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A B S T R A C T
Highlights

� The results of our cross-comparison
study suggest that the following
cascade of factors explained much
of the variation in Alzheimer’s
disease (AD) health-economic
model predictions: model design
drove the choice of trial outcome,
which determined the relative
effect size, which together with
natural history and waning/
discontinuation assumptions drove
the gained time in mild cognitive
impairment, which drove quality-
adjusted life-years gains and costs.

� For the evaluation of new AD
treatments, we recommend (1)
addressing trial outcome choice and
treatment effectiveness
assumptions in sensitivity analysis,
(2) the use of a standardized
reporting table for model
predictions to support model cross-
comparison, and (3) exploring the
use of registries to measure long-
term disease progression of future
Objectives: Decision-analytic models assessing the value of emerging Alzheimer’s disease (AD)
treatments are challenged by limited evidence on short-term trial outcomes and uncertainty in
extrapolating long-term patient-relevant outcomes. To improve understanding and foster
transparency and credibility in modeling methods, we cross-compared AD decision models in a
hypothetical context of disease-modifying treatment formild cognitive impairment (MCI) due toAD.

Methods: A benchmark scenario (US setting) was used with target population MCI due to AD and a
set of synthetically generated hypothetical trial efficacy estimates. Treatment costs were excluded.
Model predictions (10-year horizon) were assessed and discussed during a 2-day workshop.

Results: Nine modeling groups provided model predictions. Implementation of treatment effec-
tiveness varied across models based on trial efficacy outcome selection (clinical dementia rating –

sum of boxes, clinical dementia rating – global, mini-mental state examination, functional
activities questionnaire) and analysis method (observed severity transitions, change from
baseline, progression hazard ratio, or calibration to these). Predicted mean time in MCI ranged
from 2.6 to 5.2 years for control strategy and from 0.1 to 1.0 years for difference between
intervention and control strategies. Predicted quality-adjusted life-year gains ranged from 0.0 to
0.6 and incremental costs (excluding treatment costs) from 2US$66 897 to US$11 896.

Conclusions: Trial data can be implemented in different ways across health-economic models
leading to large variation in model predictions. We recommend (1) addressing the choice of
outcome measure and treatment effectiveness assumptions in sensitivity analysis, (2) a
standardized reporting table for model predictions, and (3) exploring the use of registries for
future AD treatments measuring long-term disease progression to reduce uncertainty of
extrapolating short-term trial results by health-economic models.

Keywords: Alzheimer’s disease, cross-validation, decision-analytic modeling, health-economic
evaluation.
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 AD treatments to reduce the

uncertainty of extrapolating short-
term trial results by health-

economic models.

� By identifying possible causes for
variation between AD model
predictions, our study supports AD
model transparency and credibility
and generates a set of
recommendations for modelers and
policy makers.
Introduction

Health-economic studies grounded inmathematical models play
a pivotal role in supporting policy discussions concerning the
accessibility, reimbursement, and pricing of interventions for Alz-
heimer’s disease (AD). Thesemodel-based evaluations rely on results
from clinical trials, necessitating the extrapolation of short-term
clinical efficacy (eg, effects on biomarker targets and cognitive
scales) to estimate the lifetime impact on patient-relevant outcomes
(eg, function, careneeds, andmortality). This in turn is oftenbasedon
evidence fromdisease registries and cohort studies. Different health-
economic models have shown to produce dissimilar results. Hence,
transparency and credibility of these models are key to decision
1098-3015/Copyright ª 2025, International Society for Pharmacoeconomics and Ou
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
makers who rely on
them1 to facilitate
timely access to new
interventions for peo-
ple living with AD. This
article describes
researchaimedatbetter
understanding why
these differences

amongmodel predictions exist.

Comparative modeling has the potential to increase confidence
in models if similar model predictions are observed.2,3 Unex-
plained differences across AD model predictions could jeopardize
tcomes Research, Inc. Published by Elsevier Inc. This is an open access article
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their credibility, making them unusable to support decision
makers (eg, as reported in the field of abdominal aortic aneurysm
screening4,5).

In 2020, the International Pharmaco-Economic Collaboration
on Alzheimer’s Disease (IPECAD) hosted a workshop to cross-
compare AD models. Modeling groups were asked to implement
a benchmark scenario consisting of a treatment with its effec-
tiveness conceptually defined as a “30% reduction in disease
progression.”6 Models were compared on the health-economic
predictions they produced, which resulted in an increased un-
derstanding of model differences. However, because the bench-
mark treatment effect was defined on a conceptual level (ie, 30%),
modelers did not have challenges on methodological (premodel
analysis) choices on implementing real-world short-term clinical
trial efficacy outcomes into their model, as well as extrapolation of
effectiveness beyond trial follow-up evidence to long-term health-
economic estimates. This challenge was discussed among mod-
elers during the 2021 IPECAD follow-up workshop, highlighting
the disconnect between efficacy estimates reported in AD clinical
trials and effectiveness inputs required for their health-economic
models. More specifically, challenges included (1) discrepancies in
endpoints and scales in trials compared with models, (2) treat-
ment effects reflecting single or multiple domains, (3) differences
in statistical methods for analyzing trial efficacy data, and (4)
differing analytical objectives for trials (identify a treatment effect
in a clinical setting) compared with models (estimate the treat-
ment benefit in a routine care setting) (see Appendix 1 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2
024.09.006 for details).7

Given our previous workshop recommendations for aligning
models, the raised challenges around implementing a treatment
effect, the recent Food and Drug Administration approvals of
new AD treatments,8,9 and the recently published significant
results for a similar drug,10 we believe there remains an urgent
need to cross-compare AD models to increase our understanding
of them and to support their credibility for evaluating new AD
treatments.

This initiative aimed to cross-compare predictions from
decision-analytic models for AD that start in mild cognitive
impairment (MCI) and have implemented the same hypothetical
trial efficacy estimates. The following research question was the
starting point: What are the differences in key health-economic
predictions across models that assess the cost-effectiveness of a
hypothetical disease-modifying AD drug treatment, and what
factors related to the use of clinical trial evidence explain those
differences?

This article describes the methodology and results from the 2023
IPECADworkshop on the cross-comparison of ADmodels. The focus of
this cross-comparisonwas on the challenges of implementing realistic
short-term trial efficacy estimates in a decision model and extrapo-
lating them to long-term health-economic estimates. Our goal was to
describe treatment effect implementation methods and discuss how
they translated intodifferences inhealth-economicmodel predictions,
taking into account the specific model design, parameterization, and
model assumptions.
Methods

The IPECAD steering group (ie, organizers) a priori defined a
research question based on the previous workshop recommen-
dations6 (see introduction). Then, they designed a model cross-
comparison study based on guidelines for multi-model compari-
sons11 and foundations for model validation and comparison.2 It
consisted of the following 5 main steps.
First, the organizers identified and invited modeling groups (ie,
participants).

Second, the organizers drafted a benchmark scenario, shared it
with participating modeling groups, and provided them with the
possibility to provide feedback to refine it.

Third, each modeling group implemented the benchmark
scenario independently into their model as they deemed appro-
priate. Modeling groups were asked to maintain their model
structures to avoid model convergence (ie, harmonization on
[almost] all parameters omitting genuine discrepancies between
models). Modeling groups were asked to report details on how
they implemented the benchmark scenario into their model and
to report their model predictions (ie, time in AD disease states,
costs, and quality-adjusted life-years [QALYs]) to the organizers.

Fourth, organizers validated, cross-compared, and summarized
all implementation details and model predictions and shared
them with all modeling groups.

Fifth, we discussed cross-compared implementation details
and model predictions during a workshop held on June 5 and 6,
2023, in Stockholm.

Model Identification, Selection, and Invitation (Step 1)

Models were identified through earlier participation in IPECAD
workshops, systematic reviews, a PubMed search, an open call
through ISPOR, snowballing, and ad hoc identification by the or-
ganizers. Duplicate models were omitted, leaving 46 identified
models.

Modeling groups were invited (see Appendix 2 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2
024.09.006) if their models fulfilled the inclusion and exclusion
criteria (reflected AD starting in MCI, AD disease progression, and
health-economic outcomes in a US clinical setting) or could
potentially fulfill the criteria after relatively small adjustments (n =
38). Among those invited, 12 did not respond, 2 considered their
model outdated, 10 indicated insufficient resources to implement
the benchmark scenario, and 4 did not have an operational model.
This left 10 modeling groups for participation in the workshop
(see Appendix 3 in Supplemental Materials found at https://doi.
org/10.1016/j.jval.2024.09.006 for details).

Benchmark Scenario and Inputs (Step 2)

A hypothetical 18-month placebo-controlled trial for an AD
treatment was developed in terms of eligibility criteria, baseline
characteristics, and trial outcome estimates reflecting a popula-
tion of persons with a diagnosis of MCI due to AD set in a US
memory clinic setting. This was operationalized by creating
summary tables and figures from synthetic individual patient-
level data12 on surrogate and secondary outcome estimates us-
ing observational data from the Alzheimer’s Disease Neuro-
imaging Initiative13 (see Appendix 4 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2024.09.006).

The benchmark scenario to be implemented in the model was
based on previous workshop recommendations6 as follows. The
target population was set as a standardized patient aged 70 years,
male or female (modeled separately), with a diagnosis of amyloid-
confirmed AD-type MCI on their first visit to a memory clinic in
the United States. To focus on treatment implementation only,
costs and effects related to diagnostics fell outside the scenario.
The intervention strategy was a hypothetical treatment in addition
to standard of care (ie, as reflected in the hypothetical 18-month
trial results). The control strategy was standard of care. The
treatment effect was considered disease modifying, although the
implications of disease modification in a modeling context were
not specified. Treatment discontinuation was set at 10% of patients
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https://doi.org/10.1016/j.jval.2024.09.006
https://doi.org/10.1016/j.jval.2024.09.006
https://doi.org/10.1016/j.jval.2024.09.006
https://doi.org/10.1016/j.jval.2024.09.006
https://doi.org/10.1016/j.jval.2024.09.006
https://doi.org/10.1016/j.jval.2024.09.006


Table 1. Implementation of population and setting and natural history progression in MCI.

Group Markov type Microsimulation type

Participant Biogen CPEC IPECAD Bedrejo and
colleagues

SveDem BASQDEM FEM RTI-HS MISCAN-
Dementia

Model
information

Abbreviation (company
name)

Care Policy
Evaluation
Centre

International
Pharmaco-
Economic
Collaboration
on
Alzheimer’s
Disease

(author name) Swedish Dementia
Registry

Basque
dementia
model

Future Elderly
Model*

(company
name)

Microsimulation
Screening
Analysis
(Dementia)

Developer(s) P.P.-R.† M.U.†

(Biogen),
W.L.H.† (RTI-
HS)

R.A.† (London
School of
Economics),
R.H.†

(Maastricht
University)

R.H.†

(Maastricht
University),
C.G.† (Biogen),
A.G.†

(Quantify
Research)

C.B.S.†

(University of
Alberta), E.S.
(University of
Calgary)

A.W., R.H.†

(Karolinska Institute)
J.M.†

(Osakidetza
Basque Health
Service), M.S.-
G.†

(Mondragon
Unibertsitatea)

B.T. (USC), Y.W.†

(USC), J.H.† (USC,
Masaryk
University)

W.L.H.,† F.K.†

(RTI Health
Solutions)

C.B.,† I.d.K.†

(Erasmus
Medical Center)

Reference Herring
et al14

Anderson
et al15

Green et al16 Wimo et al17 Mar et al18 Goldman et al19 Herring
et al20;
additional
details in
Handels
et al6,21

Bruck et al22

Open source No No Yes v1.1.2
www.ipecad.
org

No Yes v2.2.0 https://gi
thub.com/ronhande
ls/IPECAD

No Yes: https://
hrsdata.isr.
umich.edu/
data-products/
future-elderly-
model-fem-files‡

No No

MCI natural
history

Data source(s) Synthetic
trial control
arm

Vos et al23 Vos et al23 Potashman
et al40 [2021]

Synthetic trial control
arm

Synthetic trial
control arm;
van
Oudenhoven
et al44 [2019]

Cognitive status
of US
population in
the Health and
Retirement
Study (HRS); Wei
et al46 (2022)

Synthetic
trial control
arm;
Sapkota
et al42 [2021]

Synthetic trial
control arm;
Vermunt et al45

[2019]

Source’s
estimate (and
implementation)

Annualized
CDR-global
transition
probability
from CDR-
global 0.5
(reflecting
MCI with
Ab1) to mild
AD with
CDR-global
1; backward
transitions
(CDR-global
0.5 to CDR-
global 0) to
no AD
assumed to
remain in
MCI

Annualized
transition
probability
for IWG-2
prodromal AD
criteria
(reflecting
MCI with Ab1)
to AD
dementia

Annualized
transition
probability
based on
weighted
average of
NIA-AA high
AD likelihood
group and
NIA-AA
conflicting IAP
group
(reflecting
MCI with Ab1)
to AD
dementia

Annual CDR-SB
transition
probability from
CDR-SB 0.5-4.0
(reflecting MCI
with Ab1) to
mild AD with
CDR-SB 4.5-9;
backward
transitions to
asymptomatic
AD assumed to
remain in MCI

Annualized CDR-
global transition
probability from CDR-
global 0.5 (reflecting
MCI with Ab1) to mild
AD with CDR-global 1;
backward transitions
(CDR-global 0.5 to
CDR-global 0) to no
AD assumed to
remain in MCI

Mixed model
(originally
developed
based on van
Oudenhoven
et al44 [2019]
CDR-SB data)
fit to synthetic
trial CDR-SB
data;
differentiation
between
moderate and
severe added
to model.
Model
simulates
times until
mild,
moderate, and
severe using
cut points
CDR-SB 4.5,
9.5, and 16,
respectively.

ADNI: linear
regression
model for CDR-
SB using splines
of lagged CDR-
SB, age, gender,
and race as
covariates.
Synthetic trial:
baseline CDR-SB
and gender
(separate) used
as input for
linear model
and cutoff
applied to
classify as mild,
moderate, and
severe
dementia

Sapkota:
annual
decline in
MMSE and
DAD
(reflecting
MCI with
Ab1) using
MMSE and
FAQ changes
from
baseline
from
synthetic
trial (FAQ
mapped to
DAD)
Synthetic
trial:
baseline
MMSE and
DAD
(mapped
from FAQ)

Vermunt:
duration from
MCI with Ab1 to
AD dementia,
calibrated to
proportion
transitions to
CDR-global 1
(from synthetic
trial) by
restricting fast
progressing
individuals;
backward
transitions (CDR
0.5 to CDR 0) to
no AD not
considered

Source’s age and
sex (and
adjustments)

Age: 73
years,
gender: 42%
female

Age: 71.4
years, gender:
48% female)

Age: 71.4 and
66.1 years,
gender: 47%
and 43%
female,
respectively

Age and gender
for MCI patients
not reported
separately

Age: 73 years,
gender: 42% female

Age: 73 years,
gender: 42%
female

Age: 70 years
(starting age in
model)
Gender: gender-
specific
progression

Age: 73
years,
gender: 42%
female

Age: 70 years,
gender: 42%
(reflected as
observed in data
source), with
gender-specific
progression in
the model
calibrated to
gender-average
rate observed
from trial

continued on next page
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Table 1. Continued

Group Markov type Microsimulation type

Participant Biogen CPEC IPECAD Bedrejo and
colleagues

SveDem BASQDEM FEM RTI-HS MISCAN-
Dementia

Source’s
syndrome(s)
(and
adjustments)

Prevalent
MCI defined
by episodic
memory
impairment
and CDR-
global (0.5)
and MMSE
($24) at
baseline;
conversion
to dementia
defined by
CDR-global
score

Prevalent MCI
based on
Petersen
et al49 criteria;
conversion to
AD-type
dementia
defined by
clinical
criteria

Prevalent MCI
based on
Petersen et al
(2004)
criteria;
conversion to
AD-type
dementia
defined by
clinical
criteria

Incident MCI
defined by CDR-
SB (0.5-4.0) at
baseline;
conversion to
dementia
defined by CDR-
SOB

Prevalent MCI
defined by episodic
memory impairment
and CDR-global (0.5)
and MMSE ($24) at
baseline; conversion
to dementia defined
by CDR-global score

Prevalent MCI
defined by
episodic
memory
impairment
and CDR-
global (0.5)
and MMSE
($24) at
baseline;
conversion to
dementia
defined by
CDR-global
score

Prevalent MCI
defined by CDR-
global (0.5) at
baseline;
conversion to
dementia
defined by CDR-
global ($1)

Prevalent
MCI defined
by CDR-
global (0.5)
and MMSE
($24) at
baseline; AD
dementia
diagnosis at
MMSE $1.5
SDs below
normal and
DAD #93
applied to
simulated
data
(informed by
McKhann
et al37

[2011])

Prevalent MCI
defined by
episodic
memory
impairment and
CDR-global (0.5)
and MMSE ($24)
at baseline;
conversion to
dementia
defined by CDR-
global score

Source’s
pathology (and
adjustments)

Amyloid
positive via
abnormal
CSF amyloid
beta or
amyloid PET;
no criteria
on tau

IWG-2 criteria:
“Abnormal
CSF amyloid-
beta1-42 and
CSF tau” or
“abnormal
amyloid PET”

NIA-AA high
criteria:
Abnormal
amyloid (CSF
or PET) and
abnormal
neuronal
injury
markers (CSF,
PET, or MRI);
NIA-AA
conflicting IAP
criteria:
abnormal
amyloid (CSF
or PET) and
normal
neuronal
injury
markers (CSF,
PET, or MRI)

Amyloid positive
via abnormal
CSF amyloid
beta, amyloid
PET, or
(retrospectively)
autopsy result;
no criteria on
tau or neuronal
injury

Amyloid positive via
abnormal CSF
amyloid beta or
amyloid PET; no
criteria on tau

Amyloid
positive via
abnormal CSF
amyloid beta
or amyloid
PET; no criteria
on tau

No amyloid
parameter or
assumption has
been made

Synthetic
trial:
Amyloid
positive via
abnormal
CSF amyloid
beta or
amyloid PET;
no criteria
on tau

Synthetic trial:
Amyloid positive
via abnormal
CSF amyloid
beta or amyloid
PET; no criteria
on tau

Source’s clinical
setting (and
adjustments)

Clinical trial Combination
of local,
academic,
and tertiary
memory
clinic, and
research care
settings

Combination
of local,
academic,
and tertiary
memory
clinic, and
research care
settings

Research care
settings

Clinical trial Clinical trial ADNI:
combination of
local, academic,
and tertiary
memory clinic
and research
care settings

Clinical trial Clinical trial

Model severity
level cutoffs

CDR-SB, MCI:
0.5-4, mild:
4.5-9,
moderate:
9.5-15.5,
severe: 16-
18 [O’Bryant
et al,39 2010]

MMSE, mild:
30-20,
moderate: 19-
10, severe: 9-
0

MMSE, mild:
30-20,
moderate: 19-
10, severe: 9-
0
FAQ, mild: 0-
8, moderate:
9-23, severe:
24-30)
NPI-Q, mild:
each item #1,
moderate:
each item #2
with at least
one 2, severe:
at least one
item with 3

CDR-SB, MCI:
0.5-4, mild: 4.5-
9, moderate:
9.5-15.5, severe:
16-18 [O’Bryant
et al,39 2010]

MMSE, mild: 30-20,
moderate: 19-10,
severe: 9-0

CDR-SB, MCI:
#4, mild: 4.5-9,
moderate: 9.5-
15.5, severe:
16-18
[O’Bryant
et al,39 2010]

Crosswalk
[O’Bryant et al,39

2008: table 2] to
generate global
CDR from
simulated CDR-
SB

MMSE, mild:
.20,
moderate:
10-20,
severe: ,10

CDR-global, MCI:
0.5, mild: 1,
moderate: 2,
severe: 3

continued on next page
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Table 1. Continued

Group Markov type Microsimulation type

Participant Biogen CPEC IPECAD Bedrejo and
colleagues

SveDem BASQDEM FEM RTI-HS MISCAN-
Dementia

Model settings
for the United
States

Costs Direct
medical
costs:
Leibson
et al35 [2015]
Direct
nonmedical
costs:
Robinson
et al41

[2020];
Gustavsson
et al30 [2011]

Gustavsson
et al30 [2011]
and assumed
to be over
and above
the age-
specific
nondementia
cost of health
services. MCI
was assumed
to not impose
excess cost.

Dementia:
Gustavsson
et al30 [2011];
MCI: assumed
50% of mild
dementia
[Darba et al,27

2015; Jonsson
et al,31 2006]

Lin et al36 [2021]
ICER report
(derived from
Leibson et al35

[2015])

Tahami et al43 [2022]
(derived from
Robinson et al41

[2020] and Genworth
et al29 [2022])
weighted for
institutionalization
proportions (derived
from Tahami
Monfared et al24

referring to
Neumann et al38

[1999]).

Robinson
et al41 [2020];
Gustavsson
et al30 [2011]

Medicare
Current
Beneficiary
Survey (2007-
2010)

Robinson
et al41

[2020];
Gustavsson
et al30 [2011]

Robinson et al41

[2020];
Gustavsson
et al30 [2011]

Utilities Landeiro
et al33 [2020]

Neumann
et al38 [1999];
Karlawish
et al32 [2008]

Neumann
et al38 [1999]

Neumann et al38

[1999]
Neumann et al38

[1999]
Neumann
et al38 [1999]

Leaf34 [2015] Landeiro
et al33 [2020]

Neumann et al38

[1999]

Mortality RRs for MCI
and
dementia
[Wilson
et al,47 2009]
applied to
US general
population
mortality
2019

Excess
mortality in
moderate
and severe
dementia
Brookmeyer
et al26 [2007]
applied to US
general
population
mortality
2019

RRs for
dementia
only
[Andersen
et al,25 2010]
applied to US
general
population
mortality
2019

RRs for MCI and
dementia
[Andersen
et al,25 2010]
applied to US
general
population
mortality 2020

RRs for dementia
only17 relative to very
mild dementia and
Andersen et al25

[2010] very mild
dementia to normal)
applied to US general
population mortality
2019

Time to death
from mild-
moderate-
severe
dementia
[Dodge et al,28

2003]; time to
death from
other causes
adjusted to US
setting from
US life table

Mortality risk
matches those
observed in HRS
adjusted for risk
factors. Data
from the 2018
wave of HRS are
used

RRs for MCI
and
dementia17

(see also
Wilson et al
47 2009)
applied to
US general
population
mortality
2019

Time to death
from dementia
from Rotterdam
study [Wolters
et al,48 2019];
time to death
from other
causes from US
general
population life
tables 2019

Ab1 indicates amyloid beta positive; AD, Alzheimer’s Disease; ADNI, Alzheimer’s Disease Neuroimaging Initiative; CDR, clinical dementia rating; CDR-SB, clinical dementia
rating – sum of boxes; CSF, cerebrospinal fluid; DAD, disability assessment for dementia; FAQ; functional activities questionnaire; FEM, future elderly model; HRS, Health
and Retirement Study; IAP, isolated amyloid pathology; MCI, mild cognitive impairment; MMSE, mini-mental state examination; MRI, magnetic resonance imaging; NIA-
AA, National Institute on Aging and the Alzheimer’s Association; PET, positron emission tomography; RR, relative risk; SD, standard deviation.
*FEM draws on a cognitive and functional impairment transition model that has been validated for a 5-year period. Long-term estimates introduce considerable
uncertainty and may underestimate or overestimate the value of treatment in the scenario studied.
†Indicates present during the workshop.
‡Details can be found here: https://www.rand.org/content/dam/rand/pubs/rgs_dissertations/RGSDA1400/RGSDA1439-1/RAND_RGSDA1439-1.pdf; please contact
authors for details on methods when replicating the results of this study.
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over the 18-month trial follow-up period, which included
discontinuation due to any adverse events (including amyloid-
related imaging abnormalities). Treatment was to be applied up
to and including mild dementia. Treatment waning was set at 5%
per year. US-specific background mortality and consumer price
index data were specified for the year 2019 (reflecting pre-COVID-
19 levels). The time horizon was set at 25 years and the discount
rate at 3.5% per year for both costs and health outcomes. Sug-
gestions to reflect a US setting in terms of mortality, utility, and
cost estimates were also provided (see Appendix 5 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2
024.09.006).

Implement Benchmark Scenario and Model Predictions
(Step 3)

Both the synthetic individual-patient level data set and sum-
mary tables and figures were provided to all modeling groups. If
applicable, modeling groups were expected to apply mapping to
translate the benchmark scenario outcomes to the outcomes used
in their model.

Each modeling group was asked to implement the benchmark
scenario. Model predictions consisted of proportions in AD disease
states over time, cumulative time in AD disease states, and health-
economic outcomes (QALYs and costs) by control/intervention
strategy and sex. These model predictions were requested to be
shared in a predefined format (see Tables 114–48, 2, and 3).

Validation and Analysis (Step 4)

The participating modeling groups submitted their benchmark
scenario implementation details and model predictions, and the
organizers synthesized them into summary tables and graphs. An
ad hoc quality check was performed to compare the person-years
alive with the person-years in disease states. A qualitative review
of the implementation description was also performed. If issues
were identified, either from these consistency checks or during
the workshop discussion, modeling groups had the opportunity to
revisit their approach and submit updated results. This resulted in
the following changes after the workshop: (1) adjusting MCI
progression to better reflect the changes from baseline over time
observed in the synthetic trial data (RTI-HS model), (2) use of an
updated open-source version for reasons unrelated to the results
(SveDem model), (3) redesign of the benchmark implementation
due to incorrect interpretation (Bedrejo model), and (4) omitting
the results due to lack of face validity (ADDITION model50). A
member of the future elderly model (FEM) group participated in
the workshop discussions without having submitted their model
predictions due to time limitations. We relied on any validation
and verification of the original models, and we similarly relied on

https://doi.org/10.1016/j.jval.2024.09.006
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https://www.rand.org/content/dam/rand/pubs/rgs_dissertations/RGSDA1400/RGSDA1439-1/RAND_RGSDA1439-1.pdf
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the individual modeling groups to validate their implementations
of the benchmark scenario. Modeling groups did not have access
to one another’s model predictions before submitting their results,
except for the FEM, although the use of other model predictions
for preparing their own model predictions was viewed as unlikely.

Workshop and Results Synthesis (Step 5)

All results (implementation details, model predictions, and
summarized cross-comparison results) were shared with all
modeling groups before the workshop. Next, participants pre-
sented and discussed these results (except for FEM results) during
the workshop in a hybrid setting, with online participants’ dis-
cussion occurring separately among themselves and summarized
to the face-to-face participants. Given that there was no estab-
lished methodology for evaluating concordance in health-
economic simulation modeling, between-model differences were
interpreted qualitatively.
Results

In this section, we summarize the treatment implementation
methods and the variability between model predictions. In addi-
tion, we describe possible causes for variation based on discus-
sions during the workshop and on supporting post hoc correlation
analyses provided in Appendix 6 in Supplemental Materials found
at https://doi.org/10.1016/j.jval.2024.09.006.

Treatment Implementation Methods

The following 9 participating models (5 Markov and 4 micro-
simulation type) were part of this cross-comparison: BASQDEM,18

Biogen,14 CPEC,15 FEM,19 RTI-HS,20 IPECAD open-source model,16

MISCAN,22 Bedrejo and colleagues, and SveDem open-source
model17 (Table 1).14-48

The sources used to represent the target population’s nat-
ural disease progression varied in setting (clinical vs general
population) and biomarker status (abnormal amyloid only,
both abnormal amyloid and neuronal injury, implied amyloid
abnormality). Some models modified their MCI natural history
to fully (Biogen, SveDem) or in part (BASQDEM, RTI-HS, MIS-
CAN) reflect the synthetic trial placebo arm. The specific
starting age of 70 years and separately modeled sex were
mainly applied to mortality whereas the average age and sex
of the source for natural history were assumed representative
for the modeled population (except for MISCAN, BASQDEM,
FEM). See Table 114-48 for details.

The implementation of the treatment effect varied in choice of
outcome domain (cognition, function, and/or composite), choice of
scale (clinical dementia rating – sum of boxes [CDR-SB], CDR-global,
mini-mental state examination [MMSE], and/or functional activities
questionnaire [FAQ]), and choice of unit (health state transition or
change from baseline). These choices were typically made to match
the domain and scale used in themodel and themodel type (Markov
or microsimulation). In addition, implementations differed in the
level of premodel analysis conducted using the hypothetical trial
data, such as estimating the ratio in mean change from baseline be-
tween the intervention and control arms, fitting a survival model to
the individual patient-level data toobtainahazard ratio, applying the
relative effect on a continuous outcome as a relative risk (RR)
reduction on a transition probability, or calibration. None of the
included models used the hypothetical trial biomarker outcomes to
implement a treatment effect. Discontinuation andwaning varied in
terms of being implemented at all (6 of 9models) and in their timing
and duration. See Table 2 for details.
Between-Model Variability

Disease progression in the control strategy and the difference
with the intervention strategy varied across models. Mean time
spent in MCI over a 10-year time horizon in the control strategy
ranged from 2.6 to 5.2 years (see Fig. 1). The difference in MCI
between intervention and control strategy ranged approximately
0.1 to 1.0 years (20.8 to 0.3 for mild, 20.5 to 0.0 for
moderate, 20.6 to 0.0 for severe; Fig. 2). The proportion in MCI
over time in the control strategy varied between models, eg, range
0.16 to 0.60 at year 3 and 0.04 to 0.42 at year 5 (see Appendix
Fig. 6.1 in Supplemental Materials found at https://doi.org/10.1
016/j.jval.2024.09.006). Two models (BASQDEM and RTI-HS)
showed a relatively slower progression than other models in
year 1 and faster progression for year 2 onward.

QALYs and costs in the control strategy ranged from 4.2 to 6.3
and from $68 558 to $451 421, respectively. The difference in
QALYs and costs (excluding treatment costs) between intervention
and control ranged from 0 to 0.6 and 2$66 897 to $11 896,
respectively (see Fig. 3). One model (RTI-HS) showed a relatively
large cost saving and only one model (BASQDEM) showed small
increased costs.

Sex differences (women minus men) in incremental 10-year
time in MCI, cumulative QALYs, and cumulative costs ranged
from 0.01 to 0.07, 20.01 to 0.05, and 2$13 147 to $349 respec-
tively, with the largest differences by 2 models (RTI-HS and
BASQDEM).

Possible Causes for Variation

We performed additional post hoc analyses (see Appendix 6 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2
024.09.006) to assess the correlation among time gained in dis-
ease state (Fig. 2), QALY gains and differences in costs (Fig. 3), and
implementation details (Table 2).

The variation in predicted gained time in MCI seemed rela-
tively strongly related to the treatment effect estimate (see
Appendix Fig. 6.2 in Supplemental Materials found at https://doi.
org/10.1016/j.jval.2024.09.006). The trial outcomes chosen by
the modeling groups from the benchmark hypothetical trial
varied meaningfully. This resulted in the use of different treat-
ment effect estimates (ie, the relative effect of the hypothetical
benchmark intervention expressed as the ratio in average
change from baseline between control and intervention arm,
being CDR-SB = 0.70, CDR-global = 0.93, MMSE = 0.65, and FAQ =
0.73, and expressed as the hazard ratio from trial individual
patient-level data Cox survival analysis being CDR-SB = 0.80).
Nevertheless, 5 models that selected the same treatment effect
outcome (CDR-SB) deviated relatively widely in their gained
time in MCI (FEM = 0.3 years, IPECAD = 0.4, Biogen = 0.6, Bed-
rejo = 0.6, and BASQDEM = 0.9). Among other factors described
below, the difference between 2 of these models (IPECAD and
Biogen) could be explained by one of them (Biogen) imple-
menting the trial ratio in change from baseline of 0.70 directly as
an RR for transitioning to dementia, whereas the other (IPECAD)
fitted a survival model that produced a hazard ratio of 0.80
implemented as an RR for transitioning to dementia. The dif-
ference between 2 other models (IPECAD and Bedrejo), which
both applied the same RR of 0.80, could be explained by one of
them (Bedrejo) applying a relatively small treatment effect
waning. The similarity between 2 other models (Biogen and
Bedrejo) could be explained by different assumptions canceling
one another out: one of them (Biogen) applied a higher treat-
ment effect (RR 0.70) but with waning whereas the other
(Bedrejo) applied a lower treatment effect (RR 0.80) but with
limited waning. The difference between these models and

https://doi.org/10.1016/j.jval.2024.09.006
https://doi.org/10.1016/j.jval.2024.09.006
https://doi.org/10.1016/j.jval.2024.09.006
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https://doi.org/10.1016/j.jval.2024.09.006
https://doi.org/10.1016/j.jval.2024.09.006


Table 2. Implementation of treatment effect.

Group Markov type Microsimulation type

Participant Biogen CPEC IPECAD Bedrejo and
colleagues

SveDem BASQDEM FEM RTI-HS MISCAN-
Dementia

Implementation

Choice of
outcome(s)

CDR-SB, change
from baseline

MMSE,
change from
baseline

CDR-SB, time to
dementia

CDR-SB, time to
dementia

CDR-global,
change from
baseline

CDR-SB,
change from
baseline

CDR-SB,
change from
baseline

MMSE and FAQ,
changes from
baseline

CDR-global,
change from
baseline

Rationale Health states in
the model
defined using
CDR-SB ranges

Health states
in the model
defined using
MMSE ranges

Measure
captures multiple
domains and is
sensitive in early
AD.

Health states in
the model
defined using
CDR-SB ranges

Transition to
dementia is
clinically
relevant;
aligns with
use of
synthetic
control arm
for MCI
natural
history

Time to
dementia in
the model
relies on
equation for
CDR-SB
progression
over time.

Cognitive
states in the
model are
defined using
CDR-SB,
which also
contributes
to the staging
of dementia.

Aligned with the
cognitive
(MMSE) and
functional
(DAD) domains
in the model
(with mapping
from FAQ to
DAD)

Appropriate for
the model’s time
to dementia
approach; aligns
with use of
synthetic control
arm for MCI
natural history

Estimate(s)
used/ metric
used

Relative
difference in
CDR-SB change
from baseline at
18 months

Relative
difference in
MMSE
change from
baseline at
18 months

HR for time to
CDR-SB $4.5
events

[Same as IPECAD] Relative
difference in
proportions
transitioning
to CDR-global
1 at 18
months

CDR-SB
change from
baseline at
each time
point in both
arms

Relative
difference in
CDR-SB
change from
baseline at
18 months

Relative
reduction in
MMSE and FAQ
change from
baseline at 18
months

CDR-global
change from
baseline at 18
months

Relative effect
observed in trial
of the chosen
outcome

HR = 0.70 RR = 0.65 HR = 0.80 HR = 0.80 RR = 0.93 The
regression
mixed model
contains a
beta to
include the
trial arm

HR = 0.70 Relative
decline = 0.65
(MMSE) and
0.73 (FAQ)

RR = 0.93

Synthetic trial
individual-level
data analysis, if
applicable

None None Cox survival
model using time
to CDR-SB $4.5
events

[Same as IPECAD] None* Mixed
regression
model fitted
to CDR-SB
individual-
level synthetic
trial data

None None None

Implementation
in model

Applied as a HR
to transition
probabilities
from MCI to mild
dementia and
from mild
dementia to
moderate
dementia

Applied as an
RR to
transition
probabilities
from MCI to
mild
dementia
and from
mild
dementia to
moderate
dementia

HR applied
directly to
transition
probability from
MCI to mild
dementia;
calibration
required to
model treatment
effect in mild
dementia

Applied as a HR
to transition
probabilities
from MCI to mild
dementia and
from mild
dementia to
moderate
dementia

Applied as an
RR to
transition
probabilities
from MCI to
mild
dementia
and from
mild
dementia to
moderate
dementia

Parameter in
mixed
regression
model to
reflect
difference
between
control and
intervention
arm CDR-SB

Applied as an
HR to
transition
probabilities
from MCI to
mild
dementia
and from
mild
dementia to
moderate
dementia

Relative
reduction in
MMSE and FAQ
change from
baseline
applied to
MMSE and DAD
annual rates of
decline,
assuming a
linear mapping
between FAQ
and DAD

Multiplicative
factor for time in
MCI calibrated
to the CDR-
global
transitions at 18
months for
intervention
arm; calibrated
factor also
applied to time
in mild
dementia

Extrapolation
beyond 18-month
synthetic trial
data

Extrapolation
under
treatment†

Effectiveness
maintained in
MCI and mild
dementia

Effectiveness
maintained
in MCI and
mild
dementia

Effectiveness
maintained in
MCI and mild
dementia

Effectiveness
maintained in
MCI and mild
dementia

Effectiveness
maintained
in MCI and
mild
dementia

Effectiveness
maintained in
MCI

Effectiveness
maintained
in MCI and
mild
dementia

Effectiveness
maintained in
MCI and mild
dementia

Effectiveness
maintained in
MCI and mild
dementia

Type of
extrapolation
after treatment
discontinuation†

Disease-
modifying: revert
to natural history
progression
(gains
maintained)

Disease-
modifying:
revert to
natural
history
progression
(gains
maintained)

Disease-
modifying: revert
to natural history
progression
(gains
maintained)

Disease-
modifying: revert
to natural history
progression
(gains
maintained)

Disease-
modifying:
revert to
natural
history
progression
(gains
maintained)

Partly
disease-
modifying:
revert to
natural
history
progression
(gains
maintained);
partly
symptomatic:
revert to
natural
history state
(gains lost)

Disease-
modifying:
revert to
natural
history
progression
(gains
maintained)

Disease-
modifying:
revert to
natural history
progression
(gains
maintained)

Disease-
modifying:
revert to natural
history
progression;
gains
maintained

continued on next page
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Table 2. Continued

Group Markov type Microsimulation type

Participant Biogen CPEC IPECAD Bedrejo and
colleagues

SveDem BASQDEM FEM RTI-HS MISCAN-
Dementia

Waning
description

Waning of 5% of
effect lost per
year starting in
year 2

No waning
implemented

Waning of 5% of
effect lost per
year in MCI
starting in year 2;
time-dependent
waning not
applied to
calibrated multi-
domain effect in
mild dementia,
opting instead for
a constant
waning factor set
to the 10-year
average of the
MCI waning

Waning was
assumed to add
up to 15% in the
transition from
mild to
moderate,
implemented as
0.80

ˇ

(1-0.15)

Waning of 5%
of effect lost
per year
starting in
year 2

No waning
implemented

No waning
implemented

Waning of 5% of
effect lost per
year starting in
year 2

5% of patients
lose effect per
year;
implemented by
proportionally
scaling the
incremental
time in MCI and
mild dementia
dependent on
the timing of
waning

Discontinuation

Description 10% over 18
months from
synthetic trial
intervention
group; converted
to 6.8% per year
in all years

Not
implemented

10% in year 1;
further
discontinuation
at 4% per year in
all subsequent
years

10% in year 1
only

10% in year 1
only

Not
implemented

Not
implemented

10% over 18
months from
synthetic trial
intervention
group;
converted to
6.8% per year in
all years

10% over 18
months from
synthetic trial
intervention
group; no
discontinuation
assumed after
18 months

Stopping rule At moderate
dementia

At moderate
dementia

At moderate
dementia

At moderate
dementia

At moderate
dementia

After a
maximum of
10 years on
treatment

At moderate
dementia

At moderate
dementia

At moderate
dementia

Adverse events

Were adverse
events
implemented
and, if so, how?

Implemented
ARIA events in
year 1 only and
fall and
headache event
rates per year
from synthetic
trial intervention
and control data;
costs and
disutilities
assigned per
event

AEs and ARIA
not explicitly
considered

Accounted for
ARIA events in
year 1 only from
incremental
synthetic trial
event data;
implemented via
a single disutility
and cost

Disutility of 0.14
in year 1 was
applied for ARIA-
E to the
proportion of the
baseline
population,
estimate was
obtained from
the symptomatic
ARIA-E difference
between
synthetic data
intervention and
control; assumed
3 MRI scans for
each individual in
year 1

AEs
accounted
for via a cost
of $1000 in
year 1 only

AEs and ARIA
not
considered

AEs and ARIA
not
considered

AEs and ARIA
not explicitly
considered;
assumed to be
reflected in
treatment
discontinuation
rate

AEs and ARIA
not considered

Model outcomes

Proportion in
dementia year 1
(conditional on
survival) in
control strategy

15% 27% 22% 23% 14% 3% 14% 10% 14%

Ratio of
proportion in
dementia
between control
and intervention

0.72 0.65 0.83 0.80 0.94 0.43 0.71 0.18 0.89

AD indicates Alzheimer’s disease; AE, adverse event; ARIA, amyloid-related imaging abnormality; CDR-SB, clinical dementia rating – sum of boxes; DAD, disability
assessment for dementia; FAQ, functional activities questionnaire; HR, hazard ratio; MCI, mild cognitive impairment; MMSE, mini-mental state examination; MRI,
magnetic resonance imaging; RR, relative risk.
*An attempt was made, but the result was considered not valid and therefore not used.
†Extrapolation categories:
� Absolute control counterfactual / gains lost / symptomatic: revert to control strategy counterfactual (ie, natural progression) in terms of absolute symptoms at same

time.
� Relative counterfactual / gains maintained / disease-modifying: revert to control strategy counterfactual (ie, natural progression) in terms of rate of decline at same

state.
� Effectiveness maintained / cure: effect of the treatment remains applicable.
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Figure 1. Model prediction of time spent in states over a 10-year time horizon for the control strategy, for men (left) and women (right).
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another model (BASQDEM) is possibly due to faster natural
progression creating a larger room for improvement as
described below (and vice versa for FEM due to slower pro-
gression creating a smaller room for improvement).

Predicted gained time in MCI seemed related to natural
disease history (ie, time spent in MCI in the control strategy)
(see Appendix Fig. 6.3 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2024.09.006), although somewhat
less than the relation with “choice of outcome(s)” as described
earlier. Spending less time in MCI implies a higher risk of de-
mentia onset, which generates a greater room for improvement
(ie, a larger proportion to be prevented). Nevertheless, 4
models (BASQDEM, IPECAD, Bedrejo, and MISCAN) showed a
relatively large variation, which could be explained by the
treatment effect (increasing respectively with their deviation);
the same accounts for the difference between 2 models (Sve-
Dem and Biogen). One model (BASQDEM) showed almost no
time in moderate or severe states leaving less room to reduce
Figure 2. Model prediction of difference (in terms of intervention m
horizon for men (left) and women (right).
time spent in these states, which are associated with low
quality of life and high cost.

QALY gains could be explained by the gained time in MCI given
that they seemed relatively strongly related (see Appendix Fig. 6.4
in Supplemental Materials found at https://doi.org/10.1016/j.jval.2
024.09.006). Nevertheless, 4 models (BASQDEM, CPEC, Biogen,
and Bedrejo) showed a relatively large range in QALY gain at
similar gained time in MCI. The difference between 2 models
(Biogen and Bedrejo) could be explained by one of them (Bedrejo)
applying lower waning in mild dementia and therefore gaining
more QALYs from the treatment in that disease stage. The differ-
ences between the 2 other models (BASQDEM and CPEC) were
difficult to explain and possibly related to differences in dementia
natural history between them.

Differences in costs (excluding treatment costs) could partly be
explained by the gained time in MCI given that they seemed
somewhat related (see Appendix Fig. 6.5 in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2024.09.006).
inus control strategy) in time spent in states over a 10-year time

https://doi.org/10.1016/j.jval.2024.09.006
https://doi.org/10.1016/j.jval.2024.09.006
https://doi.org/10.1016/j.jval.2024.09.006
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Figure 3. Model prediction of incremental QALYs and incremental costs (without treatment costs) for men (left) and woman (right) over
a restricted 10-year time horizon.

QALY indicates quality-adjusted life-year.
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Nevertheless, 3 models with similar gained time in MCI (BASQ-
DEM, CPEC, RTI-HS) showed a relatively large variation in costs.
This could be explained by one of them (BASQDEM) “trading” time
in mild dementia for time in MCI and another (RTI-HS) “trading”
Table 3. Suggested standard template to report predictions of
disease progression from future AD simulation models:
proportion of persons in each state over time in the control and
intervention strategy over a 25-year time horizon separately for
men and women; undiscounted and no half-cycle correction (ie,
proportion at end of year; eg, at year 2, the proportion at day
365 3 2 is to be provided).

Year MCI Mild
dementia

Moderate
dementia

Severe
dementia

Death

Control

0 1 0 0 0 0

1

2

3

.

25

Intervention

0 1 0 0 0 0

1

2

3

.

25

AD indicates Alzheimer’s disease; MCI, mild cognitive impairment.
time in moderate and severe for time in MCI and mild. With
higher costs in more severe stages, the benefits of “trading” those
stages are higher. In one model (BASQDEM), the costs related to
gained life-years spent in MCI were likely not offset by savings
related to prevention of spending life-years in mild and moderate
dementia. This balanced effect in costs does not apply to QALYs
where all additional life-years result in QALY increase rather than
additional care costs in life-years gained. Other causes could relate
to cost input estimates used or impact on mortality making it
difficult to pinpoint the precise cause for variation in costs.

We explored various other factors to explain model differ-
ences. Microsimulation-type versus Markov-type differences were
not uniformly related to gained time in MCI (see Fig. 2) and varied
relatively largely in QALY gains and costs (excluding treatment
costs) (see Fig. 3). The differences seem to be better explained by
the other factors described earlier. Sex differences showed slightly
higher benefits in women in gained time in MCI (see Fig. 2) and
health-economic predictions (see Fig. 3), most likely related to a
higher life expectancy providing a larger room for treatment
benefit.

None of the models used the benchmark biomarker results,
none selected the composite outcome (AD composite score),
none implemented a direct effect on mortality (ie, unrelated to
disease state), and all assumed the treatment to be (partly) of
disease-modifying nature in terms of reverting to natural his-
tory progression rate with treatment gains maintained once
treatment is ceased. These factors remain undetermined as
possible factors that could cause variation across model
predictions.
Discussion

This study cross-compared the predictions from 9 AD decision-
analytic models that started in MCI and independently imple-
mented efficacy estimates from the same benchmark hypothetical
trial for an AD treatment. Variation was found in model



Table 4. Suggested standard template to report health-economic predictions from future AD simulation models: cumulative outcomes
over 10-year time horizon separately for men and women (mean per person).

Outcome Control Intervention

Time (years) on intervention (undiscounted)

Time in full-time/institutionalized care (undiscounted)

Direct costs medical (discounted and undiscounted)

Direct costs nonmedical (discounted and undiscounted)

Patient QALY (discounted and undiscounted)

Informal carer QALY (discounted and undiscounted)

AD indicates Alzheimer’s disease; QALY, quality-adjusted life-year.
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predictions of natural disease history, time gained in MCI, QALYs,
and costs.

Our results suggest the following cascade of factors that
explained differences inmodel predictions:model design drove the
choice of the outcome selected from trial evidence (eg, CDR-SB,
MMSE), which was associated with the relative effect size from
the trial evidence (7%-35%), which together with natural history
(faster progression creating a larger room for improvement) and
assumptions on waning and discontinuation (eg, effectiveness
maintained under and after treatment, reversion to natural history
progression after discontinuation) drove the gained time in less
severe disease states (particularly MCI), which drove the QALYgain
(by both more time in less severe states and increased life expec-
tancy) and costs (although less straightforward as cost-savings due
to more time in less severe states are offset by additional costs in
life-years gained). Time spent on treatment and model type (Mar-
kov ormicrosimulation) did not seem to explainmodel differences.
We note treatment costs were not included, although these are
expected to be influenced by time on treatment.

Although models varied in their choice of treatment effect
outcome, the modeling groups’ rationales for linking their selected
outcomes with the approaches used to model natural disease pro-
gressionsuggested facevalidity.However,we thinkapplyingthe ratio
between mean change from baseline on continuous outcomes such
asCDR-SBandMMSEasanRRof conversion fromMCI todementia or
from mild to moderate dementia (as applied by Biogen and CPEC
models in this analysis) is uncertain due to limited empirical evi-
dence. However, this choice might have been driven by limited re-
sources not allowingexploration of alternative options that are likely
more time consuming such as analyzing the synthetic individual-
level trial data or addressing this choice in sensitivity analysis.

The observed variation in natural history in the current IPECAD
workshop cross-comparison study showed similarities to the
variation in the previous IPECAD workshop cross-comparison in
2020.6 The previous workshop specified the benchmark as a 30%
reduction in progression fromMCI to dementia rather than a set of
plausible trial outcomes with different relative effects in our cur-
rent study. The range of time (years) spent in MCI (natural history)
in our current study (2.4 to 5.2) was lower and wider than the
range reported by the previous cross-comparison (3.4 to 5.6). We
think this is due to an emphasis on the more specific amyloid-
confirmed MCI starting population, which reflects a higher risk
of dementia onset (ie, shorter time in MCI). The difference in time
spent in MCI between intervention and control in our current
study (0.1-1.0) was lower than the previous cross-comparison
(approximately 0.3-1.7 with 1.1 being the second highest). We
consider this is due to the relative treatment effect ranging from
7% to 35% compared with the uniform application of a 30%
reduction in the previous cross-comparison.
A previous study focusing on structural uncertainty and cross-
validation of decision models in AD51 applied a hypothetical 30%
reduction in disease progression from MCI to dementia using 3
different model types (1 Markov and 2 microsimulation) in com-
binationwith 4 data sources for natural progression, holding other
inputs and assumptions constant. Incremental QALYs ranged from
approximately 0.35 to 0.50 but when applying a 15% treatment
effect instead of 30% it ranged from 0.15 to 0.25. We judge that
these results compare favorably with the range in our current
cross-comparison (0.05 to 0.55), anticipating this corresponds to a
7% to 35% treatment effect.

Recommendations for Reimbursement Agencies and
Modelers

Based on our findings, we have 5 key recommendations for
researchers and experts. First, for the evaluation of treatments for
AD, we recommend that modelers address and discuss choices and
assumptions in sensitivity analyses, especially those listed in
Tables 114-48 and 2 along with other assumptions highlighted by
earlier cross-comparison and reviews, such as mortality6 and alter-
native data sources.52,53 We recommend that reimbursement
agencies request the resultsof suchanalyses or test themthemselves,
forexample, usingoneof theavailableADopen-sourcemodels.16,54,55

We note that our study did not produce the currently lacking
empirical evidence onwhat choices and assumptions are correct, but
merely the uncertainty around their choice.

Second, we recommend for modelers to report, and for reim-
bursement agencies to request, a standardized table reporting the
proportion in different states at each year (timepoint), as designed in
Tables 3 and 4. This adds to generic56 and AD-specific57 reporting
recommendations on (dis)aggregated health-economic outcomes.
For this table, we acknowledge the possible requirement of catego-
rizationand/ormapping58 intodisease stagesbeingapotential source
for variation in itself, but we consider it the optimal balance between
the level of detail and outcomes most AD models can provide.

Third, we recommend that reimbursement agencies support
the generation of long-term real-world evidence registries
(incorporating both clinical and health-economic outcomes). Such
evidence can be used for extrapolating treatment effects beyond
short-term trial follow-up59,60 to reduce uncertainty related to
assumptions on extrapolation in health-economic models.

Fourth, we invite modelers to submit their results to our IPECAD
registry foropencontinuous cross-comparison (https://osf.io/jv85a/)
in the format of Tables 3 and 4 aswell as earlier Tables 114-48 and 2 to
further support the transparency and credibility of AD models. We
recommend this both for our benchmark scenario and for recent AD
drug trials such as aducanumab,8 lecanemab,9 and donanemab10 to
support ongoing model cross-validation in AD.

https://osf.io/jv85a/
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Fifth, because gained time in MCI was an important driver of
health-economic model predictions, we recommend modelers to
detail the MCI stage of a model in at least as much detail as the
dementia stage, noting that earlier reviews recommended
reflecting dementia as continuous disease progression on multiple
domains.61,62 This could be done, for example, by explicitly
modeling or using subpopulation-specific input estimates for
cognitive status (eg, early/late or [non]amnestic cognitive
impairment) and biomarker status ([ab]normal amyloid, [ab]
normal neuronal injury), as provided by Vos et al.23 Because
“trading” time between less and more severe stages (as described
earlier) seemed to drive health-economic model predictions, it
remains important to reflect dementia stages in some detail.

Strengths/Limitations

Of themodeling groups invited to participate, 12 groups did not
participate due to nonresponse and 10 groups could not participate
due to insufficient resources, which limits the generalizability of
our results. However, among the 12 nonresponders, most models
were relatively old or reflected categorized disease progression
states, a well-represented model type in our cross-comparison.
Nevertheless, of the 8 models with limited resources to partici-
pate, one explicitlymodeled biomarkers24 and onewas used for the
evaluation of aducanumab and lecanemab,63 which would likely
have enriched the data of our cross-comparison.

The analyses described here omit treatment costs and hence do
not inform cost-effectiveness estimates for these therapies. In
addition, our benchmark scenario did not cover any potential
diagnostic procedures, limiting generalizability to the assessment of
real-world pharmacological interventions. We note the method to
implement mortality did not differ between models but has pre-
viously been shown to affect health-economic model
predictions.6,21,64,65

Although we sought to maintain independence among the
participating modeling groups, this was limited for SveDem
given that it received technical model coding support and absent
for Bedrejo given that it received recommendations on imple-
menting the benchmark scenario from an IPECAD steering
member (R.H., also part of the IPECAD modeling group). Some
modeling groups participated in the original development of
multiple models (R.H., W.L.H.) without being involved in the
implementation of the benchmark scenario. In addition, some
results were adjusted (RTI-HS) or submitted (FEM) after partic-
ipation in the workshop.
Conclusions

Our benchmark scenario for a hypothetical set of trial results for
anAD treatmentwas implemented independently in differentways
across 9 distinct health-economic models and resulted in a rela-
tively large variation in model predictions. Our results suggest the
following cascade of effect: model design drove the choice of
outcome, which was associated with relative effect size, which
together with natural history (faster progression creating a larger
room for improvement) and assumptions on waning and discon-
tinuation drove the gained time in less severe disease states, which
drove the QALY gain and costs. We recommend (1) addressing
outcome choice and treatment effectiveness assumptions as part of
sensitivity analysis, (2) using a standardized table for reporting AD
model predictions, and (3) exploring the use of registries for future
AD treatments measuring long-term disease progression to reduce
the uncertainty of extrapolating trial results in health-economic
models.
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