Received: 23 June 2023 Revised: 22 September 2023 Accepted: 30 October 2023

DOI: 10.1002/dad2.12508

Diagnosis, Assessment

RESEARCH ARTICLE Disease Monitoring

Blood-based biomarkers in Alzheimer’s disease: Future
directions for implementation

Ivonne Suridjan® | Wiesje M.vander Flier>® | AndreasU.Monsch* | NeridaBurnie® |
Robert Baldor® | Marwan Sabbagh’ | Josep Vilaseca®® | Dongming Cai'®%1? |
Margherita Carboni' | JamesJ.Lah'

1Roche Diagnostics International Ltd, Rotkreuz, Switzerland

2Alzheimer Center Amsterdam, Neurology, Epidemiology and Data Science, Vrije Universiteit Amsterdam, Amsterdam UMC location VUmc, Amsterdam, The
Netherlands

3 Amsterdam Neuroscience, Neurodegeneration, Amsterdam, The Netherlands

4Memory Clinic, University Department of Geriatric Medicine FELIX PLATTER, Basel, Switzerland

>General Practice, South West London CCG, London, UK

6Department of Family Medicine and Community Health, UMass Chan Medical School, North Worcester, Massachusetts, USA

7Barrow Neurological Institute, Dignity Health/St Joseph’s Hospital and Medical Center, Phoenix, Arizona, USA

8Department of Medicine, Universitat de Vic-Central Catalonia University, Vic, Spain

?Primary Health Care Service, Althaia Foundation - Clinical and University Network in Manresa, Dr. Joan Soler, Manresa, Spain

10AIzheimer’s Disease Research Center, Icahn School of Medicine at Mount Sinai, New York, New York, USA

1IN. Bud Grossman Center for Memory Research and Care, University of Minnesota, Minneapolis, Minnesota, USA

12Geriatric Research, Education and Clinical Center (GRECC), Minneapolis VA Health Care System, One Veterans Dr, Minneapolis, Minnesota, USA

13Goizueta Alzheimer’s Disease Research Center, Emory University School of Medicine, Atlanta, Georgia, USA

Correspondence
Margherita Carboni, Roche Diagnostics Abstract

jonal Ltd, Rotkreuz, Switzerland. . . . . .
International Ltd, Rotkrevz, Switzerlan INTRODUCTION: Disease-modifying therapies (DMTs) for Alzheimer’s disease (AD)

Email: margherita.carboni@roche.com
will increase diagnostic demand. A non-invasive blood-based biomarker (BBBM) test

Funding information

. X . for detection of amyloid-f pathology may reduce diagnostic barriers and facilitate
Roche Diagnostics International Ltd

DMT initiation.

OBJECTIVE: To explore heterogeneity in AD care pathways and potential role of
BBBM tests.

METHODS: Survey of 213 healthcare professionals/payers in US/China/UK/Germany/
Spain/France and two advisory boards (US/Europe).

RESULTS: Current diagnostic pathways are heterogeneous, meaning many AD
patients are missed while low-risk patients undergo unnecessary procedures.
Confirmatory amyloid testing (cerebrospinal fluid biomarkers/positron emission
tomography) is utilized in few patients, resulting in diagnostic/treatment delays. A high
negative-predictive-value test could streamline the diagnostic pathway by reducing
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unnecessary procedures in low-risk patients; supporting confirmatory testing where
needed. Imminent approval of DMTs will increase need for fast and reliable AD
diagnostic tests.

DISCUSSION: An easy-to-use, accurate, non-invasive BBBM test for amyloid pathol-

ogy could guide diagnostic procedures or referral, streamlining early diagnosis and

DMT initiation.

KEYWORDS
qualitative, screening
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1 | BACKGROUND

Drug development strategies in Alzheimer’s disease (AD) aim to iden-
tify disease-modifying therapies (DMTs) that alter the course of dis-
ease and slow the rate of cognitive and functional decline.! ¢ Approved
DMTs are soon expected to become widely available,” 1 transform-
ing clinical practice and the clinical trial landscape,'! although evi-
dence suggests that timely treatment is likely to achieve a greater
degree of disease modification and slow the rate of cognitive and
functional decline.2>1213 Reviews of health systems reported that
infrastructure in Europe and the United States (US) lacks capac-
ity for the early and effective detection, diagnosis, and treatment
of AD, potentially denying many patients access to transforma-
tive care when DMT becomes readily available.23-1¢ Therefore,
the care pathway for early AD detection and treatment will need
to evolve.”

One essential requirement to ease patient journeys in the DMT
landscape will be development of fully automated, high-precision,
non-invasive biomarker tests that facilitate rapid identification and
treatment of appropriate patients early in the care pathway.’1? The
diagnostic accuracy of biomarkers in cerebrospinal fluid (CSF) is well
established in AD.2° However, CSF testing requires an invasive lumbar
puncture, and is not used routinely. Similarly, positron emission tomog-
raphy (PET) is an effective diagnostic tool, but is invasive and expensive
and not routinely used.?! Lack of available treatments, uncertainty in
diagnosis, access issues, and risks to older patients also contribute to
low utilization of these tools.

Strategies to prepare management pathways for the widespread
implementation of DMTs should aim to develop biomarker assays into

Alzheimer’s disease, amyloid pathology, blood-based biomarker, clinical practice, diagnosis,

e This study explored AD care pathways and how BBBM may meet diagnostic

» Current diagnostic pathways are heterogeneous, with country and setting variations

* Many AD patients are missed, while low-risk patients undergo unnecessary proce-

* An easy-to-use, accurate, non-invasive BBBM test for amyloid pathology is needed
* This test could streamline early diagnosis of amyloid pathology and DMT initiation

an in vitro diagnostic solution, expanding access and enabling rou-
tine clinical use.?2 Development of a blood-based biomarker (BBBM)
test may allow early detection of amyloid pathology and optimization
of costly and invasive CSF/PET analyses. Initial research has already
demonstrated the utility of BBBM tests for detection of amyloid

23-26 and such tests may soon become a reality.?” Appro-

pathology,
priately implementing this potential solution would require a thorough
understanding of barriers in the current diagnostic pathway and devel-
opment of strategies to ensure that the solution is accessible and
affordable for all.

To identify current barriers to timely AD diagnosis and to investi-
gate a potential role for a BBBM test, we conducted two surveys of
healthcare professionals (HCPs) and payers across six countries, and

convened two advisory board panels.

2 | METHODS

This analysis is based on the outcomes of two qualitative surveys of
physicians and payers (an initial survey and a follow-up survey) and
two advisory boards. The surveys were conducted by Hall and Partners,
UK, on behalf of Roche Diagnostics International Ltd, and the advisory

boards were convened by Roche Diagnostics International Ltd.

2.1 | |Initial physician and payer survey

A qualitative physician/payer survey including HCPs and payers based
in the US, UK, France, Spain, Germany, and China was completed
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between November 16 and December 3, 2021. Included HCPs were
PCPs or specialists (geriatricians, neurologists, or psychiatrists) famil-
iar with aspects of AD and with biomarkers as diagnostic tools. Full
inclusion criteria are summarized in Table 1.

The objectives of this phase of the research were to map the path-
way of patients with cognitive impairment, including first presentation,
referral, diagnostic procedures and treatment, and to uncover existing
gaps that a BBBM test could potentially address.

Participants completed a 45-min Web-assisted in-depth interview
(based on a pre-prepared discussion guide and supported by show-
cards). The research was conducted in three parts, with the first
exploring current pathways in AD diagnosis and the second exploring
challenges, unmet needs, and opportunities. In the third part, partici-
pants were asked how two different putative diagnostic BBBM tests
for amyloid positivity could potentially impact referrals. The first was
a “rule-out” test with a high negative predictive value (NPV = 92%),
which would exclude patients unlikely to have amyloid pathology,
allowing them to be referred for non-AD diagnostic workup. Patients
with a positive test would be referred for confirmatory testing (e.g.,
PET/CSF), and be given timely access to appropriate care (includ-
ing DMTs when available) if AD was confirmed. The second test was
a “rule-in” test with a high positive predictive value (PPV = 90%)
and an “acceptable” NPV (NPV = 62%). Positive patients would
receive appropriate care and treatment for AD, while negative patients
would undergo confirmatory testing for amyloid pathology with PET
or CSF.

2.2 | Follow-up physician and payer survey

A follow-up survey, consisting of a 45-min web-assisted in-depth inter-
view, was conducted March 4-18, 2022, recruiting specialists and
payers in UK, Spain, France, Germany, and the US. Questions were
built on previous learnings regarding patient pathways, while capturing
current practices, goals, and unmet needs in AD diagnostics. Partici-
pants were also asked questions relating to the putative rule-out test.
Inclusion criteria are summarized in Table 1.

Participants were recruited by international specialist recruitment
teams, and were remunerated to reflect time invested. Financial incen-
tives were calculated in line with Fair Market Value guidelines. Recruit-
ment was targeted, using in-person calls based on online platforms to

support the process.

2.3 | Moderator training and preparation

The research team conducted a comprehensive moderator training
session to promote consistent and coherent methodologies across all
countries.

Three UK pilot interviews were conducted at the beginning of the
fieldwork process. Audio recordings of these interviews and prelim-
inary learnings from the central research team were shared among
international moderators. The central research team also attended a

1-day virtual interview in a central location in each country.

Disease Monitoring

RESEARCH IN CONTEXT

1. Systematic review: Data from a survey of 213 health-
care professionals and payers in the US, China, United
Kingdom (UK), Germany, Spain, France, and two advisory
boards (US and Europe) were used to explore hetero-
geneity in AD care pathways and how BBBM tests could
address the anticipated increase in diagnostic demands in
both primary and secondary care settings.

2. Interpretation: The consensus amongst survey respon-
dents and advisory board members was that an easy-
to-use, accurate, non-invasive BBBM test that detects
amyloid pathology could be used with other assessments
to guide diagnostic procedures or referral, streamlining
early diagnosis of amyloid pathology, and DMT initiation.

3. Future directions: With DMTs likely to become available
in the near future, the need for a fast and reliable AD
diagnostic test is expected to grow, and a BBBM test for
detection of amyloid pathology is likely to become an
integral part of the assessment toolkit.

2.4 | Data management and statistical analysis

Data management was conducted according to strictly defined stan-
dard operating procedures (Table S1).

2.5 | Ethical conduct

All necessary consent to data handling and participation was obtained
prior to completing the survey. Information provided was fully
anonymized and excluded patient names or identifiers, and all data
were used in an aggregated format. All research was conducted in
line with market research protocols, compliance requirements, data
protection/privacy policy, and adverse event reporting (AER) guide-
lines. Physician/payer surveys were conducted in line with all industry
regulations, including Market Research Society, British Healthcare
Business Intelligence Association (BHBIA), European Pharmaceutical
Market Research Association (EphMRA), and General Data Protection
Regulation guidelines. In accordance with BHBIA2® and EphMRA2?
guidelines, this non-interventional, market research study does not
require specific ethic committee approval in Europe, while the US Food
and Drug Administration (FDA) regulations®® offer exemption from
IRB approval in the US, as confirmed in previous similar studies.3?
All professionals involved in the surveys were fully trained in AER by
BHBIA and Roche Diagnostics.

2.6 | Advisory boards

Two independent virtual advisory boards were convened in Decem-
ber 2021 to understand (1) current patient pathway based on clinical
practice; (2) potential impact of the BBBM test on the patient pathway;
and (3) patient profiles that may benefit from or receive the BBBM test.
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TABLE 1

Inclusion criteria

Inclusion criteria for the qualitative survey (initial survey and follow-up survey).

Research phase HCPs

Payers

Initial survey * Familiar with aspects of AD and with biomarkers as diagnostic * US: Medicare, private insurance

tools

» Sees at least 3 (PCPs/nurses) or 5 (specialists) patients of the type

we are interested in per month

* China: Decision-makers with health insurance bureaus/
pricing bureaus in Beijing/Shanghai/Guangzhou, and/or
KOLs advising the bureaus on diagnostic tests

* Involved in diagnosing subjective/objective cognitive complaints ¢ UK: Members of the CCG, NHS England
* Atleast 75% (PCPs/nurses) or 60% (specialists) time spent in * Germany: Insurance plan manager

clinical practice
* Board certified (US only)

* Spain: Local (hospital) budget holder/regional decision
maker (regional HTA)

* Canrefer to patient records (US, China, UK, France, Germany * France: Former member of HAS CEPS, member of

only)

CNEDIMTS in HAS

Follow-up survey * Not employed by a pharmaceutical company, medical device * US: Former Medicaid Chief Pharmacist, former VP and

organization, or diagnostics corporation

Medical Director of a large health insurance firm

* Between 3 and 35 years of experience in managing patients with ¢ UK: Former NICE Appraisal Committee member, CCG

cognitive impairment

Commissioner

* Mix of practice settings. Involved in diagnosing subjective and * France: Former member of HAS CEPS, member of

objective cognitive impairment complaints

CNEDIMTS in HAS

* Familiarity with AD. Familiarity with biomarkers as a diagnostic * Germany: Former member of G-BA, Health Economist and

tool in the context of cognitive impairment

former member of Drug Arbitration Committee

* Sees at least 3 patients of the type we are interested in per month * Spain: Former director of large regional HTA agencies

Abbreviations: AD, Alzheimer’s disease; CCG, Clinical Commissioning Group; CEPS, Economic Committee for Health Products; CNEDIMTS, Medical Device
and Health Technology Evaluation Committee; G-BA, Federal Joint Committee; HAS, Haute Autorité de Santé; HCP, healthcare professional; HTA, Health
Technology Assessment; KOL, key opinion leader; NHS, National Health Service; NICE, National Institute for Health and Care Excellence; PCP, primary care

practitioner; UK, United Kingdom; US, United States; VP, Vice President.

Each 4-h advisory board meeting included five neurologists, PCPs,
or clinical researchers in the US or Europe (Netherlands, Spain,
Switzerland, UK) (Table S2), with one member nominated as chairper-
son. Employees of Roche Diagnostics International Ltd and associated

agencies attended as observers.

3 | RESULTS

3.1 | Sample characteristics

In total, 171 HCPs and 15 payers completed the initial survey. Among
the physicians, 71 (41.5%) were PCPs and 100 (58.5%) were special-
ists, with 21.5% respondents recruited from the US. For the follow-up
study, 32 physicians and 10 payers were recruited March 4-18, 2022,
with 28.6% from the US (Table S3). Seven HCPs and eight payers con-
tributed to both the initial and follow-up survey, giving a total of 213
unique responders. Representative comments from respondents are
included in Table S4.

3.2 | Current barriers in the AD diagnostic
pathway
3.2.1 | Referral decisions

Results reveal considerable heterogeneity in the AD diagnostic path-
way, with notable differences in HCP behavior regarding patient

referral.

Advisory board participants reported that PCPs typically refer
patients for confirmatory testing, while themselves performing only
blood tests or basic cognitive tests (Table 2). The presence of cognitive
symptoms was sufficient for PCPs to make a referral, while specialists
required an understanding of the underlying pathophysiology to decide
on the best management strategy.

A lack of recognition of symptoms (anosognosia) in affected indi-
viduals was another major challenge, with advisory board participants
reporting that patients early in the diagnostic pathway range from
the “worried well” to those who strenuously deny cognitive problems.
Some patients refuse referral or a cognitive test, even with evident
signs of mild dementia.

The initial survey recorded lack of consistency in reasons for refer-
ral or requests for confirmatory tests, with some PCPs preferring to
eliminate other causes of cognitive impairment or unable to see value
in a diagnosis, given current lack of DMTs (Table 3).

The initial survey also revealed wide variability in patients referred
to secondary care, with notable differences among countries. For
example, a minority of patients were referred in Germany and US,
compared with UK where most patients were referred onwards
and China which is largely a secondary-care-based system (32)
(Figure 1).

Specialists in the follow-up survey confirmed these observations
and reported that diagnostic pathways vary at local levels due to
limited availabilities of specific tools, insurance constraints (partic-
ularly in US), and a lack of diagnostic experience. They regretted
the absence of a consistent, streamlined diagnostic pathway, and

insufficient innovation in AD diagnostics.



SURIDJAN ET AL.

TABLE 2 Assessments conducted in patients with cognitive complaints: Advisory board insights.

Diagnosis, Assessment 50f11

Disease Monitoring

Primary care

Memory clinics

Europe us
* Short cognitive test (e.g., MMSE, MoCA, GPCOG, 6-item * Tests such as the Mini-Cog are used to assess cognitive
screener, etc.) impairment, along with screening tests to eliminate
* Blood tests (thyroid, calcium, HIV, syphilis, vitamin B12, folic alternate causes (e.g., depression screen, tests to
acid) performed to investigate possible causes of dementia eliminate thyroid, B12, and folate deficiency, and
possibly MRI)

* Use of the Medicare Annual Wellness exam is
encouraged for cognitive screening

* Neuropsychological assessment with blood tests conducted at * Neuropsychological testing and CSF testing are usually

the first visit to rule-out treatable causes of cognitive done at this stage

impairment (e.g., thyroid, vitamin B12 deficiency, etc.) followed * The frequency of CSF testing has spiked since the

by a CT scan/MRI approval of aducanumab in June 2021

* LPand/or PET are performed at subsequent visits, as indicated

Note: Advisory boards convened in December 2021.
Abbreviations: CSF, cerebrospinal fluid; CT, computed tomography; GPCOG, General Practitioner assessment of Cognition; HIV, human immunodeficiency
virus; LP, lumbar puncture; MMSE, mini-mental state examination; MoCA, Montreal Cognitive Assessment; MRI, magnetic resonance imaging; PET, positron
emission tomography; US, United States.

a

Minority of patients referred

N

Germany: Little cooperation between PCPs and secondary care. PCPs
prioritize long-term patient relationships and try to maintain them unless
complications arise. PCPs often able to access confirmatory tests if needed
and still retain their patients

US: Confirmatory testing (as reserved most to specialists) is not common in

diagnosing AD. PCPs prefer to manage the patients themselves

/Some patients referred

Spain: PCPs are overburdened and often do not see themselves as
responsible for the diagnosis and management of AD. At the same time,
they recognize the strain on secondary care as well as having the highest
level of access to confirmatory testing among all markets

France: Patients often stay with their family doctor due to lack of
treatment availability and a strong belief on there not being need for

K further confirmatory testing

<

Majority of patients referred

UK: Referral pathway to secondary care is the most established compared
with other countries

China: PCPs do not see themselves responsible, and they do not have
access to most of the testing required (even outside CSF/PET)

FIGURE 1 Proportion of patients with cognitive symptoms referred to secondary care by PCPs by country. Source: Initial qualitative
physician/payer survey (fieldwork: November 16 to December 3, 2021). AD, Alzheimer’s disease; CSF, cerebrospinal fluid; PCP, primary care
physician; PET, positron emission tomography.
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TABLE 3 Factors considered in referral decision-making process:
Physician/payer survey insights.

Factors increasing likelihood of
referral (decreasing order of

Factors decreasing likelihood of
referral (decreasing order of

importance) importance)

* Atypical patient (i.e. ¢ No DMT available (nothing
young/active); doesn’t fit AD could be done anyway)
profile « Patient seen as a ‘lost cause’ -

* Patient needs dementia too old/too frail/AD detected
clinically confirmed as soon as too late to provide meaningful
possible for support
legal/social/support reasons * Symptoms judged clear

* AD symptoms unclear enough to confirm the
(unverifiable with tools diagnosis only from

available in primary care) for cognitive/other tests available

that specific patient to PCP directly
* Underlying * Patient unwillingness to
conditions/co-morbidities proceed with diagnosing
* AD history in family * Lack of resources; further

* PCP does not have access to referral as a burden to the

confirmatory tests at system

secondary care but believes in * Lack of funding in secondary

their need for diagnosis care (long wait time/queues)
* Fast progressing cognitive * Lack of belief in amyloidosis

for AD diagnosis - PCP having
all the tools to diagnose
themselves

impairment

* PCPisoverburdened and
wants to pass patient on

* Direct pressure from family to
take action

Note: Initial qualitative physician/payer survey (fieldwork: November 16 to
December 3,2021).

Abbreviations: AD, Alzheimer’s disease; DMT, disease-modifying treat-
ment; PCP, primary care practitioner.

3.2.2 | Access to testing

The initial qualitative survey revealed that patients likely to be pri-
oritized for confirmation testing included atypical patients, patients
requiring confirmation amyloid testing, and private patients, with

barriers to confirmatory testing also explored (Table 4).

3.2.3 | Time to diagnosis

According to the European advisory board, referral would typically
be made after one to six visits to the general practitioner; longer if
other health issues required more urgent treatment. Time elapsed
between onset of symptoms and referral to a memory clinic also
varies considerably. Experts from the US advisory board noted that
patients with a cognitive complaint may wait 1-3 years for refer-
ral to a specialist center, although younger patients may be referred
more rapidly. Although waiting times for a specialist office can be
very long, even in memory clinics, patients presenting directly to a
specialist typically reach a diagnosis in the shortest time. Patients
referred from primary care spend longer in all parts of the diagnostic
pathway.

3.24 | Unmet need
Both advisory boards and the initial survey revealed “missing patients”
(AD patients without a timely diagnosis) as a particular unmet need for
specialists. Physicians want to manage patients as early as possible and
help find holistic solutions (clinical, emotional, social care, as well as
personal, financial, and legal planning). In addition, with no standard cri-
teriafor selecting the right candidates for PET/CSF confirmatory tests,
patients with a low likelihood of AD can undergo unnecessary testing.
Specialists in the follow-up survey echoed concerns over missing

patients, and recorded other aspects of the unmet need (Figure 2).

3.3 | Potential role and preferred characteristics of
a BBBM test

Regarding characteristics of an ideal BBBM test, respondents in
the initial survey and advisory boards expressed a preference for a
rule-out test (NPV > 90%) that would allow patients with a low
likelihood of amyloid pathology to be referred for non-AD diagnostic
workups. Patients with a positive test would need further diagnostic
referral, possibly including confirmatory PET/CSF testing, to access
DMT and other appropriate care. The test would also need to be
easy-to-use and patient-friendly.

Respondents in the follow-up survey considered a rule-out test
could save time, money, and resources; streamlining the process and
accelerating diagnosis by removing unnecessary tests, simplifying the
process flow, enhancing clinical decision-making, targeting referral, uti-
lizing capacity efficiently, and reducing the number of missing patients.
This would help specialists focus on investigating other underlying
causes. Furthermore, most specialists would perform the test at the
first appointment alongside another test, while a minority would test
at a second/follow-up appointment.

The US advisory board would use a BBBM test with a high
NPV and moderate PPV in “worried well” patients in combination
with other tests to avoid false-positive results leading to unneces-
sary patient anxiety. Specialist use of the test together with other
clinical information would facilitate an informed discussion with
patients.

Factors key to successful implementation of the test highlighted
by the surveys and advisory boards included robust performance,
appropriate positioning in the patient pathway to impact clinical
management (actionability), and evidence of benefit required for
reimbursement.

Specialists in the initial survey considered a rule-in test could be
a non-invasive alternative to existing confirmatory tests that might
improve the process flow if its performance equaled confirmatory
tests. They felt the high PPV would allow a greater confidence in the
test results and improve clarity and certainty regarding AD diagnosis.
With the availability of DMTs, such a test could become a gateway to
treatment. However, the respondents also noted that the demand for

confirmatory tests would continue, potentially leading to inefficiency
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TABLE 4 Factors conducive to and barriers against confirmatory testing for AD, as reported by country: Physician/payer survey insights.

uUs UK France Spain Germany China
Patients likely to be prioritized for confirmatory testing
Atypical patient (i.e. young) v v v v v v
Needs confirmation through amyloid specifically (i.e. legal/social care v v v v v v
reasons)
Patient willing to pay privately v v
Required for medication selection v
Barriers to receiving confirmatory testing
Unavailable v v
Expensive v v v
Long queues for PET scans; system overburdened 4
CSF testing very invasive; burden for old patients particularly v v v v v v
Confirmatory testing not perceived mandatory for diagnosis v 4 4 v 4 v
Not part of current diagnosing algorithm v
No treatment available; no need for expensive/invasive diagnosing v
Lack of training in interpreting results v v v v v v
Lack of time on the HCP part (can diagnose without) v v v v v 4

Note: Initial qualitative physician/payer survey (fieldwork: November 16 to December 3,2021).
Abbreviations: AD, Alzheimer’s disease; CSF, cerebrospinal fluid; HCP, healthcare professional; PET, positron emission tomography; UK, United Kingdom, US,
United States.

Missing patients

e  Patients with high likelihood of AD miss out on appropriate early diagnosis and
treatment

e This is a key unmet need for specialists who wish to identify and start managing
patients with AD as early as possible to provide the best holistic care (i.e., clinical,
emotional and social care, as well as personal, financial and legal planning)

e  Specialists feel that missing patients is more important than risking unnecessary
referrals

Over referring patients

e  CSF/PET confirmatory testing is onerous for specialists. Time delays, invasiveness
and non patient-friendly processes cause stress and anxiety in patients and their
caregivers

e With no standard criteria for selecting the right candidates for these tests, patien
with low likelihood of AD can undergo unnecessary procedures

e The lack of accurate diagnostic tools to identify the right patients, right from the
start of the diagnostic journey is stressful and costly hence the added urgency for
innovative solutions

ts

Inefficiencies

e The demand for confirmatory testing continues to increase as the global prevalence
of AD and dementia rises as part of increase in aging populations

e  Without a streamlined diagnostic pathway, healthcare systems experience delays in
diagnosis and treatment, and pressures on capacity

e [nefficient diagnosis and patient management flows inevitably have an impact on
patient outcomes and QoL

FIGURE 2 Specialist concerns relating to an unmet need for more and better AD diagnostics. Source: Follow-up physician/payer survey
(fieldwork: March 4-18, 2022). AD, Alzheimer’s disease; CSF, cerebrospinal fluid; PCP, primary care physician; PET, positron emission tomography.
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in the pathway and test redundancy. In addition, concerns around
pricing and reimbursement might remain. In the follow-up survey,
payers saw no value in the rule-in test, as the PPV value would need to
match that of PET/CSF to be valuable. Payers in the follow-up survey
also noted that the likelihood of reimbursement would be higher
with robust evidence linking it to DMT clinical trials (e.g., if it were
co-developed as a companion diagnostic to a therapeutic).

4 | DISCUSSION

These result provide insights regarding current deficiencies in the early
AD diagnostic pathway, and the potential of a BBBM test to mitigate

some challenges.

4.1 | Heterogeneity in the diagnostic pathway

One of the first challenges is the heterogeneity observed in current
approaches. Respondents in both surveys and the advisory boards
noted that differing diagnostic goals lead to discrepancies in the
referral process, with PCPs tending to refer based on symptoms
while experts require an understanding of underlying pathophysiology.
Differences in patient attitudes also drive heterogeneity.

A second survey using quantitative analyses of patient record forms
(PRFs) conducted in parallel with the initial survey showed that the
setting in which patients typically present (primary or secondary)
varies between countries, as does the trigger for initial diagnosis
(self-identification, caregiver-identification, or opportunistic detection
by the patient’s long-term doctor).32 Other sources of heterogeneity
relate to referral behavior; e.g., whether a patient is assessed and diag-
nosed by the initial HCP or whether a gatekeeper is involved, as well as

the timeframe of referral.32

4.2 | Inefficient and complex diagnostic landscape
The initial survey and advisory boards highlight the lack of a stream-
lined diagnostic pathway in AD, resulting in patients with a high
likelihood of AD being missed and patients with a low likelihood under-
going unnecessary procedures. Furthermore, confirmatory amyloid
CSF/PET testing is only utilized for a minority of patients, resulting in
delays in confirmatory diagnosis and treatment. Similar inefficiencies
have also been reported in population-based studies in other countries
including Japan and Norway.33:34

The initial survey also revealed poor consistency in reasons for
referral or requests for confirmatory tests, and a reluctance on the part
of PCPs to refer patients with cognitive impairment. This is a major

barrier to early diagnosis,3>~3?

and can partly be explained by the lack
of standardized screening tools in primary care.*® Lack of a consistent
approach at the PCP level places a high burden on specialists.

We found considerable disparity among countries, settings, and

even patient type in the time and number of PCP visits required prior to

referral, as noted particularly by the advisory boards. This is supported
by the literature, with minority ethnic groups presenting to therapeu-
tic and diagnostic services at a late stage in their illness,*! with an
additional delay of <7 years between first symptoms and physician
consultation.*?

The parallel qualitative study performed3? revealed that a higher
rate of diagnosis among patients presenting to a specialist versus a PCP
(~60% vs. ~30%).

4.3 | Unmet diagnostic need to facilitate timely
detection and treatment initiation

There is no standardized pathway to determine whether patients
should be referred to determine a non-AD cause of cognitive decline
or be offered a confirmatory test with PET/CSF.

The initial survey revealed that patients are more likely to be
referred if they are considered to have an atypical presentation, if
there is particular urgency due to legal, social, or support reasons,
or if AD symptoms are unverifiable with tools available in primary
care. The same survey indicated that barriers to referral include
the perception that no meaningful support can be offered, a belief
that AD diagnosis can be ruled out, and the sense that “nothing
could be done anyway”. The Clinical Trials on AD Taskforce noted
the lack of an effective treatment is one of the main reasons that
patients do not seek medical intervention and that PCPs do not
refer to specialists,'! although this will change when DMTs become
available.

The advisory boards noted that symptomatic patients with a nega-
tive blood test still need to be referred, as AD is not the only cause of
cognitive impairment (although the most common“3).

Data suggesting that many patients have inconclusive outcomes

such as “watch and wait”32

support the role of a simple BBBM test to
detect amyloid pathology and create a consistent and efficient pathway

to confirmatory PET/CSF testing.

4.4 | Characteristics of an easy-to-use, accurate,
non-invasive biomarker test for detection of amyloid
pathology

The surveys and advisory boards highlighted several factors key to the
successful implementation of a BBBM test: robust performance, appro-
priate positioning on the patient pathway (actionability), and evidence
of benefit required for reimbursement.

The predictive accuracy of a screening tool is determined by its
PPV and its NPV, with other important factors including the avail-
ability of follow-up diagnostic resources and therapeutic interven-
tions, and associated costs.** The surveys and advisory boards both
expressed a strong preference for a rule-out test that would direct
patients with low likelihood of amyloid pathology to non-AD diagnos-
tic workup. Positive patients would need further diagnostic referral,

and could be given timely access to DMT and other care on diagnostic
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confirmation. All respondents agreed that such a test would also need
to be patient-friendly and easy-to-use.

A rule-out test would also be more effective in a preselected
expert/specialist setting where disease prevalence is greater, allow-
ing greater PPV. In a more generalized PCP setting with low disease
prevalence, the test would be more likely to achieve a high NPV but a
relatively low PPV.

The preference for a rule-out test with high PPV and moderate NPV
is consistent with previous reports suggesting NPV > 90% is required
for a BBBM test in AD, with 95%-98% being an ideal target.*> Reports
suggest that PPV should be at least 50%.%*

4.5 | Implementation of a blood test in the
diagnostic pathway

Our findings suggest that introduction of a BBBM test to streamline the
AD patient pathway may provide a systematic route to confirmatory
testing and a clear rationale for referral, and reduce time to diagnosis.

Previous reports also suggest the value of BBBM testing in spe-
cialized memory clinic settings to distinguish AD from other types of
dementia, although challenges remain including clinical use of biomark-
ers in patients without objective cognitive impairment.2>-2744 The
current report adds to the weight of evidence to support the use of a
BBBM test to diagnose amyloid pathology and offers some suggestions
for its implementation.

Actionability of the BBBM test for triage of patients and support-
ing referral will be driven by changes to the diagnostic pathway (e.g.,
the availability of DMTs). Further, payers considered that patients with
cognitive impairment and a negative blood test would likely be referred
from primary care, as non-AD causes of cognitive impairment would
still need to be investigated.

Another consideration in the wide implementation of a BBBM test
is the need for counseling. Currently 30% of 69 centers in the Euro-
pean Alzheimer’s Disease Consortium offer no routine counseling or
discussion on the implications of biomarker testing.®

Specialists are keen to embrace any new tools that could improve
their diagnostic capabilities. An additional test is not expected to cre-
ate a burden or complicate the diagnostic pathway, while any new
tools improving diagnostic accuracy are likely to be welcomed by
specialists.

A BBBM test could be used to decide whether more complex investi-
gations should be performed, which would streamline the pathway and
reduce unnecessary confirmatory CSF or PET testing. This approach is
also consistent with the Alzheimer’s Association’s recent appropriate
use recommendations for blood biomarkers in AD, which encourage
the cautious introduction of BBBMs in clinical practice, provided AD
status is confirmed whenever possible using CSF or PET.2> Further,
a recent EU/US Task Force report notes that as BBBM tests may be
less invasive, costly, infrastructure-dependent, and time- and resource-
intensive than CSF and PET biomarkers, they could improve detection,
diagnostic accuracy, patient-centered autonomy and empowerment,

and improve overall care.*’

Disease Monitoring

By ruling out patients early and reducing the number of unneces-
sary PET/CSF investigations, a BBBM test could preserve resources for
those who have higher likelihood of being amyloid positive. This is par-
ticularly key since access to CSF or PET is limited and not reimbursed

in many countries.*8-°3

5 | STRENGTHS AND LIMITATIONS

While we believe this research provides valuable insights into a
potential role for an easy-to-use, non-invasive biomarker test to
detect amyloid pathology and facilitate recognition of AD early in the
disease continuum, there are a number of limitations that must be
acknowledged. First, the findings reported here are qualitative, and
preclude any quantitative analysis. Regardless, we have tried to draw
fair and balanced conclusions by grouping and summarizing responses
to reflect the overall position of respondents on the areas of interest,
although we acknowledge some degree of subjectivity in this approach.
We have also tried to accurately and objectively represent the opinions
of the participants by providing verbatim quotes where appropriate.
The total sample size of 213 healthcare professionals is also relatively
limited, and does not allow opposing or non-conforming views to be
adequately explored. In addition, the spread of the relatively small
sample over six countries necessarily means that there were limited
numbers of each type of specialist in each individual country. However,
the tightly controlled sample means that it was possible to investigate
the attitudes and experiences of individual practitioners much more
closely than would be possible with a larger sample, with each par-
ticipant committing to an in-depth 45-min interview for each of the
surveys or participating in a 3-h advisory board session. We believe
that this approach allowed us to delve deeply into the real-world
experience of participants, and provide more nuanced and detailed
insights than would otherwise be possible. Qualitative findings from
the current research have previously been published elsewhere,33 and
may also be evaluated in parallel with the current findings to provide
a more comprehensive overview of the insights explored in this

manuscript.

6 | CONCLUSIONS

Results from a comprehensive physician/payer survey and in-depth
expert panel discussions highlight considerable barriers in the current
pathway to a diagnosis of AD in multiple countries. Introduction of
an easy-to-use, non-invasive biomarker test to detect amyloid pathol-
ogy and facilitate recognition of AD early in the disease continuum
would accelerate the diagnostic pathway, allow early initiation of DMT,
and potentially improve patient outcomes. Such a test could function
as a first-line screening test or triaging tool, informing the decision
to perform PET/CSF. With the imminent availability of DMTs, 10 the
need for fast and reliable AD diagnostic testing will grow, and a BBBM
test for amyloid pathology is likely to become an integral part of the

assessment toolkit.
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