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Abstract

Objective In this study we aimed to identify possible changes over time in validation efforts and the way in which they
are reported for model-based health economic (HE) evaluations, given the introduction of several new validation tools and
methods in the past decade.

Methods A systematic review was conducted using PubMed and Embase on published HE models for early breast cancer
(EBC) for the period 2016 to 2024. AdViSHE—consisting of four validation categories that cover the main HE model
aspects—was utilized to systematically evaluate the reported evaluation efforts. The percentage of studies reporting valida-
tion per category was compared with the review by de Boer et al. that covers the years 2008 to 2015.

Results Of the 2199 records, 78 studies fulfilled the eligibility criteria. Reported validation efforts did not significantly
improve compared with the previous period, except for the validation of input data by experts. Reporting on the validation
of the conceptual model remained low with around 10% of the studies providing validation. Validation of the computerized
model and validation against outcomes using alternative input data were the most underreported validation categories with
<4% of the studies. The validation of model outcomes, specifically cross validity and the comparison with empirical data,
remained the most reported categories in this review also, with 52% and 36%, respectively. When validation efforts were
reported, this was done in a non-systematic manner, and the tests and results were rarely detailed.

Conclusion Overall reporting of validation efforts for model-based HE evaluations in the past decade did not significantly
change compared with the previous decade.

frame (‘the decision problem’) by synthesizing clinical, epi-
demiological, and economic evidence, often from different

Key Points for Decision Maker

Reporting of validation efforts for model-based health
economic analyses has remained unchanged for the past
two decades.

Studies originating from the United States were found to
report validation more frequently in a systematic manner
than studies originating from other countries.

1 Introduction

Model-based health economic (HE) evaluations aim to
estimate the trade-off between costs and health effects of
health intervention options for a specific population and time
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sources. The development of models for HE evaluations can
be categorized into four main aspects: (1) the development
of the conceptual framework, (2) its implementation as a
computerized model, (3) the population of the model with
clinical and resource data, and (4) judging the outputs of
the model for plausibility. The main health outcomes on the
patients’ disease trajectory and their relationships provide
the premise for the evaluation and are commonly visual-
ized as a conceptual framework. Extensive clinical subject
knowledge is required to appropriately reflect the disease
trajectory in the conceptual framework. The framework is
implemented as a computerized model, commonly in code
language, where the interdependencies between health
outcomes are translated into the appropriate mathematical
operations. Considering the sometimes-intricate relation-
ships between health outcomes, numerous (complex) math-
ematical operations need to be coded for the conceptual
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model to be fully implemented as a mathematical model.
The computerized model is populated with data on (a) the
clinical relationships between the main health outcomes,
(b) other health consequences, such as adverse events, and
(c) associated resource use and unit costs. Given the range
of input data required, as well as the need for long-term
follow-up data, usually beyond the duration of clinical tri-
als, multiple data sources are commonly combined. This
requires subject knowledge for the selection of appropriate
data (sources), and the appropriate manipulation of the data
for use in the computerized model (e.g., re-calculation to a
particular cycle length, extrapolation of clinical outcomes,
such as progression-free survival [PFS] and overall survival
[OS], to the time horizon). Lastly, the outputs of the model,
such as the estimated survival, need to be judged for clinical
plausibility. Appreciating the complexity involved in mod-
elling, each of these main model development aspects are
expected to be subjected to validation to ensure trust in the
results of the model by decision makers as well as research-
ers who may utilize published HE models in their work, for
example when developing global HE models.

In 2016, de Boer and colleagues systematically reviewed
the reporting of validation efforts for model-based HE eval-
uations on seasonal influenza (SI) and early breast cancer
(EBC), to gain insight into the reporting of model validation
efforts in the overall health economic literature; however,
their review showed that the reporting of validation efforts
is not standard practice [1]. Between 2008 and 2015, about
a third of the reviewed publications did not report valida-
tion efforts on any of the main economic modelling aspects.
Only 9% of the studies on SI and 37% on EBC reported on
two or more validation aspects. While follow-up with the
authors revealed that more validation efforts were performed
than those reported in the publications, de Boer and col-
leagues concluded that the systematic reporting of valida-
tion efforts as standard practice was desirable to enhance
decision makers’ confidence in HE models and their out-
comes [1]. Similar conclusions on the lack of reporting were
drawn in 2020 by Zhang and colleagues, who evaluated the
impact on reporting quality including validation efforts,
before (1997-2012) and after (2013-2016) the introduction
of the consensus-based guidelines on modelling practices
for discrete event simulations by the International Society
for Pharmacoeconomics and Outcomes Research (ISPOR)-
Society for Medical Decision Making (SMDM) [2, 3]. No
significant improvement was found on the reporting quality
with reporting of predictive validation (2.8%), cross valida-
tion (8.5%), and face validation (26.5%) showing the lowest
performance.

Several reasons may have played a role in the lack of
reporting validation efforts, such as a general unawareness
among model users and modellers on the importance of
reporting validation efforts, the lack of time and budget to
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facilitate the validation of models, or researchers not being
sufficiently familiar with the term ‘validation’, mistakenly
referring to one-way and probabilistic sensitivity analyses
(OWSA and PSA) as an approach for validating models [4,
5]. Since the publication of the ISPOR-SMDM best prac-
tice guidelines in 2012 [3, 6], several new validation tools
have been developed ranging from generic tools that cover
validation of multiple model aspects [2, 7-9] to tools that
specifically focus on the verification of the computerized
model [10, 11], or specific validation aspects, such as face
or external validity [12, 13], and tools for collaboration on
the validation of models [14, 15].

In this study, we aimed to quantify the change in reporting
validation efforts for model-based HE evaluations since the
introduction of new validation tools. Specifically, our review
aimed to clarify whether validation has become an integral
part of reporting given the availability of time-efficient
validation tools, and if so, in what manner validation efforts
of economic models are currently conducted and reported.

2 Methods

A systematic literature search was performed in PubMed and
Embase to retrieve HE modelling studies on EBC published
between January 2015 and February 2024. In this follow-up
on the review by de Boer and colleagues, who evaluated
reporting efforts between January 2008 and December 2014,
we focused on EBC only to keep the review manageable. To
allow comparison of validation efforts with the review of de
Boer et al., the same search strategy (Supplementary Data 1,
see electronic supplementary material [ESM]) and inclusion
criteria were used, except for the publication date: (1) HE
evaluations published between January 2015 and February
2024; (2) presentation of costs and health effects; (3) use
of a model to generate results; (4) full-text available, and
(5) English language. Review papers, meta-analyses, and
letters were excluded. Studies on metastatic breast cancer,
screening, and diagnostic systems to stage breast cancer
were excluded.

The records were deduplicated and abstracts of the
unique records were screened for inclusion by KA and ICR
in Rayyan to support the deduplication and comparison of
the results from the title/abstract screening [16]. Records
with disagreement were solved by consensus. The included
records were then exported to Zotero for review in full text
[17]. Any wrongly included records were excluded at this
point. Model validation efforts were evaluated in the same
manner as in de Boer et al. by categorizing the reported
validation efforts based on the AdViSHE tool (Table 1)
[1, 7]. In addition to comparing the proportion of studies
reporting validation efforts with the review by de Boer et al.,
we evaluated whether validation efforts were reported in a
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Table 1 Validation aspects according to AdViSHE [1]

Category Model aspect

Validity test

Question to be answered with the validity test

A

Conceptual model

Input data

Computerized model

Operational

Face validity (A1)
Cross validity (A2)

Face validity (B1)
Model fit (B2)

External review (C1)

Extreme value testing (C2)

Testing of traces (C3)

Unit testing (C4)
Face validity (D1)
Cross validity (D2)

Alternative input (D3)

Empirical data (D4)

Have experts been asked to judge the appropriateness of the conceptual model?

Has this model been compared with other conceptual models found in the
literature or clinical textbooks?

Have experts been asked to judge the appropriateness of the input data?

When input parameters are based on regression models, have statistical tests been
performed?

Has the computerized model been examined by modelling experts?

Has the model been run for specific, extreme sets of parameter values in order to
detect any coding errors?

Have patients been tracked through the model to determine whether its logic is
correct?

Have individual submodules of the computerized model been tested?

Have experts been asked to judge the appropriateness of the model outcomes?

Have the model outcomes been compared with the outcomes of other models that
address similar problems?

Have the model outcomes been compared with the outcomes obtained when using
alternative input data?

Have the model outcomes been compared with empirical data?

(A) Comparison against the data sources on which the model is based (dependent

validation)
(B) Comparison against a data source that was not used to build the model
(independent validation)

E Other Other techniques

Have any other validation techniques been performed?

systematic manner and a validation tool was used. Report-
ing validation efforts in a systematic manner was defined as
either (a) a separate section or paragraph on model valida-
tion specifically or (b) stating that a validation tool was used.
Lastly, we described whether validation of the model was
reported in general statement(s) or in detail, and whether any
information on adjustments after validation were provided.
The reporting of validation efforts was described as abso-
lute numbers of studies fulfilling a validation category and
relative to the total number of studies included. The differ-
ence in the proportion of reporting efforts between the two
time periods were compared for statistical significance for
each category of the AdViSHE tool with the two proportions
z-test in R version 4.3.2 (2023 -10- 31). To account for the
potential impact of new validation tools on reporting, eli-
gible records between January and December 2015, before
the publication of AdViSHE, were added to the validation
categories in the de Boer et al. review. All eligible studies
published from January 2016 onwards were included in this
follow-up review to allow a before—after comparison.

3 Results

The systematic literature review resulted in 85 relevant stud-
ies in the period January 2015 to February 2024 (Fig. 1).

The general characteristics of the included studies can be
found in Table 2. Almost all studies (N = 80) were cost—util-
ity analyses reporting on quality-adjusted life years (QALYYs)
and life years (LYs) as their main outcomes. The remain-
ing studies were cost-effectiveness (N = 4) and cost-benefit
(N =1) analyses. The type of models utilized, as character-
ized in the papers, were Markov models (N = 55), micro-
simulation models (N = 10), a combination of a Markov
model and a decision tree (N = 7), decision trees (N = 5),
semi-Markov models (N = 3), partitioned survival models
(N = 3), and a Markov macro-simulation (N = 1). One study
did not specify the type of model. Seven of the 85 studies
had a publication date before December 2015 (the publica-
tion date of the first validation tool [7] after the review by de
Boer et al.) and were consequently included in the published
numbers by de Boer et al., per validation category for the
comparison. As a result, 78 studies represent the validation
efforts in the publication period of the new validation tools
(2016-2024). In the review by de Boer et al., originally 41
studies were included, which, in combination with the seven
studies found in this review, represent the validation efforts
for the period prior to the publication of the new validation
tools (2008-2015).

Overall, the number of studies reporting across the dif-
ferent categories of validation did not significantly change
since the introduction of the new validation tools, except for
the face validation of input data (Supplementary Data 2, see
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ESM). Before the introduction of the new tools and methods,
2% (1/48) of the studies reported that experts had validated
the model input data, which increased to 20% (16/78) during
this past decade (B1 in Fig. 2). A non-significant negative
change was found for the reporting of statistical tests to vali-
date input data for the model, such as the Akaike Informa-
tion Criterion (AIC) and the Bayesian Information Criterion
(BIC) for selecting extrapolated survival curves. Before the
introduction of new validation tools, de Boer et al. found
that 13% of the studies reported statistical tests for input
data while in this review only 3% (2/78) of the studies [18,
19] reported on statistical tests for input data (B2 in Fig. 2).
Davie et al. [19], for example, reported the use of the AIC
and the BIC to select the best fitting distributions for the
extrapolated survival curves beyond the trial period. Statis-
tical testing for input data may not be appropriate in all the
model-based HE evaluations included in this review, or the
review conducted by de Boer et al.

Face and cross validity of the conceptual model showed
non-significant improvements since the introduction of new
validation tools with 10% (8/78) versus 8% (4/48) of the

A\ Adis

studies reporting that experts were asked to judge the appro-
priateness of the conceptual model [20-26], and 12% (9/78)
vs 6% (3/48) of the studies reporting that the conceptual
model was compared with literature [20, 24-31] (A1 and
A2 in Fig. 2). For example, Hajjar et al. [21] reported for
the validation of the conceptual model that their co-author
shared his clinical expertise on the model’s structure and
assumptions. Alshreef et al. [20] and Younis et al. [24] both
reported the utilization of conceptual models validated by
the NIHR (National Institute for Health and Care Research),
and the Health Technology Assessment (HTA) agencies
National Institute for Health and Care Excellence (NICE)
and Canadian Agency for Drugs and Technologies in Health
(CDA-AMCO), respectively. The details of the comparison
of the conceptual model with literature was, however, not
described in any of the studies. The verification of the com-
puterized model also remained underreported in this review
(C1 to C4 in Fig. 2). While between 2008 and 2015, none of
the studies (0/48) reported on the verification of the com-
puterized model, in this review two of the 78 studies [25,
32] explicitly stated an external review of the computerized
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Table 2 Study characteristics (N = 85)

Region N = 88*
Europe 18
North America 36
South America
Oceania 5
Asia 23
Africa 4
Income N = 88*
High 66
Middle 22
Low 0
Funding source N=385
Public sources 40
Industry 17
Public and industry 1
No external funding 17
Not stated 10
Type of intervention N =91%
Pharmaceutical 61
Non-pharmaceutical 30
Type of evaluation N =285
Cost—benefit 1
Cost-effectiveness 4
Cost-—utility 80
Model characteristic* N=285
Markov 55
Microsimulation (Markov, discrete event simulation 10
(DES), continuous time)
Decision tree + Markov 7
Decision tree 5
Semi-Markov 3
Partitioned survival model 3
Markov macro-simulation 1
Not specified 1

*Some studies report for multiple countries, interventions, and/or
model types. As described in the study

model (C1 in Fig. 2), and two studies [33, 34] reported on
extreme value testing (C2 in Fig. 2). Earl et al. [25], for
example, reported that two health economists independently
validated the code of the computerized model by working
on different parts of the code and subsequently explaining
the code to each other to spot errors. Chandler et al. [34]
reported that extreme parameter values were entered in
the model to ensure that the output varied in the expected
directions. One study [35] referred to the use of TECH-VER
[10] but did not further specify whether all tests were con-
ducted nor the results of those tests. Model outcomes were
compared with outcomes from other models addressing a
similar decision problem and with empirical data in 53%
(41/78) and 36% (28/78) of the reviewed studies versus 50%

(24/48) and 42% (20/48) in the previous period (D2 and D4
in Fig. 2). Like in the previous period, none of the studies
reported on the validation of model outcomes with alterna-
tive input (D3 in Fig. 2). Also, none of the studies in either
of the two time periods reported on all four main modelling
aspects (A to D).

A systematic validation approach, defined as the utiliza-
tion of validation tools and/or reporting of validation efforts
within specified sections of the publication, was found in
12 of the 78 studies (15%) [21, 28, 32, 34-42]. Of these 12
studies, five reported the use of a validation tool or guideline
(ISPOR-SMDM [40, 42], TECH-VER [35], and AdViSHE
[36], and an adapted version of AdViSHE [38]). While these
systematic validation tools were named in the publications,
their results were reported only in one study and only about
one validation category [36]. When we compared the pro-
portions of systematic reporting between studies originat-
ing from the United States (US) and non-US studies (two
proportions z-test), we found that studies originating from
the US reported validation more frequently in a systematic
manner than non-US studies (Supplementary Data 3, see
ESM). No country-specific comparisons (e.g. US vs Ger-
many) could be done due to small sample sizes. Overall, 9 of
the 78 studies (12%) included the results of their validation
efforts in their publication [28, 30, 36, 39, 41, 43-46]. A
specific validation section was included in 7 of the 78 studies
9%) [21, 28, 32, 34,37, 39, 41]. When included, the valida-
tion section was part of either the ‘Methods’ or the ‘Results’
section of the publication. Only one study reported valida-
tion in both sections [28]. When operational validation was
reported, specifically the comparison with other (empirical)
studies (D2, D4), this was mainly found in the ‘Discussion’
section of the publication.

The type of model did not seem to influence reporting
efforts when comparing presumably simpler models, such
as Markov models, Markov model + decision tree, and deci-
sion trees with presumably more complex model types, such
as partitioned survival model, microsimulation and semi-
Markov model. No other model type-specific comparisons
could be made due to small sample sizes.

4 Discussion

Since the introduction of new validation tools and methods,
significant improvements were found only for the reporting
of face validity of input data, which increased from 2% of
all included studies to 20%. Improvements in the validation
of the conceptual model and the computerized model were
found to be non-significant and remained low with 12% and
3% of the studies reporting, respectively. Thus, while more
than 50% of the authors reported that they had compared the
results between models, they often did so without comparing
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Fig.2 Comparison of model validation efforts between the period 2016-2024 and the period 2008-2015

the models themselves. The low reporting on the valida-
tion of the conceptual model could be due to EBC being
a commonly studied disease area, given its prevalence and
known relevant disease outcomes. Therefore, authors may
erroneously consider the reporting of the conceptual model
validation as superfluous.

The very low reporting on the validation of the comput-
erized model may be indicative of the lack of conducting
validation tests on the programmed model. Considering
the common occurrence of technical errors, as exemplified
in a study on technical errors in company submissions to
NICE [47], validation and the reporting thereof should be
highly encouraged by journals and HTA agencies alike, and
facilitated in project budgets and timelines. Reporting on
technical model validation may be also lagging since spe-
cific tools for programming validation have been introduced
only relatively recently, with TECH-VER [10] being one
of the first. While TECH-VER [10] has been around since
2019, model developers may need to allocate more time to
familiarize themselves with and to incorporate this exten-
sive validation exercise within their workflow. More time-
efficient tools, such as the online tool PACBOARD [11] and
the CDA-AMC Model Validation Tool [9], have only been
introduced in 2022 and 2024, and therefore uptake may still
need time. PACBOARD [11], for example, has the advan-
tage of requiring only the inputs and corresponding model
outputs of a probabilistic analysis to check the validity of
inputs and outputs and to investigate their relationships.
The CDA-AMC Model Validation Tool [9] also facilitates
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time-efficient model verification requiring only a third of the
black box tests outlined in the TECH-VER [10].

In addition to the aforementioned reasons, several other
reasons may have played a role in the limited reporting of
validation efforts, which are also recognized by the authors’
own experiences with model-based HE. For example,
confusion with the term ‘validation’ may have resulted in
lower overall validation efforts. Sensitivity analyses such as
OWSA and PSA were still mistaken for the validation of the
conceptual model and inputs in this review [48-50]. While
sensitivity analyses are important to illustrate (un)certainty
of the model outcomes, their purpose is not to evaluate the
validity of the (computerized) model, inputs or outcomes. In
other words, whether the source selected for an input param-
eter is appropriate cannot be judged by running a PSA.

Furthermore, practical questions or lack of understanding
when utilizing validation tools may have also contributed
to the under-reporting of validation efforts. For example, it
may not always be clear which model components fall under
input versus outcome validation, as this may differ across
different model types, impacting how and where to report
validation efforts. This can be illustrated with the study by
Braal et al. [51], where fitting the curves to the data falls
under the validation of input data by testing for model fit,
after which the resulting extrapolated and adjusted overall
survival and recurrence-free curves are validated by experts
as outcome. In contrast, for Markov models, transition prob-
abilities are being validated as inputs, whereas the Markov
traces adjusted for overall survival being validated as out-
come. In particular, researchers new to the field may not
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be fully aware and/or understand the methods and tools for
validation. Another practical question may arise regarding
where to report the conducted validation tests and results. In
the AdViSHE tool the recommendation is to fill in the form
and indicate where the tests and outcomes were reported.
However for a more homogenous way of reporting, the
authors suggest either including a link in the publication to
a repository that contains all validation efforts or to include
the validation tests in a separate paragraph in the Methods
section of the publication with the results of the tests in a
separate paragraph in the Result section, as done by Ward
et al. 28, 41].

Another explanation for the overall limited reporting of
validation efforts since 2008 could be the lack of require-
ments for reporting validation of models when publish-
ing model-based HE studies. Although the consolidated
CHEERS 2022 checklist contains an item to describe the
methods or approaches for transformed input data and any
model used, model validation is not mandatory, nor does
the item cover all the main aspects of model validation [52].
Journals could support the reporting of validation efforts by
setting systematic reporting requirements for model valida-
tion or by requesting a reference to the publicly stored vali-
dation efforts, systematically conducted as described with
the help of one of the validation tools. HTA agencies could
also take a role in supporting the reporting of validation by
demanding systematic validation of all submitted model-
based HEs and by recommending the appropriate tools. This
has been done recently by the Dutch HTA agency in their
latest guidelines on cost effectiveness [53], in which the
reporting of validation efforts for model-based HE analyses
with the AdViSHE checklist is required. This could also help
new model developers to select and train on the right tools
for conducting validation of model-based HE analyses and
the systematic reporting of the conducted tests and results.

Considering the overall agreement on the importance
of model validation but the lack thereof for the past two
decades, journals, HTA agencies, and model developers
need to step up. While agencies and journals need to set
the requirements and standards, model developers are
encouraged to independently start with systematically
reporting validation efforts. In addition, further research
could be conducted on the perspectives of model developers
regarding the reporting of validation and their choice of
tools. These insights could help to tackle the perceived
barriers on the model developers’ end.

In this review, we found that the reporting of validation
efforts was low for the four main modelling aspects: (1) the
development of the conceptual framework, (2) its imple-
mentation as a computerized model, (3) the population of
the model, and (4) judging the outputs of the model, based
on HE models for EBC. We cannot establish whether this
means that models were not appropriately validated, since

the focus of this review was on the change in validation
efforts reported in published articles.

A limitation of this study could be the lack of other dis-
ease areas reviewed. While we think that EBC is a repre-
sentative disease area for this review given its prevalence
and thus the efforts of pharmaceutical companies to develop
treatments and consequently the need for payers to make
informed decisions, the results and conclusions should be
interpreted with caution when generalizing the reporting
of validation efforts for model-based HE evaluations. Fur-
thermore, the reporting of model fit testing was found to be
lower in this review compared with the review by de Boer
et al. Since regression analysis may not be applicable to all
the included HE evaluations in this or the previous review,
the change in reporting on model fit needs to be interpreted
with caution. Lastly, while the AdViSHE tool utilized in this
study for reviewing the systematic reporting of validation
covers the four main areas of model development, there are
other aspects that contribute to the credibility of a model,
such as the reporting of conflicts of interest or on the rel-
evance of the PICO for the decision problem, which could
be reported alongside model validation.

5 Conclusion

The introduction of additional validation tools since 2016
has not led to a statistically significant increase in the report-
ing of validation efforts in model-based HE evaluations for
EBC. Transparent and systematic reporting of validation
practices are essential to ensure the reliability of these mod-
els and should become standard practice. Journals and HTA
agencies may need to take an active role by setting clear
requirements and standards for the reporting of validation
efforts.
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directly from the copyright holder. To view a copy of this licence, visit
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