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Abstract

INTRODUCTION: The development of biomarkers for Alzheimer’s disease (AD) has allowed
researchers to increase sample homogeneity and test candidate treatments earlier in disease.
The integration of biomarker ‘screening’ criteria should be met with parallel implementation of
standardized methods to disclose biomarker testing results to research participants; however, the
extent to which protocolized disclosure occurs in trials is unknown.

METHODS: We reviewed the literature to identify prodromal AD trials published in the past
10 years. From these, we quantified frequency of biomarker disclosure reporting and depth of
descriptions provided.

RESULTS: Of 30 published trials using positron emission tomography or cerebrospinal fluid-
based amyloid positivity as an eligibility criterion, only one mentioned disclosure, with no details
on methods.

DISCUSSION: Possible reasons for and implications of this information gap are discussed.
Recommendations are provided for trialists considering biomarker screening as part of
intervention trials focused on prodromal AD.

Keywords

Prodromal Alzheimer’s disease; Mild Cognitive Impairment; Randomized Controlled Trials;
Amyloid; Biomarker Disclosure

1. Introduction

The development of biomarkers for Alzheimer’s disease (AD)! has accelerated progress
towards early detection and novel treatments. Biomarker-characterized individuals with mild
cognitive impairment (MC1)2 or prodromal ADS3 (i.e., those with amyloid positivity, mild
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symptoms, but functional independence) are increasingly the focus of trials that seek to
intervene earlier in the disease process®. Manuscripts arising from these trials often describe
details of biomarker selection, acquisition, and analysis; conversely, whether and how AD
biomarker results are disclosed to participants is unknown.

The careful disclosure of biomarker results has implications not only for trial recruitment>,
but also for the participant’s physical and psychological health. While instances of actual
medicolegal discrimination (e.g., loss of access to long-term care insurance or medical
procedures secondary to biomarker positivity) are rarely reported, this phenomenon is
difficult to measure and therefore understudied®. In light of the at-least theoretical risk

of discrimination, advocates have called for a Biomarker Information Non-Discrimination
Act’ analogous to the Genetic Information Non-Discrimination Act, to protect participants
and patients against this risk. Additional risks of biomarker disclosure include elevated
psychological distress and experiences of stigma within one’s family or community. Perhaps
most troublesome is evidence that many participants enrolled in clinical AD research

are unaware of or underestimate these risks®. In contrast, biomarker results shared with
providers may support diagnostic confidence®10, and personalized health and lifestyle
change for participants!®. Participants and their loved ones may also leverage biomarker
data to plan for the future and prepare for caregiving roles'2. Given growing evidence of the
impact of learning biomarker results, it is critical to understand whether and how prodromal
trials are incorporating and reporting biomarker disclosure.

2. Methods

To investigate how prodromal AD trials disclose biomarker results, authors ARF and LRC
conducted a literature review through independent, systematic searches using PubMed.
Given the relative recency of biomarker implementation, we restricted search criteria

to randomized controlled trials published between 01/2013 and 02/20/23. Search terms
included “prodromal Alzheimer’s disease” [48 results], “mild cognitive impairment AND
Alzheimer’s disease AND amyloid” [70 results], and “dementia AND Alzheimer’s disease
AND amyloid” [199 results]. Consistent with Preferred Reporting Items for Systematic
Review and Meta-analyses (PRISMA) guidelines, we screened the abstracts, methods, and
references. Only trials using position positron emission tomography (PET) or cerebrospinal
fluid (CSF) amyloid biomarkers were included; trials implementing more exploratory
biomarkers were excluded, as there is no expectation for disclosure of such test results.
Additionally, only trials that utilized biomarkers as part of eligibility screening were
included, while studies with biomarker covariates or outcomes were not. All trials that
included a prodromal AD and/or MCI group were included, even if participants at other
stages of the disease were also included. However, studies focused solely on cognitively
healthy individuals or those with dementia were excluded from review. All reviewed trials
were written in English. This review identified 30 published trials that included participants
with prodromal AD and positive PET or CSF amyloid biomarkers as formal inclusion
criteria (see Figure 1). Scrutiny of these articles sought to quantify how many (a) mentioned
biomarker disclosure, (b) detailed the disclosure process, and (c) referenced a specific
protocol for disclosure. A complete summary of manuscripts reviewed is available in the
Supplemental material.
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3. Results

Only one (<3%) of 30 prodromal AD trial manuscripts®® mentioned biomarker disclosure,
and only when discussing how ineligible participants were handled. No study provided
details of disclosure (e.g., disclosure providers, standardized language, audiovisual
materials, safety monitoring) in the publication or associated supplemental materials.

4. Discussion

Our review of biomarker disclosure practices within the relatively nascent field of
prodromal AD trials was restricted by a near total absence of disclosure information in
available manuscripts. There may be many reasons for this omission. The development and
dissemination of research protocols for communicating biomarker results has lagged behind
biomarker development4. To date, no practice guidelines exist for disclosure, which may
falsely imply that disclosure is a minor step in the screening process that does not necessitate
formal documentation of methodology. Additionally, disclosure training resources are
lacking, potentially implying that no training is required. However, the growing literature
supports the need for pre- and post-disclosure counseling (and, when appropriate, decisional
capacity assessment), screening for psychological stability before and following disclosure,
and careful delivery of standardized messaging by a trained clinician investigator1®.

This preliminary review of the literature raises several important concerns. First, studies
are not routinely reporting biomarker disclosure methods. Secondly, this paucity in
reporting raises concern that some studies may not disclose biomarker results to potential
participants. Return of research results to participants with prodromal AD is increasingly
common!6:17  given that individuals in this intermediate clinical ‘zone’ may benefit most
from early intervention and care. Investigators may be prohibited from sharing biomarker
results in circumstances in which disclosure may confound trial outcomes or when the
biomarker validity remains uncertain; however, neither are likely to be the case in prodromal
AD trials using amyloid biomarkers. Concerns that biomarker disclosure could result in
participants being forced to receive unwanted results have led to the use of “blinded”

trial designs on ethical grounds. These concerns are largely unfounded; analysis of relative
risks and benefits of disclosure do not indicate that coercion or undue influence occur

in cases of pre-randomization disclosurel8. Furthermore, studies have demonstrated that
required biomarker disclosure is not a significant barrier to recruitment!® and does not
impact willingness to engage in future AD research even when a participant is excluded

for biomarker ineligibility®. On the contrary, participants and care partners may be more
motivated to enroll in trials providing this feedback?0.

A third concern is that unstandardized return of biomarker results may yield
inconsistent effects for participants and families. Data from trials implementing
empirically supported and standardized disclosure protocols suggest that cognitively
symptomatic?! and asymptomatic individuals? tolerate learning their amyloid results
well. However, amyloid positive individuals and their care partners may still experience
heightened distress, and amyloid negative individuals report greater confusion about their
MCI diagnosis post-disclosure23. Though relatively low probability when standardized
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disclosure protocols are used, these risks may be significantly exacerbated in cases wherein
disclosure across study arms is inconsistent in structure or style, unclear, or deficient in post-
disclosure support. Conversely, prodromal amyloid positive individuals may also use their
biomarker results to enact health behavior changes such as initiating treatments, improving
diet or physical activity, assisting with caregiver preparation, and planning for health and
finances?4. Unstandardized or inappropriate disclosure may reduce these potential positive
impacts.

A final concern is that unstandardized disclosure of results may have an impact on trial
outcomes and safety. As previously noted, disclosure has variable consequences. While
randomization may disperse risk for adverse events evenly between treatment arms, these
events — which might otherwise have been avoided — may still occur. Inconsistent disclosure
may also cloud interpretation of enrollment numbers, drop-out, and even outcomes,
particularly if there is variability in approach by site. Disclosure-mediated stereotype threat
may also impact behavioral or cognitive outcomes??; if variable disclosure strategies result
in variable threat, these effects could be unequally distributed in treatment arms or among
sites.

Ultimately, failure to consistently implement, evaluate, and summarize results of disclosure
greatly limits generalization and translation of biomarker disclosure practices across studies.

5. Recommendations

Based on the findings of our literature review and the ethical and practical implications listed
above, we provide the following recommendations (Table 1):

1. Prodromal AD trials using established methods for amyloid screening should
routinely include protocols for results disclosure to participants. Several
disclosure protocols and toolkits are now published!:22: 23.26-27 |deally,
protocols would define (a) how informed consent describes risks and benefits
of disclosure (in addition to risk/benefits of the intervention); (b) participant
suitability criteria for disclosure and how they are assessed, (c) methods and
timeline for disclosing results; (d) study team qualifications, training, and roles
in disclosure; (e) disclosure messaging (i.e., how positive or negative results
are conveyed); and (f) post-disclosure monitoring and resources. Furthermore,
researchers should define methods and pathways for a// participants, regardless
of trial eligibility or enrollment (e.g., those who are biomarker positive but
otherwise ineligible for the trial; those who are biomarker negative and trial
ineligible, but symptomatic).

2. Post-disclosure safety and tolerability data should be collected independently
from data related to the safety of the experimental intervention. Although
disclosure has been found to be relatively safe, it is not without impact.
Furthermore, few studies have explored the impact of disclosure within an
existing trial. For instance, if baseline mood assessment is conducted only
pre-disclosure for the purpose of screening, the research team may not ‘catch’
individuals who experience post-disclosure distress. Disclosure-driven adverse
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events would likely occur at equivalent rates across study arms due to
randomization; however, safety and drop-out may be affected if post-disclosure
reactions are not adequately considered. These data would also be instructive for
future clinical practice in which biomarker-informed diagnosis and treatment will
likely be standard of care.

3. Researchers should identify resources for participants and study partners to gain
post-disclosure support outside of the trial. While it is likely beyond the scope
of most trials to formally assess the impact of disclosure beyond the participant,
research suggests that those poised for caregiving roles are also affected by
amyloid results?8. These risks and benefits may be part of informed consent
discussions. Studies may consider collating resources for participants and study
partners to acquire follow-up educational information and, if needed, supports
and clinical care.

4. Biomarker disclosure protocols within prodromal trials should be disseminated
as part of, or supplemental to, other trial results. Beyond the impacts of
disclosure on participants and the downstream effects for trial results, prodromal
trial biomarker disclosure practices should be protocolized and published on
the grounds of open science. The investigative team should share not only how
disclosure was accomplished, but also any safety and tolerability data associated
with this protocol. This approach would allow for systematic comparison of
methods to ‘dismantle’ necessary or risky/harmful elements of disclosure for
future studies. Furthermore, detailed descriptions of disclosure increase rigor and
reproducibility of these methods in future work and inform best practices.

5. Best practice guidelines for integrating disclosure of amyloid (and eventually
other AD biomarkers) into clinical trials are needed. This task will require
significant interdisciplinary effort within the ADRD community. While various
groups, including the Advisory Group on Risk Evidence Education in Dementia
(AGREED)??, have begun to develop approaches and share resources, a unified
and funded effort will be important to fully realize this goal. Researchers may
follow the example of prior work on the development of practice guidelines for
genetic disclosure in clinical trials30 as well as ongoing work in investigating and
developing optimal communication strategies and personalized biomarker result
tools31-33,
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Funding Sources:

Annalise Rahman-Filipiak is funded through support from the National Institute on Aging (NIA
1K23AG07004401-A1; PI: Rahman-Filipiak). Corey Bolton is funded through support from the Alzheimer’s
Association (AACSF-22-924002). Nicole R. Fowler is funded through support from the National Institute on Aging
(NIA RO1 AG056315, R01 AG059613; PI: Fowler) and the Department of Defense (#W81XWH-17; PI: Fowler).
Ellen Wijsman is funded through support from National Institutes of Health (P30 AG 066509; University of
Washington Alzheimer’s Disease Research Center; PI: Grabowski).

Alzheimers Dement. Author manuscript; available in PMC 2024 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Rahman-Filipiak et al.

Page 7

Declaration of Interest: Jennifer Lingler has provided paid consultation to Biogen and Genentech. All authors
are members of the international Advisory Group on Risk Evidence Education in Dementia (AGREED). Judith
Heidebrink is a paid investigator on grants from Eisai/Biogen, Eli Lilly, and Biohaven (payments are made to
institution).

References

1.

Jack CR Jr., Bennett DA, Blennow K, et al. A/T/N: An unbiased descriptive classification
scheme for Alzheimer disease biomarkers. Neurology. Aug 2 2016;87(5):539-47. doi:10.1212/
WNL.0000000000002923 [PubMed: 27371494]

. Albert MS, DeKosky ST, Dickson D, et al. The diagnosis of mild cognitive impairment due

to Alzheimer’s disease: recommendations from the National Institute on Aging-Alzheimer’s
Association workgroups on diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement.
May 2011;7(3):270-9. doi:10.1016/j.jalz.2011.03.008 [PubMed: 21514249]

. Cummings JL, Dubois B, Molinuevo JL, Scheltens P. International Work Group criteria for

the diagnosis of Alzheimer disease. Med Clin North Am. May 2013;97(3):363-8. doi:10.1016/
j.mcna.2013.01.001 [PubMed: 23642575]

. Cummings J. The Role of Biomarkers in Alzheimer’s Disease Drug Development. Adv Exp Med

Biol. 2019;1118:29-61. doi:10.1007/978-3-030-05542-4_2 [PubMed: 30747416]

. Grill JD, Zhou Y, Elashoff D, Karlawish J. Disclosure of amyloid status is not a barrier to

recruitment in preclinical Alzheimer’s disease clinical trials. Neurobiol Aging. Mar 2016;39:147—
53. d0i:10.1016/j.neurobiolaging.2015.11.007 [PubMed: 26923411]

. Roberts JS, Dunn LB, Rabinovici GD. Amyloid imaging, risk disclosure and Alzheimer’s disease:

ethical and practical issues. Neurodegener Dis Manag. 2013;3(3):219-229. do0i:10.2217/nmt.13.25
[PubMed: 26167204]

. Erickson CM, Clark LR, Ketchum FB, Chin NA, Gleason CE, Largent EA. Implications of

preclinical Alzheimer’s disease biomarker disclosure for US policy and society. Alzheimers Dement
(Amst). 2022;14(1):12339. doi:10.1002/dad2.12339

. Lingler JH, Roberts JS, Kim H, et al. Amyloid positron emission tomography candidates may focus

more on benefits than risks of results disclosure. Alzheimers Dement (Amst). 2018;10:413-420.
doi:10.1016/j.dadm.2018.05.003 [PubMed: 30094328]

. Grundman M, Pontecorvo MJ, Salloway SP, et al. Potential impact of amyloid imaging on diagnosis

and intended management in patients with progressive cognitive decline. Alzheimer Dis Assoc
Disord. Jan-Mar 2013;27(1):4-15. doi:10.1097/WAD.0b013e318279d02a [PubMed: 23203162]

10. Ossenkoppele R, Prins ND, Pijnenburg YA, et al. Impact of molecular imaging on the

diagnostic process in a memory clinic. Alzheimers Dement. Jul 2013;9(4):414-21. doi:10.1016/
j.jalz.2012.07.003 [PubMed: 23164552]

11. Chao S, Roberts JS, Marteau TM, Silliman R, Cupples LA, Green RC. Health behavior changes

after genetic risk assessment for Alzheimer disease: The REVEAL Study. Alzheimer Dis Assoc
Disord. Jan-Mar 2008;22(1):94-7. doi:10.1097/WAD.0b013e31815a9dcc [PubMed: 18317253]

12. Vanderschaeghe G, Vandenberghe R, Dierickx K. Stakeholders’ Views on Early Diagnosis

for Alzheimer’s Disease, Clinical Trial Participation and Amyloid PET Disclosure: A Focus
Group Study. J Bioeth Ing. Mar 2019;16(1):45-59. d0i:10.1007/s11673-019-09901-9 [PubMed:
30868358]

13. Coric V, Salloway S, van Dyck CH, et al. Targeting Prodromal Alzheimer Disease

With Avagacestat: A Randomized Clinical Trial. JAMA Neurol. Nov 2015;72(11):1324-33.
D0i:10.1001/jamaneurol.2015.0607 [PubMed: 26414022]

14. van der Schaar J, Visser LNC, Bouwman FH, et al. Considerations regarding a diagnosis

of Alzheimer’s disease before dementia: a systematic review. Alzheimers Res Ther. Feb 10
2022;14(1):31. doi:10.1186/s13195-022-00971-3 [PubMed: 35144684]

15. Largent EA, Grill J, O’Brien K, Wolk D, Harkins K, Karlawish J. Testing for Alzheimer

Disease Biomarkers and Disclosing Results Across the Disease Continuum. Neurology. Jan 31
2023;d0i:10.1212/WNL.0000000000206891

Alzheimers Dement. Author manuscript; available in PMC 2024 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Rahman-Filipiak et al.

16

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

Page 8

. Roberts JS, Ferber R, Blacker D, Rumbaugh M, Grill JD, Advisory Group on Risk Evidence
Education for D. Disclosure of individual research results at federally funded Alzheimer’s Disease
Research Centers. Alzheimers Dement (N Y). 2021;7(1):e12213. doi:10.1002/trc2.12213

Grill JD, Karlawish J. Disclosing Alzheimer Disease Biomarker Results to Research

Participants. JAMA Neurol. Jul 1 2022;79(7):645-646. doi:10.1001/jamaneurol.2022.1307
[PubMed: 35666532]

Kim SY, Karlawish J, Berkman BE. Ethics of genetic and biomarker test disclosures in
neurodegenerative disease prevention trials. Neurology. Apr 7 2015;84(14):1488-94. doi:10.1212/
WNL.0000000000001451 [PubMed: 25762713]

Grill JD, Cox CG, Harkins K, Karlawish J. Reactions to learning a “not elevated” amyloid PET
result in a preclinical Alzheimer’s disease trial. Alzheimers Res Ther. Dec 22 2018;10(1):125.
d0i:10.1186/s13195-018-0452-1 [PubMed: 30579361]

Lawrence V, Pickett J, Ballard C, Murray J. Patient and carer views on participating in clinical
trials for prodromal Alzheimer’s disease and mild cognitive impairment. Int J Geriatr Psychiatry.
Jan 2014;29(1):22-31. doi:10.1002/gps.3958 [PubMed: 23649902]

Wake T, Tabuchi H, Funaki K, et al. Disclosure of Amyloid Status for Risk of Alzheimer

Disease to Cognitively Normal Research Participants With Subjective Cognitive Decline: A
Longitudinal Study. Am J Alzheimers Dis Other Demen. Jan-Dec 2020;35:1533317520904551.
doi:10.1177/1533317520904551

Grill JD, Raman R, Ernstrom K, et al. Short-term Psychological Outcomes of Disclosing Amyloid
Imaging Results to Research Participants Who Do Not Have Cognitive Impairment. JAMA
Neurol. Dec 1 2020;77(12):1504-1513. doi:10.1001/jamaneurol.2020.2734 [PubMed: 32777010]

Lingler JH, Sereika SM, Butters MA, et al. A randomized controlled trial of amyloid positron
emission tomography results disclosure in mild cognitive impairment. Alzheimers Dement. Sep
2020;16(9):1330-1337. doi:10.1002/alz.12129 [PubMed: 32588971]

Vanderschaeghe G, Schaeverbeke J, Bruffaerts R, Vandenberghe R, Dierickx K. Amnestic MCI
patients’ experiences after disclosure of their amyloid PET result in a research context. Alzheimers
Res Ther. Dec 2 2017;9(1):92. doi:10.1186/s13195-017-0321-3 [PubMed: 29197423]
Lineweaver TT, Bondi MW, Galasko D, Salmon DP. Effect of knowledge of APOE genotype

on subjective and objective memory performance in healthy older adults. Am J Psychiatry. Feb
2014;171(2):201-8. doi:10.1176/appi.ajp.2013.12121590 [PubMed: 24170170]

Harkins K, Sankar P, Sperling R, Grill JD, Green RC, Johnson KA, Healy M, Karlawish J.
Development of a process to disclose amyloid imaging results to cognitively normal older adult
research participants. Alzheimers Res Ther. May 2015;7(1):26. doi: 10.1186/s13195-015-0112-7.
[PubMed: 25969699]

Rostamzadeh A, Schwegler C, Gil-Navarro S, et al. Biomarker-Based Risk Prediction of
Alzheimer’s Disease Dementia in Mild Cognitive Impairment: Psychosocial, Ethical, and Legal
Aspects. J Alzheimers Dis. 2021;80(2):601-617. doi:10.3233/JAD-200484 [PubMed: 33554900]
Largent EA, Abera M, Harkins K, et al. Family members’ perspectives on learning

cognitively unimpaired older adults’ amyloid-beta PET scan results. J Am Geriatr Soc. Nov
2021;69(11):3203-3211. doi:10.1111/jgs.17362 [PubMed: 34252201]

Rosen AC, Arias JJ, Ashford JW, et al. The Advisory Group on Risk Evidence Education

for Dementia: Multidisciplinary and Open to All. J Alzheimers Dis. 2022;90(3):953-962.
doi:10.3233/JAD-220458 [PubMed: 35938255]

Langlois CM, Bradbury A, Wood EM, et al. Alzheimer’s Prevention Initiative Generation Program:
Development of an APOE genetic counseling and disclosure process in the context of clinical
trials. Alzheimers Dement (N Y). 2019;5:705-716. doi:10.1016/j.trci.2019.09.013 [PubMed:
31921963]

Fruijtier AD, van der Schaar J, van Maurik IS, et al. Identifying best practices for disclosure of
amyloid imaging results: A randomized controlled trial. Alzheimers Dement. Jan 2023;19(1):285—
295. doi:10.1002/alz.12630 [PubMed: 35366050]

van Gils AM, Visser LNC, Hendriksen HMA, Georges J, van der Flier WM, Rhodius-Meester
HFM. Development and design of a diagnostic report to support communication in dementia:

Alzheimers Dement. Author manuscript; available in PMC 2024 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Rahman-Filipiak et al.

Page 9

Co-creation with patients and care partners. Alzheimers Dement (Amst). 2022;14(1):e12333.
doi:10.1002/dad2.12333

33. van Maurik IS, Visser LN, Pel-Littel RE, et al. Development and Usability of ADappt: Web-
Based Tool to Support Clinicians, Patients, and Caregivers in the Diagnosis of Mild Cognitive
Impairment and Alzheimer Disease. JIMIR Form Res. Jul 8 2019;3(3):e13417. doi:10.2196/13417

Alzheimers Dement. Author manuscript; available in PMC 2024 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Rahman-Filipiak et al.

Articles identified in literature
search: 317

Removed duplicates: 74

Articles included for title, abstract,
and methods review: 243

Articles included in review for
disclosure information: 30

Articles excluded based on title, abstract,

and methods review: 213

Reasons for exclusion:

1) Only included cognitively unimpaired

2) Only included patients with dementia
(mild, moderate, or severe AD)

3) Biomarker screening not required as
part of eligibility criteria into study

Figure 1.
PRISMA Diagram of Literature Review.
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Table 1.

Recommendations for Biomarker Disclosure within Prodromal AD Trials

. Researchers should develop protocols for biomarker disclosure prior to trial initiation, including:
- Methods and timeline for disclosure to participants
- Study team roles and training
- Discussion of disclosure risks/benefits in informed consent
- Standardized disclosure messaging and graphics
- Post-disclosure safety assessments

- Post-disclosure educational and support resources for patients and loved ones

. The study team must define follow-up pathways for all participants, regardless of biomarker result and trial eligibility
. The impact of post-disclosure reactions on trial eligibility and results should be considered

. Authors should discuss or reference disclosure protocols as part of all trial publications

. Best practice guidelines for integrating amyloid disclosure into clinical trials are needed
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