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Abstract In the field of Alzheimer’s disease research, the use of biomarkers such as amyloid positron emis-
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sion tomography (PET) has become widespread over a relatively brief period of time. There is an
increasing tendency in research studies and trials to switch from no disclosure under any condition
toward a qualified disclosure of individual research results, such as amyloid PET scan results. This
perspective article aims to evaluate the possible need for a modification of the available recommen-
dations on amyloid PET scan disclosure, based on recent empirical evidence obtained within the field
of amyloid PET. This article also applies the International Guideline for Good Clinical Practice to the
field of amyloid PET disclosure. Hence, we propose several recommendations to facilitate amyloid
PET disclosure while minimizing possible risks of amyloid disclosure in a research context.
� 2018 The Authors. Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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1. Background

There is currently no obligation for the researcher to
disclose individual research results (IRRs) to the research
participant. No one favors full disclosure under all circum-
stances or no disclosure under any condition [1]. In the field
of Alzheimer’s disease (AD) research, the use of biomarkers
such as amyloid positron emission tomography (PET) has
become widespread over a relatively brief period of time.
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There is an increasing tendency to switch from no disclosure
under any condition toward a qualified disclosure of IRRs.
This switch has been guided partly by the Appropriate Use
Criteria of Amyloid Imaging and the Health Authorities
approval of amyloid PET imaging in patients with a clini-
cally defined memory impairment [2–7]. Grill et al showed
how disclosure of amyloid status is not a barrier to the
recruitment of participants in clinical trials [8]. A qualified
disclosure policy implies that disclosure may take place if
the result is in line with particular criteria. These criteria
take into account the proof of clinical utility of the result
and the actionability of the result (possibility to provide a
treatment, symptomatic relief, etc.) [1,9]. Disclosure of
results will also vary depending on three other factors: The
first factor concerns the issue of active versus passive
disclosure. Passive disclosure only takes places after
explicit request of the research participant, whereas an
active disclosure refers to a process whereby researchers
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actively offer results to the participant [1]. The second factor
concerns the result itself: there is a difference between
disclosing an aggregate group result, an incidental finding,
or an individual research result [1]. The content of the data
also makes a difference, for example, a standard blood value
results or disclosure of a genetic risk factor. The third factor
concerns the study population: There is a fundamental dif-
ference between disclosing information to cognitively
healthy participants, participants who have a cognitive
deficit, or participants who are already in a more severe stage
of AD.

To our knowledge, four studies have developed recom-
mendations about the disclosure of amyloid PET results.
The recommendations from Porteri et al, Lingler et al, and
Grill et al focus on mild cognitive impairment (MCI) pa-
tients, whereas the recommendations by Harkins et al tar-
geted the disclosure of results to cognitively normal adults
[10–13]. Three of four recommendations [10,11,13]
focused on the disclosure of amyloid PET results, whereas
one recommendation [12] pertains to biomarker-based infor-
mation more generally. Relatively few empirical studies
have explored the viewpoints of patients, carers, and stake-
holders regarding amyloid PET disclosure [14–17].

This article aims to evaluate the possible need for a
modification of the previously mentioned available rec-
ommendations [10,12], based on recent empirical
evidence and the perspective of patients themselves
[14,15,18]. This perspective article applies the
International Guideline for Good Clinical Practice to the
field of amyloid PET disclosure in a research context
taking into account recent empirical evidence obtained
within the field of amyloid PET. The review also takes
into account relevant elements that have arisen from
recent empirical studies of genetic AD risk disclosure
[19]. We propose several recommendations to facilitate
amyloid PET disclosure while minimizing possible risks
of amyloid disclosure in the research context. Although
this article focuses on the use of amyloid PET scans in
research, the criteria set forward in this article may also
be of interest for clinicians when using amyloid PET
scans as part of the clinical diagnostic evaluation of their
patients with cognitive problems.
2. From information to follow-up

Disclosure of results is associated with multiple ethical
challenges. Based on the article of Porteri et al [12] that de-
scribes multiple important aspects of the informed consent
process, we suggest a six-step recommendation to facilitate
disclosure and to minimize possible risks of amyloid PET
disclosure. This recommendation results in six concrete
steps: Information (I), Decision (D), Testing (T), Confirma-
tion (C), Return of result (R), and Postguidance (P). These
are abbreviated as the IDT CRP recommendations (Fig. 1).
2.1. Information

Before testing, it is of key importance to provide accurate,
clear, and easily understandable information to the partici-
pant [10,12,19]. Participants with diverse educational
backgrounds might have difficulties to understand the
complexity of the research design and the type of
individual research result they may opt for [1,20,21]. For
instance, interviews before amyloid disclosure showed
how some participants misused the terminology of a
positive and negative amyloid PET scan result, whereby
the word “positive” was used by participants to describe
“good news” and vice versa [14]. The REVEAL study and
a recent study with MCI patients after IRR disclosure high-
lighted that most participants understood the “take-home-
message”, yet many participants could not recall the specific
wording of the result as explained by the study physician
[5,15]. Hence, the provided information should not be
restricted to a written information brochure. It should also
include the opportunity to have a face-to-face conversation
with a researcher or study clinician to address any questions
and concerns about the study design and the option of being
informed of their amyloid PET scan result. The added value
of an oral conversation and question moment was mentioned
by participants and their carers in the study conducted by
Lawrence et al and received positive feedback from amnes-
tic MCI patients in a clinical trial before the amyloid PET
disclosure [14,22].

2.1.1. Information provided to the participant
Before trial participation, the following topics need to be

explained to the participant [12]: voluntary decision to
participate, the right to withdraw throughout the study
without having to provide a reason, and to change their
mind about being informed of the result [12]. There are
two important nuances. First, the participant does not need
to provide a reason for altering his/her mind. Although the
reason for withdrawal as provided by the participant some-
times provides additional insight and feedback for the
research team about the ongoing trial, it can also benefit
the research team when designing, setting up, and recruiting
for a new trial. Second, participants may change their mind
about disclosure up to the moment of disclosure. Once the
result has been disclosed, this is an irreversible process the
participant needs to be aware off.

In Table 1, we represent benefits and risks as reported by
previously conducted studies regarding disclosure of results
[14–16,22–27]. Table 1 can provide researchers with an
overview of possible benefits and risks, which can be ex-
plained to the participant. The benefits and risks should
not be limited to the elements mentioned in Table 1, as
research is still ongoing to explore more participants’ views
and concrete experiences on this topic.

Benefits and risks can be interpreted differently by partic-
ipants compared to the views of researchers [15]. For



Fig. 1. IDT CRP recommendations (This figure is based on the amyloid PET recommendations from Porteri et al [12] and Harkins et al [10]. However, this

figure has been designed by the authors of this publication with the purpose of providing an overview schedule of the recommendations). Abbreviation:

PET, positron emission tomography.
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Table 1

Reported advantages and disadvantages of knowing amyloid PET result

Advantages/benefits Disadvantages/risks

- The opportunity of receiving the result in an early stage of the disease course.

- The ability to inform others

- The ability to enjoy life more consciously

- The ability to make lifestyle changes (healthier lifestyle)

- Knowledge about the underlying cause of the memory problems

- The possibility to participate in AD drug trials

- The ability to make arrangements for the future, such as

� Financial arrangements

� Legal arrangements

� Life insurance

� Advance directives

▪ Future care and treatment options

▪ Arranging elderly care or residential care center

▪ Depending on legislation: euthanasia request

� Household tasks

� Move to a smaller place/house

- Emotional risk of knowing the result

- The lack of an effective disease-modifying treatment

- Risks of undergoing tests

- Trial participation is time-consuming

- The possibility of an equivocal test result

- The cost of tests

- The fear of future cognitive decline

- Negative stigma/label

- The possibility of being patronized by others, such as

by relatives and friends.

NOTE. Table 1 is based on the advantages and disadvantages as reported in the following studies [12,14–16,22–27].

Abbreviation: AD, Alzheimer’s disease.
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example, emotional and psychological consequencesmay be
perceived as a compelling reason against disclosure of re-
sults. However, studies have reported that not all participants
respond negatively to the disclosed result, even when it indi-
cates pathology instead of a normal state. For example,
knowing the result can also lead to the feeling of relief and
less anxiety [15,16,28,29]. A recent study concluded that
the disclosure of amyloid PET scan results to cognitively
normal adults had no effects on depressive symptoms.
However, anxiety symptoms peaked at a low level on the
day of amyloid PET scan disclosure, but this was not
sustained at 6 weeks or 6 months after disclosure [30].
Furthermore, test-related distress was slightly higher in par-
ticipants with elevated amyloid compared with participants
with normal amyloid levels [30]. This can indicate that after
a certain amount of time to reflect and cope with the news,
most participants may respond better to the news than is
indicated in the literature as arguments against disclosure.

In particular, the following two disadvantages, conse-
quences, or risks need to be addressed and explained in-
depth to the participant:

2.1.1.1. Uncertainty and limitations of the predictive value
The correct meaning of a positive and negative amyloid

PET scan needs to be explained to the research participant
before any disclosure and this information needs to be
tailored to the clinical status of the subject, both content-
wise and regarding the way in which the information is ex-
plained [10,12]. For example, in case of MCI, if the
amyloid PET scan is positive, this indicates an elevation
of the detected amyloid plaque levels in the brain, which
implies that the underlying pathology of MCI is due to
AD, yet this does not imply that the participant will
progress toward AD dementia in the near future. Owing
to the difficulty of individual timelines, it is hard to
predict which participants will convert to AD dementia
over which time period, who will remain stable over the
following years or who will develop a different
neurodegenerative disease [25,26]. In addition, age is an
important factor as it is associated with a higher
prevalence of a positive amyloid PET scan [31]. To avoid
false reassurance in case of a negative amyloid PET scan
result, the participant needs to be aware that a non-AD
cause can be the underlying pathology causing their mem-
ory complaints [26]. A negative amyloid PET scan result
implies that at the moment of the conducted scan, there
was no elevation of amyloid plaques detected. For MCI pa-
tients with a negative amyloid PET scan, in a few years,
there may be a conversion from a negative to a positive am-
yloid PET scan, in particular when values are at an inter-
mediate level. Despite the limitation of the predictive
value, the information which individuals will most likely
progress to clinical AD is of importance and has great rele-
vance for the participant [13,26]. For example, MCI
patients stated that receiving a high or low risk of having
underlying AD based on the amyloid PET scan was
already perceived as valuable information [14].

2.1.1.2. Lack of an effective disease-modifying treatment
Most individuals are aware that there is currently no treat-

ment for AD. The lack of a cure or prevention for AD may
withhold some participants from opting for their amyloid
PET scan disclosure. Therefore, the study physician or
researcher should clarify the current state of the art in AD
therapy and which actions (lifestyle interventions, medica-
tion, etc.) the participant may undertake based on the
received result [26]. To avoid therapeutic misconception,
whereby participants mistakenly assume they will receive
treatment as part of the clinical trial, information before trial
participation is again of high essence. It may be that partici-
pants volunteer in the trial out of a sense of personal urgency
to gain access to otherwise unavailable interventions [25].



Table 2

Reported motivational reasons for trial volunteering and for opting to know

their result

Motivational reasons to volunteer

in trial

Motivational reasons to opt for

IRR disclosure

- Out of interest in research

- To help science

- Treatment

- On request/due to a family

member

- Family history of AD

- Received invitation by, for

example, the memory clinic to

volunteer

- To receive individual research

results

- Right to know this infor-

mation

- To know what is going on

with health

- Out of interest, curiosity

- Family history of AD

- Fear for AD

- To know in an early stage

whether or not AD is the

cause.

- To plan for the future, make

arrangements

- Treatment

NOTE. Table 2 is based on the following publications that have reported

on trial volunteering [15,23,24].

Abbreviations: IRR, individual research result; AD, Alzheimer’s disease.
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2.1.2. Who to inform about the result

2.1.2.1. Presence of a relative
Before any disclosure, it is beneficial to ask the partici-

pant who needs to be informed of the test result. For some
participants, the presence of a trusted relative or close friend
can provide the necessary support in case of a positive amy-
loid PET scan result. It can also allow the participant’s fam-
ily to understand their situation and to assist in any type of
financial, legal, health care, or other arrangements [12].
Others may not want to burden their relatives or may, de-
pending on the familial situation or due to privacy reasons,
prefer not to involve others in this disclosure process. This
is in line with the recommendations by Grill et al, who stated
that an informant should be present as the informant can pro-
vide social/emotional support [11]. However, Grill et al also
mentioned that the preference of MCI patients who refuse
bringing an informant should be respected [11].

2.1.2.2. Deciding on informing others after disclosure of the
result

In advance, it is better to address if the participant and
trusted relative want to inform others of the disclosed result
and, if so, who they will inform. If they decide to inform
others, what message will they provide to them? It is impor-
tant to avoid a situation whereby the participant is con-
fronted with outsiders who have been informed without
explicit consent of the participant, with misinterpretation
of the received result, and with a possible situation of stig-
matization.

2.2. Decision

Participants need to decide themselves on volunteering
for the trial, undergoing biomarker-based tests, and whether
or not to be informed about the study results. As described in
the International Guideline for Good Clinical Practice, this
decision should be made voluntarily and without external
pressure (research team, relatives, etc.) [19]. It was reported
that most MCI patients felt supported by their family mem-
bers in their decision to volunteer in the trial and to opt for
their amyloid PET scan result, yet that there is a thin line be-
tween family support and family pressure [18]. Researchers
should check whether the participant has made the decision
himself freely and what the motivation is to enroll and to opt
in for disclosure.

In reality, including family members may create chal-
lenges [11]. For example, they might disagree with each
other, or the patient might feel pushed by the relative to
know the result. To avoid a situation whereby the patient
feels pushed or pressured by a relative’s decision, the
researcher can possibly resolve this problem by using one
of the following techniques:

(a) Addressing the question first to the patient and by
listening to the patient’s questions and decision. In
a second step, the researcher addresses the same
questions to the relative or informant who is present.
(b) The first option is not always feasible. For example,
the relative may take over the conversation, or the pa-
tient may not feel comfortable to freely express his/
her opinion in the presence of a relative or due to
certain familial tensions. When one or more of these
difficulties are noticed, the researcher may ask to
discuss the aforementioned topics first with the pa-
tient alone. After this private face-to-face conversa-
tion, the relative may then be asked to share his/her
opinion and thoughts.

In case of doubt or clear discordance between the views of
the patient and the relative, the researcher should address
with both of them together what the impact of the discor-
dance may be. For example, the impact on their relationship
when the partner or relative wants to know the result, while
the participant clearly feels that he/she is not ready to be
informed of this result.

The following studies have provided insight into possible
motivational reasons to enroll and to opt for disclosure
[14,16,18,27]. We have clustered these motivational
reasons in Table 2 as this can provide researchers with an
insight into the views of participants.

The notion of “knowledge is power” and the need for in-
formation were addressed. In the REVEAL study, partici-
pants mentioned the need for information to make
informed health care decisions [29]. Information could
also fulfill psychological rather than practical needs [27].
2.3. Testing
2.3.1. Conducting tests
After consent of the participant to undergo testing, it is

important to describe each step of the test procedure.
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Studies have also reported on the issue of trials being
time-consuming due to the many tests being conducted
[16,18]. To reduce the disadvantage of trial participation
such as time-consuming and to avoid dropout throughout
the trial, it is recommended to inform participants before
consent about the estimated time/amount of visits and to
cluster several tests into one hospital visit. However, clus-
tering as many tests as possible into one hospital visit needs
to remain feasible for the researchers and the research setting
should not burden the participant nor affect the quality of the
obtained research data [18].

For the participants who opted to know their result, addi-
tional information about the estimated timeline for test anal-
ysis can provide them with insight when to expect the
disclosure of their result.

2.3.2. Analysis and validation of the amyloid PET scan
For the visual read of the amyloid PET scan, it is of vi-

tal importance that the read is performed in a reliable
manner.

In case the amyloid PET result is equivocal, waiting with
disclosing the amyloid PET scan result until more informa-
tion is available from other biomarker tests, such as cerebro-
spinal fluid results, is recommended. The participant should
then be informed about this delay in a proper manner.
2.4. Confirmation

It is important to assess whether the participant still wants
to be informed about the result during a confirmation
moment prior the actual disclosure [15,30]. This can be an
opportunity to repeat the purpose of the amyloid PET
scan, the classification, and interpretation of an amyloid-
positive and amyloid-negative PET scan result. This confir-
mation moment has two concrete benefits: (1) to answer
remaining questions and concerns and (2) to minimize the
possibility that the participant afterward misinterprets this
information.
2.5. Return or disclosure of the result
2.5.1. Disclosure by a trained and skilled researcher/
clinician

The Amyloid Imaging Task Force provides criteria for
prescribing and disclosing amyloid PET result. They stated
that the disclosure should be done by a dementia specialist
who devotes at least 25% of their patient contact time to
the evaluation and care of adults with cognitive impairment
or dementia [6,7].

2.5.2. The terminology of the disclosed result
The terminology used throughout the disclosure process

and how these words could impact the participants and his
relatives is an ethical challenge in amyloid disclosure. The
amyloid PET scans is most commonly classified as posi-
tive/negative, yet alternative terms have been used, such as
elevated/nonelevated levels, presence or absence of amyloid,
buildup or no significant buildup, and normal/abnormal
levels of amyloid plaques in the brain [10,11,13].
Researchers ought to be aware that some of the used
terminology may be misinterpreted by the participant or
may have a negative emotional connotation for the
participant. For instance, an amyloid PET scan classified
as abnormal does not imply that the participant is
abnormal yet implies that the level of amyloid detected in
the brain is outside the normal range.

Hence, the use of easy-to-understand examples, picto-
graphic and visual information, can provide additional clar-
ification for the participant and may enhance their
capabilities to accurately recall and interpret their result.
Showing the scan (visual read) to the participant may help
for some participants to understand the result, yet re-
searchers ought to be aware that for some patients, scan im-
ages with the visual appearance of elevated amyloid levels in
the brain might trigger emotional reactions [25]. Checking
beforehand with participants if they would like to see the
scan and by explaining that this might be confrontational
for some participants can be seen as a preventive measure.
However, it does not guarantee that the participant will not
emotionally respond to these viewed images.

The disclosed result with the correct interpretation of the
amyloid PET scan result should also be provided in a written
document to thepatient and to thepatient’s general practitioner
[11,15]. This information should explain the imaging
technique and in particular what the amyloid PET scan
measures, how the amyloid PET scan result needs to be
interpreted, and what this result implies on the patient’s level
regarding the lack of good predictive individual timeline for
future cognitive decline and possible treatment options.

After the disclosure, it is beneficial to provide the partic-
ipant with the possibility of follow-up and counseling and to
explain the purpose and benefit of follow-up. This can pro-
vide participants with a moment of reflection and a moment
to receive an answer to any additional questions that may
occur after disclosure.
2.6. Postguidance and follow-up

The available recommendations highlight the importance
of follow-up after disclosure [10,12]. This practical need was
also addressed in empirical studies [16]. The opportunity for
counseling and follow-up may be valued more by the partic-
ipant depending on the following three aspects:

(a) The outcome of the result. The disclosure of both
amyloid-positive and amyloid-negative PET scans
requires follow-up, as both can have implications.
In case of a positive scan, the knowledge that one
has an elevated level of amyloid in the brain, which
Roberts et al described as “viewable image of amy-
loid growing in the brain,” might trigger different
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reactions [5]. Not knowing whether and when the in-
dividual will cognitively deteriorate might provoke
fear in these individuals.

Vice versa, persons who have received a negative amy-
loid PET scan result may be left with unanswered questions
regarding the cause of their memory deficit or may feel
overly reassured. The latter attitude may result in post-
poning arrangements for the future. This issue has been ad-
dressed in a qualitative study whereby some MCI patients
did not feel a sense of urgency anymore to make practical
arrangements for the future in light of their received
negative amyloid PET scan result [15]. However, making
arrangements for the future is important for anyone of
advancing age, also for those who are not at increased
genetic risk for AD [27].

Furthermore, the postguidance phase can also provide an
opportunity to ask how relatives and carers are coping with
the news.

(b) The expectations of participants. If the test results
match expectations, even positive results for severe
disorders are not necessarily overwhelming. For
example, studies reported on the feeling of “relief”
after receiving a positive amyloid PET scan result
[15,16]. However, if the test results are unexpected
(e.g., screening in healthy adult populations), the
psychological consequences may be different
[28,32].

(c) The perception of the disclosed result. Studies have
reported that participants may accurately recall their
disclosed risk information, yet not all participants
match their perceived personal risk with the disclosed
objective risk of a disease [33,34]. This may be the
case in participants who have a memory deficit as
they may be influenced by their own concrete
memory experiences or via emotional experiences
through family history of AD [15,28]. An interview
study with amnestic MCI patients revealed that
some patients who had received a negative amyloid
PET scan result started to doubt the result due to
their experienced memory complaints [15]. Another
explanation for different perception of the disclosure
was provided by the study of Linnenbringer et al
whereby apolipoprotein E ε4 (APOE ε4)–positive in-
dividuals minimized their risk as a way to cope with
unfavorable risk information. Counseling and follow-
up may improve accuracy of participants’ risk
perception [34].

Furthermore, research is needed on the caregivers’
perception after disclosure. We recommend assessing the
perception of the relative to see how they are coping
with the IRRs. This reflection moment with relatives can
avoid possible misinterpretation and possible harm of un-
dergoing “unnecessary” arrangements after the disclosed
news.
3. Conclusion

In the field of genetics, disclosure of IRRs is a much
debated and explored topic. In the field of AD therapeutic tri-
als, disclosure of results is a domain that received far less
research attention. Researchers may fear implementing
disclosure as part of the trial design as disclosure could
have a negative impact on the retrieved study data.

Based on the limited recommendations and research
studies on amyloid PET disclosure, we can conclude that it
is nonetheless feasible to disclose amyloid PET scan results
to the research participant. Nevertheless, awareness of po-
tential pitfalls and risks on amyloid PET disclosure is crit-
ical, such as the importance of a reliable amyloid PET
scan read, the potential of causing emotional harm to the
research participant, and the limitations in predictive value
of the result. Hence, the presented IDT CRPmethod can pro-
vide necessary insight and guidance for researchers and
facilitate amyloid PET disclosure to the research participant
in a proper manner.

Owing to the novelty of disclosure in AD research, there
are unexplored or underinvestigated areas where future
research should focus on: first, the need to further address
the impact of amyloid PET disclosure on both the participant
and the researcher/research setting; second, the long-term
impact (e.g., 5–10 years) of the disclosed result; third,
limited information is available on how a participant who
received a negative amyloid PET scan responds to a positive
amyloid PET scan conversion, nor on how a false positive/
negative result was perceived by the participant; fourth,
awareness into how the result was disclosed is of utter
importance (e.g., which words were used, which steps or
disclosure procedures were followed, etc.) as this could
impact the design of future trial-disclosures; and fifth, AD
therapeutic trials commonly use an implicit disclosure
design whereby a positive amyloid PET scan result is an in-
clusion criterion for trial participation. Research should
explore whether this implicit disclosure is the way forward
in therapeutic trials and whether participants are well aware
of the meaning, implications, and consequences of an im-
plicit disclosure. Because studies have reported on the value
of knowing the amyloid PET scan result by the patients, it
would be interesting to explore the perspective and views
of research participants toward the implicit disclosure policy
in AD therapeutic trials.
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RESEARCH IN CONTEXT

1. Systematic review: The ethical recommendations to
facilitate amyloid PET disclosure while minimizing
possible risks of amyloid disclosure in a research
context were based on available recommendations,
recent empirical evidence and the perspective of
patients.

2. Interpretation: The information covered in this article
summarizes the available literature (recommen-
dations, empirical and qualitative research). Ethical
recommendations were added, which resulted into a
method (abbreviated as the IDT-CRP method) that
consists of six steps to facilitate amyloid PET disclo-
sure in a research context.

3. Future directions: A section of unanswered chal-
lenges and future research directions of amyloid
PET disclosure in the research context is discussed.
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