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Appendix 1. A Guide for the measurement of four types of uncertainty
[bookmark: _Hlk159171018][bookmark: _Hlk159170271]This guide aims to provide reviewers with comprehensive explanations of the definitions, characterisations, examples, and codes of uncertainties in Public Summary Documents (PSDs). Reviewers are expected to independently extract the information in two rounds. During the first round, discussions on disputes are to be avoided, as the methodological background and beliefs of one reviewer may bias the other. After completing the initial round of independent extraction, reviewers proceed to the second round where the reviewers are required to extract the rationale of the PBAC for the unmatched items. If an item is not described in the submissions, it is assumed that the PBAC did not consider it to have uncertainty [1]. To ensure that reviewers are not affected by the PBAC decisions, they are extracted in the last step following the approach of Harris et al. [2, 3].
 
This guide includes the following contents:
1. An overall framework for the characterisation of uncertainties in model-based economic analysis.
2. The definition of four types of uncertainty.
3. The items for each type of uncertainty, together with codes and examples, are from the PSDs.
1. Methodological uncertainty
[bookmark: _Hlk159171243]In this study, methodological uncertainty was defined as the deviations from the PBAC guidelines, in the absence of a reference case recommended by health technology assessment (HTA) guidelines [4-7]. HTA guidelines help to resolve most of the methodological uncertainty and promote the harmonisation of economic evaluation techniques [4, 6, 8-11]. To this end, HTA bodies often propose a reference case, outlining a range of techniques for measuring cost, utility and model valuation for economic models. Nonetheless, disagreements among practitioners regarding the applied methodology can lead to ongoing methodological uncertainty [4]. In theory, this uncertainty can be explored by comparing the results of a reference case analysis with those of a non-reference case analysis, aiming to examine the impact of methodological deviations on the incremental cost-effectiveness ratio (ICER) [12]. However, the PBAC guideline has not defined a reference case. Out of the 12 key items retrieved from the reference cases recommended by other HTA guidelines (as shown in Table 1-1), five items are common, including how to define a decision problem, perspective of economic evaluation, discounting rate, selection of comparators, and source of preference data for valuing changes in health-related quality of life. The remaining items varied to some extent. 

1.1 Unparameterisable methodological uncertainty 
1.1.1 The treatment proposed was not consistent with the clinical place in therapy, or the restriction listed on the Pharmaceutical Benefits Scheme (PBS) schedule 
[bookmark: _Hlk159174362]This refers to the situations where the proposed clinical place or restriction of medicine was not applicable in the context of Australia. If the PBAC considered the submissions to have the following issues, methodological uncertainty was coded. 
[bookmark: _Hlk159174934](1) Unjustified variation to the current PBS restriction 
[bookmark: _Hlk159175348]The PBAC requires the sponsor to present a flowchart to depict the current management of the disease or condition in the target Australian population in the absence of the proposed listing of a new medicine [9]. If seeking a variation of the current PBS listing of a proposed medicine, restrict the clinical management algorithm to patients whose management will change. The PBAC expressed concerns when the proposed treatment algorithm (e.g., line of treatment, treatment options or stopping rules) was unclear, either broader or narrower than the existing PBS restriction criteria or not in line with Australian guidelines. It also happens when the relaxation or removal of restriction criteria or continuation criteria allows patients earlier access to treatment in the disease treatment algorithm (i.e., moving from a last line to an earlier line of therapy). For instance, in the submission of nivolumab for nivolumab in combination with ipilimumab as the first line treatment of Stage IV clear cell variant renal cell carcinoma (RCC) in patients meeting the International Metastatic Renal Cell Carcinoma Database Consortium intermediate to poor risk group criteria, the PBAC noted that the submission requested a flow-on change to the existing restrictions for second- and later-line RCC therapies: removal of the requirement for patients to have received prior TKI therapy before commencing second-line nivolumab, everolimus, axitinib, sorafenib or cabozantinib. The PBAC considered that this was not appropriate given that no evidence had been provided to support this change. Also, in the submission of olaparib for the treatment of metastatic castration-resistant prostate cancer (mCRPC), the PBAC noted that the appropriate clinical place for olaparib should be as the third-line treatment following failure on docetaxel and failure on a novel hormonal agent [10]. 

(2) Misalignments between the TGA and the PBAC regarding the proposed indication or clinical place 
This misalignment may occur when the patient population is either narrower or broader than the TGA-approved indication, or when the PBAC is still awaiting TGA’s approval for the clinical place of the proposed medicines. This situation often arose during the TGA/PBAC parallel process. For instance, in the submission for dupilmab for the treatment of chronic severe atopic dermatitis, the PBAC noted that the proposed patient population was narrower than the TGA-approved indication [13].

[bookmark: _Hlk159175760][bookmark: _Hlk159176065](3) Applicability of all relevant diagnostic criteria and/or tests to determine the target population (including tests to exclude patients or inform continuation criteria or stopping rules)
For instance, in the submission for pembrolizumab for the treatment of locally advanced or metastatic non-small cell lung cancer, given the availability of several Programmed cell death protein (PD) 1 or Programmed death-ligand 1 (PD-L1) tests, the proposal failed to adequately address the applicability issue regarding which PD-L1 test would be used in the Australian context. This could result in the accuracy and prevalence estimates used in the analysis that may differ from Australian clinical practice depending on the assay(s) chosen [14].

[bookmark: _Hlk159176396](4) Unclear circumstances of use of the medicine 
The issue arose when the PBAC faced uncertainties in defining a patient group for whom the treatment could be cost-effectively provided due to insufficient clinical evidence. Additionally, the patient group proposed did not align with those specified in Australian guidelines or the eligibility criteria of clinical trials. Uncertainty also occurred when the PBAC found the proposed PBS criteria to be inadequate (i.e., either too broad or too narrow) thereby failing to restrict treatment to the PBS patient population. For instance, in the submission of etanercept for the treatment of non-radiographic axial spondyloarthritis, the PBAC was unable to define a population in whom etanercept could be expected to be cost-effective given the short-term clinical data and uncertain economic analysis [12].
 
(5) There is a misalignment between the main body of treatment proposed by sponsors with Australian practice. Such as who is managing clinical care, and who will be prescribing the medicine, whether any special training or specialised facilities are required for prescribing or administration.

(6) Consideration of all streams of health care resource provision, both before and after the point in the algorithm that the proposed medicine is introduced
For instance, in the submission of febuxostat for the treatment of chronic gouty arthritis associated with hyperuricaemia, the PBAC considered that the model presented was not representative of clinical practice because the model did not include options for dose escalation or trying alternative treatments [13].

If the PBAC considered the submissions to have the following issues, unparameterisable methodological uncertainty was coded.

	Question in the abstraction template
	The treatment proposed was not consistent with the clinical place in therapy, or the restriction listed on the Pharmaceutical Benefits Scheme (PBS) schedule? 

	Code 
	0 – yes, 1 – no
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Table 1-1 Summary of items in a reference case recommended by major HTA bodies. 
	No
	Items
	NICE
	CADTH
	ICER
	PBAC
	NoMA

	1
	Defining the decision problem (including target population and event pathways)
	√
	√
	√
	√
	√

	2
	Types of Evaluations
	CUA/ CMA
	CUA
	CUA
	CEA/CUA/CMA
	CUA

	3
	Perspective 
	Perspective on outcomes: All health effects, whether for patients or when appropriate carers. 
Perspective on costs: NHS and personal social services 
	Health care sector
	Health care sector
	health system perspective
	Health service sector

	4
	Comparator(s)
	All potentially relevant comparators are established practices in the NHS. 
	All relevant interventions, including “current care” 
	Available and feasible relevant alternative treatments, including specific active comparators, “usual care”, or a “do-nothing” option
	Alternative therapies in Australia and the therapies most likely to be replaced in clinical practice.
	The treatment alternative(s) the new pharmaceutical is likely to replace

	5
	Time horizon
	Long enough to capture all relevant differences in the future costs and outcomes associated with the proposed treatment (long enough hereinafter)
	Long enough
	Lifetime (default)
	Long enough
	Long enough

	6
	Discounting
	3.5%
	1.5%
	3%
	5%
	4%

	7
	Evidence of resource use and costs
	Relating NHS and PSS resources should be valued using the prices relevant to the NHS and PSS
	Estimate Canadian resources and costs using data that reflect the jurisdiction(s) of interest.
	Based on the health system 
payer perspective
	Recommend the sources should be included†
	Recommend the sources should not be included‡

	[bookmark: _Hlk97548832]8
	Measurement and Valuation of Health
	[bookmark: OLE_LINK10]Expressed in QALYs. 
The EQ-5D is preferred.
	Expressed in QALYs.
The generic preference-based measure is recommended; no specific generic, preference-based measure is required.
	[bookmark: OLE_LINK9]Expressed in QALYs.
The generic preference-based measure is recommended; no specific generic, preference-based measure is required, but EQ-5D is preferred if available.
	Expressed in QALYs.
No specific generic, preference-based measure is required
	Generic preference-based instruments (mainly EQ-5D-3L).

	 9
	Quantifying Effects of Interventions
	Based on a systematic review
	NR
	A systematic review is preferred
	Based on direct randomised trials are preferred
	NR

	10
	Source of data for measurement of health-related quality of life
	Reported directly by patients or carers, or both.
	Obtain health preferences from an indirect measurement method based on a generic classification system.
	Usually from an indirect way of measurement based on a generic classification system
	Within-trial evidence is preferred
	NR

	11
	Source of preference data for valuation of changes in health-related quality of life
	A representative sample of the UK population
	Preferred Canadian population-based health preference.
	Health preferences should reflect those of the general US population
	Preferred Australia population-based preference
	Population-based tariffs (mainly UK tariffs

	[bookmark: _Hlk97548867]12
	Methods to address uncertainty
	Methodological uncertainty
	Comparing the reference case results to those from a non-reference case analysis.
	Comparing the reference case results to those from a non-reference case analysis.
	NR
	Prefers certain approaches or information to be presented as 
supplementary analyses
	DSA

	
	
	Structural uncertainty
	Scenario analyses and threshold analyses
	Scenario analysis.
	Scenario analyses
	Parameterise structural assumptions.
scenario analyses
	DSA

	
	
	Parameter uncertainty
	DSA and PSA
	cost-effectiveness acceptability curves 
and cost-effectiveness acceptability frontiers 
	One-way sensitivity 
through probabilistic analysis, using sufficient sampling to reflect distributional uncertainty (e.g., 1,000 simulations).   
	DSA. PSA is not required.
	One-way sensitivity analyses
Multiway sensitivity analyses (mainly scenario analyses) 
PSA


[bookmark: OLE_LINK16]CADTH Canadian Agency for Drugs & Technologies in Health, CMA cost-minimization analysis, CUA cost-utility analysis, DSA deterministic sensitivity analysis, ICER Institute for Clinical and Economic Review, NICE The National Institute for Health and Care Excellence, NoMA Norwegian Medicines Agency, PBAC Pharmaceutical Benefits Advisory Committee, PSA probabilistic sensitivity analysis, PSS personal social services, QALY Quality-adjusted life year, EQ-5D European Quality of Life, UK United Kingdom, US United States.
NR Not specifically reported, √ the scope of guidelines covers background information on the disease or health condition, the technologies, the population, and the care pathway.
† If appropriate, consider the following resource items: 1). Medicines (direct costs of treatment and medicines used to treat adverse reactions), 2). Medical services, including procedures, 3). hospital services, 4). diagnostic and investigational services,5). Community-based services,6). Any other direct medical costs.
‡ The following costs should not be included: 1). Value added tax (VAT) 2). Productivity changes as a result of the new medicine Marginal costs of the public fund 3). Unrelated, future health service costs and savings, 4). Marginal costs of public funds 

1.1.2 Comparators were unacceptable
[bookmark: _Hlk159177565]If the PBAC deemed the nominated comparator inappropriate, it was coded as uncertainty around the comparator. This situation arose when the main comparator was not accepted based on the PBAC judgment. For instance, in the submission for abiraterone for the treatment of mCRPC after treatment failure with androgen deprivation therapy, the submission nominated watchful waiting as the comparator. The PBAC did not regard “watchful waiting” as an appropriate comparator for abiraterone to establish cost-effectiveness in the new treatment setting. A mixed comparator of watchful waiting, docetaxel and best supportive care might be considered the appropriate comparator [15].

	Question in the abstraction template
	Did the PBAC consider the proposed comparator as unacceptable? 

	Code 
	0 – yes, 1 – no


1.1.3 The perspective of the economic evaluation was not consistent with the guidelines 
[bookmark: _Hlk159178481]The perspective of an economic evaluation prerequisite to determine which cost and health-related outcomes are included. This could influence the cost-effectiveness of treatment. The PBAC prefers the perspective of the healthcare system in the base case [16]. Costs incurred by the patient, as well as those by the public or private healthcare provider, should be included under this perspective. The outcomes should be associated with the patient. The PBAC does not recommend including costs and outcomes that deviate from this perspective but suggests presenting a supplementary analysis if the sponsor incorporates a broader societal perspective [16]. If the perspective of an economic evaluation was found to violate PBAC guidelines, a submission was considered to have methodological uncertainty.
For instance, in the submission for prolonged release subcutaneous injection for the treatment of opioid dependence [17], its economic evaluations of treatments for substance use disorders frequently considered the broader societal impact of treating these disorders. This broader impact generally included factors such as reduced crime, legal system costs, costs of incarceration and other unproductive distortions in the economy. In a sensitivity analysis, the economic model included the acquisition cost of heroin as a proxy measure of this broader societal impact. When these costs ($186.40 per day applied to the proportion “using”) were included in the economic evaluation, prolonged release buprenorphine became dominant (lower costs and higher benefits) compared with sublingual buprenorphine/naloxone. This analysis was dependent upon the assumption that the cost of heroin is a relevant proxy for the societal costs of illicit opioid use. However, the PBAC admitted the consideration of broader value but denied the proxy measurement. It mentioned that “The Economics Sub Committee (ESC) considered that these costs were not reasonable, particularly as the demographics of opioid misuse are changing, with increasing misuse of prescription opioids in place of illicit opioids.”
For instance, in the submission for cannabidiol for the treatment of seizures associated with severe myoclonic epilepsy in infancy for patients two years of age and older, the sponsor included carer utilities in the submission. However, the PBAC noted their preference for the use of a healthcare perspective and outcomes beyond the treated patient population should only be included as supplementary analyses. The PBAC considered the submission should exclude the carers’ utility in the base case.

	Question in the abstraction template
	Was the perspective performed in the submissions wrong?

	Code 
	0 – yes, 1 – no


1.2 Parameterisable methodological uncertainty 
1.2.1 Means of valuing health gains
[bookmark: _Hlk159179799]QALYs are used to measure the health gains of patients in terms of different combinations of quality of life and duration. The method assigns a utility between zero and one for each health state, where zero represents death and one represents perfect health. This utility is then multiplied by the time spent in the specific health state to calculate QALYs. Various techniques such as standard gambling, time trade-offs, and rating scales can be used to elicit the utility value. The submissions should justify the QALYs used to reflect the comparative clinical performance of the treatment. A submission was considered to have methodological uncertainty if the PBAC judged the techniques used in the submission to have validity or reliability issues in at least one of the following areas. When the PBAC did not express their views on these issues, we assume they did not consider the means of valuing health gains having methodological uncertainty. It is noteworthy that the reviewers only need to focus on whether the utility was trial-based or whether the PBAC expressed concerns about the applicability of the scoring algorithm of the instruments used to estimate utilities in the Australian population. The remaining uncertainty around utility was classified into parameter uncertainty.
1.2.1.1 The scoring algorithm of the instruments used to estimate utility weights was not applicable to the Australian population
[bookmark: _Hlk159179967]For instance, in the submission for fulvestrant for the treatment of advanced or metastatic breast cancer, the PBAC judged it was inappropriate not to use the Australian scoring algorithm, which was also available for EQ-5 dimensions 3 Level Version [18].
1.2.1.2 The utility value estimation was not trial-based.
[bookmark: _Hlk159180282]For instance, in the submission for apremilast for the treatment of severe active psoriatic arthritis the utility used in the model was from a pivotal clinical trial (PALACE 1-3).
	Question in the abstraction template
	Were the methods to measure utility judged as having uncertainty?

	Code 
	0 – yes, 1 – no


1.2.2 The discount rate was not consistent with the guidelines 
[bookmark: _Hlk159180677]In cost-effectiveness analysis, future costs and health benefits are incorporated into the economic model using discount rates, reflecting the relative importance of these outcomes compared to short-term costs and benefits. The higher the discount rate, the less importance is attached to future costs and health benefits. The PBAC recommends using a 5% annual discount rate for both cost and utility, any violation from it could over or under-estimate the ICER [19]. 
[bookmark: _Hlk159181009]
Submissions that deviated from the recommended discount rate in the following ways should be considered to have methodological uncertainty: 1) The submission did not apply discounting for cost and health outcome. 2) Differential annual discount rates were applied for costs and health outcomes. 3) Discounting was applied only to some costs or outcomes. 4) Discounting was applied to some cycles of treatment, rather than covering full time horizon. For instance, in the submission for pertuzumab in combination with trastuzumab and docetaxel for the treatment of a patient with human epidermal growth factor receptor 2-positive metastatic breast cancer, the sponsor did not use discounting in the model. This was likely to favour pertuzumab. In the submission for romidepsin for the treatment of relapsed or chemotherapy-refractory peripheral T-cell lymphoma, only 5% was applied for health outcomes and costs were not discounted. The PBAC advised that it was inappropriate in the context of the PBAC guidelines [16].

	Question in the abstraction template
	Was the discount rate in the submissions not 5% for cost and health outcomes?

	Code 
	0 – yes, 1 – no


2. Generalisability uncertainty 
[bookmark: _Hlk171719822]The trial and (or) modelled population represents the target Australian population that would use the proposed medicine. However, uncertainties could arise if any of the following factors relevant to the trial and (or) model population did not apply to the Australian population (or PBS population). It is noteworthy that generalisability uncertainty pertained specifically to the concerns the PBAC expressed regarding the applicability to the PBS population without consideration whether it could be explored using alternative data sources (e.g., Intention-to-treat (ITT) population or subgroup population. If the sponsor used the evidence which was based on the subgroup population to explore generalisability uncertainty, the correspondent parameter uncertainty was considered negligible.

2.1 The patient characteristics in the economic model were not consistent with the PBS population
For instance, in the submission for glatiramer acetate for the treatment of a clinically isolated syndrome suggestive of multiple sclerosis [20], the model estimation was based on a hypothetical cohort of patients thought to be at high risk of diagnosis with multiple sclerosis within five years, as determined by an analysis of the MS Base patient database[footnoteRef:1]. The PBAC judged that it was unclear whether the proposed method would be effective in identifying patients at an equally high risk of multiple sclerosis diagnosis within the routine Australian population. [1:  MS Base is an international, online registry and platform for collaborative outcomes research in multiple sclerosis.
] 


2.2 The patient characteristics in the clinical trials were not consistent with the PBS population
For instance, in the submission for blinatumomab for the treatment of relapsed or refractory philadelphia negative B-precursor acute lymphoblastic leukaemia [21], patients in the key clinical trial had more severe diseases than those in the proposed PBS population. Therefore, the results from this study might underestimate the true effect in the proposed PBS population. 

	Question in the abstraction template
	Was the submission involved one of uncertainty around generalisability?

	Code 
	0 – yes, 1 – no 


3. Structural uncertainty 
[bookmark: _Hlk159182410]Economic evaluations construct decision models to synthesise evidence from various sources to produce the cost-effectiveness of the proposed treatment. The decision models are simplifications of actual processes of disease and healthcare consumption processes. Appropriate assumptions needed to be made regarding which events, stages, or health states should be included or excluded, as well as how patients progress from one state to another. Misalignment of these assumptions with the nature of disease can cause structural uncertainty. Structural uncertainty was separated into two aspects: unparameterisable and parameterisable uncertainty.
3.1 Unparameterisable structural uncertainty
3.1.1 Uncertainty around health states 
[bookmark: _Hlk159182527]The model structure should capture all relevant health states or clinical events along the disease or condition pathway, ensuring alignment with the treatment and disease algorithms applicable in the Australian setting. 
In economic evaluations, a health state refers to a clinical event that occurs during disease progression. The definition of a clinical event is critical in determining clinical effectiveness. For instance, when translating continuous data into dichotomous data to define health states, uncertainty around health states could arise if the threshold used to convert the data was not adequately justified. Unparameterisable structural uncertainty occurred if the PBAC judged any of the following issues in a submission.
3.1.1.1 Health states were too simple or too complicated
[bookmark: _Hlk159183040]The appropriateness of health states in a model was determined by the nature of the target disease. For instance, in the submission for ciclosporin for the treatment of patients with severe keratitis with dry eye disease, the model had four health states (treatment initiation, in response, not in response, dead). The model presented was an adaptation of a model previously assessed by the NICE and for the same indication as the Scottish Medicines Consortium (SMC), which had seven health states. The main differences were three additional health states related to punctual plugs. The PBAC considered the impact on ICER was unclear when the three additional health states were excluded [22].
3.1.1.2 Definition of health states was inconsistent with treatment and disease algorithms
[bookmark: _Hlk159183345]A health state refers to the clinical event that occurs in each disease. Defining clinical events is crucial for estimating clinical effectiveness. Uncertainty around health states could arise in economic evaluations when there is a need to convert continuous data to dichotomous data for defining health states, and the threshold used for this conversion is not adequately justified. For instance, in the submissions for asfotase alfa rch for treatment patients with paediatric onset hypophosphatasia (HPP)[23], the economic model included four alive health states (Severity levels I, II, III and IV) and two dead states (HPP death, which was only relevant in the analyses including those aged ≤4 years, and overall death). The alive health states for severity levels I-IV were defined based on two times the estimated minimal clinically important difference (MCID) calculated for the per cent predicted distance on the six-minute walk test (6MWT) derived for Duchenne muscular dystrophy (DMD) of 8.9% (see below).

	Alive health states
	Definition

	Severity level I
	6MWT score >82.2% of predicted value

	Severity level II
	82.2%≥ 6MWT score >64.4% of predicted value

	Severity level III
	64.4%≥ 6MWT score >46.6% of predicted value

	Severity level IV
	6MWT score ≤46.6% of predicted value


[bookmark: _Hlk159183744]
The reliability of using an MCID based on patients with DMD was uncertain, given that DMD is a progressive disease with a short life expectancy. Therefore, the PBAC judged that there was little reason to assume the MCID thresholds would be the same for both conditions, and it was noted that the MCID estimated for HPP was only slightly different at 8.8%.

	Question in the abstraction template
	Were the health states incorporated uncertain?

	Code 
	0 – yes, 1 – no


3.1.2 Uncertainty around the transition of patients between health states 
3.1.2.1 Invalid surrogate relationship between surrogate outcome and clinical endpoint
[bookmark: _Hlk159231806]The PBAC requires the sponsors to present the relationship between the surrogate outcome and clinical endpoint in accordance with the guidelines. However, the information disclosed was limited. Uncertainty could arise when the PBAC judged that the treatment effect on the surrogate outcome cannot be translated to the treatment effect on a clinical endpoint. For instance, in the submission for olaparib for the targeted treatment of advanced, high-grade epithelial ovarian cancer [24], the model had four health states (progression-free following 1st line platinum regimen, progression-free following 2nd line (PFS2) platinum regimen, progressive disease, death). The PBAC considered that it was inappropriate to use PFS2 as a surrogate outcome for overall survival (OS) as no clinical evidence to support the translation of the second progression to OS. This approach was highly favourable to olaparib.

	Question in the abstraction template
	Did the PBAC think the surrogate outcome was invalid?

	Code 
	0 – yes, 1 – no


3.1.2.2 Unjustified assumption on the direction or frequency of patients' transition between health states 
[bookmark: _Hlk159232723]The PBAC considered uncertainty to arise if the assumption regarding whether the treatment effect was on progression, prevention, or both directions was unjustified [25]. For instance, in the submission for glatiramer for the treatment of multiple sclerosis, patients in multiple sclerosis health states cannot transit more than once or more than one step on the Expanded Disability Status Scale within each annual cycle. Another example is rivaroxaban for the treatment of recurrent cardiovascular events, where the model assumed that all patients would remain fully adherent and persistent while on therapy without any treatment interruptions. The PBAC considered these assumptions were not reasonable in the context of a 30-year time horizon.

	Question in the abstraction template
	Were there uncertainties around unjustified assumptions around the direction of patients' transition between health states?

	Code 
	0 – yes, 1 – no


3.2 Parameterisable structural uncertainty (uncertainty around extrapolation)
Extrapolation is used when available observed data within a specific time horizon cannot capture the essential differences in costs and outcomes between the proposed medicine and comparator(s) groups. Submissions are required to justify the methods used to extrapolate and support assumptions. All assumptions regarding selected time points, proportional hazards, treatment effects beyond the observed period, and alternative survival models should be justified. Potential structural uncertainty around extrapolation may arise when the PBAC considered the following assumptions to be unjustified:
3.2.1 Inappropriate time horizon 
The submission should define and justify the time horizon over which the costs and outcomes of the proposed treatment and comparator are estimated. The time horizon is required to be long enough to capture all critical differences in costs and outcomes, yet it should not extend unnecessarily beyond it. If the PBAC judged the time horizon applied in the model was too long or too short, it may result in uncertainty. For instance, a time horizon of 30 years was proposed in the submission for anakinra for the treatment of cryopyrin-associated periodic syndromes [26]. Given the short follow-up period in the clinical trial included, the PBAC noted that a time horizon of six years for the long-term model would be more appropriate. In contrast, in the submission for adalimumab for the initial treatment of moderate to severe hidradenitis suppurativa [27], the PBAC noted that the time horizon was the major driver of the model since the ICER increased dramatically when the time horizon reduced from 20 years to 10 years. The PBAC judged it was uncertain, but the sponsor argued in the pre-PBAC response that a time horizon of 20 years was appropriate as the chronic nature of hidradenitis suppurativa. The PBAC then accepted it but thought the assumption of continued treatment effect with adalimumab following cessation of therapy was irrational.

	Question in the abstraction template
	Was the time horizon used incorrectly?

	Code 
	0 – yes, 1 – no


[bookmark: _Hlk171789406]3.2.2 Unjustified relationship between time and transition probabilities or treatment effect 
There may be uncertainty or an unjustified relationship between time and transition probabilities or treatment effects in the economic model. For instance, in the submission for pertuzumab for the treatment of early breast cancer. The sponsor assumed that the treatment effect decreases linearly [28]. There was no treatment effect after X(confidential) year. The PBAC judged that applying a time-limited treatment effect was appropriate, but whether the treatment effect could last over X years was unknown, therefore, this introduced uncertainty. Another example is evolocumab for the treatment of hypercholesterolemia. The model assumed all patients remain on treatment until death, with a constant and continuing treatment effect. The PBAC considered this assumption to be unrealistic. 

	Question in the abstraction template
	Were the assumptions on the duration of treatment or treatment effect after trial follow-up unjustified?

	Code 
	0 – yes, 1 – no 


3.2.3 Uncertainty in the choice of the parametric survival function 
[bookmark: _Hlk159235552]There may be uncertainty in the choice of the parametric survival function used to extrapolate health outcomes in the economic model. For instance, in the submission for lenalidomide for the treatment of patients with newly diagnosed symptomatic multiple myeloma [29], the sponsor used a log-logistic function for lenalidomide and low-dose dexamethasone (Rd) and an exponential function for the controlled group for PFS and exponential for both Rd and melphalan plus prednisone and thalidomide for OS. The PBAC considered using a log-logistic function to be inadequately justified. 

	Question in the abstraction template
	Did the submission derive inappropriately estimated parametric survival functions?

	Code 
	0 – yes, 1 – no 


4. Parameter uncertainty 
[bookmark: _Hlk159237104]Parameter uncertainty refers to the uncertainty in the “true value” of parameters [5-7, 30-32]. The parameter uncertainty could be determined by the sample size informing those estimates and variance in the data [30]. However, this information is not mandatory disclosed in the PSDs. Parameter uncertainty could arise from the existence of multiple, conflicting data sources, and a lack of empirical data. In this study, the inputs of utility, cost, treatment effect, or transition possibilities were defined as having parameter uncertainty if their quality was poor or if they were derived from multiple sources or unjustified assumptions.

4.1 Uncertainty around clinical effectiveness or transition probabilities
In order to exclude potential conceptual overlap with the structural uncertainty, the parameter uncertainty around clinical effectiveness or transition possibilities was specific to those uncertainties that arose due to missing data, poor quality data, or when multiple data sources (i.e., alternative data source or unjustified assumptions) were used. This definition was in line with Rothery et al. (2022) [32], who stated that “uncertainty in parameter values can arise owing to missing data, poor quality data, and study estimates that are biased or confounded.
4.1.1 Limited or multiple data sources of transition probabilities or treatment effect 
[bookmark: _Hlk159237630]If the PBAC considered that the submission did not adequately justify using an external source of transition probabilities or inadequate clinical data, or if the transition probabilities were based on subgroup analysis, the submission was considered to have parameter uncertainty. For instance, in the submission for botulinum toxin type A for the treatment of chronic migraine, the PBAC noted transition probabilities were not sufficiently robust as they were derived from post hoc subgroup analyses that were not sufficiently powered to assess the transition between pre-set health states [33].

	Question in the abstraction template
	Was there uncertainty around multiple sources of transition possibilities or treatment effects?

	Code 
	0 – yes, 1 – no 


4.1.2 Uncertain quality of evidence
If the PBAC considered the quality of the pivotal clinical trial in the submission to have uncertainties in the following aspects, it was considered to have parameter uncertainty around the treatment effect.
4.1.2.1 Unjustified adjustment of treatment effects 
[bookmark: _Hlk159240392][bookmark: _Hlk159241315]In a randomised controlled clinical trial, it is common for patients in the control group to switch to the treatment group, which makes the separation of randomised groups lost. As a result, treatment effects based on intention-to-treat analyses become confounded and require adjustment methods to estimate the true treatment effect. Three methods (i.e., rank preserving structural failure time model (RPSFTM), inverse probability of censoring weights (IPCW), and a two-stage method) can be used that first estimate the treatment effect specific to the patients who switch their treatment, and then derive a counterfactual dataset using this treatment effect to estimate the real treatment effect. The PBAC may judge there were uncertainties if the sponsor poorly justified the methods they used. For instance, in the submission for pembrolizumab for the treatment of mismatch repair deficient metastatic colorectal cancer [34], the PBAC stated that alternative treatment switching adjustment methods (RPSFT, IPCW and the two-stage approach) should be assessed due to the cross-over of the patients in the trial. This assessment should concern the validity of the assumptions associated with the methods and the statistical analysis involved in applying each method. 

	Question in the abstraction template
	Was there uncertainty around the adjustment for treatment?

	Code 
	0 – yes, 1 – no 



4.1.2.2 The sample size of the clinical trial included was judged as small 
[bookmark: _Hlk159241761]For instance, in the submission of anakinra for the treatment of cryopyrin-associated periodic syndromes, the clinical effectiveness was based on response rates observed in three of the anakinra studies. The PBAC considered the response rates uncertain due to the small sample sizes and open-label nature of the studies [26].
4.1.2.3 Indirect comparison 
[bookmark: _Hlk159242681]The study designs were defined by two levels according to the hierarchy proposed by Guyatt et al. [35], and the International Society for Pharmacoeconomics and Outcomes Research Task Force on Indirect Treatment Comparisons Good Research Practices [36]. A low-level design refers to pivotal studies based on anchored or unanchored indirect comparison of comparative studies, single observational studies (such as cross-sectional studies, individual participant data), or naïve comparison, single-arm studies, non-randomised comparative studies, Phase II trials without randomisation or blinding and Phase I clinical trials. A high-level design refers to head-to-head randomised controlled phase II or III trials or systematic review of randomised trials or observational studies. 

	Question in the abstraction template
	Was the comparison indirect?

	Code 
	0 – yes, 1 – no 


4.2 Parameter uncertainty around utility estimation
4.2.1 Limited or multiple data sources of utility estimation
[bookmark: _Hlk159256601]When multiple sources or approaches are available to estimate utility, it could create uncertainty if the sponsors select one over the other. For instance, in the submission for cabozantinib for the treatment of advanced breast cancer, the PBAC considered the utilities to be less conservative than values used in other economic evaluations of this disease [37].
4.2.2 Uncertain quality of evidence
If the PBAC found that the utility estimation had any of the following issues, it was deemed to be of poor quality [16]
4.2.2.1 The calculation process was not transparent
[bookmark: _Hlk159256573][bookmark: _Hlk159256709]For instance, in the submission for avelumab for the treatment of metastatic Merkel cell carcinoma, the sponsor did not provide any patient-level data or STATA code/output for verifying the utility values. Consequently,  the PBAC considered there was uncertainty around utility [38].
4.2.2.2 The duration over which the patient-reported outcome measure informing utilities did not capture all important disease- or condition-specific factors that might be relevant
[bookmark: _Hlk159257659][bookmark: _Hlk159257525][bookmark: _Hlk159257476][bookmark: _Hlk159258243]For instance, in the submission for cemiplimab for the treatment of patients with metastatic or locally advanced cutaneous squamous cell carcinoma [39], the sponsor derived health state utilities from the European Organization for the Research and Treatment of Cancer Quality of Life Questionnaire data collected in a pivotal trial (Study 1540) and mapped utilities to EQ-5D using a mapping algorithm by Longworth et al. The PBAC expressed concerns about the uncertainty regarding the representativeness of the responders who provided the health-related quality of life data throughout Study 1540. An insufficient follow-up period in Study 1540 implied that the disabilities associated with deteriorating progressive disease could not be fully captured during the study observation period. This submission was judged to have uncertainty around the method to estimate utility values.

4.2.2.3 Some biases could under or overestimate the utility value
These biases include, but are not limited to, healthy cohort effect, non-response bias, and systematic bias where progressed health states are defined by non-symptomatic events. For instance, in the submission for irinotecan for the treatment of metastatic pancreatic adenocarcinoma [40], the utility values used in states of pre-progression and post-progression may not be representative of the target population. The PBAC stated that patients in the health state of pre-progression health state still had metastatic pancreatic cancer, and yet the specified utility values were inappropriately similar to those of the general population of the same age.

4.2.2.4 The approach to pool patient-reported outcome data across arms of a trial was judged to be flawed
[bookmark: _Hlk159258819]Inappropriate pooling of utility could bias the true utility value when the treatment, together with adverse events or any associated long-term implications, affects the health outcome. For instance, in the submission of risdiplam for the treatment of spinal muscular atrophy, data from risdiplam and comparator arms were inappropriately pooled together. This favoured risdiplam as any disabilities associated with adverse events from risdiplam treatment were, inappropriately, partially attributed to patients treated with comparator [41].

[bookmark: OLE_LINK5]4.2.2.5 Invalid methods for mapping algorithms to transform non-preference-based patient-reported outcomes into preference-based measures to estimate utilities
[bookmark: _Hlk159259807]For instance, in the submission for ravulizumab for the treatment of adults with paroxysmal nocturnal haemoglobinuria, the sponsors claimed that ravulizumab was associated with improvements in disease outcomes such as fatigue, pain and dyspnoea that would translate to an improvement in non-specific disease-related quality of life. Both the Functional Assessment of Chronic Illness Therapy-fatigue scale[footnoteRef:2] and the QLQ‐C30 results suggested an improvement in measures of fatigue. However, in other domains, including pain, dyspnoea did not show validation as there was limited information [42].  [2:  (FACIT)-fatigue scale (Version 4) is a tool to measure the patients’ level of fatigue or tiredness and its impact on their usual daily activities.] 


4.2.2.6 Poor justification of using scenario-based methods, such as standard gamble, time trade-off and discrete choice experiments to indirectly elicit utility weights
[bookmark: _Hlk159259946]For instance, in the submission for diphtheria, tetanus and acellular pertussis vaccine for the prevention of pertussis, the utility weights were derived from external literature that used short-term time trade-off (TTO) utilities. The PBAC determined that TTO was a non-conservative approach and raised concerns regarding its suitability for this purpose [43].

4.2.2.7 The sample size of a survey on utility values was small
[bookmark: _Hlk159260237]For instance, in the submission for dupilumab for the treatment of chronic severe atopic dermatitis (AD), the committees found that the sponsors used the cost data “was not the most recent and the primary care and dermatologist source was a study of children with AD from 1997 with a small sample size of 48 patients.”, resulting in high variability [13].
4.2.3 Inappropriate assumptions 
[bookmark: _Hlk159261049]The uncertainties arise when the utility is based on unjustified assumptions, such as excluding disutility or assuming the same or differential utility for health states. For instance, in the submission for ciclosporin for the treatment of severe keratitis, the sponsor assumed the same utilities for treatment initiation, responders and non-responders across both ciclosporin and best supportive care arms, but without adjusting baseline utility [22]. This approach resulted in the utility increase for treatment response being much larger than the difference in utility values by treatment arms reported in its pivotal clinical trial. Additionally, in the submission for blinatumomab for the treatment of Philadelphia negative B-precursor acute lymphoblastic leukaemia, the PBAC noted the economic model should consider utility consequences in patients who received further salvage therapies after not responding to or relapsing after treatment. Without these assumptions, the ICER would be underestimated. 

	Question in the abstraction template
	Was the utility value judged as having uncertainty?

	Code 
	0 – yes, 1 – no 


4.3 Uncertainty around cost estimation
[bookmark: _Hlk111196106]If the PBAC judged the cost estimated in the submission had the following issues, there was parameter uncertainty:
4.3.1 Limited or multiple data sources of cost estimation
[bookmark: _Hlk159261323]For instance, in the submission for palbociclib for initial endocrine-based therapy in postmenopausal women with hormone receptor-positive, human epidermal growth factor receptor 2 negative advanced breast cancer, the PBAC considered that it was not clear which source of cost was reasonable to apply to the economic model at this time. The PBAC considered that post-progression costs need to be fully accounted for and up-to-date, rather than relying on post-progression costs from Verry et al (2012).[44].

4.3.2 Uncertain quality of evidence
4.3.2.1 The sample size of the survey estimating the resource use or cost was small.
For instance, in the submission for esketamine nasal spray for the treatment of treatment resistant depression. The PBAC noted that the source data for resource use by health state was based on a retrospective chart review study (Denee et al., 2021), which was based on a relatively small and heterogeneous sample, who may have had severe disease courses and/or higher than average visits to clinicians [45].

[bookmark: _Hlk159262978]4.3.2.2 Population of the survey on the source of cost was not collected in the context of Australia.
For instance, in the submission of botulinum toxin type A for the treatment of chronic migraine, the sponsor used IBMS/BIS as the source of resource utilisation costs. The PBAC raised concerns that this study included only a few Australian patients and that health resource utilisation from this study might not accurately represent the management of chronic migraine in Australia [33].
4.3.2.3 The calculation process was not transparent, such as calculation errors, double counts, and one-off costs.
[bookmark: _Hlk159263283]For instance, in the submission for pertuzumab, in combination with trastuzumab and chemotherapy for the treatment of locally advanced, inflammatory or early-stage breast cancer, the submission incorrectly calculated the cost of trastuzumab. This was done by multiplying the average dose received per cycle by the proportion of patients remaining on treatment, leading to an error where patients who discontinued treatment were double counted.
4.3.3 Inappropriate assumptions
[bookmark: _Hlk159263946]The PBAC considered the cost to be included should encompass, but not be limited to, medicines cost, the cost for treatment of adverse events, medical services (e.g., testing, sequential treatment), hospital services, diagnostic and investigational services, and community-based services.
4.3.3.1 Inappropriately included or excluded some components of cost.
[bookmark: OLE_LINK1]For instance, in the submission for abiraterone for the treatment of mCRPC, the PBAC considered it inappropriate since it did not include costs associated with medical management or downstream medicines in the model given the survival advantage of the abiraterone arm. The omission of these costs favoured abiraterone [15]. 
4.3.3.2 Inappropriate assumption on price, wastage, dose, cost offset, etc. 
For instance, in the submission for asfotase alfa rch for the treatment of patients with paediatric onset hypophosphatasia [23], the PBAC noted uncertainties around the costs included in the model as the submission inappropriately assumed: 1) that self-administration was feasible, despite the risk of anaphylaxis/anaphylactoid reactions highlighted that administration under medical supervision might be necessary; 2) that the same costs for direct medical care would apply to all patients; 3) that patients who failed to show improvement would continue treatment.

	Question in the abstraction template
	Was the cost estimation uncertain?

	Code 
	0 – yes, 1 – no 





Appendix 2. Inclusion and exclusion criteria of medicine-indication pairs 
1. Inclusion criteria 
(1) Major submissions used cost-utility analysis (CUA) as one of the main economic analysis methods. 
(2) The submissions were released from 2014 to 2021. 
(3) The medicine-indication pairs were not previously considered by the PBAC. 
(4) When a submission proposed a medicine for multiple indications and constructed different models for each indication [46, 47], the submission was expanded into separate pairs of medicines and indications based on each proposed model. However, when the PBAC judgement was unclear for the individual model [48, 49], it was regarded as a single medicine-indication pair.
(5) When a submission proposed a medicine for multiple indications but based on one economic model [50, 51], it was treated as integrated pairs of medicines and indications.
(6) When a submission proposed a medicine-indication pair based on different economic models for different comparators [42, 52-55], it was regarded as separate medicine-indication pairs based on different comparators.
2. Exclusion criteria 
(1) Minor submissions that did not present economic analysis. For instance, the listings for a new form or strength of an already-listed medicine, an amendment to the prescription circumstances, different administration techniques, an alternative for supply shortage, etc. 
(2) The submissions aimed to respond to PBAC's advice in some circumstances (e.g., some new brands of existing pharmaceutical items with an unusual presentation, potential equivalence, substitution, or quality use of medicines issues). 
(3) The submissions intend to extend indications and do not present economic evaluations.  
(4) Review documents, such as stakeholder meeting summaries, independent reviews, committee secretariat reviews and general correspondence to the PBAC. 
(5) Those submissions in which economic evaluation is not CUA-based (e.g., cost-consequences analysis, cost-minimisation analysis, cost-effectiveness analysis). 
(6) The submission was under the TGA/PBAC Parallel Process, at the time of PBAC advice, the TGA clinical evaluator’s report or the TGA delegate’s overview was not available.  
(7) The medicine had a co-dependent test, which was considered by the Medical Benefits Advisory Committee and its decision was not available at the time of the PBAC meeting. 






Appendix 3. Agreement between reviewers regarding abstracting from public summary documents (PSDs)
Two rounds of extraction were conducted by QC first and then cross-checked by XW, YW, YL, YX, JZ, and SZ, each responsible for abstracting some items of uncertainty. We used Cohen's kappa to assess the agreement between the two reviewers for the second round. The degree of agreement was classified as poor for coefficients <0, slight for 0.00-0.2, fair for 0.21-0.4, moderate for 0.41-0.60, substantial for 0.61-0.8, and perfect for 0.81-1.00 [56]. Cohen's kappa has been widely used in HTA areas to compare the divergent decisions between different bodies on certain issues [57-59]. 

Table 3-1 Agreement between reviewers
	[bookmark: _Hlk158122951]Variables 
	Kappa 

	Unparameterisable methodological uncertainty

	The treatment proposed was not consistent with the clinical place in therapy, or the restriction listed on the PBS schedule
	0.85

	Comparators were unacceptable 
	0.93

	The perspective of the economic evaluation was not consistent with the guidelines 
	0.85

	Parameterisable methodological uncertainty

	Means of valuing health gains 
	0.94

	The discount rate was not consistent with the guidelines
	1.00

	Unparameterisable structural uncertainty

	Uncertainty around health states 
	0.96

	Uncertainty around the transition of patients between health states
	

	Invalid surrogate relationship between surrogate outcome and endpoint
	0.80

	Unjustified assumption on the direction of frequency of patient's transition between health states
	0.70

	Parameterisable structural uncertainty
	

	Uncertainty around extrapolation
	0.85

	Inappropriate time horizon
	0.95

	Unjustified relationship between time and transition probabilities or treatment effect
	0.88

	Uncertainty in the choice of parametric survival function
	0.97

	Generalisability uncertainty
	0.71

	Parameter uncertainty 

	Uncertainty around clinical effectiveness 
	0.91

	Uncertainty around utility estimation
	0.89

	Uncertainty around cost estimation
	0.88



Appendix 4. Description of variables identified
Table 4-1 Description of variables identified
	Variables 
	Items
	Value
	Measurement 

	
Dependent variable
	PBAC funding recommendation
	0- Rejected or deferred
1- Positive recommendation 
	The PBAC decisions mainly refer to the overall outcome of the PBAC. When the submission proposed multiple economic analyses, PBAC's decision was derived from the decision based on cost-utility analysis.  

	







Control variables
	Safety profile  
	0-Inferior 
1-superior or non-inferior
	PBAC was concerned about safety if it thought the safety of medicines was inferior compared with its comparator [60].

	
	Statistical Significance of clinical effectiveness
	0-Nonstatistically significant
1-Statistically significant
	When multiple outcomes (i.e., surrogate outcomes or clinical endpoints) were reported, the value for clinical endpoints in a pivotal clinical trial was indicated to be nonstatistical significance if 95% CI of the ratio (i.e., hazard ratio) covers 1, or 0 for numerical variables. When the statistically significant clinical benefit was not reported or not measured, the judgement was based on the PBAC view of the clinical magnitude [2, 3].

	
	
	
	

	
	The financial burden on PBS
	0-more than A$ 10 million
1-less than A$ 10 million
	Net cost to the PBS per annum at the fifth or sixth year or per year and the upper bound was used to categorise [61]. 

	
	Severity of disease 
	0-not severe 
1-severe 
	The most common definition used to measure the severity of the disease is from the perspective of a life-threatening condition, which is defined as a five-year survival rate was less than 50% [3, 62], in this study the rare disease was not regarded as severe.

	
	ICER in the base case
	0-More than A$ 45000/QALYs
1- Less than or equal to A$ 45000/QALYs
	The upper limit of ICER in the base case was identified, as the PBAC presented the categorical ICER instead of a specific value in the submissions [2, 63].

	
	Magnitude of clinical effectiveness 
	0-Uncertain  
1-Certain  
	The magnitude of clinical effectiveness was assessed based on whether the PBAC expressed a view that there was uncertainty regarding the clinically meaningful gain due to the treatment [3]. 

	
	Clinical need
	0-unclear, not mentioned or none  
1-unmet clinical need  
	The determination of whether the proposed treatment addressed an unmet clinical need was based on the PBAC’s assessment.


A$ AUD Australia dollar, CI confidence interval, ICER incremental cost-effectiveness ratio, PBAC Pharmaceutical Benefits Advisory Committee, PBS Pharmaceutical Benefits Scheme.

Appendix 5. Flow diagram for medicine-indication pairs included
PSDs identified from PBAC website by products from 2014 to 2021: n=1386
 PSDs initial included: n=1271
PSDs excluded after screening of submission types(n=1085)
1. Minor submission, including category 3 or 4 submissions for new strength, package, form, etc.(n=538)
2. Committee secretariat submissions, general response to the PBAC and review(n=39)
3. Major submissions were released not for the first time(n=269) 
4. The economic analysis was not based on cost-utility analysis(n=205)
5. The PBAC admitted CMA was more appropriate for evaluation(n=22) 
6. The PBAC deferred the submission given no available TGA report or not registered on TGA, or the PBAC waited for MASC decisions on the codependent test (n=12)
The 186 PSDs are eligible for inclusion with 193 medicine-indication pairs.
(N vaccine=9, Nmedicine=184)



PSDs related nutritional products and codependent technologies(n=115)
Identification
Screening
 
Included

[bookmark: _Hlk82007310]CUA cost-utility analysis, CMA cost-minimisation analysis, PBAC Pharmaceutical Benefits Advisory Committee, PSDs Public Summary Documents
Figure 5-1 Flowchart for medicine-indication pairs included.

Appendix 6. Results of the Kendall test of each uncertainty
Kendall's tau-b (τ b) coefficient was used to measure the significant association between different types of uncertainty and each item of uncertainty. Table 6-1 and 6-2 present the τ b coefficients (above) and associated p-values (below in brackets). A value of P < 0.05 was taken as implying the statistical significance of Kendall's τ b coefficient. The correlation was determined as very weak for τ b being less than 0.10, weak for -0.10 to 0.19, moderate for 0.20 to 0.29, and strong for 0.30 or above [64]. Six types of uncertainty showed a weak or very weak correlation. 

Table 6-1 The results of the Kendall test of each uncertainty
	
	Methodological uncertainty (unparameterisable)
	Methodological uncertainty (parameterisable)
	Generalisability uncertainty
	Structural uncertainty (unparameterisable)
	Structural uncertainty (parameterisable, extrapolation)
	Parameter uncertainty

	Methodological uncertainty (unparameterisable)
	 1.000 
	
	
	
	
	 

	Methodological uncertainty (parameterisable)
	 0.157 
 (0.363)
	 1.000 
	
	
	
	

	Generalisability uncertainty
	 0.166 
(0.276)
	 0.014
(1.000) 
	 1.000 
	
	
	

	Structural uncertainty (unparameterisable)
	 0.108
(0.888) 
	 0.112
(0.885) 
	 0.040 
(1.000)
	 1.000 
	
	

	Structural uncertainty (parameterisable)
	 0.082 
(0.989)
	 0.091 
(0.970)	
	 0.123	
(0.749)	
	 0.127 
(0.711)
	 1.000 

	

	Parameter uncertainty
	 0.002 
(1.000)
	 0.014 
(1.000)
	 -0.033 
(1.000)
	 0.076 
(0.995)
	 0.034 
(1.000)
	1.000


The statistical significance of Kendall's τ b coefficient was tested, but six types of uncertainty were not significantly correlated.




Table 6-2. The results of the Kendall test of detailed sources of uncertainty
	[bookmark: _Hlk157869052]
	[bookmark: _Hlk169088320]The proposed clinical management algorithms and proposed PBS listing were not consistent with current clinical practice in Australia
	Comparator was unacceptable
	The perspective of the economic evaluation was not consistent with the guidelines
	The utility estimation was not trial based
	The scoring algorithm of the instruments used was not applicable to the Australian population
	The discount rate was not consistent with the guidelines

	The proposed clinical management algorithms and proposed PBS listing were not consistent with current clinical practice in Australia
	1.000 
	
	
	
	
	

	Comparator was unacceptable
	0.071
(1.000) 
	1.000 
	
	
	
	

	The perspective of the economic evaluation was not consistent with the guidelines
	-0.026 
(1.000)
	-0.068 
(1.000)
	1.000 
	
	
	

	The utility estimation was not trial based
	0.143 
(0.997)
	-0.037 
(1.000)
	0.148 
(0.994)
	1.000 
	
	

	The scoring algorithm of the instruments used was not applicable to the Australian population
	0.171 
(0.889)
	-0.109 
(1.000)
	-0.056 
(1.000)
	0.214
(0.301) 
	1.000 
	

	The discount rate was not consistent with the guidelines
	-0.037
(1.000) 
	-0.026
(1.000) 
	0.219 
(0.266)
	0.211 
(0.349)
	0.004 
(1.000)
	1.000 

	Generalisability uncertainty
	0.157 
(0.972)
	0.143 
(0.997)
	-0.037
(1.000) 
	0.041 
(1.000)
	0.044 
(1.000)
	0.007 
(1.000)

	[bookmark: _Hlk169088356]Uncertainty around health states
	0.143 
(0.997)
	-0.057 
(1.000)
	0.162 
(0.955)
	0.158 
(0.970)
	0.086 
(1.000)
	-0.005 
(1.000)

	Uncertain surrogate relationship between surrogate outcome and clinical endpoint
	0.126 
(1.000)
	-0.107
(1.000) 
	-0.076 
(1.000)
	0.075 
(1.000)
	0.012 
(1.000)
	0.093 
(1.000)

	Unjustified assumption on the direction or frequency of patients' transitions between health states
	0.077 
(1.000)
	0.014 
(1.000)
	-0.032 
(1.000)
	-0.002 
(1.000)
	0.058 
(1.000)
	0.078 
(1.000)

	Inappropriate time horizon
	0.144 
(0.996)
	0.070 
(1.000)
	-0.055 
(1.000)
	-0.074 
(1.000)
	0.040 
(1.000)
	-0.078 
(1.000)

	Unjustified relationship between time and transition probabilities or treatment effect
	0.100 
(1.000)
	-0.028 
(1.000)
	0.041 
(1.000)
	0.111 
(1.000)
	-0.002 
(1.000)
	-0.061 
(1.000)

	Uncertainty in the choice of parametric survival function
	0.041 
(1.000)
	0.025
(1.000) 
	-0.120 
(1.000)
	-0.034 
(1.000)
	0.021 
(1.000)
	-0.051 
(1.000)

	Uncertainty around clinical effectiveness
	0.063 
(1.000)
	0.005 
(1.000)
	0.009 
(1.000)
	0.083 
(1.000)
	0.022 
(1.000)
	0.075 
(1.000)

	Uncertainty around utility estimation
	0.048 
(1.000)
	-0.053 
(1.000)
	0.077
(1.000) 
	0.123
(1.000) 
	0.149 
(1.000)
	0.043 
(1.000)

	Uncertainty around cost estimation
	-0.082 
(1.000)
	0.100 
(1.000)
	0.001 
(1.000)
	0.073
(1.000) 
	0.052 
(1.000)
	0.001 
(1.000)



Table 6-2. The results of the Kendall test of detailed sources of uncertainty (continued)
	
	

Generalisability uncertainty
	Uncertainty around health states
	Uncertain surrogate relationship between surrogate outcome and clinical endpoint
	Unjustified assumption on the direction or frequency of patients' transitions between health states
	Inappropriate time horizon
	Unjustified relationship between time and transition probabilities or treatment effect
	Uncertainty in the choice of parametric survival function
	Uncertainty around clinical effectiveness
	Uncertainty around utility estimation
	Uncertainty around cost estimation

	Generalisability uncertainty
	1.000 
	
	
	
	
	
	
	
	
	

	Uncertainty around health states
	0.071 
(1.000)
	1.000 
	
	
	
	
	
	
	
	

	Uncertain surrogate relationship between surrogate outcome and clinical endpoint
	0.045 
(1.000)
	0.148 
(0.993)
	1.000 
	
	
	
	
	
	
	

	Unjustified assumption on the direction or frequency of patients' transitions between health states
	0.052 
(1.000)
	0.219
(0.256) 
	0.182 
(0.757)
	1.000 
	
	
	
	
	
	

	Inappropriate time horizon
	0.207 
(0.400)
	-0.018 
(1.000)
	-0.084 
(1.000)
	0.018 
(1.000)
	1.000 
	
	
	
	
	

	Unjustified relationship between time and transition probabilities or treatment effect
	0.047 
(1.000)
	0.188 
(0.672)
	0.184 
(0.734)
	0.170 
(0.893)
	0.119 
(1.000)
	1.000 
	
	
	
	

	Uncertainty in the choice of parametric survival function
	0.055 
(1.000)
	-0.006
(1.000) 
	0.075 
(1.000)
	-0.203 
(0.452)
	0.302*
(0.035)
	-0.046 
(1.000)
	1.000 
	
	
	

	Uncertainty around clinical effectiveness
	0.112 
(1.000)
	0.099 
(1.000)
	0.124 
(1.000)
	0.018 
(1.000)
	-0.065 
(1.000)
	-0.007 
(1.000)
	-0.068 
(1.000)
	1.000 
	
	

	Uncertainty around utility estimation
	-0.011 
(1.000)
	0.132 
(1.000)
	0.138
(0.999) 
	0.062 
(1.000)
	-0.068 
(1.000)
	0.038 
(1.000)
	-0.087 
(1.000)
	0.084 
(1.000)
	1.000 
	

	Uncertainty around cost estimation
	0.007 
(1.000)
	0.013 
(1.000)
	-0.012 
(1.000)
	0.002 
(1.000)
	0.082 
(1.000)
	-0.029 
(1.000)
	0.088 
(1.000)
	-0.089 
(1.000)
	0.102 
(1.000)
	1.000


* p value <0.05 of Kendall's τ b correlation coefficient
Appendix 7. Robustness checks
1. In Model 1, we examined whether the results were sensitive to additional control variables by replacing the statistical significance of clinical benefit with judgement on uncertain clinical magnitude [2, 3] and adding a variable of unmet clinical need.
2. In Model 2, we redefined the uncertainty around extrapolation as categorical variables with three levels, following Bloem et al. (2021) [65]. A high level of extrapolation uncertainty was defined if there were three sources of uncertainty around the assumption on the time horizon, time-transition probabilities relationship and parametric survival function. A medium level was defined if there was at least one uncertainty above and a low level was defined if there was none of the uncertainty. 
3. [bookmark: _Hlk167358298]Given the unbalanced sample for parameter uncertainty, that is, the number of submissions having parameter uncertainty was significantly higher than those not having such uncertainty, we redefined the parameter uncertainty into uncertainty around cost, utility and clinical effectiveness or transition possibilities in Model 3.
4. In Model 4, we used the probit model to estimate the effect of uncertainties on funding decisions. 
5. In the main model, the generalisability uncertainty pertained specifically to those unparameterisable parts. However, in practice, the PBAC expressed their concerns on the applicability to the PBS population without considering whether it could be explored by alternative data sources (e.g., ITT population or subgroup population) or not. For example, in the submission of abiraterone for the treatment of metastatic castrate-resistant prostate cancer, one of the reasons the PBAC rejected it was that the subgroup population was not applicable to the PBS population, the PBAC noted that ITT would therefore appear the most appropriate population [15]. In order to avoid measurement bias, we used the PBAC overall judgement on the generalisability uncertainty instead to explore the associations with the positive recommendations in Model 5.
6. Model 6 interacted with the statistical significance of clinical benefit and parameter uncertainty.
7. Harris et al. (2008) [2] did not regard the uncertainty around utility separately, we followed them to pool parameterisable methodological uncertainty and parameter uncertainty around utility to test whether it was associated with the PBAC recommendation in Model 7.











Table 7-1 Result of the robustness checks
	Variables 
	Main model
AME (95%CI)  
	Model 1
AME (95%CI)  
	Model 2
AME (95%CI)  
	Model 3
AME (95%CI)  
	Model 4
AME (95%CI)  
	Model 5
AME (95%CI)  
	  Model 6
AME (95%CI)  
	Model 7
AME (95%CI)  

	Methodological uncertainty (unparameterisable)
	
	
	
	
	
	
	
	

	None (Ref. yes)
	0.150*** (0.061, 0.240)
	0.136***
(0.046, 0.226)
	0.142*** (0.054, 0.230)
	0.150*** (0.064, 0.237)
	0.142*** 
(0.053, 0.231)
	0.156*** (0.063, 0.249)
	0.152*** (0.057, 0.247)
	0.163*** 
(0.072, 0.254)

	Methodological uncertainty (parameterisable)
	
	
	
	 
	
	
	
	

	None (Ref. yes)
	0.042 
(-0.047, 0.131)
	0.03 
(-0.053, 0.125)
	0.048
(-0.039, 0.136)
	0.037
(-0.054, 0.128)
	0.048 
(-0.039, 0.135)
	0.039 
(-0.050, 0.129)
	0.054 
(-0.039, 0.147)
	

	Generalisability uncertainty
	
	
	
	
	
	
	
	

	None (Ref. yes)
	0.102**
 (0.008, 0.196)
	0.101** 
(0.013, 0.189)
	0.091* 
(-0.001, 0.183)
	0.098** 
(0.005, 0.191)
	0.098** 
(0.006, 0.189)
	
	0.110** 
(0.017, 0.203)
	0.102** 
(0.005, 0.198)

	Structural uncertainty (unparameterisable)
	
	
	
	
	
	
	
	

	   None (Ref. yes)
	0.044
(-0.052, 0.141)
	0.035
 (-0.065, 0.135)
	0.033 
(-0.067, 0.133)
	0.033 
(-0.064, 0.131)
	0.051 
(-0.044, 0.146)
	0.042 
(-0.052, 0.135)
	0.066 
(-0.027, 0.159)
	0.036 
(-0.066, 0.139)

	Structural uncertainty (parameterisable, extrapolation)
	
	
	
	
	
	
	
	

	   None (Ref. yes)
	0.176*** (0.056, 0.297)
	0.191*** 
(0.064, 0.318)
	
	0.181*** (0.049, 0.313)
	0.181*** 
(0.052, 0.310)
	0.194*** (0.067, 0.322)
	0.199*** (0.067, 0.331)
	0.204*** 
(0.066, 0.341)

	Parameter uncertainty
	
	
	
	
	
	
	
	

	  None (Ref. yes)
	0.039
(-0.203, 0.282)
	0.003
(-0.224, 0.230)
	0.068 
(-0.235 -0.371)
	
	0.082 
(-0.193, 0.356)
	0.015 
(-0.220, 0.251)
	
	

	Safety profile
	
	
	
	
	
	
	
	

	Superior or non- Inferior (Ref. inferior)
	0.102** 
(0.002, 0.203)
	0.120** 
(0.023, 0.218)
	0.100** 
(0.004, 0.196)
	0.110** 
(0.010, 0.211)
	0.096* 
(-0.002, 0.194)
	0.109**
(0.007, 0.212)
	0.110** 
(0.004, 0.216)
	0.115** 
(0.011, 0.219)

	Statistical significance of clinical benefit
	
	
	
	
	
	
	
	

	Yes (Ref. no)
	0.111**
(0.011, 0.210)
	
	0.096* 
(-0.004, 0.197)
	0.105**
(0.004, 0.206)
	0.106** 
(0.011, 0.202)
	0.110** 
(0.011, 0.209)
	
	0.112** 
(0.009, 0.215)

	Financial burden on PBS
	
	
	
	
	
	
	
	

	<$A10 million
   (Ref. >$A10 million)
	0.035
(-0.065, 0.134)
	0.030 
(-0.072, 0.131)
	0.025 
(-0.071, 0.121)
	0.041 
(-0.060, 0.142)
	0.028 
(-0.071, 0.127)
	0.028 
(-0.078, 0.134)
	0.040 
(-0.072, 0.152)
	0.032 
(-0.069, 0.132)

	Severity of disease
	
	
	
	
	
	
	
	

	Severe (Ref. not severe)
	0.041
(-0.059, 0.141)
	0.032
(-0.063, 0.127)
	0.069 
(-0.031, 0.168)
	0.039
(-0.061, 0.140)
	0.048 
(-0.050, 0.147)
	0.040 
(-0.065, 0.145)
	0.041
(-0.062, 0.144)
	0.044 (-0.059, 0.147)

	Base case ICER 
	
	
	
	
	
	
	
	

	≤$A 45000/QALY (Ref. >$A 45000/QALY)
	0.247*** (0.113, 0.381)
	0.254*** 
(0.125, 0.382)
	0.256*** (0.113, 0.398)
	0.248*** (0.119, 0.378)

	0.260***
(0.121, 0.399)
	0.252*** (0.117, 0.388)
	0.259*** (0.126, 0.393)
	0.242*** 
(0.113, 0.370)

	Uncertain clinical magnitude
	
	
	
	
	
	
	
	

	None (Ref. yes)
	
	0.151** 
(0.033, 0.270)
	
	
	
	
	
	

	Clinical need
	
	
	
	
	
	
	
	

	Unmet clinical need (Ref. none)
	
	0.081* 
(-0.000, 0.162)
	
	
	
	
	
	

	Structural uncertainty (parameterisable, extrapolation)
	
	
	
	
	
	
	
	

	Medium (Ref. high)
	
	
	0.143*** (0.038, 0.249)
	
	
	
	
	

	Low (Ref. high)
	
	
	
	
	
	
	
	

	Uncertainty around clinical effectiveness
	
	
	0.309*** (0.176, 0.443)
	
	
	
	
	

	None (Ref. yes)
	
	
	
	0.042 
(-0.044, 0.127)
	
	
	
	0.050
 (-0.041, 0.142)

	Uncertainty around utility estimation
	
	
	
	
	
	
	
	

	None (Ref. yes)
	
	
	
	-0.015 (-0.125, 0.095)
	
	
	
	

	Uncertainty around cost estimation
	
	
	
	
	
	
	
	

	None (Ref. yes)
	
	
	
	0.043 
(-0.071, 0.156)
	
	
	
	-0.007 
(-0.121, 0.107)

	New generalisability uncertainty)
	
	
	
	
	
	
	
	

	None (Ref. yes)
	
	
	
	
	
	0.099**
(0.001, 0.198)
	
	

	Interaction term of statistical significance of clinical benefit and parameter uncertainty
	
	
	
	
	
	
	
	

	None (Ref. clinical benefit was statistically significant and having no parameter uncertainty)
	
	
	
	
	
	
	0.050
(-0.138, 0.238)
	

	New measurement of utility
	
	
	
	
	
	
	
	0.013 
(-0.116, 0.143)

	None (Ref. yes)
	
	
	
	
	
	
	
	

	Samples
	193
	193
	193
	193
	193
	193
	193
	187


$A Australian dollars, AME average marginal effect, 95% CI 95% confidence intervals in brackets, QALY quality-adjusted life year, ICER incremental cost-effectiveness ratio, Ref. reference level. The coefficient presented in the table is the average marginal effect. *** p<0.01, ** p<0.05, * p<0.1.

Appendix 8. The CART analysis
The following steps were performed to construct a CART tree. First, simple random sampling without replacement was used to split the included medicine-indication pairs into equal-sized (i.e., 97 and 96 for training and test samples, respectively). Construction of the CART tree was used first on the training sample (n=96) and then validated using the test sample (n=97) to assess the tree's validity. Second, we included the sources of uncertainty in the model, rather than four types of uncertainty. Third, the unpruned tree was built using the training sample. A default complexity parameter (cp=0.001) was used to determine the maximum depth of the CART tree before pruning. This tree was validated using the test sample. The accuracy of a model before pruning was calculated using a confusion matrix. Accuracy is one of the main model assessment parameters that defines the proportion of correct classifications. Fourth, the Gini Index method was used to prune the tree built in the third step into a smaller one, if necessary, the accuracy of the pruned model was calculated and compared to the unpruned model. If the accuracy of the pruned model was less than the unpruned model, it indicated that pruning the tree was unnecessary. Finally, in order to avoid overfitting the unpruned model, the selected sources of uncertainty were picked to construct different models. A 5-fold cross-validation procedure was used for evaluating these models. The model with the minimum average error was selected as desirable.

[bookmark: _Hlk171838456][bookmark: _Hlk171790179]The final model is depicted in Figure 8-1. The variable with the greatest discriminative power was the uncertainty caused by inconsistency between the treatment proposed and the clinical place in therapy, or the restriction listed on the PBS schedule (i.e., one source of unparameterisable methodological uncertainty). The second variable was uncertainty around the unjustified relationship between time and transition probabilities or treatment effect, the third one was generalisability uncertainty, and the last one was uncertainty around the parametric model. The second and the last one were sources of parameterisable structural uncertainty.
[image: ]
Fig 8-1 CART model for uncertainty classification for PBAC recommendations
Recursive partition decision tree using recommendations “recommended-rejected or deferral” as dependent variables. The boxes indicate the predicted class, where navy blue boxes indicate the medicine-indication pairs recommended by the PBAC and light blue boxes represent negative recommendations. The decimal within each box shows the predicted probability of a PBAC positive recommendation, and the percentage indicates the proportion of medicine-indication pairs in that node. Take the right branch of the tree as an example to interpret the result, the submission without the uncertainty around proposed clinical management algorithms and proposed PBS listing, the relationship between time and transition probabilities or treatment effect, generalisability and parametric model, this medicine had 0.83 of possibility to be recommended. 
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