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Novelty Statements
1. What is the NEW aspect of your work? 
This is the first study to explore how real-world evidence generated by an advanced analytical approach (i.e. target trial emulation) can be transferred to optimize treatment decisions of patients with a rare haematological disease in late technology adopter countries with limited financial resources and HTA capacities. 
2. What is the CENTRAL finding of your work? 
[bookmark: _Hlk178106476]The main challenges of transferring evidence generated by target trial emulation method to lower income European countries were identified and conclusion were made to overcome these main challenges. 
3. What is (or could be) the SPECIFIC clinical relevance of your work?
To ensure the sustainability of health care financing lower income European countries may have to narrow down the reimbursement of expensive therapies by limiting access to specific subgroups, which requires more detailed data, preferably from the real-world, on the comparative benefits of new health technologies for different subpopulations.
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Abstract
Background and aims: Lower income European countries (LIECs) have more limited financial resources to cover high-cost technologies in rare diseases than higher income European countries (HIECs). Our study explores how treatment recommendations in myelodysplastic syndrome (MDS) can be supported in LIECS by transferring real-world evidence (RWE) generated by target trial emulation (TTE) method in HIECs.
Method: In the HTx project transferability aspects of the MDS case study were considered upfront. HTA agency consortium partners set expectations for the MDS case study team on how to integrate the new TTE methodology into the routine work of HTA bodies. In consecutive workshops consortium members and external HTA experts identified the main challenges of transferring evidence generated by TTE method to LIECs and made conclusions on how to overcome these challenges.
Results: The lack of local real-world data before making reimbursement decisions is an important challenge to apply the TTE method to LIECs. Differences in patient pathways and comparator technologies, limited expertise and resources for adapting international HTA methods are significant barriers of transferring RWE from other countries. 
Still, transferring RWE to LIECs from other countries based on the TTE methodology represents an improvement to the current standard HTA methods, especially if joint clinical assessment provides the unbiased judgement on the relative effectiveness of orphan medicines. The TTE approach also provides an opportunity to LIECs to judge the value of high-cost technologies for different patient subgroups. However, HTA professionals in LIECs need training about advanced methodologies.
[bookmark: _Hlk178105073]Conclusion: This is the first study to explore how RWE generated by the TTE method can be transferred to optimize treatment decisions of patients with a rare disease in countries with limited HTA capacities. Five general concluding statements were made on the novelty of the TTE method and on how to overcome main challenges of transferring TTE results to HTA systems in LIECs. 
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Introduction
The importance of health technology assessment (HTA) in policy decisions on high-cost technologies has been growing in recent years, which contributed to the development of a new legislative framework aimed at facilitating the harmonisation of HTA within the European Union (EU). [1] As HTA is adopted in an increasing number of countries both within and outside Europe, its methodology has also evolved. Drivers of these methodological changes include the availability of real-world data (RWD) and artificial intelligence (AI) tools.
The European Commission supports the improvement of HTA methodologies through large-scale research projects, such as ADVANCE-HTA, INTEGRATE-HTA, MedtecHTA, AdHopHTA, Impact HTA and EDiHTA. However, lower-income EU member states, primarily in Eastern Europe, are underrepresented in these EU-funded collaborative projects.[2] As a consequence, novel HTA methods developed through these projects are more likely tailored to the needs of higher-income European countries, which tend to be more advanced in their implementation of HTA. This disparity implies that some deliverables of these projects may be less transferable to lower-income European countries (LIECs). In this case, paradoxically, EU-funded projects which aim to advance HTA methodologies may inadvertently widen the gap between forerunner and late-adopter countries in HTA implementation.[3] 
A previous paper [4] indicated five contextual factors to influence HTA development and the associated decision‐making process in LIECs compared to HIECs, including i) the limitation financial resources for improving health through innovative and expensive technologies; (ii) the worse population health status and consequently the higher needs for effective medical technologies; (iii) the historical reliance on public financing and provision of health care, which makes free and easy access to healthcare technologies a sensitive issue; (iv) the ignorance of requirements and needs of LIECs for pricing rationale of new healthcare technologies by pharmaceutical companies and (v) finally limited human and financial capacities for HTA. These factors indicate that the opportunity costs of inappropriate policy decisions is greater in LIECs than in HIECs, and therefore, the added value of HTA may be more substantial. Still, LIECs have been lagging behind HIECs in the implementation of HTA [4]. 
[bookmark: _Hlk169873590][bookmark: _Hlk178104060][bookmark: _Hlk169870157]HTx is a Horizon 2020 project supported by the EU, conducted between 2019 and 2024. The main aim of HTx was to create a framework for the “next generation of health technology assessment to support patient-centered, societally oriented, real-time decision-making on access to and reimbursement for health technologies throughout Europe”. The HTx project puts special emphasis on the transferability of its deliverables in two key ways: by ensuring reasonable representation of Eastern European researchers in the consortium and by including a dedicated workpackage to facilitate the transferability of newly developed tools and methods to LIECs. One of the case studies in the HTx project focuses on myelodysplastic syndrome (MDS), a rare disease, for which the existing randomised controlled trial (RCT) evidence poses considerable challenges to explore the value of health technologies. In patients with MDS immature blood cells in the bone marrow do not mature to healthy blood cells. The different types of MDS are diagnosed based on specific changes in blood cells or bone marrow using blood tests and biopsies. Due to the heterogeneity of the disease, the main symptoms vary from patient to patient, depending on which blood cell lines are affected. Common symptoms include anaemia (fatigue, shortness of breath), bleeding disorders and infections. Treatment of MDS includes supportive care (relieving symptoms and improving quality of life), drug therapy (to delay transfusion dependency and alleviate anaemia symptoms), and chemotherapy with stem cell transplantation (curative).[5]  
[bookmark: _Hlk161610574][bookmark: _Hlk161481330]MDS was chosen as a case study in the HTx project, because it exemplifies a common challenge for HTA agencies, being a rare disease with limited evidence base for widely accepted therapies such as erythropoiesis-stimulating agents (ESAs), which are often used as first-line therapy for newly diagnosed low to intermediate-1 risk MDS (LR-MDS) patients. Defining optimal medical therapy for these patients is complicated by the large variation that exists in specific types of MDS.  Diagnostic uncertainty, patient safety and ethical considerations limit the viability of testing different treatment options in RCTs.  Even when possible, the study sample is often highly selective and not representative of the patient population seen in clinical practice.[6] Data from the real-world can be used to analyse which treatments work for which types of patients in which combination or order, provided that these RWD contain enough observations and biases can be mitigated. For that reason, it is important that RWD sets offer detailed information about the characteristics of patients, the disease, and the treatment provided. For MDS such a data source is available in the form of the European Myelodysplastic Syndromes Registry (EUMDS).[7] This database covers 18 countries and registers clinical outcomes as well as quality of life and costs, however, the registry does not include any LIECs. While a few small RCTs in selected populations with short follow-up period have been conducted, data from these RCTs are not accessible. 
[bookmark: _Hlk161330864][bookmark: _Hlk197419349]The MDS case study aimed to emulate a target trial (i.e. target trial emulation, TTE) in a population reflecting routine clinical practice [8] to estimate the causal average treatment effect of using ESAs (versus no ESAs) in LR-MDS patients using longitudinal observational data from the EUMDS registry. The emulated target trial is the RCT that would have been conducted in an ideal world, but was not feasible. The use of TTE has been increasing because in the absence of RCT evidence database studies can improve the understanding decision-makers of how health technologies work in clinical practice. RWE studies can reach similar conclusions as RCTs when design and measurements can be carefully emulated, but this may be difficult to achieve [9] Since one has to resolve to use observational longitudinal data, estimating the causal average treatment effect requires special consideration for the role played by (and adjustment for potential, often time-varying) confounding and other potential sources of bias (e.g. immortal time) to support the selection of the optimal treatment strategies. 
The TTE framework is designed to evaluate causal questions through the analysis of observational data. It mimics an RCT by starting with its protocol. This involves an iterative process that includes the precise specification of the target trial's eligibility criteria, treatment strategies, treatment assignment, follow-up period, outcome, causal contrast, and statistical analysis. A novel aspect of target trial methodology is that, for purposes of data analysis, each subject in the observational study can be enrolled in all target trials for which the subject is eligible, instead of a single trial.   
Within the TTE framework, a range of causal inference methods can be used, depending on the analytical challenges that must be addressed in the pursuit of estimating a causal treatment effect.  The LR-MDS case study in HTx used two approaches: marginal structural modelling in combination with time-varying inverse probability weights (MSM+IPW) and targeted minimum loss-based estimation (TMLE) [10]. Both methods can quantify various statistical estimands, such as odds ratio, risk ratio, average treatment effects after adjusting for confounders and meeting causal assumptions [11,12]. Specifically, both approaches can handle time-varying confounding. MSM+IPW relies on the correctly capturing the treatment mechanism [13], and can result in bias if this model is misspecified. In contrast, LTMLE is double-robust, meaning that it uses two models: outcome regression and treatment mechanism, and gives unbiased results if either one is correct [14].  Another advantage of the LTMLE method is that it can use machine learning to improve the estimation.  The TTE framework is highly flexible and can be applied to various data scenarios, including the simpler case of baseline confounding due to observables, as well as confounding on unobservables where instead of using propensity score based methods one would use techniques such as, for instance, instrumental variables or difference-in-differences which are designed to deal with unmeasured confounders. Overall the TTE framework provides a unifying approach to analysing non-randomised data for determining what work best, for whom, and under what circumstances.   
Within the MDS case study, we have applied the MSM+IPW and the LTMLE methods to EUMDS registry data to compare dynamic treatment protocols involving the use of ESA drug treatment for MDS patients. These dynamic treatment protocols allow decisions to initiate, continue or discontinue ESA over time based on changing patient characteristics, including response to treatment. [15] We compared various dynamic protocols by studying the differences in their estimated patient outcomes, including survival and quality of life at each time point.  
The lessons learned from the case study are potentially threefold: (1) results from these studies can be used to further specify recommendations regarding the optimal treatment of LR-MDS patients, provided that these recommendations are transferable to countries not participating in EUMDS patient registry; (2) methods used in this study can be generalised to other (rare) diseases, provided that similar types and quality of RWD sets are available; (3) the process followed in MDS case study to get access to RWD provides a model for the steps that are necessary to obtain data, and enable HTA agencies to anticipate how much time and resources are required for similar data acquisition processes.
[bookmark: _Hlk178105519]This manuscript summarizes the response of authors to the question how treatment recommendations for LR-MDS patients based on RWE generated by TTE method can be transferred to LIECs, which typically adopt new health technologies with significant delay compared with higher-income countries. 
Methods 
[bookmark: _Hlk170159249]The HTx project was implemented over a period of 5.5 years. Transferability aspects were considered from the outset, in parallel with the development of new HTA methodologies, as described in Figure 1. At the project start the leadership team of the transferability workpackage engaged in thorough discussions with the MDS case study team to address transferability aspects upfront, and then over time they carefully followed the progress of applying the TTE methodology and used the results to inform effectiveness, quality of life and cost-effectiveness considerations. 
- INSERT FIGURE 1 HERE -
Three HTA agencies are partners in the HTx consortium: the National Institute for Health and Care Excellence (NICE) from England, the Swedish Dental and Pharmaceutical Benefits Agency (Tandvårds- och läkemedelsförmånsverket, TLV), and The National Health Care Institute (Zorginstituut Nederland, ZIN) from the Netherlands. In June 2022 these three consortium partners set expectations for the case study leaders through iterative online discussions, focusing on how to integrate the new methodology into the routine work of HTA bodies. 
In November 2022 the MDS case study team organized a workshop in York to present and gather feedback on their application of the case study methodology.  This was followed by a transferability workshop at the HTx General Assembly meeting in Madrid in May 2023, where the scope of transferability recommendations for the MDS case study was finalised, leading to the preparation of draft recommendations by the transferability research team. 
In November 2023 a two-day transferability workshop was organized in Sofia with 14 external HTA experts (including six current or former HTA body leaders) from Bulgaria, Czech Republic, Croatia, Kazakhstan, Poland, Romania, Slovakia, Slovenia and Ukraine, and five HTA agency representatives of the HTx consortium. The workshop began with an introductory session detailing key information about the MDS case study. External experts next participated in anonymous voting to answer two questions: first, whether the TTE approach applied in the HTx project could be considered an improvement over current standard HTA methods; second, identifying the main challenges in transferring the TTE method to LIECs. Participants ranked each challenge from 7 (most important) to 1 (least important), with a score of 0 indicating that a challenge was not considered relevant. After presenting the ranking of main challenges, workshop participants engaged in an open discussion to explore potential conclusions, involving both external experts and HTx consortium representatives.
Draft conclusions were circulated after the workshop to participants, who had the opportunity to comment and finalize the conclusions.  
Results 
At the transferability workshop in Sofia, 14 external experts participated in an anonymous Mentimeter survey to assess the innovativeness and identify challenges of the TTE methodology (see Supplementary Table 1 and Supplementary Table 2). Survey participants (coauthors of this paper) provided consent that their anonymous responses can be published in an aggregated format.  
Of the 14 respondents 9 (64%) believed that the TTE approach represented a substantial or even radical improvement over current HTA methods (see Table 1). Others were unsure or considered the improvement to be minor. 
- INSERT TABLE 1 HERE - 
Participants at the workshop recognized several challenges hindering the adaptation of the TTE methodology in LIECs (see Table 2). The most important challenge identified was the lack of local RWD available before making reimbursement decisions. Additionally, differences in patient pathways and comparator technologies in LIECs, as well as limited HTA expertise and financial resources for adapting international HTA methods, were noted as significant barriers. HTA evidence is rarely used in LIECs to guide individualized treatment decisions. 
- INSERT TABLE 2 HERE -
The main conclusions on transferring RWE to LIECs from other countries based on the TTE methodology are summarized below.
Conclusion #1: The target trial emulation approach is an improvement to the current standard HTA methods. 
The TTE allows the use of observational data to evaluate the effectiveness of alternative treatment strategies and ultimately obtain reliable results, provided that the underlying assumptions are met. Since the analysis typically uses population-based data, the results are more generalisable. The LTMLE approach applied in the MDS case study is a double robust method, which is less likely to produce biased results compared to other standard approaches (e.g. propensity score matching or inverse probability weighting). However, the exclusive reliance on RWD necessitates appropriate adjustments for time-varying confounding. 
The major benefit of this approach to HTA experts and policy-makers and LIECs is that - as opposed to ”one-size-fits-all” HTA conclusions (reimbursement to everyone or to no one) - it allows to study alternative treatment protocols and can inform clinical decisions to initiate, continue or discontinue treatment over time depending on specific criteria, including how patients respond to treatment.
Conclusion #2: In LIECs with limited HTA capacities, joint clinical assessment provides an unbiased judgement on the relative effectiveness of orphan medicines.
The evidence base of medicines used in orphan diseases is more limited compared to medicines in more prevalent disease areas, and so judgement of their relative effectiveness requires special skills and methods. The majority of LIECs – with the exception of Poland and Hungary – have no academic postgraduate courses in HTA, and consequently the knowledge about advanced evidence generation methods, such as the TTE approach, is limited. LIECs should establish more postgraduate trainings in HTA, however, it takes several years set up such programs and train sufficient number of HTA professionals. 
On the other hand shortages of local HTA expertise in LIECs can be alleviated by an unbiased judgement on the relative effectiveness in European joint clinical assessment, which will be mandatory for orphan medicines from 2028 according to the EU HTA regulation. 
Conclusion #3: In rare diseases with limited evidence base LIECs can benefit from real-world evidence from other countries generated by the target trial emulation method.  
Pharmaceutical companies usually launch orphan medicines in countries with greater market potential, typically in higher income countries with large populations. By the time LIECs need to make policy decisions about these high-cost technologies, RWE is already available from other countries. While several barriers limit the transferability of RWE [16], late technology adopter countries are in a better position compared to early technology adopter countries to judge the clinical and economic value of orphan medicines in real clinical practice. 
If HTA experts in LIECs understand how to use RWE from other jurisdictions [17], they can benefit from the relative effectiveness data generated by the TTE method.  
Conclusion #4. The target trial emulation method provides an opportunity to lower income European countries to judge the value of high-cost technologies for different patient subgroups.
Due to the system of external price referencing and parallel trade, pharmaceutical companies usually implement narrow European price corridors for their new technologies. As a consequence, LIECs cannot afford to cover these technologies for all eligible patients. To maintain the sustainability of public health care financing, LIECs can provide access to those subgroups of patients, who benefit the most from high-cost therapies. Therefore, they need to rely on advanced HTA methods, such as TTE, which can estimate the added value based on generalisable patient characteristics. 
Conclusion #5: HTA experts and policy-makers in LIECs need training to be aware and ready to adopt advanced HTA methodologies, such as the target trial emulation.
There is a general perception that observational studies are less reliable sources of evidence, although this perception is slowly changing with more trustworthy methodologies on the horizon. To overcome this barrier HTA agencies in LIECs need to become aware that observational studies can be complementary to RCTs and may even replace them in very specific settings, e.g. in rare diseases. However, HTA experts need to be able to distinguish between well and poorly designed studies. Also, the correct application of TTE methods requires advanced technical competence and highly developed communication skills for knowledge translation and dissemination of the study results. Thus, HTA experts and policy-makers need training to understand the method, its advantages and limitations as well as its applicability in policy decisions.  
Discussion
[bookmark: _Hlk178104188]To ensure the sustainability of health care financing LIECs may have to narrow down the reimbursement of expensive therapies by limiting access to specific subgroups sometimes even on a named patient basis. This means that LIECs need more detailed data, preferably from the real-world, on the comparative benefits of new health technologies for different subpopulations. 
RWD on new health technologies can only be collected after their widespread clinical use. While RWE for new technologies often arrives comes too late for initial policy decisions, information on historical controls or comparative treatments can be collected earlier. In addition, the establishment of patient registries in rare diseases can help HTA bodies and payers review initial policy decisions and highlight the importance of health outcomes to clinicians and patients.
In the future, broader use of conditional decision frameworks, such as the adaptive regulatory pathway or coverage with evidence development schemes may be an alternative solution in rare diseases with heterogenous types of patients, such as MDS, in which pharmaceutical companies often register their new medicines based on single-arm studies with historical controls. In LIECs outcome-based payment models may especially be useful to overcome uncertainty in the benefits of new health technologies for selected patient subgroups, however, numerous barriers currently prevent these models from being used more widely [18].
As LIECs typically adopt new technologies relatively late, they may benefit from accessible RWD or published RWE from early technology adopter countries. Advanced methods for evidence generation, such as TTE, may not provide perfect local evidence to LIECs, but they have the potential to deliver the best available international data to support policy decisions. 
However, the accessibility of existing RWD for HTA doers from other jurisdictions is limited, and publication of RWE from patient registries or outcomes based managed entry agreements is not mandatory for database owners. Limited accessibility of RWD and stringent database regulations create delays in the generation of RWE. Often, a monumental effort is required from HTA doers to bring a unified structure to the mosaic of existing datasets. A timely and flexible pan-European data collection structure and accessible databases for HTA research purposes would be highly beneficial for patients and policy-makers across Europe. Hence, we recommend the adoption of harmonised European guidelines or even regulations for collecting RWD and sharing RWE. For LIECs mandatory publication of RWE generated in early technology adopter countries would be essential to improve the evidence base of policy decisions.   
Finally, to facilitate the appropriate transfer of RWE generated by advanced methods to LIECs, HTA bodies will need training. The recently launched SUSTAIN-HTA project may provide a unique platform to bridge the knowledge gap about these advanced HTA methods across countries. 
Study limitations
The small number of participants at the transferability workshop may limit the generalisability of our conclusions. However, the participants - comprising current and previous leaders of HTA bodies - were senior HTA experts with thorough knowledge and understanding of the challenges of current HTA methods and the potential benefits of future advanced HTA methods in LIECs.      
Conclusion  
To our best knowledge this is the first study to provide guidance on how RWE generated by the TTE method can be transferred to optimize treatment decisions of patients with a rare disease in late technology adopter countries with limited financial resources and HTA capacities. Even if throughout the HTx project the usefulness of the TTE method was discussed related to the implementation of the MDS case study, the guidance was developed without utilizing any primary or secondary data from the case study. 
[bookmark: _Hlk178104273]The transferability of the TTE method to LIECs was explored through a series of workshops with HTA doers and users. Based on the final workshop, the main challenges of transferring the TTE method to LIECs were identified and ranked by importance. Five concluding statements were made, one on the novelty of the TTE method itself, and four to help overcome these main challenges.
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Figure 1. Process of developing transferability recommendations for the target trial emulation approach to HTA Systems in lower income European countries.


Table 1. Participants' opinion on whether the target trial emulation approach applied in the HTx project is an improvement to current standard HTA methods.
	Innovativeness of the target trial emulation method compared with current standard HTA methods
	Answers N=14

	NO, the methodology has already been described and applied routinely
	0

	YES, the approach applied in the HTx project is a minor improvement to an existing standard approach
	2

	YES, the approach applied in the HTx project is a major improvement to an existing standard HTA approach
	8

	YES, the approach applied in the HTx project will radically change how similar technologies should be evaluated in the future
	1

	Based on what I have heard today I cannot judge
	3





Table 2. Ranking of main challenges of transferring target trial emulation method to lower income European countries (LIECs).
	Rank
	Main challenges of transferring target trial emulation method to LIECs
	Average score* (n=14)

	1
	Lack of available data for the adaptation of international HTA methods 
	4.54

	2
	Differences in patient pathways for specific patient groups 
	3.00

	3
	Lack of HTA experts for the adaptation of international HTA methods
	2.69

	4
	Lack of available financial resources for the local adaptation of international HTA methods
	2.54

	5
	Lack of a favourable local governance framework related to transferring scientific evidence from other jurisdictions 
	2.46

	6
	Limited interest in using HTA evidence for individualized treatment decisions
	2.38

	7
	Differences in comparator technologies for specific patient groups
	2.31


* Average scores were calculated based on ranking between most important (7) to not relevant (0)
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