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Abstract

Introduction: The credibility of model-based economic evaluations of Alzheimer’s

disease (AD) interventions is central to appropriate decision-making in a policy

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.

© 2022 The Authors. Alzheimer’s & Dementia published byWiley Periodicals LLC on behalf of Alzheimer’s Association.

Alzheimer’s Dement. 2022;1–21. wileyonlinelibrary.com/journal/alz 1

 15525279, 0, D
ow

nloaded from
 https://alz-journals.onlinelibrary.w

iley.com
/doi/10.1002/alz.12811, W

iley O
nline L

ibrary on [19/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

mailto:ron.handels@maastrichtuniversity.nl
http://creativecommons.org/licenses/by-nc/4.0/
https://wileyonlinelibrary.com/journal/alz


2 HANDELS ET AL.

context. We report on the International PharmacoEconomic Collaboration on

Alzheimer’s Disease (IPECAD)ModelingWorkshop Challenge.

Methods: Two common benchmark scenarios, for the hypothetical treatment of AD

mild cognitive impairment (MCI) andmild dementia, were developed jointly by 29 par-

ticipants. Model outcomes were summarized, and cross-comparisons were discussed

during a structured workshop.

Results: A broad concordance was established among participants. Mean 10-year

restricted survival and time in MCI in the control group ranged across 10 MCI mod-

els from 6.7 to 9.5 years and 3.4 to 5.6 years, respectively; and across 4 mild dementia

models from 5.4 to 7.9 years (survival) and 1.5 to 4.2 years (mild dementia).

Discussion: The model comparison increased our understanding of methods, data

used, and disease progression. We established a collaboration framework to assess

cost-effectiveness outcomes, an important step toward transparent and credible AD

models.

KEYWORDS

Alzheimer’s disease, cross-comparison, decision-analytic modeling, dementia, economic evalua-
tion, model validation

1 BACKGROUND

Nations worldwide are challenged with allocating scarce health care

resources to ensure that people living with Alzheimer’s disease (AD)

and relateddementias have access to emerging effective interventions.

Mathematical model-based economic studies are central to support

policy discussions, especially where value (cost-effectiveness) is a key

consideration. Models extrapolate trial outcomes by synthesizing data

from multiple sources (e.g., trials, disease registries, and cohort stud-

ies) to estimate the long-term costs and benefits of alternative options.

The transparency and credibility of models are key for their results to

be used by decision-makers and to support timely access to emerging

interventions for people living with AD and related dementias.

The AD models published to date have been subject to extensive

critical appraisal and have been discussed in terms of methods, data,

and reporting standards.1–6 Recurring themes are limitations in repre-

senting the natural history of AD and a lack of empirical evidence for

extrapolating trial (cognition) outcomes to long-term outcomes (e.g.,

function, care needs, andmortality). In addition, real-world data on the

natural progression across the disease spectrum and across various

outcomes (cognition, function, and behavior) are limited, as well as the

utility and costs data to associatedwith these outcomes. On top of this,

models use different structures, reflect different populations/settings,

and can lack transparency around data and assumptions.1 This results

in unexplained differences in their predicted outcomes, which has

received relatively little attention to date.

Confidence by decision-makers in using health economic models is

key to support appropriate decision-making. A lack of clarity and

reliability has been cited as a barrier to the use of models in

decision-making by policymakers, researchers, and health care

managers.7 Unexplained differences across models for AD and related

dementias are a threat to their credibility and could lead to inappro-

priate decision-making in the adoption of new interventions, as has

been reported, for example, in the field of abdominal aortic aneurysm

screening.8,9

Comparative modeling (i.e., cross-validation), defined as “exam-

ining different models that address the same problem and com-

paring their results” in good research practice guidelines10 could

increase confidence in models if similar results are observed. This

has been applied in the fields of diabetes, chronic obstructive pul-

monary disease, and cancer, operationalized as a series of work-

shop meetings on comparing models on a similar hypothetical

benchmark scenario,11–13 externally validating models against clin-

ical trials,14–17 comparing extreme modeling scenarios to reveal

natural history characteristics,18 independently replicating mod-

els from published details,19 and comparing predictors of trial

outcomes.20 Comparative modeling is urgently needed in the field

of AD and related dementias to improve our understanding of

models and to ensure their credibility for decision-making for new

interventions.

We initiated a platform, the International PharmacoEconomic Col-

laboration on Alzheimer’s Disease (IPECAD) Modeling Workshop, for

exchange of ideas on health economic modeling in AD and related

dementias, to discuss and align on key methodological issues and

to foster the development of robust and transparent models to

guide decision-making around novel intervention scenarios.We report

results fromaworkshopon the cross-comparison ofmodels forADand

related dementias.
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2 METHODS

IPECAD is a broad collaboration of people in academia, government,

and industry focused on improving mathematical modeling of AD and

related dementias and the methods available on the economic eval-

uation of interventions in this field. This is accomplished through a

recurrent conference, development of open-sourcemodelingmethods,

and workshops related to (www.ipecad.org). The IPECAD Modeling

Workshop Group (consisting of co-authors L.J., C.G., R.H., B.W., A.W.,

A.G., A.S., and A.K.) initiated a series of modeling workshops to create

a dedicated forum. The first workshop was held on September 19 and

20, 2019 in Stockholm, Sweden, and the secondworkshopwas held vir-

tually (due to the coronavirus disease 2019 [COVID-19] pandemic) on

September 17 and 18, 2020.

The aim of the first workshop, drawing inspiration from the Mount

Hood Diabetes Challenge Network,14 was to bring together those

who are conducting research in the field of decision-modeling for AD

and related dementias, to create a dedicated forum for an exchange

of ideas on health economic modeling, to discuss and align on key

methodological issues, and to foster the development of robust and

transparent models to guide decision-making around potential new

treatment options.

Participants were identified using available reviews of model-based

frameworks for predictive and decision-analytic purposes in the AD

context, and also via the IPECADModelingWorkshop Group’s aware-

ness of current research in the subject area, with potential participants

considered eligible if they were research active in the field of AD

decision-modeling in a predictive and decision-analytic context. Awide

range of modeling groups participated, representing models designed

for predictive and decision-analytic purposes with varying research

questions, contexts, methods, outcomes, and underlying data. Partici-

pants were invited to present their model frameworks, and structured

discussions covered important areas of development for the field. The

meeting successfully achieved key objectives including participation,

collaboration, and the recommendation from participants to develop a

format for a second workshop (see Supplementary Material 1 for the

agenda and SupplementaryMaterial 2 for theminutes).

The second workshop, which is the focus for this report, involved

the development of a benchmark scenario formodeling of hypothetical

AD therapies, the cross-comparison of model outcomes submitted by

participating modeling groups, and a structured discussion in relation

to model design choices and parameterization in terms of eligible

populations, treatment settings, disease progression, mortality, treat-

ment operationalization, and model assumptions. Participants for the

workshop were identified through a detailed review of the current

literature in this area and via networks and conferences related to

disease progression and cost-effectivenessmodeling in ADand related

dementias. Participants were invited if they were research-active in

the field of AD modeling and also had a model that (1) was a basic

reflection of AD disease severity (e.g., mild, moderate, and severe

dementia), (2) was considered able to reflect the benchmark scenario,

and (3) was not yet widely represented by other models (e.g., a five-

stateMarkovmodel using transition probability inputs similar to other

RESEARCH INCONTEXT

1. Systematic review: Recent (systematic) reviews assessed

Alzheimer’s disease (AD) models, and discussed limita-

tions and variation across them. However, comparison of

model outcomes has not been reported.

2. Interpretation: Our findings can be considered a step

toward increasing the transparency and credibility of

health economic models in AD and related dementias,

which led to better understanding of models in terms of

structure, disease progression, mortality, and treatment

effect.

3. Future directions: We propose a future effort to cross-

compare models in AD and related dementias, with

increased model alignment in four aspects: mortality,

treatment effect, population, and health economic input

estimates. Based on the current results we believe this is

feasible, further contributes tomodel understanding, and

does not jeopardize the character of the models. In addi-

tion, we recommend transparent and open-source access

tomodels to further increase their understanding.

models already considered eligible). Eligibility was assessed by the

IPECADModelingWorkshop Group.

All participants supported the co-development of workshop proce-

dures, including the determination of the benchmark (reference case)

scenarios and the reporting methods used. Two benchmark scenarios

were used (Table 1 and detailed in Supplementary Material 3: chapter

2.2), one for models starting with patients with mild cognitive impair-

ment (MCI) (Scenario A) and one formodels with patients startingwith

mild dementia (Scenario B). Both scenarios can be described in terms

of four standardized patients (see Table 2). A hypothetical disease-

modifying treatment effect was specified as a 30% reduction in disease

progression from the initial disease state to the next (MCI to mild

dementia, ormild dementia tomoderate dementia, respectively). Input

data for natural history, conceptualization of disease stage, mortal-

ity, costs, and utilities as well as choice for modeling approach were

not pre-specified in order to limit extensive model alterations and

thus encourage participation. In addition, variation in inputs allowed

discussion about their impact onmodel outcome predictions.

Modeling groups were requested (1) to submit—prior to the

workshop—transparent information on their model characteristics

(structure, inputs, and assumptions) and model outcomes from apply-

ing the specific benchmark scenario over 10- and 20-year time

horizons; (2) to participate in the workshop and contribute to the dis-

cussions; and (3) to provide submissions after themeeting on a brief set

of questions that sought to address the perceived benefits and chal-

lenges associated with the cross-comparison and to elicit insights on

how their model compared to others.
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4 HANDELS ET AL.

TABLE 1 Benchmark scenario and reporting outcomes for Scenarios A (starting inMCI) and B (starting in mild dementia)

Aspect Specification

Population Scenario A: persons withMCI due to AD (analyst to detail diagnostic criteria used, for example, on use

of biomarkers or clinical criteria).

Scenario B: persons with AD-typemild dementia (analyst to detail diagnostic criteria).

Starting age 70 years.

Setting Clinical (typically memory clinic), with patients already identified for treatment (no procedures or

costs for diagnostics to be included).

Control strategy Usual care (e.g., including cholinesterase inhibitor treatment).

Intervention strategy Disease-modifying intervention, resulting in 30% reduction in progression (e.g., rate ratio of 0.70 for

conversion fromMCI to dementia [Scenario A] or mild tomoderate dementia [Scenario B] or other

comparable effect as defined by analyst). Analyst determines criteria of mild andmoderate

dementia, whether treatment effects extend after discontinuation of treatment, andwhether

treatment effects mortality.

Stopping rule Scenario A: intervention inMCI state and treated until conversion to dementia.

Scenario B: intervention in dementia state and treated until moderate dementia.

Both in Scenario A and B: treatment for amaximum of 5 years.

Treatment discontinuation 10% per year.

Time horizon 10 and 20 years.

Discount rate Costs andQALYs both 3.5%.

Half-cycle correction If applicable (i.e., if Markov-type cycle duration was used).

Outcomes Mean person-years: alive, inMCI, mild dementia, moderate dementia, severe dementia, on

intervention, full-time care, or living in institutionalized setting. Proportion/occupancy of patients in

statesMCI, mild, moderate, severe, and death by year since baseline. Mean discounted costs

(disaggregated to intervention, direct medical, direct nonmedical costs), mean discountedQALY

(patient only), incremental cost-effectiveness ratio.

Abbreviations: AD, Alzheimer’s Disease;MCI, Mild Cognitive Impairment; QALY, quality-adjusted life year.

TABLE 2 Characteristics of standardized patient based on the benchmark scenario, two for each scenario (male and female), as both scenarios
did not specify sex as it was intended to reflect the distribution of sexes to be expected in the target population

Age Sex Syndrome Cause

70 Female MCI AD

70 Male MCI AD

70 Female Mild dementia AD

70 Male Mild dementia AD

Details on the workshop were shared with all participants and pub-

lished on the IPECAD website (www.ipecad.org; see Supplementary

Material 3, 4, and 5).

Data were collected centrally in a structured spreadsheet and an

overview of the results from the different models was drafted and

shared prior to the workshop by the IPECAD Modeling Workshop

Group. This overview report included figures presenting model out-

comes on mean time and occupancy in each disease state over 10- and

20-year timehorizons, alongwithmodel descriptions andpre-recorded

presentations from each modeling group. After the meeting, modeling

groups were requested to provide clarifications or perform additional

analyses (e.g., using amendments to input parameters).

Model submissions included a wide variation in inputs for costs

and health-related quality of life (QALY) weights that varied in setting

(e.g., clinical vs general population) and/or perspective (e.g., health care

perspective vs societal perspective). Therefore, outcomes and results

relating to costs, QALYs, and incremental cost-effectiveness ratios

were considered insufficiently comparable andwere not presented.

3 RESULTS

3.1 Model characteristics and outcomes

Twelve modeling groups contributed data to the workshop (see Sup-

plementary Material 3 for a list of modeling groups and attendees).

Eight made a submission for Scenario A (MCI), two for Scenario B (mild

dementia), and two for both. Table 3 summarizes the characteristics of

themodels and references publications containingmore detailed infor-

mation. Nine models had a decision-analytic purpose, two focused on
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F IGURE 1 Model outcomes in terms of mean time (years) in disease state in the control setting (left column) and difference inmean time in
terms of the interventionminus control setting (right column) over a 10-year time horizon for models in Scenario A (models starting in mild
cognitive impairment [MCI]; top row) andmodels in Scenario B (models starting in mild dementia; bottom row). Somemodels combined
mild/moderate/severe states (gray bars) because they were not designed to generate state-specific outcomes.

prediction of health and policy outcomes, and one on both. Most were

cohort state-transitionmodels (IPECAD,21 SVEDEM,22 KP,23 DAVIS,24

CPEC,25 CEM26) and others (symptom-based) were discrete-time

microsimulations (JUTKOWITZ,27 HERRING,28 ADACE,29 FEM30) or

discrete-event simulations (MISCAN,31 BASQDEM32).

Modeling groups operationalized the benchmark scenario, although

in some cases this required some adjustment to their previously pub-

lished model frameworks. In some cases, the model structure did not

allow for the reporting of themean time by dementia severity state.

Figure 1 presents the mean time in each state in the control group

and its difference from the intervention groupover a10-year timehori-

zon. Supplementary Material 6 provides an alternative representation

of Figure 1 for mean survival and time in MCI/mild dementia, showing

the control, intervention, and difference in one graph (Figure S6.1) and

model outcomes over time (Figure S6.2 and S6.3).

3.2 Cross-model variation

The mean survival restricted over a 10-year time horizon in the con-

trol group ranged from6.7 to 8.6 years in ScenarioA (models starting in

MCI) and 5.4 to 7.9 years in Scenario B (models starting inmild demen-

tia). The difference between the intervention and control groups

reflected a relatively small impact of the intervention on restricted

survival (ranging from no effect to 0.4 years).

The mean time in MCI in Scenario A (starting in MCI) ranged from

3.4 (DAVIS) to 5.6 years (FEM). In Scenario B (starting in mild demen-

tia), the mean time in mild dementia ranged from 1.5 (JUTKOWITZ)

to 4.2 years (CPEC). The variation in mean time in mild and moderate

dementia in both scenarios was relatively large.

Broad comparisons on disease progression outcomes were possi-

ble as a number of models showed a comparable mean time in state

(Figures 1 and S6.1) and state occupancy over time (Figure S6.2 and

S6.3).Wheremarked differences occurred, wewere able to discuss the

likely cause in terms of model inputs or assumptions.

3.3 Interpretation of variation in disease
progression in the control group

Somedifferencesbetweenmodelswereobserved. TheSVEDEMmodel

predicted a longer restricted survival than most other models. This

could be explained by the relatively low mortality risks by disease

severity applied in the model (e.g., mortality hazard ratios 1.3, 2.4,

and 4.3 in mild, moderate, and severe, respectively, compared to other

models like IPECAD and ADACE(A), which applied 2.9, 3.9, and 9.5,

respectively). In the SVEDEM model, dementia mortality risks were

estimated relative to very mild dementia (already at some increased

mortality risk), and for the IPECAD and ADACE(A) models the risks

were obtained from an analysis of persons without dementia as a
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reference.33 The KP model predicted a relatively short, restricted sur-

vival. This could be explained due to the cohort-specific mortality rates

in dementia (based on the KP cohort of participants 75 years of age

or older) compared to most other models having implemented a life

table starting at age 70 years. The reasons for the relatively large

variation in restricted mean survival across models in Scenario B (2.5-

year range) were less clear due to input estimates reflecting different

settings and different methods applied (severity-specific relative risk

applied in ADACE(B), severity-specific absolute risk in CPEC(B), log-

logistic model applied to baseline clinical setting data in CEM, and

any-stage dementia mortality risk based on clinical record analysis in

JUTKOWITZ).

The SVEDEM, CPEC(A), KP, HERRING, andADACE(A)models oper-

ationalized a biomarker-based definition of AD set in a clinical setting.

This probably resulted in a faster natural progression from MCI to

dementia as compared to, for example, the FEMmodel, which assumed

a general population setting with any-typeMCI due to a lack of data on

disease pathology (see Figure S6.2, left top). The DAVIS and IPECAD

model used similar data on natural progression but applied a different

approach to the estimation of time-to-event data for transition from

MCI to dementia, which likely explained the differences in predicted

mean time in the MCI health state (i.e., 3.4 years in DAVIS using an

accelerating rate with age; 4.8 years in IPECAD using a decelerating

rate). The HERRING model showed a relatively low level of transition-

ing from MCI to dementia in the first 2 years followed by a period of

high transition (see Figure S6.2, left top), pointing to the potential lim-

itations of capturing heterogeneity in a microsimulation model based

strictly on published aggregate data.

The four models in Scenario B represented three different meth-

ods for disease progression, comprising a state transition approach

in CPEC(B), a time to institutionalization framework in CEM, and use

of regression equations on multiple continuous measures of demen-

tia clinical features in ADACE(B) and JUTKOWITZ. This variation

in approaches led to difficulty in identifying plausible causes of the

variation observed across thesemodels.

3.4 Interpretation of variation in the impact of
treatment on disease progression

All models predicted that the treatment effect would lead to an

increase in time spent in MCI (Scenario A) or mild dementia (Scenario

B) and a reduction in time spent in more advanced dementia states.

However, there was some variation in the implementation of the treat-

ment effect. The sixmodels classified as cohort state-transitionmodels

applieda relative riskof0.70 to the rateof diseaseprogression, the four

models classified as symptoms-based microsimulation models applied

a30%reduction in the rateor transitionof symptomchange (e.g., cogni-

tive score), and the twomodels classified as discrete-event simulations

increased the time spent inMCI by 30% (see Table 3 for details). These

design choices likely produced the differences in time spent in disease

states, as well as assumptions on immediate or gradual stopping of

treatment effect.

The FEMmodel showed a relatively small benefit of the treatment.

This was possibly related to the relatively slow disease progres-

sion in the general population with MCI relative to models assuming

biomarker-positive MCI. The slower rate of progression left a smaller

window for a relative treatment effect.

TheMISCANandBASQDEMmodels both representedan individual

patient-level discrete-event simulation, with different implementation

of the treatment effect of 30%.MISCANprolongedonly the timeunder

treatment during MCI with 30%, and BASQDEM prolonged the full

time in MCI with 30%, resulting in a lower treatment effect in the

MISCANmodel.

The IPECAD model showed a relatively long time in moderate

dementia compared to most other models, possibly related to the def-

inition of this particular state including combinations of mild cognition

and moderate function, which, if defined by cognition only, would have

been classified asmild dementia.

The CEM and JUTKOWITZ models were structured to deliver the

same survival for control and treatment groups, in contrast with the

CPEC(B) andADACE(B)models where disease progressionwas able to

reflect an indirect mortality effect.

4 DISCUSSION

The IPECAD Modeling Workshop Group engaged with and assessed

contributions from 12 modeling teams and cross-comparisons proved

feasible. A broadly similar profile of disease progression outcomeswas

observed across models on treatment populations of MCI and mild

dementia, with 10 submissions starting in MCI (Scenario A) and four

in mild dementia (Scenario B). The workshop provided a platform to

discuss differences between model frameworks and their predicted

outcomes.

Precisely identifying sources of variability across models was chal-

lenging, since models differed on multiple aspects simultaneously.

However, alignment across models was not the objective because dif-

ferent approaches can be valid and provide complementary insights.

The meaningfulness of cross-comparison decreases if models are too

similar, for example in terms of using identical input parameters and

assumptions.10 Nevertheless, for future cross-comparisons, we iden-

tified four factors as potential sources of cross-model variability that

could benefit from narrower specification. Alignment on these fac-

tors could increase model comparability without forcing participants

to change the character of their models or resulting in models that are

too similar.

First, implementation ofmortalitywas indicated as a probable cause

of variation across model outcomes. This pertains to (1) background

mortality representing the age- and sex-specific general population

mortality, (2) the increased mortality risk due to AD, and (3) the

(in)direct effect of treatment onmortality. In future cross-comparisons,

we propose to utilize the same background life table from a specific

country (1) and assumptions related to treatment mortality effect (3)

to limit this source of variability.
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Second, the treatment effect was defined as a 30% reduction in

progression from MCI to dementia (Scenario A) or from mild demen-

tia to moderate dementia (Scenario B). This was implemented by the

models in differentways depending on themodel structure. It is impor-

tant to note that we did not specify the affected domain or how the

treatment effect should evolve after treatment is stopped. Alterna-

tive assumptions are possible5: (1) symptomswill return towhatwould

be expected in natural history (i.e., symptomatic effect); (2) treatment

gains will remain, but progression will return to its natural course (i.e.,

disease-modifying effect); or (3) gained reduction in progression rate

will continue (i.e., curative effect). In future cross-comparison scenar-

ios, we propose tomake these assumptionsmore explicit by expressing

the treatment effect in units used as primary end points in a spe-

cific clinical trial (e.g., clinical dementia rating [CDR] sum of boxes

change from baseline in the intervention group relative to the control

or another trial’s outcomes).

Third, the treatment-eligible population was relatively loosely

defined in order to accommodate models utilizing different data

sources with varying inclusion criteria. Models operationalized the

starting population of AD MCI or AD dementia by using data reflect-

ing (1) the etiological diagnosis set in clinical practice (IPECAD, DAVIS,

CEM); (2) a biomarker-driven diagnosis from published estimates in

Vos et al.34 (SVEDEM, KP, and CPEC) or other source (MISCAN, HER-

RING,ADACE, andBASQDEM); or (3) a diagnosis of any-typedementia

or cognitive impairment reflecting clinical or general population set-

ting (FEM, JUTKOWITZ). Because the starting population is closely

related to disease progression, this likely affected model outcomes. In

a future cross-comparison scenario, we propose to express the charac-

teristics of the treatment-eligible populationmore explicitly, specifying

a standardized patient population in the reference case.

Fourth, health economic input estimates (e.g., institutionalization;

medical, social, and informal care costs; and patient and caregiver util-

ity) were left unspecified. In a future cross-comparison, we propose to

standardize health economic inputs for a reference case analysis, as

linking them to disease progression comes with challenges and could

drive variation in predictedmodel outcomes.

4.1 Strengths and limitations

Participants indicated that the workshop provided them with poten-

tial (common) areas for future model development and improved their

understanding of differences across models. They expressed appre-

ciation for the transparency and collegiality of the collaboration.

Organizers experienced high participation engagement and an interest

bymost participants to continue in supporting future events.

Our cross-comparison approach had several limitations: (1) no

criteria were employed to judge the significance or relevance of cross-

model differences; (2) alignment across models is not necessarily a

reflection of model validity, as similar outcomes across models might

result from using, for example, the same invalid data source; (3) in

contrast to predictive or descriptive modeling of real-world evidence,

no gold standard of truth was available to benchmark outcomes; (4)

multiple differences between models could have effects in opposite

directions and thus eliminate differences; (5) the results are based on a

non-systematic identification and selection ofmodels and participants,

and might not be generalizable to all decision-analytic models in AD;

and (6) half-cycle corrections were applied only if applicable to the

model and could have led to variability in the output. Therefore, we did

not seek to rank or otherwise qualitatively assess individualmodel per-

formance.Nevertheless, we believe themodels represent a rich variety

in terms of structure and data sources, the participants originate from

leading research groups, and the workshop allowed for a valuable

discussion on the possible causes of variation in model outcomes.

Furthermore, a gold data standard (i.e., clinical trial with long-term ref-

erence data) is not available in AD, whichmakes comparativemodeling

evenmore vital, such as in epidemiology.35,36

We collected model outcomes on a highly aggregated level (i.e.,

symptoms categorized as mild, moderate, or severe dementia) to

allow a comparison between simple (e.g., categories from compos-

ite CDR) and complex (e.g., combined Mini-Mental State Examination

[MMSE] neuropsychiatric inventory and disability assessment demen-

tia/functional activities questionnaire scales on continuous level)

structures (see Table 3). Validated cross-mappings between single and

composite outcome measures are needed to increase the comparabil-

ity across outcomes.37

Finally, not all models were designed to implement our benchmark

scenario, and thus their results do not reflect model validity.

4.2 Implications

We expect that the workshop results will increase the understanding

of alternative designs and structures when modeling AD and related

dementias, whichmay facilitate further developments in this field. This

specifically applies to the methods and/or data used to implement dis-

ease progression, mortality, and intervention effect, some aspects of

which have received relatively little attention to date. This is important

to increase the trust in these models, which is necessary for an appro-

priate assessment of the cost-effectiveness of interventions for people

affected by AD and related dementias.

We propose a future effort to cross-comparemodelswith increased

model alignment in four aspects: mortality, intervention effect, pop-

ulation, and health economic input estimates. Based on the results

of our work we believe this is feasible, further contributes to

model understanding, and does not jeopardize the character of the

models. In addition, we recommend following guidance for multi-

model comparisons38 to increase the methodological quality of cross-

comparison. At last, we recommend transparent and open-source

access tomodels to further increase their understanding.39

5 CONCLUSION

The IPECAD modeling workshop collaboration is intended as a step

toward increasing the transparency and credibility of health economic

models in AD and related dementias. The model cross-comparison

results offered a better understanding of models and suggested

 15525279, 0, D
ow

nloaded from
 https://alz-journals.onlinelibrary.w

iley.com
/doi/10.1002/alz.12811, W

iley O
nline L

ibrary on [19/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



HANDELS ET AL. 19

further validationofmethods related to structure, diseaseprogression,

mortality, and intervention effect.
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