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Decision-analytic models are often required to evaluate the 
value of new health technologies such as medical devices 
and pharmaceuticals. Within health technology assessment 
(HTA) submissions, the role of modelling is principally to 
assess whether a proposed new technology is cost effective 
by predicting its long-term costs and benefits compared with 
relevant comparators such as usual care. In countries such 
as Australia and the UK, such evidence is commonly used 
as one of the key inputs into the decision-making process to 
inform resource allocation decisions. Given the impact of 
model-based evaluations on funding decisions, it is critical 
to develop and consistently use credible models. However, 
important concerns about decision-analytic modelling still 
remain [1].

In this editorial, we focus on one important concern 
within the decision-making process: the impact of alterna-
tive model structural choices on the comparability and accu-
racy of economic evaluations, and how (disease-specific) 
reference models can potentially address this.

1  Model Structuring in Health Technology 
Assessment Submissions

Although, there has been considerable attention paid to 
developing guidelines for good modelling practice to 
improve the quality of models, important concerns about the 
credibility of model-based estimates in the decision-making 
process still remain [1, 2]. Of note is the key challenge relat-
ing to model structuring (a critical stage within the model 

development process), which can impact the accuracy of 
model predictions and comparability of evaluations.

The model structuring process refers to the use of the 
best available evidence and methods to inform structural 
choices (see Haji Ali Afzali et al. [3] for full details). This, 
for example, includes the choice about clinically/economi-
cally important health states/events impacted by health 
technologies under evaluation, relevant patient attributes 
and event histories that influence disease progression. These 
choices should appropriately reflect the natural history and 
biology of the condition under study. Examples of other key 
structural choices include assumptions about the duration 
of treatment effects beyond the follow-up period and the 
relationship between time and transition probabilities [3, 4]

In recent years, emerging empirical evidence has demon-
strated the impact of structural choices on model predictions 
[5–8]. For example, in models evaluating a combination 
therapy of lapatinib and capecitabine versus capecitabine 
alone for the treatment of advanced breast cancer, the choice 
of alternative health states and transitions between them 
has resulted in a wide range of cost-effectiveness results, 
potentially leading to different funding decisions [6]. This 
example, among others, demonstrates the significance of the 
model-structuring process within a specific condition such 
as breast cancer.

An example of this issue in submissions to national fund-
ing bodies is the assessment of two model-based applica-
tions (from two different sponsors) that have recently been 
submitted to the Australian Medical Services Advisory 
Committee (MSAC), whose role is to provide advice to 
the Federal Government on whether a new medical ser-
vice should be publicly funded. The submissions requested 
the public funding of two interventions for the treatment 
of adults with antidepressant medication-resistant depres-
sion: vagus nerve stimulation (VNS) therapy and repetitive 
transcranial magnetic stimulation (rTMS) [9, 10]. The VNS 
and rTMS submissions nominated standard care (including 
alternative pharmaceuticals) and third-line antidepressant 
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therapy as the main comparators, respectively. The VNS 
and rTMS submissions reported a baseline incremental 
cost-effectiveness ratio (ICER) of 26,600 Australian dollars 
($A)/quality-adjusted life-year (QALY) and $A6400/QALY, 
respectively. In its meeting in July 2018, MSAC did not sup-
port public funding of VNS and rTMS, mainly due to con-
cerns regarding uncertainty in economic evaluation [9, 10].

The VNS submission used a cohort-based state-transition 
(Markov) model and, in addition to death, included four 
health states representing depression severity defined by 
Montgomery-Åsberg Depression Rating Scale (MADRS) 
scores (ranging from 0 to 60): minimal depression (full 
remission), mild depression (partial remission), moderate 
depression and severe depression. Using a 10-year time hori-
zon, it appears that, in the base-case analysis, the submission 
assumed a continuous treatment effect beyond the 5-year 
observed clinical benefits, a structural assumption in favour 
of VNS that may not be justified.

The rTMS model was an individual-based state-transi-
tion model and included depressive episodes (no response/
relapse), full remission, partial remission, hospital admis-
sion (with the possibility of remaining in hospital), elec-
troconvulsive therapy (ECT) or lithium augmentation (if 
rTMS failed), and death (with increased risk of mortality 
for patients in the acute phase). In this model, the severity 
of depression (evaluating response to treatment) was defined 
by Hamilton Depression Rating Scale (HAM-D) scores. In 
the base-case analysis, the rTMS submission used a 3-year 
time horizon, and assumed a continuous benefit beyond the 
follow-up period (6 months).

Compared to the VNS model, the rTMS model included 
additional health states and transitions to capture clinical 
pathways for non-responders more accurately; for example, 
they can experience an acute episode that requires hospital 
admissions. Also, non-responders can move to an alternative 
treatment state (e.g. ECT). The rTMS model appropriately 
captured an increased risk of death due to suicide whilst 
in a depressive episode. While the rTMS model contained 
three depression states as indicators of treatment success, 
the VNS model included four depression states (disaggregat-
ing depressive episodes to moderate and severe depression). 
Using an individual-based modelling technique, the rTMS 
submission used tracker variables to record the number of 
previous treatments before moving to an alternative treat-
ment (e.g. ECT).

In the VNS and rTMS submissions, the choice of alter-
native structural aspects (including different modelling 
techniques) can reduce the comparability of evaluations of 
VNS and rTMS, especially when no systematic approach to 
characterise structural uncertainty has been reported. This 
can potentially lead to inconsistent MSAC funding decisions 
when evaluating alternative technologies proposed for the 
same target population because changes in model structure 

and analysis can produce different results. For example, the 
structural choices relating to the inclusion of hospital admis-
sions in the rTMS model and the possibility of remaining in 
hospital can lead to results in favour of the proposed technol-
ogy due to hospital cost offsets given larger remission rates 
in the rTMS arm (and hence higher non-responder rates in 
the comparator arm with the possibility of transitioning and 
remaining in the ‘hospital’ state). This, among other things, 
may have contributed to the lower ICER reported by the 
rTMS submission. Also, with no valid benchmark to com-
pare, it is not clear which set of structural choices presented 
in the submissions more appropriately captures the natural 
history of depression and disease stages.

2  Key Limitations Underlying the Need 
for (Disease‑Specific) Reference Models

One of the key challenges associated with the use of differ-
ent structural aspects is inconsistencies between the models 
presented to evaluate similar funding decision problems. 
This is particularly important in HTA decision-making given 
the current timeline of an appraisal, which makes detailed 
evaluation of model structures (including uncertainty around 
structural choices) very difficult. There are likely to be mul-
tiple factors influencing the modellers’ decision to choose 
different structural aspects (e.g. generic guidelines devel-
oped by national funding bodies, lack of time and experience 
to apply a systematic model structuring process, industry-
induced bias in favour of the proposed intervention) [3, 18]. 
The personal experience of the authors is that the VNS and 
rTMS submissions are only one of a range of examples in 
which submission to national funding bodies have used dif-
ferent model structures for the evaluation of the same target 
population.

One way to address these concerns, within the HTA deci-
sion-making process, is the use of (disease-specific) refer-
ence models. In 2011, we proposed the development and use 
of reference models to inform reimbursement decisions [11]. 
This has been reiterated by Frederix et al. in 2014 [5] and 
2015 [12], and, more recently (2019), by Mauskopf [13] and 
Sampson et al. [14]. Using the best available evidence and 
data sources, reference models represent a specific disease 
(e.g. depression), simulating the disease severity and pro-
gression. Such models can be used to evaluate a wide range 
of healthcare interventions (e.g. medical devices, pharma-
ceuticals) that can be used for the management of the same 
condition (e.g. depression). A methodological framework 
to develop reference models has been previously proposed 
[15]. Briefly, this includes the development of a conceptual 
model (captured by relevant and significant health states/
events and patient attributes/event histories), choice of key 
structural assumptions, choice of an appropriate modelling 
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technique, model construction and performance evaluation 
(e.g. validation). Model structural aspects can be updated 
when new evidence (e.g. about the natural history of the 
condition) becomes available. Using this framework, we 
developed a conceptual model and proposed an appropri-
ate modelling technique to inform a reference model for the 
evaluation of alternative health technologies for depression 
[16]. Our proposed conceptual model is based on existing 
evidence of the progression of depression (clinical litera-
ture and guidelines supplemented by clinical inputs) and 
includes seven health states/events (depressive episode, 
response, remission, recovery, chronic depression, hospital 
admission and death). During the conceptualisation process 
we also identified a number of patient attributes and event 
histories that influence the experience of subsequent events 
(e.g. the number, severity and duration of previous depres-
sive episodes). Given a number of recurring events and the 
need to reflect event histories, we proposed an individual-
based model as an appropriate modelling technique [16].

Compared with our proposed model, the rTMS and VNS 
submissions do not include a number of relevant health 
states (e.g. chronic depression) and do not capture the impact 
of event histories on subsequent depressive episodes. As 
proposed by clinical practice guidelines, we used a common 
set of terminology to define depression states (i.e. response, 
remission, recovery and depressive episode/relapse). This, 
combined with the inclusion of chronic depression and 
hospital admissions as clinically/economically important 
states, reflects different stages of disease progression more 
appropriately (i.e. acute, continuation and maintenance 
phases). This has not been fully captured by the VNS and 
rTMS models. For example, these models do not capture the 
impact of the proposed interventions on recovery, defined 
as “an extended asymptomatic phase, which lasts more than 
6 months” [17]. The likely impact will be biased results in 
favour of interventions with higher rates of remission (which 
may be the more or less effective treatment overall). Pro-
posing individual-based modelling, our model structure 
includes a number of relevant and important patient attrib-
utes and events histories to capture their impact on the risk 
of subsequent events included in the model. These have not 
been included in the VNS and rTMS models.

3  Potential Value of (Disease‑Specific) 
Reference Models

As the result of dedicated scientific efforts and with more 
time and resources available for the evidence-based model 
structuring practice and validation processes, reference mod-
els are expected to more accurately capture the progression 
of the condition and how costs and outcomes are accumu-
lated over time. This can minimise modeller’s bias and lead 

to more accurate estimates of costs and health outcomes, 
potentially providing earlier access to new health technolo-
gies by, for example, reducing the number of resubmissions 
to national funding bodies. In the presence of uncertain or 
conflicting evidence on structural choices, reference models 
can represent uncertainty, which can be characterised using 
appropriate structural sensitivity analyses (e.g. model aver-
aging or an expanded probabilistic sensitivity analysis) (see 
Haji Ali Afzali and Karnon [18] for full details of methods 
to characterise structural uncertainty). Also, the use of such 
models has the advantage that it can avoid inconsistencies 
when evaluating interventions targeting the same disease, 
which is often lacking with piecewise evaluations (a domi-
nant approach within the current decision-making process). 
As noted by Sampson et al. [14], the use of reference models 
within HTA evaluation processes can improve transparency 
as “they provide an opportunity for transparent reporting 
of model structure and validation steps, independent of the 
nuances of individual policy questions that may create barri-
ers to transparency.” These models can also reduce duplica-
tion of effort by HTA stakeholders (industry and reimburse-
ment bodies), avoiding ‘reinventing the wheel’.

It should be noted that additional non-trivial resources 
(time and human resources) are required to develop and 
update reference models, and hence we are not propos-
ing to develop these models for all disease areas. The 
additional value of reference models for reimbursement 
purposes is particularly realised for common complex 
(chronic) conditions (e.g. depression, osteoporosis, 
frailty). Chronic conditions include several health states/
events relating to the natural history of the condition (with 
long-term and recurring events), where future prognosis is 
dependent on a number of patient attributes and event his-
tories. Given that the choice of structural aspects is likely 
to have a significant impact on model outputs, chronic 
conditions represent good value for additional resources 
required to develop disease-specific models. The choice of 
chronic conditions can be informed through consultation 
with key stakeholders such as national funding bodies and 
manufacturers.

Given resource constraints for the public funding of 
emerging, costly health technologies, it is critical to 
improve the efficiency of funding decision processes 
[19]. By reflecting disease progression more accurately 
and minimising variations in structural choices, reference 
models can improve accuracy, comparability and transpar-
ency of HTA evaluations, ultimately enhancing the effi-
ciency of the decision-making process.

Compliance with Ethical Standards 

Funding The preparation of this manuscript was supported by the 
National Health and Medical Research Council (NHMRC) of Australia 



4 H. Haji Ali Afzali et al.

via funding provided for the Centre of Research Excellence in Frailty 
and Healthy Ageing.

Conflict of Interest Hossein Haji Ali Afzali, Laura Bojke and Jona-
than Karnon have no conflicts of interest that are directly relevant 
to the content of this editorial. Hossein Haji Ali Afzali is a member 
of the Evaluation Sub-Committee of the Medical Services Advisory 
Committee (MSAC). Jonathan Karnon is a member of the Economic 
Sub-Committee of the Pharmaceutical Benefits Advisory Committee 
(PBAC).

References

 1. Caro J, Möller J. Decision-analytic models: current methodologi-
cal challenges. Pharmacoeconomics. 2014;32:943–50.

 2. Frederix GW, Severens JL, Hövels AM, et al. The cloudy crystal 
ball of cost-effectiveness studies. Value Health. 2013;16:1100–22.

 3. Haji Ali Afzali H, Bojke L, Karnon J. Model structuring for eco-
nomic evaluations of new health technologies. Pharmacoeconom-
ics. 2018;36:1309–19.

 4. Bojke L, Claxton K, Sculpher M, et al. Characterizing structural 
uncertainty in decision analytic models: a review and application 
of methods. Value Health. 2009;12:739–49.

 5. Frederix GW, van Hasselt JG, Schellens JH, et al. The impact of 
structural uncertainty on cost-effectiveness models for adjuvant 
endocrine breast cancer treatments: the need for disease-specific 
model standardization and improved guidance. Pharmacoeconom-
ics. 2014;32:47–61.

 6. Le QA. Structural uncertainty of markov models for advanced 
breast cancer: a simulation study of lapatinib. Med Decis Making. 
2016;36:629–40.

 7. Ramos IC, Versteegh MM, de Boer RA, et al. Cost effectiveness 
of the angiotensin receptor neprilysin inhibitor sacubitril/valsartan 
for patients with chronic heart failure and reduced ejection frac-
tion in the netherlands: A country adaptation analysis under the 
former and current dutch pharmacoeconomic guidelines. Value 
Health. 2017;20:1260–9.

 8. Gulliford MC, Charlton J, Prevost T, et al. Costs and outcomes 
of increasing access to bariatric surgery: Cohort study and cost-
effectiveness analysis using electronic health records. Value 
Health. 2017;20:85–92.

 9. Medical Services Advisory Committee (MSAC) Public sum-
mary document. Application no. 1491: vagus nerve stimulation 
for chronic major depressive episodes. MSAC: Canberra; 2018. 
http://www.msac.gov.au/inter net/msac/publi shing .nsf/Conte 
nt/1491-publi c. Accessed 8 Aug 2019.

 10. Medical Services Advisory Committee (MSAC). Public summary 
document. Application no. 1196.1 - repetitive trans cranial mag-
netic stimulation (rTMS) for the treatment of depression. MSAC: 
Canberra; 2018. http://www.msac.gov.au/inter net/msac/publi shing 
.nsf/Conte nt/1196.1-publi c. Accessed 8 Aug 2019.

 11. Haji Ali Afzali H, Karnon J. Addressing the challenge for well 
informed and consistent reimbursement decisions: the case for 
reference models. Pharmacoeconomics. 2011;29:823–5.

 12. Frederix GW, Haji Ali Afzali H, Dasbach EJ, et al. Development 
and use of disease-specific (reference) models for economic 
evaluations of health technologies: an overview of key issues and 
potential solutions. Pharmacoeconomics. 2015;33:777–81.

 13. Mauskopf J. Multivariable and structural uncertainty analyses 
for cost-effectiveness estimates: back to the future. Value Health. 
2019;22:570–4.

 14. Sampson CJ, Arnold R, Bryan S, et al. Transparency in decision 
modelling: what, why, who and how? Pharmacoeconomics. 2019. 
https ://doi.org/10.1007/s4027 3-019-00819 -z.

 15. Haji Ali Afzali H, Karnon J, Merlin T. Improving the accuracy 
and comparability of model-based economic evaluations of health 
technologies for reimbursement decisions: a methodological 
framework for the development of reference models. Med Decis 
Making. 2013;33:325–32.

 16. Haji Ali Afzali H, Karnon J, Gray J. A proposed model for eco-
nomic evaluations of major depressive disorder. Eur J Health 
Econ. 2012;13:501–10.

 17. American Psychiatric Association. Practice guideline for the treat-
ment of patients with major depressive disorder (revision). Am J 
Psychiatry. 2000;157:1–45.

 18. Haji-Ali-Afzali H, Karnon J. Exploring structural uncertainty 
in model-based economic evaluations. Pharmacoeconomics. 
2015;33:435–43.

 19. Scotland G, Bryan S. Why do health economists promote technol-
ogy adoption rather than the search for efficiency? A proposal for 
a change in our approach to economic evaluation in health care. 
Med Decis Making. 2017;37:139–47.

http://www.msac.gov.au/internet/msac/publishing.nsf/Content/1491-public
http://www.msac.gov.au/internet/msac/publishing.nsf/Content/1491-public
http://www.msac.gov.au/internet/msac/publishing.nsf/Content/1196.1-public
http://www.msac.gov.au/internet/msac/publishing.nsf/Content/1196.1-public
https://doi.org/10.1007/s40273-019-00819-z

	Improving Decision-Making Processes in Health: Is It Time for (Disease-Specific) Reference Models?
	1 Model Structuring in Health Technology Assessment Submissions
	2 Key Limitations Underlying the Need for (Disease-Specific) Reference Models
	3 Potential Value of (Disease-Specific) Reference Models
	References




