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ABSTRACT

Introduction: The current therapeutic land-
scape of Alzheimer’s disease (AD) is evolving
rapidly. Our treatment options include new
anti-amyloid-b protein disease-modifying ther-
apies (DMTs) that decrease cognitive decline in
patients with early AD (prodromal and mild AD
dementia). Despite these advances, we have
limited information on how neurologists would
apply the results of recent DMT trials to make
treatment decisions. Our goal is to identify
factors associated with the use of new AD DMTs

among neurologists applying concepts from
behavioral economics.
Methods: This non-interventional, cross-sec-
tional, web-based study will assess 400 neurol-
ogists with expertise in AD from across Spain.
Participants will start by completing demo-
graphic information, practice settings, and a
behavioral battery to address their tolerance to
uncertainty and risk preferences. Participants
will then be presented with 10 simulated case
scenarios or vignettes of common encounters in
patients with early AD to evaluate treatment
initiation with anti-amyloid-b DMTs (e.g., adu-
canumab, lecanemab, etc.). The primary out-
comes will be therapeutic inertia and
suboptimal decisions. Discrete choice experi-
ments will be used to determine the weight of
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factors influencing treatment choices.
Results: The results of this study will provide
new insights into a better understanding of the
most relevant factors associated with therapeu-
tic decisions on the use of DMTs, assessing how
neurologists handle uncertainty when making
treatment choices, and identifying the preva-
lence of therapeutic inertia in the management
of early AD.

Keywords: Alzheimer’s disease; Decision
making; Discrete choice; Treatment
preferences; Therapeutic inertia; Disease-
modifying therapies

Key Summary Points

Recent approval of agents targeting
amyloid-b protein are changing the
current treatment landscape and
management of early-stage Alzheimer’s
disease (AD).

There is a need to know how neurologists
make treatment decisions in a context of
uncertainties related to new agents’
clinical benefit and safety problems.

This study will provide evidence for
understanding the current gaps in
pharmacological treatment decision-
making in patients with early AD applying
principles of behavioral economics.

INTRODUCTION

Alzheimer’s disease (AD) is the most common
type of primary degenerative dementia, with a
negative impact on patients, their families, and
society from the earliest stages [1, 2]. The global
number of people with AD across the spectrum
(pre-clinical, prodromal, and AD dementia) is
estimated at 416 million (22% of all people over
50), and this prevalence is expected to more
than double every 5 years [3, 4].

The current diagnostic and therapeutic
landscape of AD is evolving rapidly. The access

to early specific diagnosis through core
biomarkers in cerebrospinal fluid (CSF) and
positron emission tomography has been an
important advance in improving the right of
patients to plan their lives and start pharmaco-
logical and non-pharmacological therapies ear-
lier [5, 6]. However, there are other aspects to
consider, such as the psychological problems
associated with receiving the diagnosis, pre-
dicting the risk of dementia, misconception, or
stigmatization [7, 8]. However, the clinical
development of disease-modifying treatments
(DMTs) has been more complicated [9–11].
Aducanumab was the first monoclonal anti-
body-targeting amyloid-b protein in early AD
patients, and was approved by the FDA in 2021
[12]. This approval was controversial and was
followed by a restriction of the drug’s coverage
by the Centers for Medicare and Medicaid Ser-
vices in the US and the denial of marketing
authorization in Europe, due to the contradic-
tory results of pivotal studies (ENGAGE and
EMERGE), and to the lack of a clear relationship
between the anti-amyloid-b protein effect and
clinical benefit [10]. Recently, a second anti-
amyloid-b protein agent (lecanemab) has also
been approved in the US for prodromal and
mild AD [13]. Patients randomized to adu-
canumab and lecanemab showed a significant
22% and 27%, respectively, slowed cognitive
and functional decline compared to placebo
[14, 15]. Despite recent advances, only a small
proportion of patients are being diagnosed
using AD biomarkers and treated according to
the best clinical practice recommendations
[6, 16, 17]. Even traditional recommendations,
such as regular physical exercise and cognitive
training and offering cholinesterase inhibitors,
are little used in clinical practice in early AD
patients [16]. Some potential explanations
include the challenge faced by practitioners,
regulatory agencies, and decision-makers to
determine whether significant findings from
trials are clinically meaningful [9–11, 18]. Dif-
ferent publications have attempted to address
some of the objections by defining cut-off
points for measurement instruments used in
clinical trials associated with significant benefit
to patients and caregivers [19–21]. Concerns
have also been raised about the safety profile of
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these new treatments, in view of cases of amy-
loid-related imaging abnormalities (ARIA), and
how they should be monitored and managed
symptomatically in routine clinical practice
[10, 22]. There is still a need to contextualize
multidimensional assessments of clinical out-
comes of new anti-amyloid-b DMTs with the
perspective of patients and their caregivers,
especially in the long term [10, 11]. This
includes the management of different manifes-
tations of the disease during its course (e.g.,
behavioral, psychiatric, cognitive) among other
gaps (Fig. 1) [1].

Suboptimal management is a common phe-
nomenon in medicine, defined as lack of treat-
ment initiation or escalation when
recommended according to the best practice
guidelines [23]. The consequences of subopti-
mal management and treatment inertia among
patients with early AD may lead to poorer
patient outcomes, greater disability, and
diminished quality of life [4, 24, 25]. Despite the
evolving management scenario of early AD,
there is limited information regarding neurolo-
gists’ treatment choices under uncertainty
[11, 26]. Given physicians’ limited education in
risk management and formal training in deci-
sion-making, the aim of this study will be
evaluate the most critical factors influencing
pharmacological treatment decisions and those
leading to practice gaps in the management of
early AD among neurologists.

METHODS

Design and Participants

We have designed a non-interventional, cross-
sectional, web-based pilot study in collabora-
tion with the Spanish Society of Neurology
(SEN). The selection criteria include: (1) neu-
rologists (with or without specialization in
cognitive disorders/dementia) and (2) active
practice either in an academic or non-academic
setting. Our protocol follows previous work
completed in other therapeutic areas [27–29].
Participants will be recruited by receiving an
e-mail invitation by SEN from June 1 to
November 30, 2023. The Qualtrics web-

platform will be used for the survey. Informa-
tion on security and data protection can be
found at www.qualtrics.com.

Objectives

The primary objective is to evaluate factors
associated with treatment choices in the phar-
macological management of patients with early
AD (prodromal and mild AD dementia) by
practicing neurologists from across Spain.
Specifically, we are interested in determining
the most common factors associated with sub-
optimal therapeutic decisions in early AD-sim-
ulated case scenarios or vignettes (e.g., not
receiving adequate treatment as per the results
of clinical trials or when warranted by best
practice guidelines) [10, 15, 17, 30]. Secondary
objectives include participants’ perspectives
regarding the role of biomarkers in the diagno-
sis and treatment of early AD [27, 31, 32].

Outcome Measures and Definitions

The main outcome of interest is therapeutic
inertia (TI), traditionally defined as the failure
of the healthcare professional to initiate or
intensify treatment despite a clear indication
based on available evidence-based guidelines
[33]. In this study, a TI score representing the
number of simulated case scenarios or vignettes
where treatment initiation is warranted over the
ten simulated case scenarios will be used
[27–29]. These scenarios were created by neu-
rologists with expertise in the field of dementia
and senior methodologists from our research
team (Jorge Maurino, Elena Garcia-Arcelay,
Gustavo Saposnik, David A. Perez-Martinez,
Emilio Franco-Macias, Gonzalo Sanchez-Bena-
videz, and Ricardo F. Allegri) based on the
inclusion and exclusion criteria, efficacy, and
safety of anti-amyloid-b DMTs clinical trials and
on the current recommendations from the US
neurologists (Supplementary Material)
[15, 17, 30]. This score ranges from 0 to 10,
where higher values represent a higher degree of
TI. Participants with a TI score C 1 (e.g., thera-
peutic inertia in at least one case scenario) will
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be considered to calculate the presence of
therapeutic inertia.

Study Flow

The study design consists of three parts (Fig. 2),
as follows:

Part 1: Neurologists will complete demo-
graphics, practice setting information, and a
behavioral battery regarding their tolerance to
uncertainty. Tolerance to uncertainty will be
assessed using the standardized physician’s
reaction to an uncertainty test [34]. Participants
will rate their level of agreement with each
question from 0 (strongly disagree) to 5
(strongly agree), and a total score will be cal-
culated [34, 35]. Higher values indicate lower
tolerance to uncertainty. Ambiguity aversion is
defined as dislike for events with unknown

probability over events with known probability.
Participants will be asked to choose between a
visual option represented by bars with a known
50/50 probability of winning €400 (blue bar) or
€0 (red bar) and an option with unknown
probability of the same outcomes in one of the
following degrees of uncertainty representing
10%, 30%, 50%, 70%, and 90% of the winning
probability (illustrated by a gray area covering
in the bar) (Supplementary Material) [31, 36].
The degree of ambiguity aversion is defined as
the proportion of times participants chose the
50/50 option over the ambiguous option com-
bining all five uncertainty options. Details of
the battery can be found elsewhere [29, 32].

Part 2: Participants will be exposed to 10
simulated case scenarios or vignettes assessing
therapeutic decisions in the management of
early AD (US National Institute on Aging and

Fig. 1 Gaps and barriers in the diagnosis and management of patients with Alzheimer’s disease
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Alzheimer’s Association criteria) [5]. Specifi-
cally, we created six simulated case scenarios of
patients with different metrics in their cognitive
assessments, two longitudinal case scenarios of
patients with a follow-up of 6–20 months
sequentially, adding medical information to
determine the step by which participants would
initiate an anti-amyloid-b DMT, and two con-
trol cases (e.g., a patient with advanced AD and
another with cognitive and extrapyramidal
symptoms and negative AD CSF biomarkers)
where treatment with an anti-amyloid-b agent
should not be initiated.

Part 3: Discrete choice experiments (DCEs)
to determine the weight of different factors and
attributes that influence therapeutic choices as
carried out previously by our team [32, 36].
A DCE is a standard technique in economic
research to estimate the factors affecting neu-
rologists’ decisions when considering treatment
choice for early AD [37]. DCE analysis is an
accurate and insightful approach that relies on
data from an experiment in which respondents
choose between pairs of options. The model
identifies patterns across the choice sets. Rele-
vant variables to be included in the analysis
were selected based on data from the literature
and anti-amyloid-b DMTs clinical trials,
including patients’ demographics, time since
diagnosis, disease progression (fast vs. slow),
Functional Assessment Questionnaire score, AD
core biomarker determination, brain imaging,
living and functional status, presence of neu-
ropsychiatric symptoms (e.g., irritability, apa-
thy, depressive symptoms), route of treatment

administration, the total treatments risk of
ARIA, and the number of ARIA lesions to make a
therapeutic decision (Table 1, Panel A)
[11, 22, 38–40]. Participants will be exposed to
pairs of patient profiles to choose the use of one
of the new recently approved anti-amyloid-b
DMTs. They would be able to choose between a
patient profile 1 or 2, or neither. The matrix of
the DCE (13 attributes or factors, 2 to 4 levels
per attribute, and 12 tasks) and an example
choice task are described in Table 1, Panel B.

There are no standards for the determination
of the minimum sample size in DCE [37]. Based
on the number of attributes, levels, and possible
combinations, we would require 200 partici-
pants. We are increasing our sample size to 400
neurologists to account for pre-specified sub-
group analysis (general neurologists vs. cogni-
tive disorders/dementia specialists) and the
presence of early psychiatric symptoms, among
others [41]. To the best of our knowledge, there
are scant published studies using DCE in neu-
rologists (or other physicians) making thera-
peutic decisions in AD [42]. A few studies were
limited to patients instead of healthcare provi-
ders [43, 44].

Statistical Considerations

Descriptive statistics will be used to report fre-
quency distributions of qualitative variables,
measures of central tendency, and dispersion of
quantitative variables using non-parametric
tests, and 95% confidence intervals. Factors

Fig. 2 Study flow
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Table 1 Attributes of the DCE (Panel A) and example of patient profiles (Panel B)

Attributes Levels Range/Categories

Panel A

Age, years 101 B 65

102 66–74

103 C 75

Sex 201 Female

202 Male

Clinical characteristics 301 No symptoms (presymptomatic)

302 Amnesic syndrome

303 Non-amnesic syndrome

Genetic marker (APOE e4 allele) 401 Yes

402 No

AD core biomarkers (Ab42, total-tau, and phosphorylated-tau in

CSF or amyloid PET)

501 Positive

502 Negative

Brain MRI 601 Normal

602 Hippocampal/entorhinal atrophy

603 Diffuse atrophy

Cognitive assessments (MMSE, ADAS-Cog) 701 Within normal range

702 Abnormal

Early neuropsychiatric symptoms 801 Absent

802 Apathy

803 Depressive symptoms

804 Irritability

Disease progression 901 Slow decliner (\3 in MMSE score from

baseline)

902 Fast decliner (C 3 in MMSE score from

baseline)

Functioning 1001 Independence for activities of daily living

(FAQ score\9)

1002 Dependence for activities of daily living

(FAQ score C 9)

1003 FAQ score

1000 Neurol Ther (2023) 12:995–1006



Table 1 continued

Attributes Levels Range/Categories

Living status 1101 Living alone

1102 Living with a partner or a caregiver

1103 Living in an institution

Treatment, route of administration 1201 Subcutaneous

1202 Intravenous

Treatment, risk of ARIA 1301 \10%

1302 11–20%

1303 [20%

Number of ARIA lesions 1304

Profile 1 Profile 2

Panel B

75 year-old man 76 year-old man

Amnesic syndrome Non-amnesic syndrome

Time of disease onset: 6 months Time of disease onset: 2 years

ApoE4 absent ApoE4 present

Abnormal CSF amyloid-b/tau Abnormal CSF amyloid-b/tau

Baseline MRI: no significant atrophy Baseline MRI: diffuse atrophy

Cognitive tests: abnormal (adjusted) Cognitive tests: abnormal (adjusted)

Annual decline: slow (\3 points MMSE) Annual decline: fast ([3 points MMSE)

Psychiatry symptoms: none Psychiatry symptoms: irritability

Functional status: independent Functional status: dependent

Living status: living with partner Living status: assisted living in institution

Preference for treatment administration: SC Preference for treatment administration: IV

ARIA risk: low (\10%) ARIA risk: high ([20%)

Panel B shows an example of a pair of patients’ profiles. Participants can only choose between profile 1, profile 2, or neither,
but not both. In the present example, participants should ideally select profile 1 (early AD) over profile 2 for a new DMT
initiation. Note that profile 2 represents a patient with more advanced AD
ADAS-Cog Alzheimer’s Disease Assessment Scale—Cognition, ARIA amyloid-related imaging abnormalities, CSF cere-
brospinal fluid, FAQ Functional Assessment Questionnaire, IV intravenous, MMSE Mini-mental State Examination, MRI
magnetic resonance imaging, PET positron emission tomography, SC subcutaneous
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associated with TI will be determined using
linear regression analysis with backward selec-
tion. DCE uses a multinomial logit model to
estimate the ‘‘utility’’ of a given option. The
model relies on data from an experiment in
which respondents choose between pairs of
options. Each option is a hypothetical combi-
nation of patient attributes chosen by an
experimental design procedure. The model
identifies patterns across the choice sets. A dis-
aggregate DCE estimates a separate model for
each respondent, calculating utilities at the
individual level. An experimental design of
patient scenarios will be generated using the
SAS PROC FACTEX and PROC OPTEX proce-
dures. Prespecified group comparisons will
include (general neurologist vs. behavioral spe-
cialist), sex (male/female neurologist), presence
of neuropsychiatric symptoms, living and
functional status, and ARIA.

All tests will be 2-tailed, and p values\0.05
will be considered significant. Unavailable data
will be described as missing, without any
imputation/allocation. Statistical analysis will
be performed using Stata Statistical Software
17.0 (StataCorp, College Station, TX, USA) and
considering a significant level of 0.05.

Ethical Considerations

This study will be conducted according to the
Guidelines for Good Pharmacoepidemiologic
Practice published by the International Society
of Pharmacoepidemiology, the ethical princi-
ples laid down in the World Medical Associa-
tion Declaration of Helsinki of 1964 and its later
amendments, and applicable national regula-
tions. The study will be submitted to the ethics
committee of Hospital Clı́nico San Carlos
(Madrid, Spain), and all participants will pro-
vide an electronic informed consent before the
collection of any study data.

DISCUSSION

Despite the ongoing advances in the manage-
ment of patients with early AD, there is a dearth
of information on how neurologists weight
patients’ attributes when making diagnostic

and therapeutic choices [11]. This non-inter-
ventional study will contribute to better
understanding of the therapeutic decision-
making process of neurologists who provide
care for early AD patients in Spain. The
uniqueness of this study is the application of a
behavioral paradigm approach to examine the
association between the participants’ tolerance
to uncertainty and pharmacological treatment
choices. Furthermore, our study will provide
evidence on the weight of demographic, clini-
cal, behavioral, biomarker, social, and brain-
imaging factors associated with such decisions.
Finally, we will be able to quantify therapeutic
inertia and suboptimal decisions for new anti-
amyloid-b DMTs among practicing
neurologists.

Previous studies have used similar approa-
ches to evaluate how physicians make thera-
peutic decisions for different medical
conditions (multiple sclerosis, spinal muscular
atrophy, breast cancer, spondylolisthesis, use of
antibiotics, life support) [27, 29, 32, 45–47], but
limited evidence is available for AD [26, 42]. A
recent study evaluated the main factors associ-
ated with the use of anti-amyloid-b therapy
versus standard of care among AD caregivers
(n = 117), neurologists (n = 90), and payers
(n = 90) from the US [38]. The authors catego-
rized relevant factors into four domains: need
for an intervention (disease severity, unmet
needs), intervention outcomes (safety and effi-
cacy of DMTs), type of benefit (public health or
patient), and economic impact (direct and
indirect costs). Of the neurologists, 40–45%
practiced in academic institutions and had over
20 years of experience, and 60% treated over 75
AD patients in the last year. Interestingly, neu-
rologists and payers placed the highest value on
the efficacy of anti-amyloid therapy in clinical
outcomes, whereas caregivers prioritized the
need for a therapeutic intervention based on
disease severity and unmet needs. The eco-
nomic impact of DMTs did not make the top
three factors associated with the decision to use
them.

We expect our study will provide more
detailed information by identifying the weight
of specific patient-level factors directly influ-
encing neurologists’ therapeutic choices. More
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specifically, we would expect that disease
severity, degree of disease progression, and
ARIA will be the top factors associated with the
decision to prescribe a new anti-amyloid-b
DMT.

We acknowledge some study limitations.
First, our sample size may be relatively small
when compared to the total population of
practicing neurologists. However, we would
expect a homogeneous distribution from across
Spain given the support provided by the SEN.
Second, our study will not cover the whole
spectrum of patients with AD, as the clinical
criteria for the use of anti-amyloid-b agents (as
per clinical trials and labels) only include
patients with early AD with AD core biomarkers
[5, 6, 10, 11]. Finally, we cannot rule out the
possibility of residual confounders in models
derived from the regression analysis. Despite
the aforementioned limitations, our study
should provide new insights into factors influ-
encing neurologists’ therapeutic decisions using
new agents for patients with early AD. In addi-
tion, we will be able to provide estimates on the
prevalence of suboptimal decisions and thera-
peutic inertia, and to identify existing gaps. The
application of concepts from behavioral eco-
nomics will facilitate the identification of
unconscious biases and determine how partici-
pants handle uncertainty. Our results will allow
the development of educational interventions
and health policy strategies aimed at improving
neurologists’ treatment choices and the well-
being and outcomes of patients with early AD
and their families.

In conclusion, our study may provide new
information regarding treatment decisions by
neurologists in the management of early AD
with new anti-amyloid-b DMTs. Moreover, we
will be able to identify the top factors associated
with treatment choices and how participants’
tolerance to uncertainly may affect suboptimal
decisions or therapeutic inertia. Finally, our
results may also contribute to the growing evi-
dence on the relevance of value-based shared
decision-making for the current management of
patients with AD at earlier stages.
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