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Abstract
Objectives: Thrombopoietin (TPO) mimetics are a potential alternative to platelet transfusion to minimize blood loss in patients with thrombocytopenia. This systematic review aimed to evaluate the cost-effectiveness of TPO mimetics, compared to not using TPO mimetics, in adult patients with thrombocytopenia.
Methods: Eight databases and registries were searched for full economic evaluations (EEs) and randomized controlled trials (RCTs). Incremental cost-effectiveness ratios (ICERs) were synthesised as cost per quality-adjusted life year gained (QALY) or as cost per health outcome (e.g. bleeding event avoided). Included studies were critically appraised using the Philips reporting checklist. 
Results: Eighteen evaluations from 9 different countries were included, evaluating the cost-effectiveness of TPO mimetics compared to no TPO, watch-and-rescue therapy, the standard of care, rituximab, splenectomy or platelet transfusion. ICERs varied from a dominant strategy (i.e. cost-saving and more effective), to an incremental cost per QALY/health outcome of EUR 25,000-50,000, EUR 75,000-750,000,  EUR >1 million, to a dominated strategy (cost-increasing and less-effective). Few evaluations (n=2, 10%) addressed the four principal types of uncertainty (methodological, structural, heterogeneity, and parameter). Parameter uncertainty was most frequently reported (80%), followed by heterogeneity (45%), structural uncertainty (43%) and methodological uncertainty (28%).
[bookmark: _Hlk114670181]Conclusions: Cost-effectiveness of TPO mimetics in adult patients with thrombocytopenia ranged from a dominant strategy to a significant incremental cost per QALY/health outcome or a strategy that is clinically inferior and has increased costs. Future validation and tackling the uncertainty of these models with country-specific cost data and up-to-date efficacy and safety data are needed to increase the generalizability. 

Key Points for Decision Makers

· The overall cost-effectiveness of thrombopoietin mimetics in adult patients with thrombocytopenia was uncertain and varied from a dominant strategy (i.e. cost-saving and clinically superior) to an incremental cost per QALY/health outcome of EUR 25,000-50,000, EUR 75,000-750,000,  EUR >1 million, to a strategy that is clinically inferior and has increased costs.
· Eltrombopag (in Italy and Ireland), romiplostim (in Ireland), and avatrombopag (in the UK) for a platelet count 40,000-50,000 cells/µL, were considered to be cost-effective, compared to standard of care or watch-and-rescue therapy.
· Eltrombopag, lusutrombopag, and avatrombopag (for platelet counts <40,000 cells/µL) were not considered to be cost-effective strategies in the UK, compared to the standard-of-care.
· The use of TPO mimetics, compared to early splenectomy or rituximab,  was not cost-effective in the economic evaluations from Ireland, China, and the USA.
· Future validation of these models with country-specific cost data and up-to-date efficacy and safety data is needed to increase the generalizability of the current ICER estimates and to use these data in international guideline initiatives and in the context of decision-making in healthcare policy.
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1. Introduction
Thrombocytopenia is a condition that occurs when the platelets in the blood are too low. The etiology of thrombocytopenia is multifactorial and causes of thrombocytopenia include alcohol use disorder, autoimmune disease (which causes immune thrombocytopenia purpura (ITP)), bone marrow diseases (such as aplastic anemia, leukemia, or myelodysplastic syndromes), cancer treatments (like chemotherapy and radiation therapy), liver disease with hypersplenism, exposure to toxic chemicals, and viral infections (e.g. Hepatitis C).[1] 
ITP affects 1.6 to 3.9 out of every 100,000 adults and children [2].
[bookmark: _Hlk127090210][bookmark: _Hlk127090531]The first-line treatment for ITP is corticosteroid therapy unless it is contraindicated or a rapid response is required whereby intravenous immunoglobulins (IVIG) or anti-rhesus factor D treatment is used. Second-line strategies include other immunosuppressants, splenectomy, rituximab, and danazol.[3] In clinical practice, patients are sometimes monitored until rescue therapies, such as IVIG, are required, commonly referred to as the watch-and-rescue strategy.
Platelet transfusions may be given for thrombocytopenia to treat active platelet-related bleeding or as prophylaxis in those at serious risk of bleeding. The usage of platelets has steadily increased over the years [4], putting pressure on blood collection services, to recruit sufficient donors. 
[bookmark: _Hlk127090148][bookmark: _Hlk126915743]To minimise perioperative blood loss and/or rationally use blood products, several alternatives to platelet transfusion have been investigated over the years, including thrombopoietin (TPO) mimetics [5-7]. TPO bind and activate the TPO receptor with subsequent stimulation of bone marrow megakaryocytes, increasing the circulating platelets.[3]
Evidence-based guidelines are available to help clinicians decide on the appropriate use of platelets or alternatives to platelets [8, 9]. However, currently available guidelines do not take into account the costs associated with different treatment options. A scoping review revealed that currently, very few systematic reviews exist to summarize the available literature regarding the cost-effectiveness of interventions in the field of platelet transfusion [10]. The current systematic review aims to evaluate the cost-effectiveness of TPO mimetics as alternatives to other first-line or second-line treatment modalities in adult patients with thrombocytopenia. The results of this systematic review may serve as a relevant information source to researchers, guideline developers and decision-makers in hematology and transfusion medicine.

2. Methods
[bookmark: _Hlk107385214]This systematic review was planned and reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA checklist, Online Resource 1), and was registered prospectively in the PROSPERO International prospective register of systematic reviews (https://www.crd.york.ac.uk/prospero/) as CRD42021286376. A detailed review protocol was not published beforehand, an extended methods section can be consulted via Online Resource 2.
[bookmark: _Hlk127028894][bookmark: _Hlk127091705][bookmark: _Hlk127091842]Studies were eligible for inclusion if they answered the following PICO question (Patient-Intervention-Comparison-Outcome): In patients with thrombocytopenia (P), is using thrombopoietin mimetics (I), compared to not using thrombopoietin mimetics (C), cost-effective (O)? We included full economic evaluations and randomized controlled trials (RCTs) reporting an incremental cost effectiveness ratio (ICER), comparing TPO mimetics (e.g. romiplostim, avatrombopag, eltrombopag, lusutrombopag), in any dose, duration and formulation to control, in adult patients with thrombocytopenia (of any cause). The comparator may consist of platelet transfusions or other first-line (corticosteroids or IVIG) or second-line treatment modalities (immunosuppressants, splenectomy, rituximab, danazol). These treatment modalities may be part of the standard of care or a watch-and-rescue strategy. Given that there is no generic defined care pathway, various sequences of treatment modalities were also included.
[bookmark: _Hlk65223372]Search strings, consisting of free text words and indexing terms, were designed to search for relevant publications in eight databases: Medline (PubMed interface), The Cochrane Library, Embase, CINAHL, Transfusion Evidence Library, ISI Web of Science, International Network of Agencies for Health Technology Assessment/Centre for Reviews and Dissemination HTA database, Clinicaltrials.gov. The search was performed on December 1st 2022, without restrictions regarding publication dates or language (Online Resource 3). Additionally, reference lists and the first twenty ‘related citations’ in PubMed were screened for additional relevant studies. Finally, we searched the websites of the Health Technology Assessment (HTA) agencies and Health Economics institutions included in the ‘Grey Matters’ resource of the Canadian Agency for Drugs and Technologies in Health [11] using different TPO keywords. This search was performed on November 29th 2021. Studies were assessed by two reviewers independently at the title and abstract, and full-text level, in the systematic review management tool Covidence [12]. Findings were synthesized narratively; meta-analyses were not planned given the anticipated heterogeneity in the included models’ input variables and assumptions. Data were extracted and reporting quality was assessed in duplicate using the Philips reporting checklist for economic evaluations [13]. This checklist consists of three main domains: structure, data and consistency. Each of these domains contains several signalling questions, resulting in a total of 56 reporting items to assess. Discrepancies between reviewers regarding study selection, data extraction and quality appraisal were resolved by discussion. Where necessary, a third reviewer could be consulted.
3. Results
3.1 Results of the search
A total of 1294 unique records were screened. Twenty-two records, reporting on 21 studies met our eligibility criteria: 18 full economic evaluations, 2 independent review reports on confidential pharmaceutical full economic evaluations and 1 RCT (Figure 1). 
A table detailing the excluded studies and studies awaiting classification can be found in Online Resource 4.
3.2 Characteristics of included studies
Detailed information about the study characteristics can be found in Table 1.
Most evaluations were conducted in European countries (n=6, 28%: France (n=1) [14], Ireland (n=2) [15, 16], Italy (n=1) [17], Spain (n=2) [18, 19]), and the United Kingdom (n=6, 28%) [20-26], followed by the USA and Canada (n=5, 24%) [27-31], and Asia (n=4, 20%: China (n=3) [32-34] and Japan (n=1) [35]).
Ten evaluations (48%) were published in the last five years (2018-2022) [18, 21, 27-31, 33-35], seven evaluations (33%) between 2013-2017 [14, 15, 17, 19, 20, 24, 32], and the remaining four evaluations (19%) were published between 2008-2012 [16, 22, 23, 25, 26].
The majority of economic evaluations were cost-utility analyses (n=12, 57%) [15-17, 20-26, 30, 33, 35], followed by 8 (38%) cost-effectiveness analyses [14, 18, 19, 27-29, 31, 34] and one (5%) RCT [32].
Eleven (52%) studies applied a lifetime time horizon [15, 17, 20-26, 28, 33, 35], two studies (9%) had a 2-year time horizon [16, 30], 5 studies (24%) used a 24-weeks or 26-weeks time horizon [14, 18, 19, 27, 29], and two studies (15%) used a time horizon of 49 days [31] or 14 days [34].
Fifteen models (71%) used a healthcare (payer) perspective [14-17, 19, 21, 24, 27-29, 33, 35], only one  (5%) had a hospital perspective [18], and the perspective of the remaining evaluations (n=5, 24%) was unclear [20, 22, 23, 25, 26, 32].
[bookmark: _Hlk127029056]The population of interest in twelve evaluations were patients with primary ITP [14-16, 18, 19, 22-27, 29, 33], whereas patients with secondary ITP were the target population in 8 evaluations [17, 20, 21, 28, 30, 32, 34, 35]. One evaluation included patients with primary or secondary ITP.[31, 34] No evaluation included patients with other types of thrombocytopenia, such as hypoproliferative thrombocytopenia.
To define thrombocytopenia, all included evaluations applied a substantially lower platelet count cut-off compared to the cut-off by Segal et al. (i.e. <150,000 cells/µL)[36]. A baseline platelet count <30,000 cells/µL was the most commonly-used threshold to define thrombocytopenia (12 evaluations) [14-16, 19, 22-27, 29, 30, 33]. Other evaluations used a different platelet count threshold including <50,000 cells/µL [21, 28, 31, 35], <60,000 cells/µL [32], <75,000 cells/µL [17, 20], <89,000 cells/µL [14, 19], or <100,000 cells/µL [18, 31, 34].
Three evaluations ran their model for all patients and for splenectomised versus non-splenectomised patients separately [14, 19, 29], whereas five other models only calculated a different ICER for splenectomised versus non-splenectomised patients (i.e. not for the entire population) [15, 22-26]. Two models did a subgroup analysis for patients with a higher versus lower baseline platelet count [20, 21].
The cost-effectiveness of eltrombopag was assessed in nine evaluations [15-18, 20, 22-24, 27, 29], followed by romiplostim (8 evaluations) [14, 15, 19, 24-27, 29], lusutrombopag (3 evaluations) [21, 28, 35], avatrombopag (2 evaluations) [21, 28], recombinant human TPO (1 evaluation) [33], and an undefined TPO (1 evaluation) [32].
Direct medical costs included in the models varied and ranged from medication cost (TPO mimetics or rescue drugs) with administration/monitoring, laboratory examination, physician visit treatments, platelet transfusion, long-term HCV management, adverse events, bleeding episodes, procedure, and hospitalisation (Online resource 5).
Treatment effects included in the models were related to efficacy (e.g. platelet response), safety (e.g. bleeding events, thromboembolic events), mortality (e.g. all-cause mortality), and/or quality of life (utilities). A detailed overview is given in Online resource 6.
3.3 Summary of cost-effectiveness findings
[bookmark: _Hlk127023692]Detailed information on cost-effectiveness estimates can be found in Online resource 7 and is described narratively below. Incremental costs per QALY and per health outcome were standardized by converting into the same currency (i.e. EUR) and expressed in the same year (i.e. inflation-adjusted to December 2022) (Tables 2-3).[37] 
3.3.1 The incremental cost per QALY
3.3.1.1 United Kingdom
Four evaluations calculated the incremental cost per QALY of eltrombopag or romiplostim (compared to placebo, the standard of care or watch-and-rescue therapy)  in both splenectomized and non-splenectomized patients with primary ITP (platelet count <30,000 cells/µL).[22-26]
One evaluation from 2012, from a healthcare perspective, found an incremental cost per QALY when using eltrombopag (versus no TPO) of EUR 140,933 in non-splenectomized patients and EUR 90,654 in splenectomised patients. The same analysis found that romiplostim (versus no TPO) had an ICER of EUR 218,237 in non-splenectomised patients and EUR 326,425 in splenectomised patients.[24]
Two other cost-utility analyses (2009-2012, perspective unclear) found an incremental cost per QALY after administration of romiplostim (versus watch-and-rescue therapy or standard of care) in the order of EUR 25,000-40,000 in (non-)splenectomized patients.[25, 26] Combining all of the separate sensitivity analyses, with the additional assumption that watch-and-rescue therapy was not the first-line treatment, increased the ICERs (romiplostim versus no TPO) further: non-splenectomised EUR 59,925 per QALY; splenectomised EUR 210,545 per QALY.[25] A probabilistic sensitivity analysis suggested the chance the cost per QALY was over EUR 80,000, was about 10%.[26]
A fourth evaluation (2012, perspective unclear) compared eltrombopag with a placebo and found a cost per QALY of approximately EUR 125,000-150,000 in (non-)splenectomised patients.[22, 23] None of the sensitivity analyses brought the ICER below EUR 50,000/QALY.
In 2020, one evaluation with a healthcare perspective calculated the incremental cost per QALY of avatrombopag and lusutrombopag (compared to standard of care) in patients with thrombocytopenia related to chronic liver disease.[21]
The Markov model and decision tree showed that avatrombopag was dominated (i.e. cost-increasing and less effective) by the standard-of-care group in patients with a baseline platelet count of <40,000 cells/µL, whereas an incremental cost per QALY of EUR 28,776 was estimated in patients with a baseline platelet count 40,000-50,000 cells/µL.[21] The incremental cost per QALY of lusutrombopag (versus standard-of-care) was considered to be substantial, with an order of magnitude of EUR 4.5 million to EUR 110 billion in patients with a baseline platelet count of <40,000 cells/µL and 40,000-50,000 cells/µL, respectively. In the probabilistic sensitivity analysis, it was shown that, for all thresholds below EUR 160,000, no thrombopoietin receptor agonist had a 100% probability of being cost-effective. Various scenario analyses showed that the results were most sensitive to the price of avatrombopag.
3.3.1.2 Ireland
One Irish Markov model with a healthcare perspective (2010) reported a substantial incremental cost per QALY when using eltrombopag, compared to rituximab (i.e. approximately EUR 1,870,000) in patients with primary chronic ITP (<30,000 cells/µL).[16] The cost-effectiveness acceptability curve showed that eltrombopag had a 0% probability of cost-effectiveness under the EUR 23,400 and EUR 52,650 cost-effectiveness thresholds.
One other Irish Markov model and decision tree with a healthcare payer perspective (2013) found that using eltrombopag or romiplostim, compared to no TPO, was considered to be dominant in patients with primary ITP (<30,000 cells/µL).[15] Deterministic sensitivity analysis showed that no variables had an impact on the cost-effectiveness results at a threshold of EUR 30,000 per QALY. Probabilistic sensitivity analysis found that romiplostim had a 96% probability of being cost-effective at a threshold of EUR 30,000 per QALY.
3.3.1.3 Italy
In 2015, an Italian evaluation found an incremental cost per QALY of EUR 34,000 when using eltrombopag, compared to a watch-and-rescue therapy (Markov model and decision tree with a healthcare perspective) in patients with HCV-related thrombocytopenia (<75,000 cells/µL) [17]. Univariate sensitivity analysis found that discount rate was the most sensitive parameter (ranging from a drop of EUR 20,340 per QALY when 0% is applied to a rise of EUR 25,421 per QALY when 6% is applied).
3.3.1.4 China
One additional Chinese Markov model and decision tree with a healthcare perspective (2021), found an incremental cost per QALY of EUR 74,303 when using recombinant human TPO (rhTPO) with rituximab, compared to rituximab only, in patients with primary ITP (<30,000 cells/µL).[33] Probabilistic sensitivity analysis found that there was a 0% probability that rhTPO was cost-effective at a threshold of EUR 11,097/QALY (1 gross domestic product (GDP) per capita) and 16% at EUR 33,292/QALY (3 times GDP per capita).
3.3.1.5 Japan
A Japanese Markov model and decision tree with a healthcare payer perspective concluded in 2021 that lusutrombopag was considered to be dominant, compared to platelet transfusion, in patients with thrombocytopenia related to chronic liver disease (platelet count <50,000 cells/µL) [35]. Probabilistic sensitivity analysis demonstrated that the chance of lusutrombopag being dominant and the ICER being below EUR 36,000 per QALY (equivalent to EUR 36,000/QALY) was 52% and 78%, respectively, demonstrating the robustness of the results.
3.3.1.6 USA
One recent Markov model (2022) with a healthcare perspective showed that, in patients with chronic ITP (<30,000 cells/µL), the incremental cost of using thrombopoietin receptor agonists as a first or second option was EUR 3,225,000 to EUR 3,765,000 or was dominated by the comparator, i.e. early use of rituximab followed by splenectomy and thrombopoietin receptor agonists.[30] A probabilistic sensitivity analysis revealed that the early use of splenectomy and rituximab in either order was favoured in 100% of 10,000 iterations.

3.3.2 The incremental cost per health outcome
3.3.2.1 Italy
In one Italian Markov model and decision tree (developed in 2015 from, a healthcare perspective), the incremental cost per life year gained in patients with HCV-related thrombocytopenia was estimated to be EUR 18,912 when using eltrombopag (compared to a watch-and-rescue therapy), while the incremental cost per health outcome was considered to be substantial, ranging from EUR 45,435 (early viral response) to EUR 743,919 (liver transplant averted) [17].
3.3.2.2 France
A decision tree (healthcare payer perspective, 2014) found that romiplostim was dominant (i.e. EUR -7,030) compared to rituximab in patients with primary ITP refractory to first-line treatment, in terms of the incremental cost per additional responder.[14]
3.3.2.3 Spain
Two cost-effectiveness analyses found that, in patients with primary ITP, treatment with romiplostim or eltrombopag, was considered to be cost-saving, compared to rituximab: from EUR -4,839 (decision tree with a hospital perspective (2020)) [18] to EUR -2,215 (decision tree with a healthcare perspective (2020)). [19] Sensitivity analyses demonstrated that the overall cost per responder patient remained lower for eltrombopag or romiplostim, compared to rituximab, except if the dose of rituximab was reduced to two 1000 mg infusions or four 100 mg infusions instead of at least 4 infusions of 375 mg/m2 [14], or if the dose of eltrombopag was increased to its maximum dose (from 25 mg to 75 mg per day), i.e. EUR 53 more expensive.[18] 
3.3.2.4 China
Two Chinese studies calculated the incremental cost-effectiveness ratio of TPO (versus splenectomy) or recombinant TPO (versus recombinant interleukin-22). 
The incremental cost per % effectiveness using TPO, compared to splenectomy, was estimated to be EUR 581 in patients with thrombocytopenia related to chronic liver disease (RCT, 2015, perspective unclear) [32], whereas the incremental cost per additional treatment success using rhTPO, compared to rhIL-22, was estimated to be EUR 36,797 in patients with chemotherapy-induced thrombocytopenia (cost-effectiveness analysis, 2022, healthcare perspective).[34] When the willingness to pay (WTP) was greater than EUR 31,000, the probability of rhTPO being cost-effective, compared to rhIL-22, was 100%.
3.3.2.5 USA
A decision tree with a healthcare payer perspective, developed in 2018, found that the incremental cost per additional responder when using romiplostim, compared to a watch-and-rescue strategy, was estimated to be EUR 53,982 in patients with chronic ITP. [27]. Sensitivity analysis revealed that results were most sensitive to response rate of patients on romiplostim (95% confidence interval (CI) EUR 43,616 to EUR 69,096) and the response rate of patient on a watch-and-rescue strategy (95%CI EUR 46,398 to EUR 64,757).
Two economic evaluations reported an incremental cost per bleeding event avoided when using eltrombopag or romiplostim, compared to a watch-and-rescue therapy, ranging from EUR 21,462 (romiplostim, decision tree with healthcare perspective (2018)) [27] to EUR 999,665 (eltrombopag, decision tree with healthcare payer perspective (2018)) [29] to EUR 2,548,746 (romiplostim, decision tree in USA with healthcare payer perspective (2018)) [29]. Varying the bleeding event rate for splenectomized non-responders (to romiplostim) to the lower and upper bounds of the 95% CI yielded ICERs of USD 53,185 and USD 48,794, respectively.[27]
A fourth decision tree (healthcare perspective, 2020) found that avatrombopag was considered to be the dominant strategy (i.e. cost-saving and more effective) compared to prophylactic transfusion, in patients with thrombocytopenia related to chronic liver disease, when looking to the incremental cost per prophylactic transfusion avoided [28]. Sensitivity analysis showed that the use of avatrombopag remained cost-saving in the overall population and in both the higher and lower platelet count subpopulations.
3.3.2.6 Canada
A cost-effectiveness analysis with a healthcare payer perspective found in 2022 that eltrombopag was considered to be dominant over IVIG in patients with primary or secondary ITP. [31] Eltrombopag had a 89% probability of being cost-effective if the WTP increased to EUR 9,500 compared with IVIG.



3.3.4 Quality appraisal
The quality of reporting of the individual studies was assessed using the Philips checklist and is shown in Online Resource 8. A narrative synthesis per domain of the Philips checklist is given in Table 4. The most frequently reported items related to the structure of the model were the chosen model type (78%) and a statement of the decision problem/objective (71%), followed by a statement of scope/perspective (60%), the rationale for structure (48%), the disease states (44%), the time horizon (40%), the cycle length (40%), the structural assumptions (39%), and information about the strategies/comparators (37%).
[bookmark: _Hlk110583923][bookmark: _Hlk128927258]Except for the data modelling methodology (83%), data-related items were in general underreported, ranging from data identification (14%), information about baseline data (21%), costs (35%), data incorporation (39%), quality of life weights (50%), and treatment effects (55%). Few evaluations (n=2, 10%) addressed the four principal types of uncertainty (methodological, structural, heterogeneity, parameter) [21-23], with parameter uncertainty that was most frequently reported (80%), followed by heterogeneity (45%), structural uncertainty (43%) and methodological uncertainty (28%).
Only one evaluation (5%) provided evidence that the logic of the model has been tested thoroughly before use (internal consistency) [22, 23], whereas eight evaluations (38%) compared the results of the model with those of previous/similar models (external consistency).[15, 19, 21, 24, 29, 31, 34, 35] 

4.Discussion
This systematic review includes 18 full economic evaluations, 2 independent review reports on confidential pharmaceutical full economic evaluations and 1 RCT, evaluating the cost-effectiveness of TPO mimetics; compared to no TPO, or first-line or second-line treatment modalities in patients with thrombocytopenia. 
[bookmark: _Hlk128921093][bookmark: _Hlk128920991]Five cost-utility analyses were conducted in the United Kingdom. Based on the UK’s incremental cost per QALY threshold of EUR 35,000 [38], avatrombopag was considered to be cost-effective, compared to standard-of-care, in patients with thrombocytopenia related to chronic liver disease (40,000-50,000 cells/µL).[21] Evidence was inconsistent concerning the incremental cost per QALY of romiplostim compared to standard-of-care or watch-and-rescue therapy in both splenectomised and non-splenectomised patients with primary ITP, ranging from a cost-effective strategy (EUR 23,000-EUR 35,000)[25, 26] to a strategy that was not considered to be cost-effective (EUR 90,000-EUR 220,000).[24] Eltrombopag, lusutrombopag, and avatrombopag (<40,000 cells/µL) were not considered to be cost-effective strategies in the UK, compared to the standard-of-care. 
[bookmark: _Hlk128921275][bookmark: _Hlk128921058][bookmark: _Hlk128921292][bookmark: _Hlk128921310]Based on the incremental cost per QALY thresholds for the other included countries (EUR 45,000 for Ireland [38], Italy [17] and USA [38]; EUR 36,000 for Japan [39]; EUR 6,000 for China[40]), lusutrombopag was considered to be dominant over platelet transfusion in Japanese patients with thrombocytopenia related to chronic liver disease.[35] In Ireland, the administration of eltrombopag or romiplostim was the dominant strategy over not using a TPO in patients with primary ITP.[15] However, eltrombopag was not cost-effective when compared to rituximab.[16] One Italian evaluation showed that eltrombopag was considered to be cost-effective in patients with HCV-related thrombocytopenia, compared to a watch-and-rescue therapy.[17] The use of TPO mimetics, compared to early splenectomy or rituximab,  was not cost-effective in the economic evaluations from China [33] and the USA.[30]
Probabilistic sensitivity analyses in the cost-utility analyses generally confirmed these conclusions. The WTP per QALY or the gross domestic product (GDP) per capita are important factors that determine the cost-effectiveness threshold. The commonly-used World Health Organization threshold recommendation of one to three times the GDP per capita is debatable, since the upper limit of three times is not well defined and might be unrealistic in terms of the ability to pay (i.e. budget impact analysis). A recent systematic review concluded that a cost-effectiveness threshold range of 0.5-1.5 times GDP per capita is more appropriate.[41]
[bookmark: _Hlk109725092]Heterogeneity in the incremental cost per health-related outcome was substantial, ranging from TPO mimetics to be a dominant strategy[14, 18, 19, 28, 31], to an ICER in the order of magnitude of EUR 600 [32], to EUR 20,000-50,000 [17, 27, 34], or to EUR >700,000.[17, 29] 
A general limitation of the included economic models is the limited internal and external validity of these ICER results. The included economic evaluations underreported information on data-related items (e.g. baseline data, costs, quality of life weights) and only 2 evaluations addressed the four principal types of uncertainty (methodological, structural, heterogeneity, parameter).[21-23] Additionally, the extrapolation of the ICER results to other contexts/countries was also not executed.
The use of cost-effectiveness data is recommended by the GRADE and WHO-INTEGRATE Evidence-to-Decision framework as an important decision criterion for health decision making.[42, 43] However, the ability to use information from one country or region in another ( geographical transferability) is critical when considering existing economic evaluations for clinical practice guidelines.[44] The geographical transferability is challenging due to the substantial variation in the proposed approaches and the critical factors used for assessing geographic transferability.[45, 46] 
Clear, standardized, and internationally-supported guidance on the methodology for health economic evaluations is needed to further improve the quality of the model outputs and the corresponding appropriateness concerning the structure and data included, and the internal and external consistency, different aspects that were generally underreported in the included economic models (cfr. Philips checklist). Valuable resource material might be the methodological guidance of the European Network for Health Technology Assessment (EUnetHTA) [47] or the upcoming methodology and guidance of the GRADE Working Group for assessing specific domains determining the certainty of evidence from models across health care-related disciplines.[48] 
Some included evaluations of our review modelled similar interventions but found discrepant ICER results. For example, the cost per QALY for lusutrombopag was found to be dominant (cost-saving and more effective) in a Japanese evaluation [35], whereas another evaluation from the UK [21] found a cost per QALY of millions of euros. This discrepancy was mainly explained by 1) the difference in comparator (prophylactic platelet transfusion [35] versus standard of care); 2) difference in cost price (Japan versus UK) resulting in a negative incremental cost for lusutrombopag in Japan and a positive incremental cost (~ EUR 780) for lusutrombopag in the UK; and 3) the different sources that were used for calculating the utilities/QALYs, resulting in more incremental QALY gains in Japan compared to the UK. Another example of discrepant results on similar interventions and model outputs are the difference in cost per bleeding-related episode avoided between 2 included evaluations from the USA (EUR 21,462 [27] versus EUR 1-2.5 million [29]). This discrepant result could be explained by 1) a substantial difference in cost of romiplostim: EUR 2,167 per week (Fust 2018, source = EncoderPro Database) versus EUR 4,463 per week (Tremblay 2018, source = Novartis internal pricing database), resulting in a significantly higher incremental total cost (EUR 75,245 (Tremblay 2018) versus EUR 41,752 (Fust 2018)); and 2) the difference in definition of bleeding event and the calculation of the incremental total bleeding-related episodes, resulting in better treatment effects on bleeding of romiplostim (compared to watch-and-rescue therapy) in the evaluation by Tremblay 2018 compared to Fust 2018.
The major strength of this systematic review is that rigorous methodology was used to identify, critically appraise and analyse the existing data. In doing so, we can be confident of having a complete and trustworthy overview of the existing body of evidence, which might be consulted by researchers, guideline developers, and/or decision-makers, in the field of hematology and transfusion medicine.
Limitations of the current review include the use of a reporting checklist and the limited external validity of the ICERs. We used the 56-item Philips reporting checklist to inform critical appraisal of the methodological quality of economic modelling studies showing that most items were generally underreported. As mentioned earlier, the future GRADE guidance to assess the certainty of modelled evidence would be a required in order to critically appraise the model outputs directly.[48] The generalizability of the ICER results to 2022 and/or to other countries is limited, mainly because of the country-specific cost data, the country-specific reimbursement strategy for TPO mimetics, and the need for up-to-date efficacy and safety data. Future research in this domain could tackle these limitations.
5. Conclusions
[bookmark: _Hlk110584292][bookmark: _Hlk110583164][bookmark: _Hlk128926888][bookmark: _Hlk129010682]Cost-effectiveness of TPO mimetics in adult patients with thrombocytopenia varied from a dominant strategy (i.e. cost-saving and more effective), to an incremental cost per QALY/health outcome of EUR 25,000-50,000, EUR 75,000-750,000 to EUR >1 million, to a strategy that is clinically inferior and has increased costs. Based on the country-specific cost-effectiveness thresholds (cost per QALY), avatrombopag was considered to be cost-effective, compared to standard-of-care, in UK patients with thrombocytopenia related to chronic liver disease (platelet count 40,000-50,000 cells/µL). Lusutrombopag was considered to be dominant over platelet transfusion in Japanese patients with thrombocytopenia related to chronic liver disease. In Ireland, the administration of eltrombopag or romiplostim was the dominant strategy over not using a TPO in patients with primary ITP. The use of eltrombopag in Italian patients with HCV-related thrombocytopenia, was considered to be cost-effective, compared to a watch-and-rescue therapy.
[bookmark: _Hlk129010791]Eltrombopag, lusutrombopag, and avatrombopag (platelet count <40,000 cells/µL) were not considered to be cost-effective strategies in the UK, compared to the standard-of-care.
The use of TPO mimetics, compared to early splenectomy or rituximab,  was not cost-effective in the economic evaluations from Ireland, China, and the USA.
Future validation of these models with country-specific cost data and up-to-date efficacy and safety data is needed to increase the generalizability of the current ICER estimates and to use these data in international guideline initiatives and in the context of decision-making in healthcare policy. 
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