARD RATIO - AML
	VALUE 
	PARAMETER
	1.35
	Hazard ratio – AML
	Retirement age
	DEATH RISK
	Steady-state results for AML
	Table 29  Steady-state (annual) results, AML, scenario A 
	INCREMENTAL DIFFERENCE
	TREATMENT
	SoC
	CGT
	£254,646,402
	£2,398,050,359
	£2,652,696,761
	Individuals
	MONETISED VALUE 
	OF OUTCOMES
	£410,392,977
	-£573,613,821
	-£163,220,844
	Systems
	-£4,257,622
	-£1,841,458,613
	-£1,845,716,235
	National economy
	3,638
	34,258
	37,896
	QALYs
	HEALTH OUTCOMES
	169
	48,394
	48,563
	Life years
	Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care.
	Table 30  Steady-state (annual) results, AML, scenario B 
	INCREMENTAL DIFFERENCE
	TREATMENT
	SoC
	CGT
	£319,937,994
	£2,946,007,813
	£3,265,945,807
	Individuals
	MONETISED VALUE 
	OF OUTCOMES
	546,414,178
	- £704,685,283
	- £158,271,105
	Systems
	- £6,503,587
	- £2,262,234,168
	- £2,268,737,755
	National economy
	4,571
	42,086
	46,656
	QALYs
	HEALTH OUTCOMES
	259
	59,452
	59,711
	Life years
	Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care.
	Comparison of results to similar evaluations
	This analysis considers a hypothetical CAR-T therapy designed to modify disease progression in AML. To date, no CAR-T therapies have received regulatory approval for AML. The proposed CGT can be conceptually aligned with other disease-modifying treatments. This includes azacitidine, which is routinely used in patients deemed unsuitable for intensive chemotherapy. Azacitidine is approved for use in selected AML populations, including older adults and patients with high-risk myelodysplastic syndromes. Additionally, for patients with FLT3+ mutations, targeted therapies like midostaurin offer improved outcomes when used in combination with intensive chemotherapy (Tremblay et al., 2018).
	We modelled one prevalent patient over a lifetime horizon, to compare results with existing studies exploring the impact of treatments in AML whose effect is most similar to CGT. We also include the cost of the CAR-T therapy in this analysis to align our results with the methods used in the other studies. 
	For comparison, we selected two relevant studies: 1) Coyle and Villeneuve, 2020, which is an economic evaluation of azacitidine compared to SoC for treating high-risk patients with AML in a Canadian public healthcare system and 2) Tremblay et al., 2018, a cost-effectiveness analysis of addition of midostaurin to standard of care for newly diagnosed FLT3+ AML patients in the UK. 
	In Table 31 and Table 32, we present per-patient discounted outcomes for scenarios A and B alongside the results from the selected studies. For the azacitidine comparison, we do not include a cost comparison, as the reference study (Coyle and Villeneuve, 2020) was conducted in the Canadian healthcare setting, where differences in unit costs, resource use patterns, and reimbursement mechanisms limit the transferability of cost estimates to our UK-specific context. 
	While we include costs for the midostaurin study (Tremblay et al., 2018), this comparison has a few limitations and should be interpreted with caution. Midostaurin is an oral targeted therapy used alongside standard chemotherapy, whereas CAR-T therapy is a complex, personalised, hospital-delivered treatment with high upfront costs. The two interventions have fundamentally different cost structures. In addition, the midostaurin analysis uses 2017 prices, and while inflation adjustments were made, differences in drug pricing, care pathways, and follow-up costs remain.
	Table 31  Azacitidine evaluation comparison
	INCREMENTAL GAIN DISCOUNTED LYS (1.5%)
	INCREMENTAL GAIN DISCOUNTED QALYS (1.5%)
	INTERVENTION
	SETTING
	SOURCE
	0.17
	0.10
	Azacitidine versus SoC
	Canada
	(Coyle and Villeneuve, 2020; Udeze et al., 2023)
	0.06
	1.43
	CGT versus SoC
	UK
	Current analysis (Scenario A-Scenario B)
	Table 32  Midostaurin evaluation comparison
	INCREMENTAL GAIN DISCOUNTED COSTS (3.5%)
	INCREMENTAL GAIN DISCOUNTED LYS (3.5%)
	INCREMENTAL GAIN DISCOUNTED QALYS (3.5%)
	INTERVENTION
	SETTING
	SOURCE
	£65k
	1.67
	1.47
	Midostaurin + SoC versus SoC
	UK
	(Tremblay et al., 2018; Udeze et al., 2023)
	£186k
	0.05
	1.11
	CGT versus SoC
	UK
	Current analysis (Scenario A-Scenario B)
	The QALYs in our analysis are broadly comparable to those reported in the comparator studies, with greater benefit observed for CAR-T, which is consistent with its curative potential. The differences in QALYs in our analysis relative to selected studies may reflect the lack of data for CAR-T in AML and subsequent conservative survival assumptions we have taken. Despite demonstrating a survival advantage in specific patient groups, neither azacitidine nor midostaurin is curative and they both require ongoing or multi-phase administration. In contrast, CAR-T therapy may represent a transformative therapeutic approach in this indication, offering the potential for a more durable or potentially curative effect with a single administration. The negligible difference in life years is likely due to the shorter time horizon in our analysis, which may not fully capture the long-term survival benefits associated with CGT.
	Beta thalassaemia (BT) is among the most common autosomal recessive disorders globally (NICE, 2024a), requiring the inheritance of two mutated gene copies, one from each parent. These mutations result in either reduced (β⁺) or absent (β⁰) production of beta-globin chains, essential components of adult haemoglobin (NICE, 2024a). Consequently, haemoglobin synthesis is impaired, and unpaired alpha-globin chains accumulate in red blood cell (RBC) precursors, forming aggregates that cause mechanical and oxidative damage.
	The severity of BT is determined by the specific mutation in the beta-globin gene and is broadly classified into (NICE, 2024a): 
	 BT major: haemoglobin production is so reduced that normal growth, development, and health-related quality of life (HRQoL) can only be achieved by regular RBC transfusion
	 BT intermedia: although haemoglobin production is decreased, the levels are sufficient to support growth and development, and regular transfusions are not strictly necessary.
	However, disease severity exists on a continuum, with overlapping features between BT major and intermedia. An alternative classification, used in this analysis, follows the Thalassemia International Federation (TIF) guidelines, which categorise patients based on transfusion requirements (Thalassaemia Internation Federation, 2021):
	 Non-transfusion dependent beta-thalassaemia (NTDT)
	 Transfusion-dependent beta-thalassaemia (TDT)
	TDT is the most severe form and is characterised by chronic, life-threatening anaemia that necessitates lifelong, regular RBC transfusions (Thalassaemia Internation Federation, 2021). Due to the need for ongoing transfusions, patients must also undergo lifelong iron chelation therapy (ICT), which is associated with substantial healthcare resource utilisation and costs.
	Both the disease itself and complications arising from iron overload contribute to various comorbidities specifically linked to TDT (NICE, 2024a). Life expectancy for individuals with TDT remains significantly lower than the general population, with estimates indicating that 40% of patients in the UK die before reaching the age of 50 (Weidlich, Kefalas and Guest, 2016). Jobanputra et al., (2020) reported the mean age of death for patients with TDT as 55.0 years, while a separate study found an even lower mean age of death at 43.9 years.
	TDT also profoundly affects patients' ability to perform daily activities and engage in family and social life (NICE, 2024a). A multi-national prospective longitudinal study evaluating HRQoL using the EQ-5D-5L and work productivity among adult patients with TDT reported that most patients experienced problems with pain, anxiety, or depression, and the ability to conduct daily activities (Li et al., 2022a). However, evidence suggests that the EQ-5D-5L descriptive system lacks content validity, and the derived health utility index score may not fully represent the burden of disease in BT, hence it may underestimate the overall burden (Boateng-Kuffour et al., 2024).
	The impact of TDT goes beyond the individual, resulting in impacts on carer burden, work productivity, and employment outcomes. Patients with TDT need a considerable amount of time off from education and work to manage their condition. This is due to time spent travelling to and from medical appointments and time spent at appointments  (Li et al., 2022a).
	Patients with TDT both experience absenteeism and presenteeism, 19.5% and 34.4% respectively (Li et al., 2022a). In addition, only 65.4% of patients with TDT are employed either part-time or full-time (Li et al., 2022a), below the general population average of 75.5% (ONS, 2024a).
	Methods 
	Table 33 below outlines the differences between the conservative scenario A and the more optimistic scenario B. The primary difference is the population that receives the CGT. Scenario A is identical to the population in the NICE appraisal of exa-cel, specifically patients over the age of 12 who have TDT who are fit for transplant and without a human leukocyte antigen (HLA)-matched sibling donor (NICE, 2024a). Scenario B considers the complete TDT population, assuming a larger pool of patients may benefit from a CGT. The populations are shown in Table 33.
	The other difference between the scenarios is the effectiveness of the CGT, namely the proportion of patients reaching the state of transfusion independent (TI). This is as described in ‘Dropping the TR health state’ sub section below, where in scenario B, 100% achieve TI and in scenario A, 92.6% achieve TI, with the rest being transfusion dependent (TD).
	Table 33  Beta thalassaemia scenarios
	SOURCE / EXPLANATION B
	SCENARIO B
	SOURCE / EXPLANATION A
	SCENARIO A
	PARAMETER
	The entire TDT population being eligible for the treatment.
	920
	In line with the base case population in the NICE evaluation of exa-cel (NICE, 2024a). Patients who are TDT, fit for the procedure, and don’t have a matched donor
	352
	PREVALENT POPULATION ELIGIBLE FOR TREATMENT
	Estimation of the incident population size based on the eligibility as above.
	21.4
	Estimation of the incident population size based on the eligibility as above (NICE, 2024a).
	8.18
	INCIDENT POPULATION ELIGIBLE FOR TREATMENT
	All patients achieve TI
	1
	In line with the NICE evaluation of exa-cel (NICE, 2024a), 92.6% of patients achieve TI. 
	0.926
	PROPORTION ACHIEVING TI
	The modelled population differs across the two scenarios in our analysis, but both focus on patients aged 12 and older with TDT. This age threshold and disease definition align with the population used in the NICE appraisal of exa-cel (NICE, 2024a) and the Institute for Clinical and Economic Review (ICER) appraisal of beti-cel (Beaudoin et al., 2022).
	In the NICE appraisal of exa-cel, the mean patient age was 21 years, with 52.1% identifying as female. The ICER appraisal of beti-cel reported a similar mean age of 22 years. Based on assumptions described in the next section, we used a starting age of 25 years for our analysis.  
	It’s estimated that there are 1,210 patients with BT aged 12 years or older in the UK (NICE, 2024a), and 76% of patients are considered to have TDT (NHS, 2014), defined as requiring greater than or equal to eight RBC transfusions per year. Using this estimate, the prevalent population of patients with TDT in the UK is approximately 920. In the NICE appraisal of exa-cel, the population was further restricted to those who are fit for transplant and without a human leukocyte antigen (HLA)-matched sibling donor (NICE, 2024a). This results in a population size of 352 patients with TDT without an HLA-matched sibling donor. Figure 6 illustrates the epidemiological cascade described above. 
	We were not able to identify any sources reporting the incidence of BT. The ‘Sickle Cell and Thalassemia Screening: Data Report 2019 to 2020’ combines data on both sickle cell and thalassaemia screening outcomes (NHS England, 2022). It provides data on carrier rates, prenatal diagnoses, and screening coverage; however, the data is not separated into specific case counts for BT or other variants. 
	Therefore, to estimate the incident population, we divided the size of the prevalent, treatment-eligible population by the average disease duration. This approach assumes a constant age distribution among patients with BT. Average disease duration was estimated by subtracting the age of inclusion (12 years) from the life expectancy of individuals with TDT in the UK, 55 years, resulting in an average disease duration of 43 years.
	Figure 6  Beta thalassaemia epidemiological cascade, recreated from (NICE, 2024a)
	The intervention evaluated in this analysis is a hypothetical one-time gene or cell therapy (CGT) that aims to address the underlying cause of beta-thalassaemia (BT), leading to a transfusion-independent (TI), disease-free state. While not representing a specific marketed therapy, its assumed effectiveness and characteristics are informed by clinical data for exa-cel and beti-cel (Beaudoin et al., 2022; NICE, 2024a).
	In the UK, TDT is treated by a regular programme of RBC transfusions, administered approximately every 2-5 weeks (NICE, 2024a). This is to treat anaemia in patients with BT, as the disease causes a drop in RBC count (NHS, 2022), helping to reduce anaemia, increase haemoglobin levels and improve health. 
	However, frequent RBC transfusions result in iron accumulation and overload, which is associated with TDT complications (NICE, 2024a). This means patients require their iron burden to be monitored alongside treatment with ICT. Due to the nature of ICT, patients must be constantly monitored and managed, increasing the burden of treatment on clinicians, patients, and caregivers.
	Allogenic HSCT (allo-HSCT) can be curative of BT and is a potential treatment option for some patients. It involves replacing the bone marrow stem cells in patients with stem cells from an HLA-matched sibling donor (NHS England, 2023). Following a recommendation from NHS England’s clinical priorities advisory group, it has recently become available on the NHS for those over 18 years old (NHS England, 2023).
	However, it is generally restricted to paediatric patients who have a matched sibling donor (Kansal et al., 2021). Clinical expert opinion from the NICE appraisal of exa-cel suggests that it’s only given to patients who are 9 years and younger (NICE, 2024a). Furthermore, in the USA, allo-HSCT is only performed in children under the age of 14 years of age. This is because allo-HSCT carries a significant risk of transplant-related mortality that increases with age, and serious complications such as graft versus host disease and graft rejection (NICE, 2024a).
	Furthermore, the lack of compatible donors is a limiting factor for allo-HSCT, with only around 25% of patients having access to a compatible donor (NICE, 2024a; Beaudoin et al., 2022). In the appraisal of exa-cel, the population was restricted to transfusion-dependent BT patients 12 years of age or older for whom an HLA-matched related allo-HSCT donor is not available (NICE, 2024a).
	For the reasons outlined above, we are not considering allo-HSCT as a comparator. The SoC is therefore frequent RBC transfusions, ICT, as well as the monitoring and management of complications. 
	Outcomes are based on achieving TI, with no waning treatment effect. This eliminates the need for RBC transfusions, reduces the complications associated with RBC transfusions, and lowers the risk of developing complications related to iron levels.
	Exa-cel enables some patients to achieve a disease-free state; 92.6% achieve TI with exa-cel, while the remaining 7.4% achieve transfusion reduction (NICE, 2024a). Beti-cel is another potentially curative gene therapy (Beaudoin et al., 2022), involving intravenous delivery following myeloablative conditioning with chemotherapy; data suggests 90.2% achieve TI following treatment with Beti-cel (Beaudoin et al., 2022).
	Being in the disease-free TI state will contribute to reduced healthcare resource utilisation, improved health-related quality of life and survival, as well as improved work-related outcomes and reduced carer burden. All of which will be captured and measured.
	The model structure follows a cohort three-state transition mode, shown in Figure 4:
	Transfusion dependent (TD): the most serious form of BT representing TDT. Patients require regular RBC transfusions for life, ICT therapy, increased risk of mortality, lower HRQoL and decreased workplace productivity.
	Transfusion independent (TI): represents a disease-free state, with a slightly higher mortality risk compared to the general population.
	Dead
	A version of this model structure, based on transfusion status, has been used previously in the economic evaluation of both CGT therapies in BT as well as for non-CGT therapies in BT (NICE, 2024a; Beaudoin et al., 2022; CDA-AMC, 2021; Kansal et al., 2021).
	A very similar model structure is used in the ICER evaluation of beti-cel (Beaudoin et al., 2022). In the NICE appraisal of exa-cel, a similar structure is also applied with an additional health state, namely a transfusion reduction (TR) state. This is to capture those patients who don’t achieve TI but experience a significant reduction in RBC transfusion frequency (NICE, 2024a). Exclusion of this state here is explained in the “simplifying assumptions” section below. 
	Patients who are TD are at risk of a series of complications based on their transfusion status and a series of iron levels: serum ferritin, myocardial T2, and liver iron concentration (NICE, 2024a). For each of these iron levels, patients who are TD are distributed between low, medium, and high levels, which determines their risk of experiencing certain complications. The distribution remains constant through the entire time horizon of the model. 
	Cardiac complications are based on myocardial T2 levels, and liver complications are based on liver iron concentration levels. The risks of developing diabetes or hypogonadism were calculated as a function of age, SF level, and myocardial T2 level. The risk of complications for patients who achieve TI is assumed to be the same as for the general population. 
	The parameter values informing the health state costs, risk of mortality, HRQoL, and productivity effects were primarily sourced from the NICE appraisal of exa-cel (NICE, 2024a). Where alternative sources are used, these are outlined and explained. The full list of parameters used are in Table 34, Table 35, and Table 36.
	Simplifying assumptions
	When modelling patients with BT we have made a few simplifying assumptions in comparison to previous economic evaluations and HTA appraisals. This is to increase the generalisability of the approach, in line with the generalisable model template developed in R. 
	We have used a slightly simplified model structure compared to the NICE evaluation of exa-cel, without the TR state. In the NICE evaluation, 92.6% achieved TI, and 7.4% TR, with no patients remaining in the TD state. 
	When we model the two base case scenarios (A&B), we vary the proportion achieving TI. In the more optimistic scenario, we assume all patients receiving the intervention will achieve TI. In the other, we assume a small proportion remain in TD, despite receiving the CGT. We do not expect this to have a significant impact on the results due to the relatively small numbers who are TR.
	Furthermore, many parameters for TR state in the NICE evaluation of exa-cel, are selected as a midpoint between TD and TI. This applies to parameters including but not limited to the health state costs, caregiver's disutility, and absenteeism and presenteeism values for patients and caregivers. On this basis and to simplify the structure of the model where possible, we excluded this health state.
	In three evaluations of CGTs found in the literature (Beaudoin et al., 2022; Kansal et al., 2021; NICE, 2024a), there was a period known as the ‘iron normalisation’ period following CGT treatment. During this time, patients' iron levels gradually adjust until they reach a normal, healthy range, at which point RBC transfusions are no longer required. In NICE’s evaluation of exa-cel, this period spans three years, following a one-year treatment phase. Meanwhile, in the ICER evaluation of beti-cel, the iron normalisation period was set at five years.
	Our model follows a simplified approach, whereby we apply an upfront utility loss, representing the HRQoL impact of treatment with a CGT, based on exa-cel and beti-cel. In the CGT arm, the proportion of patients who achieve TI, start and remain in that state (until death). This is rather than this being proceeded by an iron normalisation period. In the SoC group, patients will start and stay in the TD state with the associated distribution of iron levels. 
	This simplification was made on the basis that in the iron normalisation period, the outcomes would offset one another, if not be exceeded in the SoC arm. This means the assumption is overall conservative. The consideration of these outcomes would be more important for a HTA style evaluation or budget impact analysis and are less relevant to our analysis. 
	The TDT-related complications are health issues associated with TD and the administration of regular RBC transfusion. Whilst essential, regular RBC transfusions lead to a range of complications due to a combination of the underlying disease and treatment. These complications include, but are not necessarily limited to: cardiac, liver, osteoporosis, diabetes and infertility (NICE, 2024a). They impact health state utility, costs, and (some) mortality. 
	In our analysis, these are captured and treated as adverse events, associated with a cost and impact on utility. Monthly event rates are estimated and used to capture the proportion of patients who suffer from complications. In the NICE evaluation of exa-cel, these are assumed to last for the remainder of the modelled period (NICE, 2024a). However, since we are treating them as adverse events in our analysis, we do not make this same assumption, with the events occurring at fixed event rates. This likely underestimates the full cost and humanistic burden of such complications. 
	Complication-specific disutility and costs are applied for the patient’s suffering complications. An increased mortality risk associated with complications is not directly accounted for by those who suffer the complications. However, this is reflected in the standardised mortality ratio (SMR) for TI and TD. Some of the data in the NICE analysis is redacted or not reported simply as monthly event rates, and in some cases, we use alternative sources to generate estimations. We account for the occurrence of complications as far as possible, but we likely underestimate the full burden in this study.  
	Parameter values for BT
	Table 34  Parameter values for beta-thalassaemia
	REFERENCES / NOTES
	VALUE (CGT)
	PARAMETER
	(NICE, 2024a)
	25
	Mean age at baseline (years)
	EPIDEMIOLOGY
	(NICE, 2024a)
	52.1%
	Proportion of female
	Based on data from (NHS, 2020; NICE, 2024a)
	352
	Scenario A prevalent population
	Calculated based on the size of the prevalent TDT population and average life expectancy of TDT (55 years) (NICE, 2024a)
	8.18
	Scenario A incident population
	Based on data from (NHS, 2020; NICE, 2024a)
	920
	Scenario B prevalent TDT population
	Calculated based on the size of the prevalent TDT population and average life expectancy of TDT (55 years) (NICE, 2024a)
	21.39
	Scenario B incident TDT population
	(Matza et al., 2020)
	0.93
	Patient utility – TI
	PATIENT UTILITIES
	(Matza et al., 2020)
	0.73
	Patient utility – TD
	0.00
	Patient utility – Death
	(NICE, 2024a)
	£38.14
	Monthly healthcare costs – TI
	HEALTH-STATE COSTS1
	Calculation based on (NICE, 2024a), includes cost of RBC transfusion and iron chelation
	£1,780.65
	Monthly healthcare costs – TD
	Reported list price of exa-cel (NICE, 2024d)
	£1,651,000
	Costs - Acquisition cost of CGT
	ONE OF COSTS AND DISUTILITIES1
	Calculated based on the costs reported in NICE (2024a), excluding mobilisation cost
	£37,033.24
	Costs – Healthcare costs associated with CGT
	Based on (NICE, 2024a; Matza et al., 2020)
	0.31
	Disutility – Treatment with CGT in transplant year
	In line with the effectiveness of exa-cel, with 92.6% achieving TI
	0.926
	The proportion of patients achieving TI in scenario A
	CGT EFFECTIVENESS
	An assumption based on the effectiveness of exa-cel with 92.6% achieving TI, 7.4% achieving TR and 0% with TD
	1
	The proportion of patients achieving TI
	Calculated based on (Pepe et al., 2018) and distribution of myocardial T2 iron levels (Shah et al., 2021)
	0.00101
	Monthly event rate – cardiac complications - TD
	TDT COMPLICATIONS EVENT RATES
	Calculated based on (Pepe et al., 2018) and distribution of myocardial T2 iron levels (Shah et al., 2021)
	0.00025
	Monthly event rate – cardiac complications - TI
	Calculated based on (Angelucci et al., 2002; NICE, 2024a) and distribution LIC (Shah et al., 2021)
	0.00118
	Monthly event rate – liver complications - TD
	Calculated based on (Angelucci et al., 2002; NICE, 2024a) and distribution LIC (Shah et al., 2021)
	0.0000417
	Monthly event rate – liver complications - TI
	Calculated taking the incident rate average across all age cohorts (Hippisley-Cox and Coupland, 2009) and increased risk associated with TD (NICE, 2024a)
	0.0053
	Monthly event rate – Osteoporosis - TD
	Calculated taking the incident rate average across all age cohorts (Hippisley-Cox and Coupland, 2009)
	0.000195
	Monthly event rate – Osteoporosis - TI
	Calculated using relative risk values (Beaudoin et al., 2022), the annual risk of diabetes at normal iron levels (NICE, 2024a), and the distributions of serum ferritin and myocardial T2 (NICE, 2024a)
	0.0446
	Monthly event rate – Diabetes - TD
	Calculated using the annual risk of diabetes at normal iron levels (NICE, 2024a)
	0.0070
	Monthly event rate – Diabetes - TI
	The monthly cost of cardiac complications (Karnon et al., 2012) 
	ADVERSE EVENTS1
	£684.71
	Costs – Cardiac complications
	(NICE, 2024a)
	£283.67
	Costs – Liver complications
	The monthly cost of osteoporosis (Hernlund et al., 2013)
	£756.18
	Costs – Osteoporosis
	The monthly cost of diabetes (Karnon et al., 2012)
	£531.79
	Costs – Diabetes
	Calculated using the cost of IVF weighted by the proportion of females, and an ongoing cost of infertility (NICE, 2024a)
	£1,520.25
	Costs – Infertility
	(Karnon et al., 2012)
	0.11
	Disutility – Cardiac complications
	(Tsochatzis, Bosch and Burroughs, 2014)
	0.11
	Disutility – Liver complications
	(NICE, 2024a)
	0.08
	Disutility – Osteoporosis
	(Jalkanen et al., 2019)
	0.06
	Disutility – Diabetes
	(NICE, 2024a)
	0.06
	Disutility – Infertility
	The monthly cost of cardiac complications (Karnon et al., 2012) 
	£684.71
	Costs – Cardiac complications
	1. All costs are inflated to and reported in 2024 GBP.
	Table 35  Productivity effects for beta-thalassaemia
	REFERENCES / NOTES
	VALUE
	PARAMETER
	(NICE, 2024)
	68
	Retirement age
	GENERAL POPULATION INPUTS
	253.25
	Days of work, per year
	Average working hours per week (ONS, 2024a)
	6.36
	Hours of work, per day
	Median salary UK (ONS, 2024c)
	£37,430
	Value of working time: lost production
	(ONS, 2024a)
	75.4%
	Average employment rate amongst general population
	Average employment rate amongst TDT patients
	(Li et al., 2022b)
	65.4%
	Assumed to be the same as general population
	0%
	Productivity losses – TI
	PATIENT PRODUCTIVITY LOSS
	Productivity losses due to absenteeism and presenteeism (Li et al., 2022b)
	41.7%
	Productivity losses – TD
	No caregiver responsibilities assumed for TI
	0%
	Productivity losses  – TI
	CARER PRODUCTIVITY LOSS
	Productivity losses due to absenteeism and presenteeism (Shah et al., 2021)
	36%
	Productivity losses  – TD
	An assumption used in (NICE, 2024a) that caregiving is only needed for patients below the age of 26 
	26
	Caregiving up to age
	Table 36 - Mortality for beta-thalassaemia
	REFERENCES / NOTES
	VALUE
	PARAMETER
	SMR is applied to age-specific probability of death from UK national life tables (ONS, 2024e). The SMR value is an assumption, used in NICE (2024a), that TI carries a slightly higher mortality risk than the general population
	1.25
	SMR – TI 
	DEATH RISK
	SMR is applied to age-specific probability of death from UK national life tables (ONS, 2024e).
	5
	SMR - TD
	(NICE, 2024a)
	£13,576
	End‐of‐life care
	DEATH COST1
	1. All costs are inflated to and reported in 2024 GBP
	Steady-state results for BT
	Table 37  Steady-state (annual) results, beta-thalassaemia, scenario A 
	INCREMENTAL DIFFERENCE
	TREATMENT
	SoC
	CGT
	£11,433,107
	£16,677,238
	£28,110,345
	Individuals
	MONETISED VALUE 
	OF OUTCOMES
	£5,720,663
	-£7,949,806
	-£2,229,143
	Systems
	£3,396,847
	-£5,623,107
	-£2,226,260
	National economy
	163
	238
	401
	QALYs
	HEALTH OUTCOMES
	109
	328
	437
	Life years
	Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care.
	Table 38  Steady-state (annual) results, beta-thalassaemia, scenario B 
	INCREMENTAL DIFFERENCE
	TREATMENT
	SoC
	CGT
	£32,467,933
	£43,600,623
	£76,068,556
	Individuals
	MONETISED VALUE 
	OF OUTCOMES
	£16,252,820
	-£20,783,808
	-£4,530,988
	Systems
	£9,652,876
	-£14,700,933
	-£5,048,057
	National economy
	464
	622
	1086
	QALYs
	HEALTH OUTCOMES
	311
	858
	1169
	Life years
	Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care.
	Comparison of results to similar evaluations
	The analysis is not specific to any CGT currently available on the market; its effectiveness and characteristics are primarily informed by evidence related to exa-cel (NICE, 2024a). The therapy involves a single, one-time dose intended to address the underlying cause of BT. To enable comparison with other studies, we modelled one prevalent patient over a lifetime horizon, undiscounted, and discounted for scenarios A and B. This is to align our results with the analytical methods used in the other studies.
	We identified three relevant studies for comparison in the BT case study (Udeze et al., 2023; Kansal et al., 2021; Beaudoin et al., 2022). Due to redactions in the NICE appraisal of exa-cel, we could not include its results in our comparison. All the studies compare a CGT to SoC, which involves frequent RBC transfusions and iron chelation therapy. This is in line with the SoC used in our analysis.
	One study is an abstract outlining an economic evaluation of exa-cel for treating patients with TDT from the US payer and societal perspective (Udeze et al., 2023). A comparison to our results is seen on Table 39. The incremental gain in discounted QALYs is comparable to our analysis. However, the incremental gain in undiscounted LYs is much larger in the Udeze et al. (2023) study.
	Table 39  Exa-cel evaluation comparison
	INCREMENTAL GAIN UNDISCOUNTED LYS
	INCREMENTAL GAIN DISCOUNTED QALYS (3%)
	INTERVENTION
	SETTING
	SOURCE
	16.1-18.7
	8.5-8.8
	Exa-cel versus SoC
	US
	(Udeze et al., 2023)
	9.19-9.99
	6.79-7.37
	CGT versus SoC
	UK
	Current analysis (Scenario A-Scenario B)
	The CGT considered in our analysis also shares characteristics with beti-cel, the therapy assessed in two of the economic evaluations (Kansal et al., 2021; Beaudoin et al., 2022). NICE did not recommend beti-cel due to insufficient evidence of cost-effectiveness and limited clinical trial data (Staines, 2021; NICE, 2021b). Although it initially received marketing authorisation in the EU in 2019, it was subsequently withdrawn by the marketing authorisation holder in March 2022 (EMA, 2019). Beti-cel received FDA approval in March 2022 for treating adult and paediatric patients with BT who require regular RBC transfusions (FDA, 2022). 
	Table 40 presents a comparison of our results. Both CGT and SoC show higher undiscounted QALYs in our analysis compared to the two beti-cel evaluations. Nonetheless, the incremental QALY gains in our model are similar, falling between those reported by Kansal et al. (2021) and Beaudoin et al. (2022) for both scenarios A and B.
	Table 40  Beti-cel evaluation comparison
	INCREMENTAL GAIN (LIFE YEARS)
	TOTAL LIFE YEARS
	INCREMENTAL GAIN (QALYS)
	TOTAL QALYS
	INTERVENTION
	SETTING
	SOURCE
	49.19
	37.24
	Beti-cel
	10.83
	14.10
	US
	(Beaudoin et al., 2022)
	38.36
	23.14
	SoC
	52.97
	40.82
	Beti-cel
	13.78
	17.99
	US
	(Kansal et al., 2021)
	39.19
	22.83
	SoC
	44.92 QALYs
	50.02
	CGT
	Current analysis (Scenario A)
	9.19
	16
	UK
	28.92 QALYs
	40.83
	SoC
	46.29 QALYs
	Gene therapy with SoC
	50.82
	Current analysis (Scenario B)
	9.99
	17.37
	UK
	28.92 QALYs
	40.83
	SoC only
	Overall, the comparisons indicate that the disease model component of our analysis yields results consistent with those from other economic evaluations of similar interventions. As all comparator studies adopt a U.S. perspective, we did not include a direct cost comparison, as differences in healthcare systems would limit the relevance of such a comparison from a UK perspective.
	Alzheimer's Disease (AD) is an irreversible and neurodegenerative brain condition. The clinical course is characterised by significant and progressive cognitive decline, from normal cognition to Mild Cognitive Impairment (MCI) due to AD, followed by increasingly severe AD-dementia (Davis et al., 2018). 
	Alzheimer’s is the most common form of dementia (Davis et al., 2018). Dementia incidence is on the rise, and recent estimates project that by 2040, there will be 1.7 million dementia cases in England and Wales (Chen et al., 2023). Research suggests that there are inequalities in dementia associated with social deprivation and demographic factors. For example, the largest increase in dementia cases have been observed among people with lower education levels (Chen et al., 2023). Further, Black and South Asian populations living in the UK experience higher rates of dementia and are more likely to be diagnosed at a younger age and die earlier from dementia (Alzheimer’s Research UK, 2023).
	Alzheimer’s disease has significant implications for patient and caregiver quality of life. The progressive reduction in patients’ independence and quality of life subjects caregivers to increased emotional distress, poor mental and physical well-being, decreased workplace productivity, and loss of earnings and savings (Herring et al., 2021; Robinson et al., 2020).
	Healthcare costs are estimated to only make up 14% of total AD costs, whereas 77% of total AD costs are spent on social care and unpaid care (Carnall Farrar, 2024). The economic burden of dementia has been found to more substantially impact the social care sector than the healthcare sector, and increases with the severity of dementia (Wittenberg et al., 2019).
	Alzheimer’s disease also has substantial negative effects on patient and caregiver productivity. Often only caregiver productivity costs are considered, given that the affected patient population is often close to or past retirement age (Robinson et al., 2020). Research has found that caregiver time often represents the largest resource use component related to AD ( Robinson et al., 2020). Data suggests, however, that higher disease severity is also associated with a lower likelihood of working for pay among patients, and a greater proportion of reduced work hours due to AD among those who do work (Robinson et al., 2020). 
	Costs per patient have been estimated to increase significantly – and at a faster rate - as patients progress through AD disease stages (Robinson et al., 2020). Accordingly, effective strategies to delay the onset of severe dementia symptoms (and the subsequent care needs) are key to reducing the overall costs of AD.
	Standard treatment for AD typically involves Acetylcholinesterase (AChE) inhibitors for mild and moderate AD, and Memantine for severe AD (and for patients who cannot take AChE inhibitors) (NHS, 2018). However, these medications only offer temporary symptom relief and do not halt or delay disease progression. 
	Recent advancements in the understanding of disease progression have led to the development of disease-modifying therapies which alter the disease’s underlying biology, including gene therapies. Research finds that individuals carrying the e4 isoform of the apolipoprotein E (APOE) carry an increased risk of developing late-onset AD, whereas the e2 isoform is assumed to be neuroprotective (Serrano-Pozo, Das and Hyman, 2021; Kieu and Look, 2023). A gene therapy delivering the APOE-e2 gene into the central nervous system could potentially generate therapeutic benefits, by delaying onset or progression of AD, particularly in patients carrying only two copies of the APOE-e4 gene (Kieu and Look, 2023).
	Methods 
	The primary differences between Scenarios A and B for Alzheimer’s Disease are the stage at which individuals enter the model and the point at which the CGT intervention is delivered. In scenario A, the CGT is delivered at the mild AD stage, whereas in scenario B, the CGT is delivered at the mild cognitive impairment due to AD (MCI-AD) stage (Herring et al., 2021).
	The typical population qualified for gene therapy treatment in clinical trials is adults aged 50+, but individuals with mild dementia who are younger than 65 years are categorised as having ‘early onset dementia’ and likely to have other underlying characteristics (Lexeo Therapeutics, 2023). Accordingly, we assume age 65 as the starting age of the model. Two-thirds (65%) of the population with AD is estimated to be female (Alzheimer’s Research UK, 2022). 
	The population modelled is adults aged 65 and older with mild dementia due to AD (mild AD) in scenario A or mild cognitive impairment due to AD (MCI-AD) in scenario B (see Model structure section below for further specification). MCI due to AD is a pre-dementia phase of AD, defined by noticeable memory problems or impaired judgment or decision-making, which does not affect independence of function in daily life nor meet the criteria for dementia, but has AD as a suspected etiology (Davis et al., 2018). Modelling an intervention targeting MCI due to AD would be more effective at preventing disease progression and subsequent costs (Kieu and Look, 2023). However, estimates of the MCI-AD population may be less accurate due to lack of diagnosis at that early stage (Davis et al., 2018; NICE, 2023). Accordingly, in scenario B we assume the same prevalence and incidence rate for MCI-AD as we do for mild AD, and that all AD patients are diagnosed and receive care in the predementia phase.
	An estimated 982,000 people are living with dementia in the UK, with 49.7% (488,054) estimated to have mild dementia, and 37.3% and 13% estimated to have moderate and severe dementia, respectively (Carnall Farrar, 2024). We estimated an incident population of 97,316 per year, using the average number of new cases of Alzheimer's per year in England during pre-COVID years (NICE, 2023, p.202), and multiplying it by a scaling factor from (Carnall Farrar, 2024) to estimate the UK total. We use pre-COVID values, given that COVID-19 substantially affected use of NHS services (including diagnostics), and that the values were relatively stable in the 5 years before the pandemic (2013-2018). This is likely a conservative estimate given that dementia incidence is on the rise (Chen et al., 2023). We assume that newly incident cases are categorised as mild AD (or MCI-AD in the case of scenario B).
	The intervention is access to one or more hypothetical gene therapies that deliver a copy of the apolipoprotein E (APOE)-e2 gene into the central nervous system (Lexeo Therapeutics, 2023; Serrano-Pozo, Das and Hyman, 2021), in addition to SoC for management of AD symptoms (see comparator section below). Patients receive the gene therapy once on entry to the model (Kieu and Look, 2023). In the base case, we assume that the gene therapy will produce a 30% risk reduction in disease progression to the next state, based on Kieu and Look’s evaluation of a hypothetical gene therapy (2023). The assumptions of a 30% risk reduction in disease progression has also been used in an economic evaluation of hypothetical disease-modifying therapies for AD, informed by recent clinical trials in AD progression, as well as a European Union consensus statement on clinically meaningful modifications in AD progression (Boustani et al., 2022). Treatment is assumed to remain effective for patients with MCI-AD, mild, and moderate AD but to provide no benefits to patients once they are diagnosed with severe AD. We do not assume that gene therapies produce any increase in regression (or improvement) to earlier stages of disease. We also do not assume that gene therapies will produce any direct reduction in mortality risk at each disease stage, though the delays in disease progression indirectly result in deaths delayed, given the higher risk of death associated with later stages of disease (see hazard ratios in Table 46). The effect of gene therapies on disease progression is reflected in the transition matrices Table 42. 
	We assume that patients in the comparator arm receive SoC only. The SoC for AD varies based on the severity of the disease, but consists of medication to manage symptoms but not to alter disease progression. For managing mild to moderate AD, the SoC involves acetylcholinesterase (AChE) inhibitors monotherapies (e.g. donepezil, galantamine and rivastigmine). Patients with severe AD or with moderate AD who are intolerant of or have a contraindication to AChE inhibitors are recommended memantine monotherapy. 
	Dementia is an irreversible progressive disease. Accordingly, outcomes are based on reductions in transition to progressive disease states (and the subsequent associated medical costs, social care costs, and other indirect costs). 
	Disease progression is modelled for each scenario using a Markov model which includes the health states listed in Table 41, as shown in Figure 5. The dementia health states are categorised using CDR-SB scales (Mesterton et al., 2010; O’Bryant et al., 2008; Gustavsson et al., 2011). 
	Table 41  Alzheimer's disease health states and scenarios
	SCENARIO B 
	SCENARIO A
	1. MCI-AD: CDR-SB score of [0.5–4.0])
	2. Mild AD: CDR-SB score of [4.5-9.0]
	2. Moderate AD: CDR-SB score of [9.5-15.5]
	3. Moderate AD: CDR-SB score of [9.5-15.5]
	3. Severe AD: CDR-SB score of [16.0-18.0]
	4. Severe AD: CDR-SB score of [16.0-18.0]
	4. Dead (absorbing state)
	5. Dead (absorbing state)
	A similar model structure has been used previously in the economic evaluation of disease-modifying therapies for AD, as well as for non- disease-modifying therapies for AD (Davis et al., 2018; Kieu and Look, 2023; Green et al., 2019; Boustani et al., 2022).
	For scenario A, all individuals are assumed to enter the model at age 65 and receive the CGT at the mild AD stage. The transition probabilities used for SoC and the gene therapies are adapted from (Potashman et al., 2021) to drop the MCI-AD state in the base case, and patients observed to transition from AD-related dementia back to MCI-AD are assumed to remain in their prior health state (Davis et al., 2018). Individuals in the mild AD state may transition to the moderate or severe AD states in the following cycles. Forward transitions to more progressive dementia states will be allowed between all disease severity states. We also allow reversal or improvement within AD dementia states to the milder health state (Davis et al., 2018).
	Transition probabilities are given in Table 42 and Table 43.
	Table 42  Transition probabilities for Alzheimer’s disease for scenario A
	To
	STANDARD OF CARE
	State
	Death
	Severe AD
	Moderate AD
	Mild AD
	0.03
	0.04
	0.34
	0.59
	Mild AD
	0.04
	0.40
	0.53
	0.03
	Moderate AD
	From
	0.10
	0.89
	0.02
	0.00
	Severe AD
	1.00
	0.00
	0.00
	0.00
	Death
	CELL AND GENE THERAPY
	To
	State
	Death
	Severe AD
	Moderate AD
	Mild AD
	0.03
	0.03
	0.24
	0.71
	Mild AD
	0.04
	0.28
	0.65
	0.03
	Moderate AD
	0.10
	0.89
	0.02
	0.00
	From
	Severe AD
	1.00
	0.00
	0.00
	0.00
	Death
	For scenario B, we include the MCI-AD state in the transition matrix as the starting point of the model. It is important to note that observed MCI-AD study populations may generate transition matrices with a higher or lower risk than the true average for the (largely unobserved) real MCI population.
	Table 43  Transition probabilities for Alzheimer’s disease for scenario B
	To
	STANDARD OF CARE
	State
	Death
	Severe AD
	Moderate AD
	Mild AD
	MCI-AD
	0
	0.00
	0.00
	0.23
	0.77
	MCI-AD
	0
	0.04
	0.35
	0.58
	0.03
	Mild AD
	0
	0.42
	0.55
	0.03
	0.00
	Moderate AD
	From
	0
	0.98
	0.02
	0.00
	0.00
	Severe AD
	1.00
	0.00
	0.00
	0.00
	0.00
	Death
	To
	CELL AND GENE THERAPY
	State
	Death
	Severe AD
	Moderate AD
	Mild AD
	MCI-AD
	0
	0.00
	0.00
	0.16
	0.84
	MCI-AD
	0
	0.03
	0.25
	0.69
	0.04
	Mild AD
	0
	0.29
	0.67
	0.04
	0.00
	Moderate AD
	From
	0
	0.98
	0.02
	0.00
	0.00
	Severe AD
	1.00
	0.00
	0.00
	0.00
	0.00
	Death
	Simplifying assumptions
	When modelling patients with AD we have made a few simplifying assumptions in comparison to the economic evaluations and HTA appraisals reviewed. This is to increase the generalisability of the approach, enabling the use of a generalisable model template code in R studio. 
	Most of the economic evaluations reviewed involve changes in care setting (i.e. a risk of moving from a community-based dementia state to a state requiring institutional care) as a distinct model state. They assume new diagnoses of AD dementia occur in a community (noninstitutional) setting (Green et al., 2019), and once patients move into institutional care, they remain there until death (Touchon et al., 2014; Whittington et al., 2022). Given that incorporating care-related states necessitates a more complex model structure which is less generalisable to other diseases, we solely consider health states, and incorporate institutionalisation in our model by attributing average healthcare, social care, and indirect costs to each health state. 
	Some estimates suggest that almost 50% of social care for AD could be funded out-of-pocket. However, detailed health and social care funding data is difficult to obtain as it is not captured in a systematic way (Carnall Farrar, 2024). Given the lack of reliable data at the national level, we use a simplifying assumption that the costs of health and social care for Alzheimer’s disease are realised entirely at the ‘systems’ level, rather than half being attributed to individuals. One advantage of this approach is that the system-level value estimates provide a fuller characterisation of health and social care costs. Nevertheless, future work should seek to more clearly disentangle to whom costs accrue in Alzheimer’s disease.
	Post-administration monitoring and treatment due to adverse reactions 
	Costs associated with post-administration monitoring and treatment due to gene therapy-related adverse reactions (e.g. immunologic events) were not addressed in our model, due to a lack of available data (Kieu and Look, 2023).
	Parameter values for AD
	Table 44  State parameter values for Alzheimer’s disease
	REFERENCES / NOTES
	VALUE (CGT)
	PARAMETER
	(Herring et al., 2021)
	0.80
	Patient utility – MCI
	PATIENT UTILITIES
	(Herring et al., 2021)
	0.74
	Patient utility – Mild AD
	(Herring et al., 2021)
	0.59
	Patient utility – Moderate AD
	(Herring et al., 2021)
	0.36
	Patient utility – Severe AD
	Assumption (Herring et al., 2021)
	1
	Caregiver utility – MCI
	CAREGIVER UTILITIES
	(Herring et al., 2021) assume same caregiver disutilities across both community and institutional care settings. 
	0.964
	Caregiver utility – Mild AD
	(Herring et al., 2021) assume same caregiver disutilities across both community and institutional care settings.
	0.93
	Caregiver utility – Moderate AD
	(Herring et al., 2021) assume same caregiver disutilities across both community and institutional care settings.
	0.914
	Caregiver utility – Severe AD
	Assume no disutility
	1
	Caregiver utility – Death
	Assumption (Herring et al., 2021)
	1
	Caregiver utility – MCI
	(Herring et al., 2021) assume same caregiver disutilities across both community and institutional care settings. 
	0.964
	Caregiver utility – Mild AD
	(Carnall Farrar, 2024). Costs for patients in the two years before a diagnosis is recorded.
	£6,480.00
	Healthcare costs – MCI
	DIRECT COSTS1
	(Carnall Farrar, 2024)
	£7,766.00
	Healthcare costs – Mild AD
	(Carnall Farrar, 2024)
	£7,468.00
	Healthcare costs - Moderate AD
	(Carnall Farrar, 2024)
	£7,976.00
	Healthcare costs – Severe AD
	Assumption
	£0.00
	Social costs – MCI
	INDIRECT COSTS2
	(Carnall Farrar, 2024)
	£16,500.00
	Social costs – Mild AD
	(Carnall Farrar, 2024)
	£8,800.00
	Social costs - Moderate AD
	(Carnall Farrar, 2024)
	£47,600.00
	Social costs – Severe AD
	1- Average by disease state. Includes primary care, Secondary care, Community healthcare, Mental Health, prescribing. 2- Rounded values. Include residential care, nursing care, domicilliary care, caregiver respite.
	Table 45  Productivity effects for Alzheimer’s disease
	REFERENCES / NOTES
	VALUE
	PARAMETER
	Assumption, based on (Department for Work & Pensions, 2015) age band cut-off. Applies to formal employment and informal caregiving among patients.
	74
	Retirement age
	GENERAL PRODUCTIVITY EFFECT PARAMETERS
	Working hours per week (ONS, 2024a)
	31.8
	Average hours of work, per week
	Median salary UK (ONS, 2024c)
	£37,430
	Average annual salary (formal employment)
	Average hourly wage (ONS, 2024a)
	£18.93
	Average hourly wage 
	(ONS, 2025). Applied to patients ages 65-74.
	12.2%
	Formal employment rate, ages 65+
	MACRO - PATIENT
	(Robinson et al., 2020)
	20%
	Reduced productivity – MCI
	(Robinson et al., 2020)
	26%
	Reduced productivity – Mild AD
	Assumption, based on (Lin et al., 2019)
	100%
	Reduced productivity – Moderate AD
	Assumption, based on (Lin et al., 2019)
	100%
	Reduced productivity – Severe AD
	(Carnall Farrar, 2024). 
	16.1%
	Caregivers who have given up employment due to AD
	MACRO-CARER1
	(Carnall Farrar, 2024)
	21.1%
	Caregivers employed
	Average per patient (Carnall Farrar, 2024) 
	828
	Carer hours per year– MCI 
	Average per patient (Carnall Farrar, 2024) 
	1826
	Carer hours per year – Mild AD
	Average per patient (Carnall Farrar, 2024)
	3329
	Carer hours per year – Moderate AD
	(Department for Work and Pensions, 2023). Calculated rate for ages 65-74. Assume status as informal carer if otherwise economically inactive, i.e. unemployed, retired or other. 
	8.43%
	Proportion of 65+ who are informal carers 
	MESO-PATIENT2
	Assume that the value of unpaid informal care is equivalent to that of paid informal care (Park, Jit and Wu, 2018; Deloitte, 2020). Data from (ONS, 2024b),  Table 20.7a   Annual Gross pay - for full-time employee jobs. Use value for full-time employees, 60+, for caring, leisure and other service occupations.
	£27,882
	Average annual income for unpaid informal carers
	Weighted average from values in (ONS, 2023b)
	29.4
	Average hours of informal caregiving per week
	Assume same as for formal employment, (Robinson et al., 2020)
	3.2%
	Reduced productivity – MCI
	Assume same as for formal employment, (Robinson et al., 2020)
	13.8%
	Reduced productivity – Mild AD
	Assume same as for formal employment, assumed zero productivity from (Lin et al., 2019)
	100%
	Reduced productivity – Moderate AD
	Assume same as for formal employment, assumed zero productivity from (Lin et al., 2019)
	100%
	Reduced productivity – Severe AD
	Assumption. Avoids double counting among carers.
	N/A
	MESO-CARER
	Assumes leisure time effects for patients are captured by QALYs.
	N/A
	MICRO-PATIENT
	(Carnall Farrar, 2024) Not in paid employment for other reasons (e.g. retired). Apply leisure time losses to these caregivers.
	63.8%
	Caregivers not employed 
	MICRO-CARER3
	35% of the average income is used as a proxy for the monetary value of leisure time per assumptions in (Wimo et al., 2013; Johannesson et al., 1991).
	£11,654
	Annual value of leisure time 
	Average per patient (Carnall Farrar, 2024) 
	828
	Total carer hours per year – MCI 
	Average per patient (Carnall Farrar, 2024) 
	1826
	Total carer hours per year –Mild AD
	Average per patient (Carnall Farrar, 2024)
	3329
	Total carer hours per year –Moderate AD
	Average per patient (Carnall Farrar, 2024)
	5728
	Total carer hours per year – Severe AD
	1- Macro productivity losses are calculated for all employed caregivers and caregivers who are unemployed due to AD caregiving duties. Calculated based on an average fixed value of hours spent caregiving per AD patient weighted based on caregiver employment, rather than a percentage reduced productivity, given data availability. 2- A significant proportion of individuals aged 65+ provide informal care. The value of informal caregiving is assumed to be equivalent to that of paid labour (Park, Jit and Wu, 2018; Deloitte, 2020). 3 - Effect on leisure time activity is calculated for non-working carers. The utility values for caregivers are obtained from a study which also separately measures leisure time. Calculated based on an average fixed value of hours spent caregiving per AD patient, weighted based on caregiver employment. 
	Table 46  Mortality for Alzheimer’s disease
	REFERENCES / NOTES
	VALUE
	PARAMETER
	(Santabárbara et al., 2016) cited in (Martins et al., 2022)
	1.2
	Hazard ratio – MCI
	DEATH RISK 
	(Davis et al., 2018) cited in (Martins et al., 2022)
	2.92
	Hazard ratio – Mild AD
	(Davis et al., 2018) cited in (Martins et al., 2022)
	3.85
	Hazard ratio – Moderate AD
	(Davis et al., 2018) cited in (Martins et al., 2022)
	9.52
	Hazard ratio – Severe AD
	(Wittenberg et al., 2019)
	£8,480.62
	End‐of‐life care
	DEATH COST1
	1. All costs are reported in 2024 GBP
	Steady-state results for AD
	Table 47  Steady-state (annual) results, Alzheimer’s disease, scenario A 
	INCREMENTAL DIFFERENCE
	TREATMENT
	SoC
	CGT
	£5,257,624,642
	£14,722,411,947
	£19,980,036,590
	Individuals
	MONETISED VALUE 
	OF OUTCOMES
	£ 792,387,422
	-£35,823,584,527
	-£35,031,197,104
	Systems
	£ 955,775,955
	-£29,958,558,885
	-£29,002,782,930
	National economy
	68,049 QALYs
	425,882
	493,931
	QALYs
	HEALTH OUTCOMES
	63,496 LYs
	805,241
	868,737
	Life years
	Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care.
	Table 48  Steady-state (annual) results, Alzheimer’s disease, scenario B
	INCREMENTAL DIFFERENCE
	TREATMENT
	SoC
	CGT
	£14,561,318,936
	£37,486,576,928
	£52,047,895,865
	Individuals
	MONETISED VALUE 
	OF OUTCOMES
	£448,313,484
	-£32,807,365,159
	-£32,359,051,675
	Systems
	£1,606,176,190
	-£26,022,694,702
	-£ 24,416,518,512
	National economy
	197,236 QALYs
	724,089
	921,327
	QALYs
	HEALTH OUTCOMES
	208,869 LYs
	1,107,378
	1,316,247
	Life years
	Abbreviations: CGT: cell and gene therapy; QALYs: quality-adjusted life years; SoC: standard of care
	 Comparison of Alzheimer’s results to similar evaluations
	Our analysis is based on a hypothetical CGT requiring a one-off single administration of a CGT that aims to slow down and delay the progression of AD. There are currently no approved gene therapies for AD on the market. The mechanism of gene therapy can be compared to disease-modifying therapies such as aducanumab, which is administered to individuals with mild cognitive impairment or mild dementia due to AD with confirmed amyloid beta pathology. Aducanumab received accelerated approval for use in the US (FDA, 2021), but it does not have marketing authorisation in the UK or EU due to insufficient evidence on the safety, effectiveness and clinical benefit for people living with AD (EMA, 2022). 
	An ICER evaluation compares aducanumab administered to adults with MCI due to AD or mild AD, compared to supportive care (pharmacologic and non-pharmacologic). The analysis is conducted from the US societal perspective over a lifetime time horizon, reporting discounted outcomes using a rate of 3% (Line et al., 2021). Table 49 shows the health gains (QALYs and life-years) reported for the ICER evaluation (Line et al., 2021) comparing aducanumab to standard of care, and the results of our model comparing a hypothetical gene therapy to standard of care, run for a single patient over a lifetime (up to age 100) and applying a 3% discount rate. A comparison of costs was not possible due to the different healthcare system contexts and cost components considered. The incremental QALY and life year gains for scenario A in our analysis are slightly higher compared to the ICER evaluation, although both analyses show improvements withing a comparable order of magnitude. 
	Table 49  Results of ICER evaluation vs. current analysis, lifetime 
	INCREMENTAL GAIN DISCOUNTED LIFE YEARS (3%)
	INCREMENTAL GAIN DISCOUNTED QALYS (3%)
	INTERVENTION
	SETTING
	SOURCE
	0.14
	0.16
	Aducanumab versus Supportive care
	US
	(Line et al., 2021)
	0.47
	0.43
	UK
	Current analysis (Scenario A – mild AD)
	Gene therapy with SoC versus SoC only
	0.14
	0.16
	Aducanumab versus Supportive care
	US
	(Line et al., 2021)
	0.47
	0.43
	UK
	Current analysis (Scenario A – mild AD)
	Gene therapy with SoC versus SoC only
	An economic evaluation by Kieu and Look (2023) compares a hypothetical gene therapy (along with standard of care) to standard of care alone. The analysis is conducted from the US perspective over a 20-year time horizon, reporting discounted outcomes using a rate of 3%. Table 50 shows the health gains (QALYs and life-years) reported by Kieu and Look (2023), and the results of our model run for a single patient over a 20 year time horizon and applying a 3% discount rate. A comparison of costs was not possible due to the different healthcare system contexts and cost components considered. Our analysis yields slightly lower incremental QALY and life year gains than those reported by Kieu and Look (2023), although both studies demonstrate substantial improvements in outcomes with gene therapies.
	Table 50  Results of Kieu and Look (2023) vs. current analysis, 20 year time horizon
	INCREMENTAL GAIN DISCOUNTED LIFE YEARS
	INCREMENTAL GAIN DISCOUNTED QALYS
	INTERVENTION
	SETTING
	SOURCE
	1.0
	0.78
	Gene therapy with SoC versus SoC only
	US
	(Kieu and Look, 2023)
	0.47
	0.43
	Gene therapy with SoC versus SoC only
	UK
	Current analysis (Scenario A – mild AD)




