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Abstract

INTRODUCTION: In the Investigating the Impact of Alzheimer’s Disease Diagnos-
tics in British Columbia (IMPACT-AD BC) study, we aimed to understand how
Alzheimer’s disease (AD) cerebrospinal fluid (CSF) biomarker testing—used in medical
care—impacted medical decision-making (medical utility), personal decision-making
(personal utility), and health system economics.

METHODS: The study was designed as an observational, longitudinal cohort study. A
total of 149 patients were enrolled between February 2019 and July 2021. Patients
referred to memory clinics were approached to participate if their dementia specialist
ordered AD CSF biomarker testing as part of their routine medical care, and the clinical
scenario met the appropriate use criteria for lumbar puncture and AD CSF biomarker
testing. For the medical utility pillar, detailed clinical management plans were collected
via physician questionnaires pre- and post-biomarker disclosure.

RESULTS: Patients with completed management questionnaires (n = 142) had a
median age of 64 (interquartile range: 59-69) years, 48% were female, and 60% had
CSF biomarker profiles on the AD continuum. Clinical management changed in 89.4%
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cases, respectively).

KEYWORDS

1 | BACKGROUND

The diagnostic accuracy of the concentration of amyloid-g (AB) pep-
tides and tau proteoforms in cerebrospinal fluid (CSF) for the detection
of Alzheimer’s disease (AD) pathology has been well established.!
Additionally, the modest diagnostic performance of clinical diagno-
sis relative to both neuropathological findings (71%-87% sensitivity;
44%-71% specificity)? and amyloid positron emission tomography
(PET; 63.8% concordance),® underlines the need for wider implemen-
tation of AD biomarkers in clinical practice. While the diagnostic
performance of CSF biomarkers and amyloid PET is comparable,*-8
within the Canadian health care system only CSF testing is a pragmatic
solution given considerations such as cost effectiveness, resource
availability, and equity.” However, broad and optimal implementation,
along with long-term sustainability, of this diagnostic service requires
a comprehensive understanding of how AD CSF biomarker testing
impacts clinical management.

Several studies in Europe have documented the change in diagno-
sis and physicians’ diagnostic confidence related to the use of AD CSF
biomarkers;1°-14 however, none performed a comprehensive exam-
ination of the downstream changes in clinical management. Those
that captured aspects of clinical management did so in a biased man-
ner (captured after biomarker results were reported) and included
limited aspects of management.'213 |n addition to lacking a compre-
hensive understanding of the medical utility of biomarker testing in
usual medical care, we also lacked confirmation of applicability to the
Canadian health care system—a publicly funded single-payer system
that provides universal coverage for medically necessary services.

To address these knowledge gaps, we sought to investigate the
impact of AD biomarker testing on patient management in the context
of usual medical care provided by memory clinics. In the Investigat-
ing the Impact of Alzheimer’s Disease Diagnostics in British Columbia
(IMPACT-AD BC) study, we examined the impact of CSF testing for

of cases. AD biomarker testing was associated with decreased need for other diag-
nostic procedures, including brain imaging (-52.0%) and detailed neuropsychological
assessments (-63.2%), increased referrals and counseling (57.0%), and guided AD-
related drug prescriptions (+88.4% and -50.0% in biomarker-positive and -negative

DISCUSSION: AD biomarker testing was associated with significant and positive
changes in clinical management, including decreased health care resource use, ther-
apy optimization, and increased patient and family member counseling. While certain
changes in management were linked to the AD biomarker profile (e.g., referral to clin-
ical trials), the majority of changes were independent of baseline clinical presentation
and level of cognitive impairment, demonstrating a broad value for AD biomarker
testing in individuals meeting the appropriate use criteria for testing.

Alzheimer’s disease, biomarkers, cerebrospinal fluid, clinical decision making, counseling, demen-
tia, diagnosis, drug prescriptions, patient care management, physicians, referral and consultation

core AD biomarkers on medical decision-making (medical utility),
personal decision-making (personal utility),’> and health system eco-
nomics. Herein, we report the results of the primary and secondary
outcomes for the medical utility arm, which includes comprehensive
assessments of the changes in clinical management (overall, by clini-
cal presentation, and by clinical disease stage) and change in physicians’
diagnosis and diagnostic confidence.

2 | METHODS

2.1 | Study design

The IMPACT-AD BC study was designed as an observational, longitu-
dinal cohort study assessing the impact of AD CSF biomarker testing
on clinical management, diagnosis, health system use, and patients
and their care partners,> with outcomes preregistered with Clinical-
Trials.gov (NCT05002699) and following Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE) guidelines.®
Patients for whom physicians deemed biomarker testing to be medi-
cally appropriate were eligible to participate. This study was approved
by the University of British Columbia and Providence Health Care
Research Institute ethics review board (H17-01339). Dementia spe-
cialists were asked to complete detailed questionnaires before and

after learning the biomarker results (Figure 1).

2.2 | Study population

A total of 149 patients were enrolled between February 2019 and
July 2021. Patients referred to memory clinics were approached to
participate if (1) their dementia specialist ordered AD CSF biomarker

testing as part of their routine medical care, and (2) the clinical
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scenario met the appropriate use criteria for lumbar puncture (LP) and
AD CSF biomarker testing.l” A dementia specialist was defined as a
self-identified physician in a specialty practice (e.g., neurology, psychia-
try, geriatric medicine) who devotes a substantial proportion (> 25%) of
patient contact time to the evaluation and care of adults with acquired
cognitive impairment or dementia.’® Complete inclusion/exclusion

criteria can be found in the Supporting Information.

2.3 | Study procedures

2.3.1 | Pre-biomarker management plan

Prior to CSF biomarker analysis, dementia specialists completed a
pre-biomarker management plan questionnaire (see Supporting Infor-
mation) that included demographic data, diagnostic considerations,
physician-rated diagnostic confidence as percentages and likelihood
of the presence of AD pathology on a 10-point scale (1 [“definitely
not present”] to 10 [“definitely present”]), routine clinical exams com-
pleted prior to the LP, and the physician’s intended management plan

assuming CSF biomarker testing was not available.

2.3.2 | AD CSF biomarker analysis and disclosure

Collection and processing of CSF samples was performed as part
of medical care and followed validated clinical procedures, includ-
ing CSF collection into validated polypropylene tubes (Rose Scientific,
Cat#17022).1920 Biomarker analysis, which included Ag42, AB40,
and total tau (t-tau), was performed by St. Paul’'s Hospital in Van-
couver, Canada. For the purpose of data analysis only, biomarker
profiles were grouped into two categories, that is, “on the AD con-
tinuum” or “not on the AD continuum” (see Supporting Information

for details).

2.3.3 | Post-biomarker management plan

After receiving the biomarker results, dementia specialists repeated
the detailed management questionnaire with the addition of questions
pertaining to their interpretation of the biomarker findings and the dis-
closure discussion with the patient/care partner (Figure 1, Supporting
Information). Physicians were instructed to complete this question-
naire immediately after they disclosed the result to the patient and/or
care partner, or if they deemed disclosure was not appropriate (e.g., for
safety and/or comprehension reasons), near the point they decided not

to disclose the result.

2.4 | Outcome measures

The primary outcome measure was the percentage change between

intended patient management without biomarkers (pre-biomarker

Clinical Interventions

RESEARCH IN CONTEXT

1. Systematic review: The use of Alzheimer’s disease (AD)
cerebrospinal fluid (CSF) biomarker testing is known to
increase diagnostic accuracy and physicians’ diagnostic
confidence; however, the downstream effects on clinical
management, in particular when used as part of medical
care, are not well understood.

2. Interpretation: This first-of-its-kind study has provided
a comprehensive understanding of the value of AD
CSF biomarker testing in guiding medical decision-
making. Biomarker testing was associated with significant
and positive changes in clinical management, including
decreased health care resource use, pharmacotherapy
optimization, and increased patient and family member
counseling.

3. Future directions: These findings have important impli-
cations for optimizing positive impacts of biomarker
testing amid the ongoing expansion of dementia-related
biofluid diagnostics and increasing availability/access to
disease-modifying therapeutics. They also demonstrate
the potential for savings in health system costs with the
addition of CSF biomarker testing.

results) and with biomarkers (post-biomarker results) in a composite
measure of at least one of the following domains: (1) AD symptomatic
medications, (2) other dementia-relevant medications, (3) diagnostic
procedures, and (4) referrals and counseling (see Supporting Informa-
tion for details).

The secondary outcome measures included: (1) Changes in clini-
cal management by clinical presentation (typical clinical presentation
of AD vs. atypical clinical presentation of AD vs. non-AD neurode-
generative disorders), (2) Changes in clinical management by clinical
disease stage (mild cognitive impairment [MCI] vs. dementia), and
(3) Percentage change in diagnosis and physician-rated diagnostic

confidence.

2.5 | Statistical analyses

For analysis of the primary outcome measure, binomial estimates of the
proportion of change in clinical management were calculated with Wil-
son 95% confidence intervals (Cls) for overall composite and each of
the composite components.

Two exploratory analyses were undertaken. First, the concor-
dance between pre-biomarker diagnosis and AD biomarker profile
was reported as rate of agreement with 95% Wilson Cl. Second, the
association between the AD biomarker profile and change in clinical
management was determined using mixed-effects logistic regression

(see Supporting Information for details).
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IMPACT-AD BC

Medical Care

Medical Utility

Personal Utility

Patient referred to
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Specialist recommends
CSF AD biomarker testing
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Optional enrollment in
personal utility study
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Pre-biomarker
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Biomarker analysis &

report to physician

Post-biomarker
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One-year follow-up
management questionnaire
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v

Post-disclosure patient &
care partner interview

Follow-up patient &
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FIGURE 1 Theobservational Investigating the Impact of Alzheimer’s Disease Diagnostics in British Columbia (IMPACT-AD BC) study in
relation to medical care. AD, Alzheimer’s disease; CSF, cerebrospinal fluid.

Additional post hoc analysis examined the change in overall use of
each management domain stratified by the baseline level of cognitive
impairment and AD biomarker profile, as well as the change in primary

diagnosis and diagnostic confidence stratified by biomarker profile.

3 | RESULTS

3.1 | Patient and physician participants

Of the 149 patient participants enrolled, 142 cases had complete
pre-/post-biomarker management plan questionnaire pairs and were
included in the final analysis (Figure S1). Patients had a median age
of 64 (interquartile range [IQR]: 59-69), 48% were female, and 67%
had partially or fully completed post-secondary education (Table 1,
Table S1). The patient cohort was 80% White, 16% Asian, 2% Indige-
nous, 1.4% Middle Eastern, and 0.7% Black. At baseline, more than
half of the patients had MCI (55%), AD symptomatic medications were
being prescribed in 28% of cases, and 97% had completed either a
head computed tomography (CT) or magnetic resonance imaging (MRI)
scan (Table S2). The biomarker profile was consistent with being on
the AD continuum in 60% of cases. For physician participants (see
Table S3 for additional details), the median time between the comple-
tion of the pre-biomarker questionnaire and result disclosure to the
patient/study partner was 15 weeks (IQR 10.0, 28.1) and between the
completion of the pre- and post-biomarker questionnaires, 27 weeks
(IQR 14.9,43.9).

3.2 | Primary outcome measure

3.2.1 | Change in clinical management

Overall changes in clinical management due to AD biomarker test-
ing occurred in 89.4% (95% Cl: 83.3%-93.5%) of patients (Table 2).
Changes in individual components of the composite score included
64.8% (95% Cl: 56.6%-72.2%) for diagnostic procedures (e.g., imaging,
neuropsychological testing, etc.), 57.0% (48.8%-64.9%) for referrals
and counseling, 39.4% (31.8%-47.7%) for use of AD symptomatic med-
ications, and 19.0% (13.4%-26.3%) for use of other dementia-relevant
medications. Detailed changes for each of these components can be
found in Tables S4-6.

3.3 | Secondary outcome measures

3.3.1 | Change in diagnostic confidence

Without AD biomarker results, physicians rated the likelihood of AD
pathology to be in the diagnostic gray zone (i.e., 4-7 Likert scale) in
the majority of cases (64.1% [95% Cl: 55.9%-71.5%]; Figure 2A). With
biomarker results, the number of cases in this diagnostic gray zone
was reduced to 10.2% (95% Cl, 6.2%-16.4%; Figure 2B). With the
use of biomarkers, physician-rated confidence in the primary diagno-
sis increased by 18.0% (95% Cl, 15.5%-21.0%, P < 0.001 for paired
Wilcoxon test; Figure S2).
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TABLE 1 Demographic characteristics of the patient participants TABLE 2 Changes in the composite clinical management plan due
in IMPACT-AD BC. to use of AD CSF biomarkers.
Patients Patients (n = 142)
Characteristics (n=142) No. % Change (95% Cl)
Age, median (IQR), years 64 (59-69) Primary outcome
0,
Seine: (6 Overall change 127 89.4(83.3-93.5)
Male 74(52) Changes by component
RS Y AD symptomatic medications 56 39.4(31.8-47.7)
0
Race?, no. (%) Other dementia-relevant 27 19.0(13.4-26.3)
White 117 (80) medications
East Asian 12(8.2) Diagnostic procedures 92 64.8(56.6-72.2)
Southeast Asian 7 (4.8) Referrals and counseling 81 57.0 (48.8-64.9)
South Asian 5(34) Abbreviations: AD, Alzheimer’s disease; Cl, confidence interval; CSF, cere-
Indigenous (First Nations, Inuk/Inuit, Métis) 3(2.0) brospinal fluid.
Middle Eastern 2(1.4)
Black or African American 1(0.7) dementia) revealed that AD biomarker testing assisted physicians in
Highest level of education®, no. (%) ruling in or out AD pathology and making a subsequent change in diag-
Seluesiarm e @it e e sa e 5(3.5) nosis, regardless of the patients’ baseline level of cognitive impairment
Fi S3).
High school graduation or less 42 (30) (Figure 53)
Some post-secondary education 24 (17)
Post-secondary degree/diploma 71(50) 333 | Change in clinical management by
Cognitive impairment at baseline, no. (%) presentation and level of impairment
Subjective cognitive impairment 8(5.6)
. o Typical AD versus atypical AD versus other neurodegenerative
Mild cognitive impairment 78(55) X . .
i disorders versus non-neurodegenerative disorders
Dementia 56(39) AD biomarker testing resulted in substantial changes in management
Takm%;)D symptomatic medications at enrolment, 40(28) for all clinical presentation groupings in the following rank order: typi-
no.
? cal AD (94.4%), other neurodegenerative diseases (90.8%), atypical AD
Head CT or MRI scan performed prior to 137(97) (90.0%), and non-neurodegenerative disorders (76.2%; Table S7). For
enrolment, no. (%) . . . . .
all presentation groupings, the use of additional diagnostic procedures
Bi k file, no. (% .
iomarker profile, no. (%) was the most commonly changed management domain, followed by
AD continuum 85(60) referrals and counseling.
Not on AD continuum 57 (40)

Abbreviations: AD, Alzheimer’s disease; CT, computed tomography;
IMPACT-AD BC, Investigating the Impact of Alzheimer’s Disease Diagnos-
tics in British Columbia; IQR, interquartile range; MRI, magnetic resonance
imaging.

2Includes five individuals identified as Indigenous-White (n = 2), East Asian-
White (n = 2), and East Asian-Southeast Asian (n = 1).

bPost-secondary education includes trade/apprenticeship/community col-
lege, bachelor’s programs, post-graduate programs, and professional
degrees.

3.3.2 | Change in diagnosis

Among patients with a pre-biomarker non-AD diagnosis, 35 of 91
(38.5%, 95% Cl: 29.1%-48.7%) were changed to AD with the use of
biomarkers, and for those with a pre-biomarker AD diagnosis, 7 of 46
(15.2%, 95% Cl: 7.6%-28.2%) were changed to non-AD with the use
of biomarkers. A majority of the non-AD to AD changes occurred in
patients for whom no pathological designation was initially specified
for the cognitive impairment (Figure 2C). Stratification by level of cog-

nitive impairment at baseline (subjective cognitive impairment [SCI] to

SCl versus MCl versus dementia

The overall change in post-biomarker clinical management was great-
est in patients with dementia at baseline (94.6%), followed by MCI
(88.5%) and SCI (62.5%; Table S8). Change in the use of additional
diagnostic procedures, closely followed by changes in referrals and
counseling, were the most common management domain changes in
MCI (65.4% and 56.4%, respectively) and dementia (67.9% and 57.1%,
respectively). Despite the small sample of patients with SCI, a similar
pattern was observed, albeit with referrals and counseling being the
most common change, followed by diagnostic procedures (62.5% and
37.5%, respectively).

3.4 | Exploratory analyses

3.4.1 | Concordance between pre-biomarker
diagnosis and biomarker profile

The biomarker profile, that is, on or not on the AD continuum,
was concordant in 36 of 47 patients (76.6%, 95% Cl: 62.8%-86.4%)
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FIGURE 2 Changes in physicians’ rating of the likelihood of the absence/presence of AD pathology and primary diagnosis as a result of the use
of AD cerebrospinal fluid biomarkers. A and B, Likelihood of the absence/presence of AD pathology was rated on a scale of 1 (“definitely not
present”) to 10 (“definitely present”). C, Connection map of the primary working diagnosis by case for the entire cohort. No pathological
designation refers to cases in which the physician did not specify a diagnosis beyond subjective cognitive impairment, mild cognitive impairment,
or dementia; Other ND refers to cases in which a suspected primary neurodegenerative disorder, other than AD, was specified (e.g.,
frontotemporal dementia, dementia with Lewy bodies, etc.); Other NC refers to cases in which a neurological condition, not including
neurodegenerative disorders, was the suspected primary pathology (e.g., psychiatric disorder, traumatic brain injury, etc.). AD, Alzheimer’s disease
pathology; Other ND, other neurodegenerative disorders; Other NC, other neurological conditions.

with a pre-biomarker AD diagnosis, and 46 of 95 patients (48.4%,
95% Cl: 38.6%-58.3%) with a pre-biomarker non-AD diagnosis,

respectively.

3.4.2 | Interactions

Logistic regression analyses adjusted for age and sex revealed an inter-
action between pre-biomarker diagnosis and AD CSF biomarkers on
change in the use of AD symptomatic medications (Figure S4A;)(2 for
interaction = 8.59, P = 0.003). Among patients with a pre-biomarker
non-AD diagnosis, a biomarker profile on the AD continuum was asso-
ciated with increased probability of a change in AD medication use
(62%, standard error [SE] = 7%) compared to a biomarker result
not on the AD continuum (11%, SE = 5%; P < 0.001 for compari-
son). This change in probability was not observed for patients with a
pre-biomarker AD diagnosis (P = 0.94 for comparison). Similarly, an
interaction between pre-biomarker diagnosis and the AD biomarker
profile was not observed for other domains of clinical management
(Figure S4B-E).

3.5 | Post hoc analysis
3.5.1 | Changes in clinical management by AD
biomarker profile

The use of AD symptomatic medications (i.e., cholinesterase inhibitors
and memantine) was substantially increased for individuals with
biomarker profiles on the AD continuum and decreased for those not
on the AD continuum (+88.4% and —50.0%, respectively; Figure 3A).

Cholinesterase inhibitors were the most commonly prescribed symp-
tomatic medication, and their use was increased by 54.5% based on
the use of AD biomarker testing (Table S4, Figure S5A). Only modest
increases were noted for other dementia-relevant medications (Figure
S5B), and these increases were independent of the biomarker pro-
file (Figure 3B). These findings were found to be consistent across all
clinical disease stages (Figure S6A and S6B).

The reliance on diagnostic procedures was substantially reduced,
irrespective of the AD biomarker profile (Figure 3C). The greatest
reductions were observed for detailed neuropsychological assess-
ments (—63.2%) and imaging procedures (—52.0%; Figure 4). Among
the imaging modalities, decreased use of MRI (—44.4%), CT (—100.0%),
single-photon emission computerized tomography (SPECT, —76.9%),
and 18F-fludeoxyglucose-PET (FDG-PET; —75.7%) were noted after
the use of AD biomarker testing (Figure 4). Detailed changes in the
use of diagnostic procedures, including biofluid testing, are provided in
Table S5.

The use of AD biomarker testing resulted in increased referrals
to clinical trials (+166.7% and +42.9% for AD and non-AD trials,
respectively), and increased physician-initiated counseling regarding
caregiver and family support services (+54.9%) and long-term care
counseling (+58.3%) (Figure 3D, Figure 4, Table S6).

3.5.2 | Changes in diagnosis and diagnostic
confidence by AD biomarker profile

For individuals with biomarker profiles on the AD continuum there
was an increase in a diagnosis of AD with the use of biomarkers
(42.4% [95% Cl: 32.4%-53.0%] to 80.0% [95% Cl: 70.3%-87.1%]),

and a decrease for those not on the continuum (19.2% [95% CI:
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FIGURE 3 Changesin the individual clinical management domains by AD cerebrospinal biomarker profile for (A) AD symptomatic
medications, (B) other dementia-relevant medications, (C) additional diagnostic procedures, and (D) referrals or counseling. AD, Alzheimer’s

disease

10.8%-31.9%] to 11.5% (95% Cl, 5.4%-23.0%]; Figure S7A). Cor-
respondingly, a significant increase was noted in confidence in the
primary diagnosis, irrespective of the biomarker profile (P < 0.001

paired Wilcoxon test, Figure S7B).

4 | DISCUSSION

In this observational, longitudinal study of the impact of AD CSF
biomarkers used in medical care, biomarker testing significantly
altered clinical management, increased certainty in the pres-
ence/absence of AD pathology, and increased diagnostic confidence.
AD biomarker testing substantially reduced physicians’ need for
additional costly diagnostic procedures, guided the prescription of AD
symptomatic medications and referral to clinical trials, and increased
counseling, in particular regarding long-term care and community
support services. While certain changes in management were linked to
the AD biomarker profile (e.g., use in AD symptomatic medications and
referral to clinical trials), most changes were independent of baseline
clinical presentation and level of cognitive impairment, demonstrating
a broad value for AD biomarker testing in individuals meeting the
appropriate use criteria for testing.

Of the four domains examined, the greatest change was in the
diagnostic procedure domain in which an overall decrease in use
was observed. With increased confidence in the diagnosis, there was
decreased need to perform additional/follow-up testing, such as a
repeat head CT/MRI to identify/monitor progression of neurodegen-
eration, reflecting a change in perceived utility of the information

arising from imaging in the context of the availability of AD biomarker

information. The decrease was independent of the patients’ base-
line clinical presentation or level of cognitive impairment. From the
health system perspective, the decreased reliance on imaging is antic-
ipated to be highly impactful due to procedure costs and, in many
countries, resource scarcity.2! In Canada, for example, medical imag-
ing is a system stress point where timely access is a well-documented
and ongoing challenge.?223 This study investigated clinical manage-
ment decisions up to 1 year post-biomarker testing, thus these
findings may have compounding effects over the patients’ ongoing
medical care.

The reduction in the need for detailed neuropsychological assess-
ment was highlighted by study physicians as being of high value to
patients. Patients often experience significant stress and anxiety about
having to undergo a detailed neuropsychological assessment, which
in addition to the negative emotional impact, can negatively impact
performance on cognitive testing.2* As with imaging, detailed neu-
ropsychological assessments are time-consuming, costly, and have long
wait times, 222526 and thus the health system, in addition to the patient,
may benefit from a reduction in reliance on testing.

The domain with the second greatest change in management was
referrals and counseling. For counseling, there was an increase in
counseling across all categories examined, irrespective of biomarker
profile. This was likely a result of increased diagnostic confidence,
which enabled the communication of more specific recommendations
to patients and their care partners (e.g., connecting with commu-
nity programs and support groups). For referrals, the overall increase
was largely driven by referrals to clinical trials for those with an AD
biomarker signature; however, biomarker testing increased appropri-
ate clinical trial referrals for both AD and non-AD trials. While there
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FIGURE 4 Changeinresource use for diagnostic procedures, referrals, and counseling after the use of AD cerebrospinal fluid biomarker
testing. AD, Alzheimer’s disease; APOE, apolipoprotein E; CT, computer tomography; EEG, electroencephalogram; FDG-PET,
18F-fludeoxyglucose-positron emission tomography; LP, lumbar puncture; MRI, magnetic resonance imaging; SPECT, single-photon emission
computed tomography
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is regulatory approval in some countries for the use of AD disease-
modifying therapies (DMTs), many countries either do not yet have
approval (as is the case in Canada) or do not have a facile reimburse-
ment program for patients to access therapies.?’~3° For many, current
access to DMTs remains tied to research (e.g., clinical trial or registry),
for which timely diagnosis is critical given the focus on intervention
early in the symptomatic phase of disease.3! Delayed diagnosis could
result in loss of opportunity to access a DMT (e.g., trial exclusion
based on disease severity), or the potential for decreased efficacy if
not started at the optimal time.3! Compared to symptomatic thera-
pies that have potential benefits in non-AD dementias,?233 an even
tighter relationship between AD biomarker profile and DMT prescrip-
tions is expected. Taken together, the pharmacotherapy findings herein
demonstrate the value in AD biomarker testing in both optimizing AD
symptomatic therapies and guiding timely access to DMTs.

To our knowledge, this is the first observational study to examine
the impact of AD CSF biomarker testing used in medical care. Another
strength was the collection of detailed, comprehensive, and longitu-
dinal clinical management plans, which enabled detailed reporting of
the downstream effects of biomarker use. As an observational study
meant to capture the intended population for testing in Canada dur-
ing the time frame of this study, we purposefully did not set enrollment
targets by any characteristics such as age, race, baseline diagnosis, or
disease severity. Notably, the patient cohort closely reflected both the
racial composition of the Canadian population (which is 74% White,
17% Asian, 5% Indigenous, and 4% other®*) and the educational level
of Canadians over the age of 55 (of whom 53% have completed post-
secondary education®®). A downside of this enrollment approach was
the small number of participants with SCI, which limited our ability to
interrogate differences in management for this group relative to the
MCl group.

Another limitation of this study included the time elapsed between
the pre-biomarker management plan and both the disclosure visit and
completion of the post-biomarker management plan. The observed
intervals were well within the usual follow-up visit time of 26 to 52
weeks for these specialty clinics, but this is a noted limitation of the
observational study design in which there is the potential confounder
of disease progression. Physicians would have documented their man-
agement plans in the clinical record in a timely manner after the result
disclosure visit, and used this resource to complete the post-biomarker
questionnaire when they had available time.

We attempted to reduce, where possible, the two key considera-
tions for bias in an observational cohort study, that is, selection bias
from either subject recruitment or rates of participation. For patient
participants, we aimed to reduce these potential biases through non-
targeted enrolment as described earlier and facile study participation,
requiring no study-specific visits or activities. This study design led
to a cohort whose sociodemographics were similar to the Canadian
older adult population. For physician participants, we enrolled from
three diverse geographical catchments (Northern British Columbia,
Vancouver Island, and the Lower Mainland), which serve a wide range
of patients from rural/remote to metropolitan areas. Physician partic-

ipation was affected by the limited number of memory clinics in the
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province and from the substantial time requirements for questionnaire
completion. In interpreting and applying the findings herein, charac-
teristics of the physicians and patients who participated in this study
should be carefully considered. The physicians were experts in demen-
tia care, worked in specialized memory clinics (i.e., high prevalence
AD setting, with likely higher proportion of young-onset dementia
and atypical presentations compared to non-specialized practice), and
were familiar with the use and interpretation of AD CSF biomarkers
prior to this study (primarily through interventional trials and continu-
ing education activities). The patients for their part had navigated the
health care system to the point of being referred for specialist care,
and had the benefit of being counseled by an expert in AD biomark-
ers. Even at this relatively late stage in the patients’ medical journey,
we observed substantial changes in clinical management, including
optimization of care and health care resource use. Thus, biomarker
implementation at an earlier stage of care (e.g., CSF testing by special-
ists in more general practice) has the potential to amplify the benefits
observed herein and is an opportunity for further examination. In the
related reporting of the personal utility outcomes of this study, the
characteristics of the patient-physician dyad, translatability to other
dyads and contexts, are further discussed.?>

In summary, this study has revealed via empirical evidence that AD
biomarker testing changes patient management and optimizes use of
health system resources. This is accomplished by biomarker testing
increasing appropriate use of resources (e.g., increased prescription
of AD medications for persons with AD pathology and increased tar-
geted counseling) and by decreasing the need for other diagnostic
testing modalities (e.g., decreased need for repeat head imaging). These
findings have important implications for optimizing positive impacts
of biomarker testing amid the ongoing expansion of dementia-related
biofluid diagnostics and increasing availability/access to DMTs.
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