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[bookmark: _Toc206442286]Literature searches
Table 1:MEDLINE (1946 to May 06, 2024) systematic searches on Ovid platform for economic models and multiple system atrophy performed on the 7th of May 2024.
	Topic
	Number 
	Search
	Hits

	
Economic evaluations and Models (incl. cost analyses)
	1
	Economics/
	27533

	
	2
	exp "Costs and Cost Analysis"/
	270270

	
	3
	Economics, Nursing/
	4013

	
	4
	Economics, Medical/
	9279

	
	5
	Economics, Pharmaceutical/
	3133

	
	6
	exp Economics, Hospital/
	25831

	
	7
	Economics, Dental/
	1922

	
	8
	exp "Fees and Charges"/
	31441

	
	9
	exp Budgets/
	14207

	
	10
	budget*.ti,ab,kf.
	37902

	
	11
	(economic* or cost or costs or costly or costing or price or prices or pricing or pharmacoeconomic* or pharmaco-economic* or expenditure or expenditures or expense or expenses or financial or finance or finances or financed).ti,kf.
	295331

	
	12
	(economic* or cost or costs or costly or costing or price or prices or pricing or pharmacoeconomic* or pharmaco-economic* or expenditure or expenditures or expense or expenses or financial or finance or finances or financed).ab. /freq=2
	406230

	
	13
	(cost* adj2 (effective* or utilit* or benefit* or minimi* or analy* or outcome or outcomes)).ab,kf.
	224612

	
	14
	(value adj2 (money or monetary)).ti,ab,kf.
	3202

	
	15
	exp models, economic/
	16300

	
	16
	economic model*.ab,kf.
	4440

	
	17
	markov chains/
	16134

	
	18
	markov.ti,ab,kf.
	30733

	
	19
	monte carlo method/
	32826

	
	20
	monte carlo.ti,ab,kf.
	62995

	
	21
	exp Decision Theory/
	13626

	
	22
	(decision* adj2 (tree* or analy* or model*)).ti,ab,kf.
	42583


	
	23
	or/1-22
	945427

	Multiple system atrophy
	24
	exp Multiple System Atrophy/ or system atrophy.ti,ab,kf.
	6762

	Total
	25
	23 and 24
	43



Table 2: MEDLINE (1946 to May 6, 2024) systematic searches on Ovid platform for health utilities and multiple system atrophy performed on the 7th of May 2024.
	Topic
	Number 
	Search
	Hits

	
Health Utilities / Quality of life
	1
	"Value of Life"/
	5824

	
	2
	Quality of Life/
	287639

	
	3
	quality of life.ti,kf.
	124851

	
	4
	((instrument or instruments) adj3 quality of life).ab.
	4053

	
	5
	Quality-Adjusted Life Years/
	16350

	
	6
	quality adjusted life.ti,ab,kf.
	18592

	
	7
	(qaly* or qald* or qale* or qtime* or life year or life years).ti,ab,kf.
	30384

	
	8
	Disability-Adjusted Life Years/
	271

	
	9
	disability adjusted life.ti,ab,kf.
	6127

	
	10
	Healthy Life Expectancy/
	79

	
	11
	(daly* or disability free life expectanc* or haly* or health* life expectanc*).ti,ab,kf.
	7269

	
	12
	(sf36 or sf 36 or short form 36 or shortform 36 or short form36 or shortform36 or sf thirtysix or sfthirtysix or sfthirty six or sf thirty six or shortform thirtysix or shortform thirty six or short form thirtysix or short form thirty six).ti,ab,kf.
	31921

	
	13
	(sf6 or sf 6 or short form 6 or shortform 6 or sf six or sfsix or shortform six or short form six or shortform6 or short form6).ti,ab,kf.
	2773

	
	14
	(sf8 or sf 8 or sf eight or sfeight or shortform 8 or shortform 8 or shortform8 or short form8 or shortform eight or short form eight).ti,ab,kf.
	649

	
	15
	(sf12 or sf 12 or short form 12 or shortform 12 or short form12 or shortform12 or sf twelve or sftwelve or shortform twelve or short form twelve).ti,ab,kf.
	8111

	
	16
	(sf16 or sf 16 or short form 16 or shortform 16 or short form16 or shortform16 or sf sixteen or sfsixteen or shortform sixteen or short form sixteen).ti,ab,kf.
	42

	
	17
	(sf20 or sf 20 or short form 20 or shortform 20 or short form20 or shortform20 or sf twenty or sftwenty or shortform twenty or short form twenty).ti,ab,kf.
	468

	
	18
	(hql or hqol or h qol or hrqol or hr qol).ti,ab,kf.
	25982

	
	19
	(hye or hyes).ti,ab,kf.
	78

	
	20
	(health* adj2 year* adj2 equivalent*).ti,ab,kf.
	48

	
	21
	(pqol or qls).ti,ab,kf.
	484

	
	22
	(quality of wellbeing or quality of well being or index of wellbeing or index of well being or qwb).ti,ab,kf.
	751

	
	23
	nottingham health profile*.ti,ab,kf.
	1260

	
	24
	sickness impact profile.ti,ab,kf.
	1101

	
	25
	exp health status indicators/
	346253

	
	26
	(health adj3 (utilit* or status)).ti,ab,kf.
	97496

	
	27
	(utilit* adj3 (valu* or measur* or health or life or estimat* or elicit* or disease or score* or weight)).ti,ab,kf.
	16960

	
	28
	(preference* adj3 (valu* or measur* or health or life or estimat* or elicit* or disease or score* or instrument or instruments)).ti,ab,kf.
	15350

	
	29
	disutilit*.ti,ab,kf.
	677

	
	30
	rosser.ti,ab,kf.
	112

	
	31
	willingness to pay.ti,ab,kf.
	9450

	
	32
	standard gamble*.ti,ab,kf.
	922

	
	33
	(time trade off or time tradeoff).ti,ab,kf.
	1719

	
	34
	tto.ti,ab,kf.
	1491

	
	35
	(hui or hui1 or hui2 or hui3).ti,ab,kf.
	2095

	
	36
	(eq or euroqol or euro qol or eq5d or eq 5d or euroqual or euro qual).ti,ab,kf. 
	24584

	
	37
	duke health profile.ti,ab,kf.
	94

	
	38
	functional status questionnaire.ti,ab,kf.
	134

	
	39
	dartmouth coop functional health assessment*.ti,ab,kf.
	14

	
	40
	or/1-39
	787924

	Multiple system atrophy
	41
	*Multiple System Atrophy/ or system atrophy.ti.
	3333

	Total
	42
	40 and 41
	189



Table 3: EMBASE (1974 to 2024 Week 19) systematic searches on Ovid platform for economic models and multiple system atrophy performed on the 14th of May 2024.
	Topic
	Number 
	Search
	Hits

	
Economic evaluations and Models (incl. cost analyses)
	1
	Economics/
	245267

	
	2
	Cost/
	64432

	
	3
	exp Health Economics/
	1070886

	
	4
	Budget/
	34595

	
	5
	budget*.ti,ab,kf.
	50039

	
	6
	(economic* or cost or costs or costly or costing or price or prices or pricing or pharmacoeconomic* or pharmaco-economic* or expenditure or expenditures or expense or expenses or financial or finance or finances or financed).ti,kf.	
	362619

	
	7
	(economic* or cost or costs or costly or costing or price or prices or pricing or pharmacoeconomic* or pharmaco-economic* or expenditure or expenditures or expense or expenses or financial or finance or finances or financed).ab. /freq=2
	564330

	
	8
	(cost* adj2 (effective* or utilit* or benefit* or minimi* or analy* or outcome or outcomes)).ab,kf.
	309050

	
	9
	(value adj2 (money or monetary)).ti,ab,kf.
	4298

	
	10
	Statistical Model/
	177261

	
	11
	exp economic model/
	4176

	
	12
	economic model*.ab,kf.
	6641

	
	13
	Probability/
	154211

	
	14
	markov.ti,ab,kf.
	40337

	
	15
	monte carlo method/
	53484

	
	16
	monte carlo.ti,ab,kf.
	66644

	
	17
	Decision Theory/
	1870

	
	18
	Decision Tree/
	24333

	
	19
	(decision* adj2 (tree* or analy* or model*)).ti,ab,kf.
	57182

	
	20
	or/1-19
	2099755

	Multiple system atrophy
	21
	multiple system atrophy.ti,ab. or *Shy Drager syndrome/
	8677

	Total
	22
	20 and 21
	128



Table 4: EMBASE (1974 to 2024 Week 19) systematic searches on Ovid platform for health utilities and multiple system atrophy performed on the 14th of May 2024.
	Topic
	Number 
	Search
	Hits

	
Health Utilities / Quality of life
	1
	socioeconomics/
	166841

	
	2
	exp Quality of Life/
	693638

	
	3
	quality of life.ti,kf.
	190790

	
	4
	((instrument or instruments) adj3 quality of life).ab.
	5609

	
	5
	Quality-Adjusted Life Year/
	37299

	
	6
	quality adjusted life.ti,ab,kf.
	28233

	
	7
	(qaly* or qald* or qale* or qtime* or life year or life years).ti,ab,kf.
	47641

	
	8
	disability-adjusted life year/
	5446

	
	9
	disability adjusted life.ti,ab,kf.
	7316

	
	10
	healthy life expectancy/
	284

	
	11
	(daly* or disability free life expectanc* or haly* or health* life expectanc*).ti,ab,kf.
	8985

	
	12
	exp Short form 36/
	52185

	
	13
	(sf36 or sf 36 or short form 36 or shortform 36 or short form36 or shortform36 or sf thirtysix or sfthirtysix or sfthirty six or sf thirty six or shortform thirtysix or shortform thirty six or short form thirtysix or short form thirty six).ti,ab,kf.
	51851

	
	14
	(sf6 or sf 6 or short form 6 or shortform 6 or sf six or sfsix or shortform six or short form six or shortform6 or short form6).ti,ab,kf.
	3104

	
	15
	(sf8 or sf 8 or sf eight or sfeight or shortform 8 or shortform 8 or shortform8 or short form8 or shortform eight or short form eight).ti,ab,kf.
	1066

	
	16
	(sf12 or sf 12 or short form 12 or shortform 12 or short form12 or shortform12 or sf twelve or sftwelve or shortform twelve or short form twelve).ti,ab,kf.
	12812

	
	17
	(sf16 or sf 16 or short form 16 or shortform 16 or short form16 or shortform16 or sf sixteen or sfsixteen or shortform sixteen or short form sixteen).ti,ab,kf.
	72

	
	18
	(sf20 or sf 20 or short form 20 or shortform 20 or short form20 or shortform20 or sf twenty or sftwenty or shortform twenty or short form twenty).ti,ab,kf.
	544

	
	19
	(hql or hqol or h qol or hrqol or hr qol).ti,ab,kf.
	41715

	
	20
	(hye or hyes).ti,ab,kf.
	195

	
	21
	(health* adj2 year* adj2 equivalent*).ti,ab,kf.
	56

	
	22
	(pqol or qls).ti,ab,kf.
	781

	
	23
	(quality of wellbeing or quality of well being or index of wellbeing or index of well being or qwb).ti,ab,kf.
	927

	
	24
	nottingham health profile*.ti,ab,kf.
	1702

	
	25
	nottingham health profile/
	683

	
	26
	sickness impact profile.ti,ab,kf.
	1301

	
	27
	sickness impact profile/
	2407

	
	28
	health status indicator/
	3579

	
	29
	(health adj3 (utilit* or status)).ti,ab,kf.
	127707

	
	30
	(utilit* adj3 (valu* or measur* or health or life or estimat* or elicit* or disease or score* or weight)).ti,ab,kf.
	26998

	
	31
	(preference* adj3 (valu* or measur* or health or life or estimat* or elicit* or disease or score* or instrument or instruments)).ti,ab,kf.
	20290

	
	32
	disutilit*.ti,ab,kf.
	1349

	
	33
	rosser.ti,ab,kf.
	146

	
	34
	Willingness To Pay/
	4262

	
	35
	willingness to pay.ti,ab,kf.
	14046

	
	36
	Standard Gamble/
	93

	
	37
	standard gamble*.ti,ab,kf.
	1232

	
	38
	time trade-off method/
	562

	
	39
	(time trade off or time tradeoff).ti,ab,kf.
	2482

	
	40
	tto.ti,ab,kf.
	2353

	
	41
	(hui or hui1 or hui2 or hui3).ti,ab,kf.
	3319

	
	42
	(eq or euroqol or euro qol or eq5d or eq 5d or euroqual or euro qual).ti,ab,kf.
	40880

	
	43
	duke health profile.ti,ab,kf.
	121

	
	44
	functional status questionnaire.ti,ab,kf.
	181

	
	45
	dartmouth coop functional health assessment*.ti,ab,kf.
	14

	
	46
	or/1-45
	1059231

	Multiple system atrophy
	47
	multiple system atrophy.ti. or *Shy Drager syndrome/
	4760

	Total
	48
	46 and 47
	159



Table 5: MEDLINE (1946 to May 12, 2024) targeted searches on Ovid platform for economic evaluations and rare-disease analogues performed on the 13th of May 2024.
	Topic
	Number 
	Search
	Hits

	
Economic evaluations – narrow search
	1
	*economics/
	10814

	
	2
	exp *"costs and cost analysis"/
	80909

	
	3
	(economic adj2 model*).mp.
	15528

	
	4
	(cost minimi* or cost-utilit* or health utilit* or economic evaluation* or economic review* or cost outcome* or cost analys?s or economic analys?s or budget* impact analys?s).ti,ab,kf.
	45382

	
	5
	(cost-effective* or pharmacoeconomic* or pharmaco-economic* or cost-benefit or costs).ti,kf.
	92372

	
	6
	(life year or life years or qaly* or cost-benefit analys?s or cost-effectiveness analys?s).ab,kf.
	42502

	
	7
	or/1-6
	205908

	Amyotrophic lateral sclerosis (ALS)

	8
	Amyotrophic Lateral Sclerosis.ti. or *Amyotrophic Lateral Sclerosis/
	23401

	Multiple sclerosis (MS)

	9
	multiple sclerosis.ti. or *Multiple Sclerosis/
	71000

	Loss of ambulation through e.g., late-stage Parkinson disease or spinal cord injury
	10
	(Parkinson Disease/ or spinal cord injuries/) AND (gait disorders, neurological/ or ambulation/ or walking/ or mobility limitation/)
	2179

	Combining diseases
	11
	or/8-10
	96365

	Combining searches
	12
	7 and 11
	871

	Total (last 5 years)
	13
	12 and 2019:2024.(sa_year).
	297

	Total (journal articles)
	14
	Limit 13 to journal article
	287



Table 6: EMBASE (1974 to 2024 Week 19) targeted searches on Ovid platform for economic evaluations and rare-disease analogues performed on the 14th of May 2024.
	Topic
	Number 
	Search
	Hits

	
Economic evaluations – narrow search
	1
	*economics/
	27819

	
	2
	exp *"costs and cost analysis"/
	93183

	
	3
	(economic adj2 model*).mp.
	10531

	
	4
	(cost minimi* or cost-utilit* or health utilit* or economic evaluation* or economic review* or cost outcome* or cost analys?s or economic analys?s or budget* impact analys?s).ti,ab,kf.
	69210

	
	5
	(cost-effective* or pharmacoeconomic* or pharmaco-economic* or cost-benefit or costs).ti,kf.
	135380

	
	6
	(life year or life years or qaly* or cost-benefit analys?s or cost-effectiveness analys?s).ab,kf.
	65039

	
	7
	or/1-6
	292448

	Amyotrophic lateral sclerosis (ALS)

	8
	Amyotrophic Lateral Sclerosis.ti. or *amyotrophic lateral sclerosis/
	28817

	Multiple sclerosis (MS)

	9
	*multiple sclerosis/ or multiple sclerosis.ti.
	110469

	Loss of ambulation through e.g., late-stage Parkinson disease or spinal cord injury
	10
	(Parkinson Disease/ or spinal cord injuries/) AND (gait disorders, neurological/ or ambulation/ or walking/ or mobility limitation/)
	4682

	Combining diseases
	11
	or/8-10
	143574

	Combining searches
	12
	7 and 11
	1455

	Total (last 5 years)
	13
	12 and 2019:2024.(sa_year).
	473

	Total (journal articles)
	14
	limit 13 to article
	260



Table 7: Searches performed in the NHS EED database on the 7th of May 2024 for multiple system atrophy. Disease analogues only for the period 2019 – 2024 (last 5 years).
	Topic
	Number 
	Search
	Hits

	Multiple system atrophy
	1
	economic evaluation or cost-effectiveness and multiple system atrophy 
	0

	Advanced Parkinson
	2
	economic evaluation or cost-effectiveness and advanced parkinson
	0

	Amyotrophic lateral sclerosis
	3
	economic evaluation or cost-effectiveness and amyotrophic lateral sclerosis
	0

	Multiple sclerosis
	4
	economic evaluation or cost-effectiveness and multiple sclerosis
	0




[bookmark: _Toc206442287]Non-parametric count methods
Exploration with non-parametric count methods in Table 8 showed variation in transition probabilities over six-monthly intervals, possibly due to few subjects or insufficient follow-up. 
[bookmark: _Ref188430160]Table 8: Lowest and highest transition probabilities at six-monthly intervals using non-parametric count methods.
	
	Completely or not completely independent
(Ci)
	More dependent (Md)
	Very dependent
(Vd)
	Totally dependent (Td)
	Death
(D)

	Completely or not completely independent (Ci)
	0.55 - 0.8
	0.2 - 0.29
	0 - 0.16

	0 – 0.02
	N/A

	More dependent (Md)
	N/A
	0.42 - 0.89
	0.11 - 0.54
	N/A
	0 – 0.06

	Very dependent
(Vd)
	N/A
	N/A
	0.63 - 0.7
	0.2 - 0.26
	0.05 - 0.17

	Totally dependent (Td)
	N/A
	N/A
	N/A
	0.55 – 0.88
	0.12 - 0.45

	Death
(D)
	N/A
	N/A
	N/A
	N/A
	1


[bookmark: _Toc206442288]Breakdown of costs and QALYs for deterministic cost-effectiveness analysis 
Figure 1: Output from R. Breakdown of costs and QALYs across health states in deterministic cost-effectiveness analysis.
[image: ]
[bookmark: _Toc206442289]Overview of PSA distributions
Overview of PSA distributions versus deterministic values from RStudio (Image from Shiny app)
[image: ]


[bookmark: _Toc206442290]Modelling analysis plan


Modelling analysis plan 

Draft by Tobias Grand 
University of Sheffield and Lundbeck A/S


A conceptual decision-analytic model with natural history of disease data for multiple system atrophy comparing the interventions best supportive care versus a hypothetical intervention with best supportive care








	

[bookmark: _Toc206442291]Approach
The aim is to conduct the first cost-effectiveness analysis for multiple system atrophy (MSA). MSA is a rapidly progressing and rare neurodegenerative disorder with a survival of between 6.2 to 9.8 years from the onset of symptoms [1-4]. We have previously recommended early and timely cost-effectiveness modelling for orphan drugs in rare diseases [5]. The modelling analysis plan represents a first modelling iteration to provide important information on data gaps and on effectiveness requirements for orphan drugs in MSA. A de novo decision-analytic model will be developed that reflects disease trajectories for patients. However, the analysis will be purely hypothetical and use currently available data, which still ought to provide crucial learnings for further research generation and modelling iterations. Thus, cost-effectiveness results are likely very unreliable at this early stage and people should be very cautious when interpreting results. 
[bookmark: _Toc206442292]Methods
The analysis will take a United Kingdom National Health Service (NHS) perspective. The base-case analysis will use a cost-effectiveness threshold of £30,000 per QALY,  because £20,000 – 30,000 is regarded as good value for money by NICE [6]. The highly specialised technology appraisal (HST) is excluded, because the prevalence is between 2 to 5 cases per 100,000 people for MSA as compared to the HST routing criteria of lower than 1 per 50,000 people [7-10].
The data to inform the model will be sourced from published literature and natural history of disease data collected by the European MSA Collaboration Group [3]. The model will be developed in the software R together with a Shiny App for user-friendliness and exploration by healthcare and non-healthcare professionals. This software provides the ability for easy sharing of open-source code and enables continuous updating with new data. An approach which has previously been described as living health technology assessment (HTA) [11, 12].
[bookmark: _Toc206442293]Use of rare-disease analogues
The strategy of using rare-disease analogues to fill data gaps in cost-effectiveness analyses for rare diseases was previously explored, but not extensively highlighted [5, 13]. The strategy was highlighted for the sourcing of utility values associated with wheelchair confinement for Duchenne’s disease (less prevalent) from multiple sclerosis (more prevalent) [13]. Rare-disease analogues for this study were diseases that display similar characteristics but with higher prevalence.
[bookmark: _Toc206442294]Model structure
The model structure was informed by clinical experts and literature reviews of MSA and rare-disease analogues e.g., multiple sclerosis, advanced parkinson’s disease, and amyotrophic lateral sclerosis [14]. The literature searches showed wide use of Markovian (cohort) models where health states were informed by functional rating scales. For example, expanded disability status scale (multiple sclerosis), Hoehn and Yahr states (Parkinson’s disease), and Fine’til 9 (amyotrophic lateral sclerosis) [15-46]. Similarly, hand searches for rare-disease analogues with lower prevalence (rare diseases) corroborated these findings. For example, Huntington disease where a total functional score was combined with active functional decline by Shoulson and Fahn categories [47]. In addition, spinocerebellar ataxia type 1 where early model health states were stratified by scale for the assessment rating of Ataxia [48].
The MSA model reflects disease progression by the Unified MSA Rating Scale (UMSARS) IV, which is a global disability scale focussing on motor function [49]. Previously, aid-required walking, wheelchair confinement, and bedridden states have also been reported as important motor-function or clinical milestones [50]. 
Noteworthy is the relationship between UMSARS IV and these motor-function milestones, because the bedridden milestone is a part of item 5 in UMSARS IV. Explicitly, “totally dependent and helpless. Bedridden”. By contrast, aid-required walking and wheelchair confinement are not included in the UMSARS IV items. Importantly, however, is that these motor-function milestones have been illustrated alongside each of the UMSARS IV items: completely or not completely independent (able to walk), more dependent (aid-required walking), very dependent (wheelchair confinement), and totally dependent (bedridden) [51]. We therefore argue that for decision-analytic modelling that UMSARS IV and motor function milestones (events) are clinical approximations of each other, which have important methodological implications for the ability to conduct cost-effectiveness modelling. 
For example, if the data are collected at sufficiently short intervals, patients are expected to transition sequentially through the UMSARS IV items or motor-function milestones. By way of explanation e.g., from very dependent (wheelchair confined) to totally dependent (bedridden) and NOT from more dependent (aid-required walking) to totally dependent (bedridden). If this assumption is valid, in theory, there should be two decision-analytic modelling approaches that could be explored. A Markov modelling approach whereby patients move through health states by their transition probabilities and a partitioned survival (time to event) modelling approach where patients move between health states based on parametric survival equations [52]. Importantly, for both approaches, is that they do not allow reversal of disease progression e.g., from totally dependent (bedridden) to more dependent (aid-required walking). This is assumption is unarguably aligned with clinical practice as a cure for this progressive disease does not exist. 
Only the Markov modelling approach will be explored in this analysis. For the Markov model structure, items 1 and 2 from the scale were collapsed into completely or not completely independent as they represent nearly equal costs and health benefits, which was supported by available registry data and a cost-of-illness study [53]. However, this is a temporary assumption based on currently available evidence. Death was included as an absorbing health state in the model [3].
UMSARS IV item 1 + 2, 3, 4 and 5 will have walking, aid-required walking, wheelchair confinement, and bedridden illustrations for each health state to align with a previously published study on natural history of disease [51]. This approach ought to be easier to comprehend if disseminated to non-healthcare professionals e.g., patient organisations rather than solely listing UMSARS IV items. [49, 50]. 
Figure 1 shows the model structure with health states: completely or not completely independent (walking), more dependent (aid-required walking), very dependent (wheelchair confinement), totally dependent (bedridden) and death (all-cause and disease mortality).
[bookmark: _Ref177555021]Figure 1: Model structure for multiple system atrophy reflecting modified UMSARS IV
[image: ]

[bookmark: _Toc206442295]Target Populations
The targeted population for this analysis is people living with MSA, regardless of whether clinically possible or probable diagnostic criteria are applied [54]. The inclusion and exclusion criteria are aligned with the European MSA collaboration work package III. The work package is data on file (not published); however, the criteria are reflected in published literature. For example, The natural history of multiple system atrophy: a prospective European cohort study [3].
Inclusion criteria
The target population encompasses the secondary data collected by European MSA Study Group, wherein the inclusion criteria were clinically possible or probable MSA and provision of written informed consent [3]. 
Exclusion criteria
The exclusion criteria are onset under 30 years of age, family history of a similar disorder, secondary cause by history, secondary cause by investigation, hallucinations unrelated to drugs, dementia according to DSM IV (Diagnostic and Statistical Manual of Mental Disorders – fourth edition), prominent slowing of vertical saccades, vertical supranuclear palsy (down/upward gaze palsy), aphasia, alien limb syndrome, parietal dysfunction, and generalised areflexia.
[bookmark: _Toc206442296]Interventions 
The interventions are best supportive care versus a hypothetical intervention and best supportive care because disease-modifying treatments are not yet available.
[bookmark: _Toc206442297]Key Model Choices and Assumptions
Table 1 lists the assumptions that were applied for the modelling.
[bookmark: _Ref178603727]Table 1: Assumptions applied to the modelling analysis
	
	Assumptions
	Consequence

	1
	It is assumed that item 1 and 2 from UMSARS IV reflect close to equal costs and quality of life. In support Winter et al. 2011, who initially made this grouping for costs. Secondly, data on file, utility for items 1 and 2 were: 0.604 (n = 12) and 0.574 (n = 75). 
	Item 1 and 2 from UMSARS IV is collapsed into one health state in the model structure. 

	2
	For data on file, we assume that it is missing completely at random. 
	Only complete cases will be analysed, and the number of observations will be reduced.  Also, subjects with one observation were excluded.

	3
	We assume that Germany cost data can be used to approximate costs in United Kingdom.   
	We will inflate (2011 to 2024) and adjust for currency (€ to £) and use cost data stratified across health states from Winter et al 2011 [53]. McCrone did not stratify by health states, although they took a United Kingdom perspective [55].

	4
	We assume that patients cannot transition backwards in model, because clinically, the disease cannot revert once progressed. Only few backward transitions were observed in data, but this is likely due day-to-day clinical variations. 
	Patients were not allowed to reverse their progression in the Markov model.   



[bookmark: _Toc206442298]Input parameters 
The input parameter, file, variable and prefix names will follow the DARTH coding framework for R [56, 57]. Table 2 contains an overview of R inputs e.g., for probabilistic sensitivity analysis (PSA) and for parameters that can be modified by Shiny App users. The PSA distributions were either partly informed by literature or derived from patient-level data. For example, from literature where alpha was estimated by n (subjects) multiped by the mean, and beta by n (subjects) minus alpha. Appropriate distributions were chosen e.g., beta distributions for utilities, transition, or event probabilities. A gamma distribution was assigned to cost data in the absence of relevant information to quantify uncertainty, but assigning a gamma distribution to cost data is commonplace [58].
[bookmark: _Ref177634880]Table 2: R modelling inputs
	Parameter type
	Parameter name
	Value
	PSA
	Shiny user specification

	Model specifications
	
	
	
	

	Number of cycles
	n_cycles
	 528
	constant
	N/A

	Names of health states
	v_names_states
	Ci, Md, Vd, Td, D
	constant
	N/A

	Background all-cause mortality
	v_p_Dage
	age-dependent
	constant
	N/A

	Discount rate costs
	d_c
	3.5
	constant
	0 - 1

	Discount rate QALYs
	d_e
	3.5
	constant
	0 - 1

	Number of PSA samples
	n_sim
	1000
	constant
	100-10000

	Transition probabilities (across all trial visits)

	Ci to Md
	p_CiMd
	0.086
	rbeta (shape1 = 12.1, shape2 = 128.9)
	N/A

	Ci to Vd
	p_CiVd
	0.0047
	constant 
	N/A

	Ci to Td
	p_CiTd
	0.000051
	constant
	N/A

	Ci to D
	p_CiD
	0.000033
	constant
	

	Md to Vd
	p_MdVd
	0.010
	rbeta (shape1 = 14.1, shape2 = 126.9)
	N/A

	Md to Td
	p_MdTd
	0.0016
	constant
	

	Md to D
	p_MdD
	0.0010
	constant
	N/A

	Vd to Td
	p_VdTd
	0.030
	rbeta (shape1 = 4.2, shape2 = 136.8)
	N/A

	Vd to D
	p_VdD
	0.020
	rbeta (shape1 = 2.8, shape2 = 138.2)
	N/A

	Td to D
	p_TdD
	0.031
	rbeta (shape1 = 4.4, shape2 = 136.4)
	N/A

	D to D
	p_DD
	1
	constant
	N/A

	Treatment modifier for transitions probabilities (slowing of disease progression)

	Relative risk treatment modifier for transition probabilities
	rr_trt_mod_p
	0.5
	constant
	0.01 - 1

	Probabilities of events (monthly)

	Probability of urinary disorders
	p_UD
	0.058
	rbeta (shape1 = 72.1; shape 2 = 68.9)
	N/A

	Probability of hypotension disorders
	p_HD
	0.067
	rbeta (shape1 = 79.9; shape2 = 61.1)
	N/A

	Probability of bowel disorders
	p_BD
	0.582
	rbeta (shape1 = 82.1; shape2 = 58.9)
	N/A

	Treatment modifier for probability of events (reduction in number of events) 

	Relative risk treatment modifier for clinical events
	rr_trt_mod_e
	0.5
	constant
	0.01 - 1

	Total costs (monthly)

	Costs for Ci
	c_Ci
	987.75
	rgamma (shape = c_Ci/50, scale = 50)
	£ 0 – 100,000

	Costs for Md
	c_Md
	2000.10
	rgamma (shape = c_Md/50 scale = 50)
	£ 0 – 100,000

	Costs for Vd
	c_Vd
	3679.37
	rgamma (shape = c_Vd/50, scale = 50)
	£ 0 – 100,000

	Costs for Td
	c_Td
	3679.37
	rgamma (shape = c_Td/50, scale = 50)
	£ 0 – 100,000

	Price of hypothetical intervention (monthly)
	c_Trt
	100.00
	constant
	£ 0 – 10,000

	Utility values

	Utility for Ci
	u_Ci
	0.5787011
	rbeta (125.68; 91.50)
	N/A

	Utility for Md
	u_Md
	0.4272593
	rbeta (86.68; 116.20)
	N/A

	Utility for Vd
	u_Vd
	0.1435197
	rbeta (27.44; 163.75)
	N/A

	Utility for Td
	u_Td
	-0.1255000
	constant 
	N/A

	Disutility values

	Disutility value for urinary disorders*
	du_UD
	0.0054
	rbeta (0.7; 140.3)
	N/A

	Disutility value for hypotension disorders**
	du_HD
	0.013
	constant
	N/A

	Disutility for bowel disorders***
	du_BD
	0.194
	constant
	N/A

	List of terms used in literature: * Urinary disorder, bladder symptoms, urinary retention, incomplete bladder emptying, urinary incontinence ** Orthostatic and supine hypotension *** Constipation and faecal incontinence. Note that a selection of values is rounded for better illustration. 



[bookmark: _Toc206442299]Transition probabilities for comparators
European MSA (EMSA) data are captured at baseline, 6, 12, 18 and 24 months, which can be used to calculate transition probabilities across UMSARS IV. Our initial approach was to use a non-parametric count method, but it showed that transition probabilities were not constant over the 6 monthly intervals, which could be due to few subjects or insufficient follow-up. See Table 3 for variation of transitions using a non-parametric count method. 
Table 3: Lowest and highest transition probabilities at six-monthly intervals
	
	Completely or not completely independent
(Ci)
	More dependent (Md)
	Very dependent
(Vd)
	Totally dependent (Td)
	Death
(D)

	Completely or not completely independent (Ci)
	0.55 - 0.8
	0.2 - 0.29
	0 - 0.16

	0 – 0.02
	N/A

	More dependent (Md)
	N/A
	0.42 - 0.89
	0.11 - 0.54
	N/A
	0 – 0.06

	Very dependent
(Vd)
	N/A
	N/A
	0.63 - 0.7
	0.2 - 0.26
	0.05 - 0.17

	Totally dependent (Td)
	N/A
	N/A
	N/A
	0.55 – 0.88
	0.12 - 0.45

	Death
(D)
	N/A
	N/A
	N/A
	N/A
	1



A multistate modelling approach was used as a substitute in response to the issue of variability of transition probabilities over discrete time. The method fits a multistate model to the natural history of disease data using state occupation and time. The calculations were made with the msm R package, which uses maximum likelihood estimation to endogenously estimate transition probabilities. Although, the msm package was designed for continuous time models, it can be used for discrete time assuming that there is a continuous process underlying the data [59, 60]. 
The transition intensity matrix Q shows instantaneous transitions or a snapshot of the Markov process. The multistate model is fitted to the data, but controlled by the matrix Q [60]. The matrix Q is specified to best reflect clinical reality if patient transitions were captured at accurate time points. For example, patients are likely to deteriorate sequentially through the health states. In other words, not moving from Completely or not completely independent (Ci) to totally dependent (Td), which in the observed data may be due to six-monthly time intervals for data collection being too long.



Zeros in the Q matrix illustrates that transitions are not possible through these states if time was accurately captured at each transition. An initial value for transition intensity is specified in R software where transitions are possible. However, for the zeros, if time intervals are long, then patients can still transition through these states. What is observed as Ci to Vd in the transition matrix, is in theory, Ci to Md to Vd within the time interval t. In Table 4 this is, for example, the case for a cycle length of 6 months, which is why we use a cycle length of 1 months, which brings the e.g., p_CiVd closer to zero. 
[bookmark: _Ref181270928][bookmark: _Ref181270915]Table 4: Naming conventions for transitions
	
	Completely or not completely independent
(Ci)
	More dependent (Md)
	Very dependent
(Vd)
	Totally dependent (Td)
	Death
(D)

	Completely or not completely independent (Ci)
	p_CiCi
	p_CiMd
	p_CiVd
	p_CiTd
	p_CiD

	More dependent (Md)
	N/A
	p_MdMd
	p_MdVd
	p_MdTd
	p_MdD

	Very dependent
(Vd)
	N/A
	N/A
	p_VdVd
	p_VdTd
	p_VdD

	Totally dependent (Td)
	N/A
	N/A
	N/A
	p_TdTd
	p_TdD

	Death
(D)
	N/A
	N/A
	N/A
	N/A
	1



Table 5 shows the transition calculations for best supportive care, which account for both disease-specific and age-dependent all-cause mortality (v_p_Dage). All-cause mortality will reflect death rates by age group in England and Wales [61].
[bookmark: _Ref181270970]Table 5: Transition calculations for best supportive care
	
	Completely or not completely independent (Ci)
	More dependent (Md)
	Very dependent
(Vd)
	Totally dependent (Td)
	Death

	Completely or not completely independent (Ci)
	(1 - v_p_Dage[i]) * (1 - (p_CiMd + p_CiVd + p_CiTd + p_CiD))
	(1 - v_p_Dage[i]) * p_CiMd
	(1 - v_p_Dage[i]) * p_CiVd
	(1 - v_p_Dage[i]) * p_CiTd
	(1 - v_p_Dage[i]) * p_CiD + v_p_Dage[i]

	More dependent (Md)
	N/A
	(1 - v_p_Dage[i]) * (1 - (p_MdVd + p_MdTd + p_MdD))
	(1 - v_p_Dage[i]) * p_MdVd
	(1 - v_p_Dage[i]) * p_MdTd
	(1 - v_p_Dage[i]) * p_MdD + v_p_Dage[i]

	Very dependent
(Vd)
	N/A
	N/A
	(1 - v_p_Dage[i]) * (1 - (p_VdTd + p_VdD))
	(1 - v_p_Dage[i]) * p_VdTd
	(1 - v_p_Dage[i]) * p_VdD + v_p_Dage[i]

	Totally dependent (Td)
	N/A
	N/A
	N/A
	(1 - v_p_Dage[i]) * (1 - p_TdD)
	(1 - v_p_Dage[i]) * p_TdD + v_p_Dage[i] _p

	Death
(D)
	N/A
	N/A
	N/A
	N/A
	p_DD = 1



A user-specified treatment modifier, rr_trt_mod_p, will reflect a reduction in relative risk for the hypothetical intervention. It is incorporated in the transition probability matrix by multiplication to reflect a disease modifying intervention that slows progression of disease. However, not for the state totally dependent as the quality of life in this state is worse than death with a negative utility value, which is why treatment may be unethical at this severity level. Similarly, no hypothetical intervention costs are assigned. See Table 6 for transition probabilities with a hypothetical intervention and best supportive. 
[bookmark: _Ref188345511]Table 6: Transition probabilities for best supportive care and hypothetical intervention
	
	Completely or not completely independent (Ci)
	More dependent (Md)
	Very dependent
(Vd)
	Totally dependent (Td)
	Death

	Completely or not completely independent (Ci)
	(1 - v_p_Dage[i]) * (1 - (p_CiMd + p_CiVd + p_CiTd + p_CiD) * rr_trt_mod_p)
	(1 - v_p_Dage[i]) * p_CiMd * rr_trt_mod_p
	(1 - v_p_Dage[i]) * p_CiVd * rr_trt_mod_p
	(1 - v_p_Dage[i]) * p_CiD * rr_trt_mod_p + v_p_Dage[i]
	(1 - v_p_Dage[i]) * p_CiD * rr_trt_mod_p + v_p_Dage[i]

	More dependent (Md)
	N/A
	(1 - v_p_Dage[i]) * (1 - (p_MdVd + p_MdTd + p_MdD) * rr_trt_mod_p)
	(1 - v_p_Dage[i]) * p_MdVd * rr_trt_mod_p
	(1 - v_p_Dage[i]) * p_MdTd * rr_trt_mod_p
	(1 - v_p_Dage[i]) * p_MdD * rr_trt_mod_p + v_p_Dage[i]

	Very dependent
(Vd)
	N/A
	N/A
	(1 - v_p_Dage[i]) * (1 - (p_VdTd + p_VdD) * rr_trt_mod_p)
	(1 - v_p_Dage[i]) * p_VdTd * rr_trt_mod_p
	(1 - v_p_Dage[i]) * p_VdD * rr_trt_mod_p + v_p_Dage[i]

	Totally dependent (Td)
	N/A
	N/A
	N/A
	(1 - v_p_Dage[i]) * (1 - p_TdD))
	(1 - v_p_Dage[i]) * p_TdD + v_p_Dage[i]

	Death
(D)
	N/A
	N/A
	N/A
	N/A
	p_DD = 1



The approach of a treatment modifier was inspired by a cost-effectiveness analysis in human immunodeficiency virus (HIV) by Chancellor and colleagues, which is further highlighted in the book Decision Modelling for Health Economic Evaluation, wherein transition probabilities are adjusted by a relative risk reduction from a meta-analysis for combination therapy as compared to monotherapy [58, 62]. 
[bookmark: _Toc206442300]Cost data

	Background information on cost data:

Cost data is limited. At their time of publication, Winter, Stamelou [53] and McCrone, Payan [55] both reported that no previous studies existed. Winter and colleagues investigated German patients and are the only ones to stratify costs by UMSARS IV, a global disability scale [49]. Moreover, they showed that significant cost drivers were: age groups in years, marital status, age at disease onset, depression, and UMSARS IV [53]. McCrone and colleagues covered France, Germany, and the United Kingdom. Patients required a range of services, but informal care was the main contributor of costs. Moreover, costs and severity of disease were correlated. In fact, McCrone and colleagues hold the view that their data support the hypothesis that disease modifying interventions can decelerate or halt progression of disease, and hence, reduce the economic burden. [55].
 



The simplest way to populate the model is to use data reported by the Winter paper across UMSARS IV, which will require adjustment for inflation from 2011 to 2024, and conversion to British pounds sterling [53]. McCrone does not include stratification across UMSARS IV [55]. Figure 2 is included with permission from authors and shows the stratification of costs, from which, the cost data in Table 7 are estimated. 
[bookmark: _Ref175564141][bookmark: _Ref181271088]Figure 2: Cost data stratified by UMSARS IV from Winter et al 2011
[image: ]
[bookmark: _Ref177649819]Table 7: Cost data estimated from Figure 1 in Winter et al 2011 (six-monthly)
	Costs from paper (six-monthly)
	Inpatient care
	Drugs (BSC)
	Special equipment
	Home care
	Other direct costs

	Completely or not completely independent
	€                            1,200.00
	€                                800.00
	€                                 800.00
	€                          -
	€                     1,200.00

	More dependent
	€                            3,000.00
	€                             1,200.00
	€                              1,200.00
	€                  200.00
	€                     2,500.00

	Very dependent
	€                            4,000.00
	€                             1,300.00
	€                              4,200.00
	€               1,600.00
	€                     3,800.00

	Totally dependent
	€                            4,000.00
	€                             1,300.00
	€                              4,200.00
	€               1,600.00
	€                     3,800.00



The cost data from Table 7 are converted from euros to pound using 2011 tariffs and adjusted for inflation. Conversion and inflation rates are available from Table 8 and converted to monthly cost data for use in the analysis from Table 9.
[bookmark: _Ref177650078]Table 8: Rates for conversion and inflation adjustments
	Conversion rate (1 € to £)
	£                               0.8872
	Source: Exchange Rates United Kingdom: https://www.exchangerates.org.uk/EUR-GBP-spot-exchange-rates-history-2010.html

	Inflation adjustment
	£                                   1.67
	Source: Office for National Statistics, United Kingdom: https://www.ons.gov.uk/economy/inflationandpriceindices/timeseries/czbh/mm23



The converted data for analysis is available from Table 9.
[bookmark: _Ref177650571]Table 9: Converted costs data for use in analysis (monthly)
	Converted costs for analysis (monthly)
	Inpatient care
	Drugs (BSC)
	Special equipment
	Home care
	Other direct costs
	Total

	Completely or not completely independent
	£                          296.32
	£                            197.55
	£                              197.55
	£                          -
	£                     296.32
	£       987.75

	More dependent
	£ 
740.81                         
	£                          296.32
	£                              296.32
	£ 
49.387                 
	£                     617.34
	£     2000.10

	Very dependent
	£                            987.75
	£                             321.02
	£                              1037.14
	£               395.10
	£                     938.36
	£
3679.37

	Totally dependent
	£                            987.75
	£                             321.02
	£                              1037.14
	£               395.10
	£                     938.36
	£ 
3679.37



[bookmark: _Toc206442301]Quality-of-life data: health states 

	Background information on EQ-5D data

Quality of life studies without follow-up were classified as either cross-sectional or mixed-methods studies. Interestingly, for cost-effectiveness modelling purposes, three studies reported mean EQ-5D index values for MSA with standard deviations, and they were between 0.2 (0.3) to 0.558 (0.276) [63-65]. Others reported on the distribution of MSA patients across EQ-5D dimensions [64-67].




We used the R package “eq5d” with United Kingdom EQ-5D-3L value sets to calculate utility index scores from the EMSA data (data on file) [68]. In the probabilistic sensitivity analysis UMSARS IV: 5, which is negative, is kept constant for simplicity and to avoid sampling implausible values e.g., lower limit -0.594 of EQ-5D-3L in United Kingdom.  
Table 10: EQ-5D-3L (utilities) for UMSARS IV health states
	UMSARS IV

	Mean Index Score
	N
	Standard error
	Alpha
	Beta

	1+2
	0.5787011
	87
	0.03342859
	125.68045
	91.49633

	3
	0.4272593
	81
	0.03464457
	86.68328
	116.19888

	4
	0.1435197
	152
	0.02529041
	27.43868
	163.74532

	5
	-0.1255000
	60
	N/A
	N/A
	N/A



[bookmark: _Toc206442302]Quality-of-life data: clinical events

	Background information natural history of disease data

Survival was followed in five studies by either Kaplan-Meier or Cox-regression curves. The median survival from symptom onset to death ranged from 6.4 – 9.8 years [3, 4, 50, 69, 70]. In addition, studies measured stridor, falls, orthostatic hypotension, depression, apathy, delusions, and urinary incontinence [51, 69-73]. Lastly, two studies monitored clinical manifestations or milestones of progression: falls per day, unintelligible speech, and time to aid-required walking, wheelchair confinement, and bedridden state [3, 50]. 




Short-term (acute) clinical events were included in the analysis if they are independent of model health states (motor function) and expected to result in a temporary reduction in quality of life, which may not be captured by the six-monthly EQ-5D-3L responses. However, this is an area that warrants further research for economic modelling. Nonetheless, the clinical events were grouped by hypotension, urinary or bladder, and bowel disorders in Table 11. Only disutilities will be included for clinical events to avoid double-counting as their cost may be captured in the aggregated cost data. 
Probabilities for clinical events
As shown in Table 11 the probability of orthostatic hypotension was frequently reported in comparison to supine hypotension which was reported once. Similarly, urinary disorders were often reported. Despite of varying nomenclature, they broadly seemed to concern mainly urinary incontinence and incomplete bladder emptying. Less studies were concerned with bowel disorders (constipation and faecal incontinence). For this analysis, probability of event data was sourced from a European cohort for all three categories: hypotension disorders, urinary disorders, and bowel disorders [3].
A user-specified treatment modifier, rr_trt_mod_e was multiplied with event probabilities for the hypothetical intervention, but similarly to the rr_trt_mod_p, it is not applied to the totally dependent health state. We assume probabilities remain constant over time. 
[bookmark: _Ref179891527]Table 11: Overview of probabilities for clinical events in multiple system atrophy. The data from Wenning et al 2013 is percentage at baseline, which are used in the analysis.
	Clinical events
	Probabilities
	References

	Hypotension disorders
	71 % orthostatic hypotension / 47.9 % supine hypotension (n = 261)
	[70]

	
	60 % orthostatic hypotension (n = 27)
	[73]

	
	67.4 % orthostatic hypotension (n = 536)
	[51]

	
	56.7 % orthostatic hypotension (n = 141)
	[3]

	Urinary or bladder disorders
	88.8 % bladder symptoms (n = 80);
	[69]

	
	48 % urinary retention / 52 % urinary incontinence (n = 27)
	[73]

	
	83 % incomplete bladder emptying / 87 % urinary incontinence (n = 175)
	[4]

	
	68.1 % urinary disorder (n = 536)
	[51]

	
	73 % urinary incontinence / 51.1 % incomplete bladder emptying (n = 141)
	[3]

	Bowel disorders
	58.2 % constipation (n = 141)
	[3]

	
	87 % constipation / 29 % faecal incontinence (n = 175)
	[4]



Disutility values for clinical events

We identified the EQ-5D-5L value for MSA with and without orthostatic hypotension, which was 0.571 and 0.638, respectively. The disutility decrement for this analysis can then be estimated by subtraction to - 0.067 [65]. The disutility is higher than in an economic evaluation of multiple sclerosis, where hypertension was - 0.037 but originally sourced from a time-trade off analysis by Stein and colleagues [74, 75]. A disutility was not identified for supine hypotension, which is why the disutility value for orthostatic hypotension was used as a proxy for hypotension disorders [3, 51, 70, 73]. This means that we may underestimate the disutility for hypotension disorders due to missing data. 
For bowel disorders, cost-effectiveness analyses for multiple sclerosis included a disutility of - 0.240 for gastrointestinal disorders, but the value was not possible verify. The papers cited a non-referenced network meta-analysis or could not be found in the original reference provided [30, 34]. Instead, we explored the utility for other functional intestinal disorders (ICD-10 Code K59.1 functional diarrhea and K59.09 other constipation) which includes constipation [76]. The utility value was 0.635, which subtracted from the United Kingdom population average (0.829) yields a utility decrement of - 0.194 [77]. This estimate will be used in the analysis because it seemed most conservative. 
The costs of urinary tract infections were commonly included in economic evaluations for rare-disease analogues, but disutilities were not reported [17, 29, 78, 79]. For MSA, urinary disorders e.g., incontinence and incomplete bladder emptying may they lead to uncontrollable urinary tract infections [80]. A MSA study (n = 21) reported that urinary tract infection was the secondary cause of death (23.8%) after cardiopulmonary arrest (33.3%). Similarly, recurrent lower urinary tract infections occurred in 61.3% patients [81]. In the larger study by Wenning and colleagues, urinary disorders ranged between 73% (urinary incontinence) and 51.1% (incomplete bladder emptying). It was decided to use 51.1% for the probability of having urinary disorders that could lead to urinary tract infections to maintain a conservative modelling approach [3].
The utility values for recurrent urinary tract infections in English-speaking women varied but were in the range 0.63 to 0.85 [82, 83]. Similarly, a systematic review of EQ-5D scores showed large variation for diseases of the genitourinary system e.g., disutilities were between -0.49 (urinary incontinence) to + 0.01 (early kidney disease) [84]. For this analysis, the disutility value (-0.0054) for urinary tract disorder (ICD-9 599) was sourced from a United Kingdom EQ-5D catalogue [85], but may not fully reflect the severity of recurrent lower urinary tract infections in MSA. 
Table 12: Overview of disutilities for clinical events in the analysis
	Clinical events
	Disutility
	Reference:

	Hypotension disorders
	-0.067
	Calculated from  [65]

	Urinary or bladder disorders
	-0.0054
	[85]

	Bowel disorders
	- 0.194
	Calculated from [77]



[bookmark: _Toc206442303]Model Outcomes
The cost-effectiveness will be estimated for the comparators best support care versus a hypothetical intervention and best support care because there are no available disease modifying treatments. The outcome of the analysis will be cost per quality adjusted life years (QALYs) over a time horizon of 44 years (528 model cycles). The analysis will follow National Institute for Health and Care Excellence (NICE) guidelines for economic evaluation e.g., discounting costs and health effects by 3.5 % [86].
[bookmark: _Toc206442304]Analysis
The cost-effectiveness will be reported as the incremental cost-effectiveness ratio (ICER) comparing the difference in costs and effects across the interventions: best supportive care versus a hypothetical intervention and best supportive care.
Scenario analyses will be performed to identify the key drivers of results. A PSA will be performed wherein parameters are simultaneously and randomly sampled across the PSA distributions reported in Table 2. 
Early model validation will take place. First, the modelling analysis plan will be reviewed by health economists and medical specialists. Secondly, model validation will take place through the means of face validation e.g., test if parameter variation results in logic changes to the cost and effects. Thirdly, review of R code to assert that no errors were made and making it open source for continued scrutiny. Finally, the outputs can later be compared to natural history of disease, clinical trial data or partitioned survival modelling.
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From: Cost-of-illness in multiple system atrophy and progressive supranuclear palsy
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Semi-annual direct costs stratified by disease severity. *other direct costs consist of outpatient care, ancillary treatment, transport, copayments




