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[bookmark: _Ref142986831] Table 1: Issues for economic evaluation of rare diseases
	
	Systematic reviews that considered:

	
	

	 
	A specific rare disease
	Multiple rare diseases

	Issues with health-economic parameters

	Natural history of disease
	· Prevalence and incidence:
· are limited by lack of harmonised disease and diagnostic codes, or data to allow for their calculation [48].
· vary with age, gender, diagnostic criteria, and study sample. Limited by number of publications [50].
· are limited by reporting, and there is insufficient data on treatment eligible / ineligible cohorts [51].
· limited literature reporting incidence and prevalence [44].
· Diagnosis:
· misdiagnosis can occur and lead to inappropriate treatment [50].
· delays in diagnosis can be a result of multiple specialists involved in process [58].
· between-study heterogeneity on diagnosis [44] 

	· Epidemiological uncertainties:
· uncertainty on patient population and subpopulations is frequently cited in HTA [40]. 
· slow disease progression or chronic nature of rare diseases make clinical trials insufficient for the purpose of informing cost-effectiveness analyses [62]
· limited understanding of epidemiology of rare diseases and impact on clinical trial designs [12].
· prevalence is difficult to estimate due to lack of epidemiological research [63].
· Diagnosis: 
· physicians encounter few cases of rare diseases, which lead to delayed diagnosis or misdiagnosis [45]. 
· efficacy measurement is hindered by diagnostic capacities and capabilities [57].
· few clinical experts and specialist centers [12].
· difficult diagnosis [63]
· Registries:
· patient registries may suffer from challenges pertaining to data ownership, comparators, and bias [12]. 

	Clinical effectiveness
	· Clinical trials: 
· small number of clinical trials, short duration of trials, few included subjects, and missing separation of paediatric and adult data, which led to a scarcity of paediatric data [37].
· Paucity of clinical evidence e.g., published data from clinical trials [58]. 
· Studies on effectiveness:
· interventions, comparators, time points and methods are heterogenous. Studies may have limited data on ability to predict or varying definitions of treatment response [50].
· lack of consensus on treatment regimens, especially for subsequent lines of therapy after initial treatment [51]. 
· variation in study design, population and therapies, and failure to control for disease severity [52]. 
· wide variation in pharmacological management, thus limiting conclusions on efficacy and safety [39].

	· Clinical trials:
· for rare disease are mostly multi-centre international studies and include smaller study populations as compared to clinical trials for ordinary diseases. There may be only one chance to get a study right, because of limited treatment naïve patients. It is unethical to set up placebo-controlled trials if this means withholding treatment, especially for children [45].
· suffer from few subjects, limited understanding of epidemiology, limited experts and centres, patient heterogeneity, inadequate power, imbalance between trial arms, lack of control arm and comparator data, no “hard” outcomes, no validated instruments, premature termination, and limited trial duration [12].
· suffer from small sample sizes, difficult to confirm added clinical value e.g., when randomisation or control arm is missing, limited trial duration, use of surrogate outcomes, limited understanding of epidemiology and disease management, and delayed diagnosis because of diagnostic capabilities [57].
· there is large variation in clinical outcomes across diseases, in time-points for measurement, inconsistent reporting, which collectively limit conclusions on effectiveness and safety. This review rated all evidence low to moderate quality [60].
· concerns on the linkage between surrogate markers, patient relevance and final health outcomes, because surrogates are not adequately described compared to diseases with higher prevalence. Uncertainty on short and long-term effects, insufficient comparator data, and study designs [40].
·  Effectiveness studies: 
· limited long-term data e.g., post marketing data on safety and efficacy [38]. 
· small patient numbers [63].


	Costs
	· Non-existent or limited cost-of-illness studies:
· data on economic burden and healthcare resource use are scarce [43].
· limited evidence is published on the economic burden and consequences [48].
· very little recent rigorous or original research on economic burden. Few papers reported direct costs, but not indirect costs (societal) [52].
· few studies on healthcare resource use and management patterns [55].
· no data on economic burden was found [39].
· no articles reporting indirect costs [58].
· no studies reported non-medical-direct or indirect costs [59].
· studies were generally concerned with direct treatment costs with limited information on indirect or intangible costs [51]. 
· limited publications impair current assessment of burden of disease [50].
· Transferability: 
· transferability to other countries is limited, varying data sources may explain in-country variation for results [43].
· these findings cannot be transferred across countries because of healthcare system variability [50].

	· Non-existent or limited cost-of-illness studies:
· costs-of-illness data were non-existent or very limited, even for conditions with relative high prevalence. Data availability appears correlated with treatment availability rather than disease rarity or severity. Limited indirect costs [34].
· paucity of cost-of-illness studies. Data on costs in aggregated format and/or primary data are rarely available. Why patient-reported, claims, or registry data are used No studies followed recommendations to handle uncertainty in the methods used, human-capital and friction method, respectively [42].
· limited information on direct, indirect costs and costs associated with poorly controlled disease [12].
· Transferability: 
· methodological variations prevent any detailed comparison of conditions [34].
· methods vary e.g., scope, population characteristics, and perspective. Thus, making comparisons impossible [42].
· local costs differences across countries and discount rates were a source of variability [46]
 

	Quality of life
	· Non-existent or limited quality-of-life studies:
· limited published evidence on health-related quality of life [48].
· no data on humanistic burden, except for isolated anecdotal comments [39]. 
· studies are small, not randomised or controlled, and their conclusions limited [51].
· none of the identified studies included utility values or mapping algorithms, despite the inclusion of measures that allowed for it [58].
· methods to elicit utility weights are insufficiently explained [64]. 
· quality-of-life trajectories are often not measured across more than two time-points, which is insufficient for diseases with a non-linear quality-of-life progression and for statistical mediation analysis. Mapping algorithms are used to facilitate modelling. Generic-preference-based measures are readily available and easy to administer but may miss important quality-of-life attributes for rare diseases. Disease-specific measures might suffer from validation issues [47]. 
	· Non-existent or limited quality-of-life studies:
· missing quality of life data can result in assumptions of equal health utilities for parameters [46].
· although quality-of-life data are integrated through various methods, there is a scarcity of patient-preference methods. Quantitative methods such as choice experiments or conjoint analysis may not be feasible for rare diseases [35].
· limited focus on social, financial, and emotional burden for informal caregivers [63].

	Issues with health-economic evaluations

	Cost effectiveness
	· Scarcity of cost-effectiveness analyses:
· no cost-effectiveness analyses or cost-utility analyses identified [58].
· Assumptions
· patient-level data might not be available. Use of assumptions on mortality, efficacy, and complications and expert opinions. In a review, a model failed to account for patient characteristics and disease severity [55].
· Reporting:
· cost-effectiveness studies often fail to report discount rates and sensitivity analyses. Overall, studies are rated as having moderate quality [59].
· Input-parameter heterogeneity:
· comparison is difficult because of different perspective, time horizon, and patient population [55].
· Lack of consistency in reported treatment patterns, country settings, discount rates, sample population, and time horizons [64].
· the findings were affected by different country settings [51].
· Analyses were performed in different countries and years resulting non-comparable heterogeneous scenarios [59].
· Bias:
· Most studies are industry sponsored, which evidence suggests report more favourable results. Note that this comparison was not made in this study, because of few studies [64]. 

 

	· Scarcity of cost-effectiveness analyses:
· There is a remarkable absence of pharmacoeconomic evidence[45]. 
· cost-effectiveness analyses are not performed and considered unachievable because of limited evidence, high drug costs, and inability to measure effects. Use of patient-level simulations might be limited by low patient numbers and unreliable estimates for effects, symptoms, and complications [62].
· scarcity of evidence makes cost-effectiveness analyses difficult or almost impossible. Uncertainty can hinder reimbursement until more evidence becomes available [57].
· data are extrapolated for long-term outcomes using modelling techniques due to clinical-data limitations. Common shortcomings are failure to report funding source, discounting, time horizons or time horizons that adequately reflect diseases [38].
· Bias:
· no study explicitly mentioned the magnitude of bias [61].
· publication bias may be prominent for orphan drugs as pharmaceutical companies have decreased incentives to publish because these drugs are rarely cost-effective [45].
· a larger number of cost-effectiveness analyses in United Kingdom and Netherlands is explained by a post-marketing obligation to publish [62].
· studies use data from potentially biased sources without explicit explanation of direction and magnitude of bias. The paucity of cost-effectiveness analyses may reflect publication bias or evidence limitations [38].
· majority of studies are funded by industry. They have significant lower incremental cost-effectiveness ratios compared to those published by academia and foundations. This may be due to publication bias or selection bias [49].
· sponsorship bias may be an issue because most papers were industry sponsored. They may have sponsored or co-authored publications in competitive markets [65].

· Transferability:
· cost-effectiveness results are not consistent. Medication and healthcare settings need consideration when interpreting results [61]. 
· remarkable result differences which are attributed to assumptions on quality of life and survival [62].
· cost-effectiveness comparisons are complicated by differences in settings [49].
· transferability is highly limited between countries and needs careful consideration [57]. 

	Budget impact
	No systematic reviews identified
	· Scarcity:
· budget-impact analyses are rarely published [45].
· Assumptions 
· budget-impact analyses are mostly performed in high-income countries. They have low quality and results are rarely validated. Moreover, they show poor adherence to guidelines. Reported use of assumptions. For example, on, target population, population size, intervention, comparators, costs, and market uptake [33].
· Reporting  
· changing market dynamics. For example, market-exclusivity status for drugs may change during the time-period of analysis, thereby leading to different estimates. Budget-impact analyses do not report items such as costs of drug-related services (monitoring, tests, or counselling), treatment of side-effects, life-extension, but also savings from reduction in morbidity [53].


	Issues with estimating value / reimbursement

	Thresholds
	No systematic reviews identified
	· Transferability:
· the variation in cost-effectiveness thresholds across countries mean that results are likely country specific [61].

	Value frameworks
	No systematic reviews identified
	· Value frameworks: 
· reimbursement processes have transparency and consistency issues, thus, limited country comparability [36].
· most countries require an economic evaluation and budget impact model incl. estimates on prevalence, incidence, and patient numbers. Requirements vary across countries, but common factors are clinical benefit, cost-effectiveness, and budget impact [54].
· Reference pricing
· reference-pricing may prevent orphan-drug launches in low-income European countries [57]. 

	MCDA
	No systematic reviews identified
	· Transparency and consistency:
· MCDA is getting increased interest for orphan drugs, but no consistent recommendations for decision-making could be observed. More search is needed [41].
· few studies provide recommendations on scoring functions, which is a significant limitation, because of uncertainty and reduced transparency [56]. 
· multiple criteria for priority setting can lead to country-dependent priorities [32]. 
· the use of MCDA frameworks is still emerging for orphan drugs [31].
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