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IMPORTANCE Amyloid positron emission tomography (PET) allows the direct assessment
of amyloid deposition, one of the main hallmarks of Alzheimer disease. However, this
technique is currently not widely reimbursed because of the lack of appropriately designed
studies demonstrating its clinical effect.

OBJECTIVE To assess the clinical effect of amyloid PET in memory clinic patients.

DESIGN, SETTING, AND PARTICIPANTS The AMYPAD-DPMS is a prospective randomized clinical
trial in 8 European memory clinics. Participants were allocated (using a minimization method)
to 3 study groups based on the performance of amyloid PET: arm 1, early in the diagnostic
workup (within 1 month); arm 2, late in the diagnostic workup (after a mean [SD] 8 [2]
months); or arm 3, if and when the managing physician chose. Participants were patients with
subjective cognitive decline plus (SCD+; SCD plus clinical features increasing the likelihood
of preclinical Alzheimer disease), mild cognitive impairment (MCI), or dementia; they were
assessed at baseline and after 3 months. Recruitment took place between April 16, 2018,
and October 30, 2020. Data analysis was performed from July 2022 to January 2023.

INTERVENTION Amyloid PET.

MAIN OUTCOME AND MEASURE The main outcome was the difference between arm 1 and
arm 2 in the proportion of participants receiving an etiological diagnosis with a very high
confidence (ie, �90% on a 50%-100% visual numeric scale) after 3 months.

RESULTS A total of 844 participants were screened, and 840 were enrolled (291 in arm
1, 271 in arm 2, 278 in arm 3). Baseline and 3-month visit data were available for 272
participants in arm 1 and 260 in arm 2 (median [IQR] age: 71 [65-77] and 71 [65-77] years;
150/272 male [55%] and 135/260 male [52%]; 122/272 female [45%] and 125/260 female
[48%]; median [IQR] education: 12 [10-15] and 13 [10-16] years, respectively). After 3 months,
109 of 272 participants (40%) in arm 1 had a diagnosis with very high confidence vs 30 of
260 (11%) in arm 2 (P < .001). This was consistent across cognitive stages (SCD+: 25/84
[30%] vs 5/78 [6%]; P < .001; MCI: 45/108 [42%] vs 9/102 [9%]; P < .001; dementia:
39/80 [49%] vs 16/80 [20%]; P < .001).

CONCLUSION AND RELEVANCE In this study, early amyloid PET allowed memory clinic
patients to receive an etiological diagnosis with very high confidence after only 3 months
compared with patients who had not undergone amyloid PET. These findings support the
implementation of amyloid PET early in the diagnostic workup of memory clinic patients.
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Amyloid deposition in the brain is one of the main hall-
marks of Alzheimer disease (AD) and is considered one
of the strongest risk factors of dementia.1 The devel-

opment of Aβ-amyloid positron emission tomography (amy-
loid PET) tracers2 has allowed the direct assessment of
amyloid deposition in vivo. Despite the increasing use of amy-
loid PET in clinical practice, real-world evidence about its clini-
cal utility and cost-effectiveness is still limited.3 Indeed,
although several studies have been published so far,4-10 they
lack key features (eg, a control group) to provide conclusive
evidence.

In the United States, the IDEAS study provided strong evi-
dence on the association of amyloid PET with subsequent
changes in patients’ diagnosis and management in a large
(n = 11 409) but selected cohort consisting of Medicare ben-
eficiaries 65 years or older9 meeting the appropriate use cri-
teria for amyloid PET.11 However, IDEAS was a nonrandom-
ized and noncontrolled study, and its cohort cannot be
considered wholly representative of a general memory clinic
population. Indeed, IDEAS patients were recruited by demen-
tia specialists from their clinical practices, where clinical as-
sessment is more heterogeneous and may be less specific than
in memory clinics. Moreover, the appropriate use criteria for
amyloid PET result from expert recommendations, but their
ability to select patients who can actually benefit from amy-
loid PET has been questioned,12,13 and the full potential of
amyloid PET might not have been examined. In particular, the
appropriate use criteria did not include participants with sub-
jective cognitive decline (SCD), a group of individuals account-
ing for 21% to 29% of the memory clinic population,14,15 who
were consequently not included in IDEAS.

The Amyloid Imaging to Prevent Alzheimer’s Disease
Diagnostic and Patient Management Study (AMYPAD-DPMS)
was designed as a prospective, multicenter, randomized clini-
cal trial16 and is the largest European study assessing the clini-
cal effect of amyloid PET in memory clinic patients. It aims to
fill the current evidence gap by providing strong evidence on
the clinical utility and cost-effectiveness of amyloid PET.

In the present work, we investigated whether partici-
pants allocated to undergo amyloid PET early in their diag-
nostic workup received an etiological diagnosis with very high
diagnostic confidence after 3 months more frequently than
those who had not undergone amyloid PET yet. Moreover, we
also assessed whether early amyloid PET is associated with
more frequent changes in diagnosis, diagnostic confidence,
and treatment plan. Finally, we examined the real-world use
and clinical effect of unrestricted amyloid PET imaging in a free-
choice group.

Methods
Study Design
AMYPAD-DPMS is a prospective, multicenter, randomized
clinical trial. The ethics committees of all recruiting memory
clinics approved the study. All participants gave written in-
formed consent. The trial was registered with EudraCT (2017-
002527-21), and the trial protocol appears in Supplement 2.

Figure 1 illustrates the AMYPAD-DPMS study design, which
has been described in a previous article.16 Briefly, partici-
pants were allocated (using a minimization method17) into
3 study groups: for arm 1, amyloid PET was performed early
in the diagnostic workup (ie, within 1 month from baseline);
arm 2, amyloid PET was performed late in the diagnostic
workup (ie, after a mean [SD] 8 [2] months from baseline); and
arm 3, amyloid PET was performed when the managing
physician chose to request it (the free-choice arm). Arm 1 and
arm 2 allowed us to assess the main outcome of the study, while
the scientific rationale of arm 3 was to describe the real-world
use and clinical effect of unrestricted amyloid PET imaging in
memory clinic patients. More information about the alloca-
tion procedure and allocation ratio is reported in the eMethods
in Supplement 1.

All AMYPAD-DPMS participants underwent up to 5 clini-
cal visits: screening and baseline, and after 3, 6, 13, and 18
months (only for arm 1, not mandatory). During these visits,
sociodemographic and clinical variables were collected, in-
cluding cognitive stage, etiological diagnosis, diagnostic con-
fidence, and treatment plan. The managing physicians indi-
cated cognitive stage (ie, SCD plus clinical features increasing
the likelihood of preclinical AD [SCD+], mild cognitive impair-
ment [MCI], dementia) and etiological diagnoses (eg, AD, cere-
brovascular disease, frontotemporal lobar degeneration, de-
mentia with Lewy bodies), rated diagnostic confidence (by
ticking the percentage corresponding to their appraisal of the
diagnostic confidence on a visual numeric scale made of per-
centages organized spatially from 50% to 100% with incre-
mental 5% intervals), and defined the treatment plan for each
participant at each visit. In the current work, we focus only on
the baseline and 3-month follow-up as related to the assess-
ment of the primary outcome.

Participants underwent amyloid PET with either
[18F]flutemetamol (Vizamyl, GE Healthcare) or [18F]florbe-
taben (Neuraceq, Life Molecular Imaging) as amyloid PET
tracers. Because AMYPAD-DPMS focuses on routine clinical
practice, amyloid PET images were visually assessed by
trained local nuclear medicine physicians using agency-
approved reading methods for the 2 tracers. Assessment was
performed using local software and workstations and in
combination with structural imaging, if available.

Key Points
Question Is early amyloid positron emission tomography (PET)
clinically useful in memory clinic patients?

Findings In this randomized clinical trial, we demonstrated that
performing amyloid PET early in the diagnostic workup (within
1 month) allowed 40% of memory clinic patients to receive an
etiological diagnosis with very high diagnostic confidence after
only 3 months, 3.5 times more frequently than patients who had
not undergone amyloid PET (11%).

Meaning This study adds evidence to previous studies showing
that amyloid PET has a relevant clinical effect in memory clinic
patients.
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Participants
Participants were memory clinic patients with variable base-
line cognitive stage, ranging from SCD+ to MCI and dementia,
enrolled from 8 European memory clinics. Enrollment strat-
egies have been described in a previous article.18

Participants were enrolled from 8 European academic
memory clinics: University and University Hospital of Ge-
neva (Geneva, Switzerland), Amsterdam University Medical
Center, Location VUmc (Amsterdam UMC; Amsterdam, the
Netherlands), Centre Hospitalier Universitaire de Toulouse
(CHUT; Toulouse, France), Barcelonaβeta Brain Research
Center (Barcelona, Spain), University of Cologne (Cologne,
Germany), University College London (UCL; London, United
Kingdom), Karolinska Institutet (Stockholm, Sweden), and
Centre Hospitalier Universitaire Vaudois (Lausanne, Switzer-
land). Three academic memory clinics (Amsterdam UMC,
CHUT, and UCL) extended the recruitment to external non-
academic partnering memory clinics.

Ethnicity data were collected by members of the AMYPAD-
DPMS study team at the local recruiting memory clinics, who
chose among options on an electronic case report form. The
options were African, Asian or Asian British, Black or Black
British, British, Caribbean, Chinese, Indian, Irish, multiracial
(listed as “mixed”), Pakistani, White, White and Black Afri-
can, White and Black Caribbean, any other Asian back-
ground, any other multiracial background, any other White
background, and not stated. Subsequently, numbers of par-
ticipants identified as British, Irish, White, and any other
White background were grouped into a White category for
reporting baseline characteristics because of the small num-
bers in each ethnic group.

Major inclusion and exclusion criteria are reported in de-
tail in the eMethods in Supplement 1. Briefly, main inclusion

criteria were as follows: the patient must have had a cognitive
concern considered by the managing physician to be possibly
due to AD; the patient must have been undergoing a diagnos-
tic workup, including a recent (not >12 months) magnetic reso-
nance imaging (MRI) scan and/or computed tomography (CT)
scan; and the managing physician must have felt that knowl-
edge of the patient’s brain amyloid status could increase diag-
nostic confidence and alter their diagnosis and/or manage-
ment. The main exclusion criterion was previous amyloid
PET and/or other AD biomarker workup before screening.

Outcomes
The main outcome of the study was the proportion of partici-
pants receiving an etiological diagnosis with very high diag-
nostic confidence (ie, ≥90%) after 3 months (the period when
the diagnostic process is generally completed) in arm 1 vs arm
2. The choice of this main outcome was based on previous stud-
ies showing that the etiological diagnosis of patients with a
diagnostic confidence greater than 90% does not change fol-
lowing amyloid PET19 and that the maximal mean diagnostic
confidence post amyloid PET is 86% to 93%,5-7,10 suggesting
that this level of diagnostic confidence is a strong, achiev-
able, and replicable reference standard.

Secondary outcomes were change in etiological diagno-
sis, change in diagnostic confidence, and change in treat-
ment plan. First, etiological diagnoses were grouped into 3
main categories: AD, including all the diagnoses involving
AD (AD and mixed AD [ie, AD in comorbidity with other con-
ditions]); non-AD, including all the remaining diagnoses/
conditions without AD in comorbidity; and undetermined,
when the managing physician is not confident in making any
etiological diagnosis. Changes in etiological diagnosis were con-
sidered as consistent with the amyloid PET result when (1) par-

Figure 1. Study Design for Early vs Late Positron Emission Tomography (PET)

3-mo
Follow-up

6-mo
Follow-up

13-mo
Follow-up

18-mo
Follow-up

Screening Baseline

Late
amyloid PET
(6-10 mo)

Follow-up 
amyloid PET
(12-18 mo)

Amyloid PET
at physician’s
choice

Early 
amyloid PET 
(<1 mo)

Arm 1

Arm 2

Arm 3

Randomization
Patients with
cognitive
concerns

Main outcome

Study timeline

Tan boxes indicate features of the study design not presented in the current
work. The 13-month visit, the follow-up amyloid PET (to test the hypothesis that
amyloid load is stable over 12-18 months), and the corresponding 18-month visit
for arm 1 were made optional for logistic reasons. These measures were put in

place to keep the end of the study timeline despite a prolonged recruitment
(originally planned to be completed by June 30, 2020), which was granted to
the recruiting memory clinics when in spring 2020 the COVID-19 pandemic
brought recruitment to a complete halt.
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ticipants with a baseline diagnosis of AD were reclassified as
non-AD or undetermined after negative amyloid PET; (2) par-
ticipants with a baseline diagnosis of non-AD were reclassi-
fied as AD or undetermined after positive amyloid PET; (3) par-
ticipants with an undetermined diagnosis at baseline were
reclassified as AD after positive amyloid PET or as non-AD
after negative amyloid PET.

Second, diagnostic confidence was rated only for partici-
pants who received an etiological diagnosis. Specifically,
we assessed changes in diagnostic confidence only for partici-
pants with a baseline etiological diagnosis of AD or non-AD
that was confirmed after 3 months.

Third, to assess change in treatment plan, we determined
the proportion of cognition-specific medications (eg, acetyl-
cholinesterase inhibitors, memantine, supplements such as
ginkgo or Souvenaid) that were not prescribed, introduced,
discontinued, and maintained after 3 months. The introduc-
tion or discontinuation of any of these medications was con-
sidered a change in treatment plan.

The analyses of the primary and secondary outcomes were
performed for participants in arm 1, arm 2, and arm 3, both on
the whole sample and according to cognitive stage (SCD+, MCI,
and dementia). For arm 3, we assessed the proportion of par-
ticipants who underwent an amyloid PET during the study,
median time from baseline to performance of the scan, and
reasons the scan was requested.

Statistical Analyses
Information on sample size determination is reported in the
eMethods in Supplement 1. To assess the main outcome of
the study, we performed an intention-to-treat analysis, focus-
ing on all participants for whom the main outcome could be
assessed. For the secondary outcomes, we performed per-
protocol analyses, removing data for participants who did not
adhere to the study protocol. We used cases with complete
outcome information for the assessment of the main and sec-
ondary outcomes (information on cognitive stage, etiological
diagnosis, diagnostic confidence, and treatment plan was avail-
able for all participants).

Continuous variables are described as median and IQR and
categorical variables as numbers and percentages. The main out-
come of the study was assessed in the whole group and for the
3 individual cognitive stages (SCD+, MCI, dementia) using tests
for equality of proportions. The 3 tests on the individual cog-
nitive stages were adjusted using Bonferroni corrections. Sub-
sequently, we assessed the main outcome also including arm
3, and post hoc pairwise comparisons (ie, arm 1 vs arm 2, arm 1
vs arm 3, and arm 2 vs arm 3) were adjusted using Bonferroni
corrections. For the analyses of the secondary end points, dif-
ferences were assessed using a Kruskal-Wallis rank sum test
for continuous variables or test for equality of proportions for
categorical variables. In case the number of groups in the com-
parison was larger than 2, post hoc pairwise comparisons (Dunn
all-pairs rank comparison test for continuous variables or
pairwise comparisons for proportions) were adjusted using
Bonferroni correction. Significance was set at P < .05.

DataanalysiswasperformedfromJuly2022toJanuary2023.
The statistical analysis of the main outcome was performed with

SPSS version 27. The statistical analyses of the secondary out-
comes were performed with R version 4.1.2 (R Foundation for
Statistical Computing).

Results
Participants
Figure 2 shows the study flow. Participants were recruited from
April 16, 2018, to October 30, 2020. From 844 screened pa-
tients, 840 were enrolled. The baseline features of the
AMYPAD-DPMS participants have been exhaustively de-
scribed in a previous article.18 Among them, 794 participants
also underwent the 3-month visit and were therefore consid-
ered for the main outcome analysis. After removing data
for participants who did not adhere to the study protocol,
774 participants were considered for the secondary outcome
analyses.

Figure 2. Flowchart for the Amyloid Imaging to Prevent Alzheimer’s
Disease Diagnostic and Patient Management Study (AMYPAD-DPMS)

844 Participants screened
292
272
280

In arm 1
In arm 2
In arm 3

4 Excluded for failing the screening

840 Participants enrolled
291
271
278

In arm 1
In arm 2
In arm 3

8 Withdrew before baseline

832 Participants included 
at baseline
290
266
276

In arm 1
In arm 2
In arm 3

38 Withdrew before 3-mo follow-up

794 Participants with data from 
baseline and 3-mo follow-up
272
260
262

In arm 1
In arm 2
In arm 3

532 Participants from arms 1 
and 2 included in main 
outcome analysis (ITT)

20 Excluded
11

8

1

Arm 1 participants underwent 
amyloid PET after 3-mo follow-up
Arm 1 participants did not 
undergo amyloid PET
Arm 2 participant underwent 
amyloid PET before 3-mo 
follow-up

774 Participants adhered to the 
study protocol until 3-mo 
follow-up
253
259
262

In arm 1
In arm 2
In arm 3

774 Participants from arms 1, 2, 
and 3 included in secondary 
outcomes analyses (PP)

Reasons for not undergoing the baseline or 3-month visit included the
following: incident comorbidity (n = 6), concerns about radiation exposure
(n = 5), emigration (n = 4), COVID-19 lockdown (n = 3), insufficient cost/benefit
ratio (n = 3), managing physician’s advice (n = 3), death (n = 2), inability to
understand the study design (n = 1), and participation in a competing clinical
trial (n = 1), while the remaining participants (n = 18) did not give any
explanation. ITT indicates intention to treat; PET, positron emission
tomography; PP, per protocol.
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At baseline, 785 of 794 participants (99%) underwent struc-
tural imaging (ie, MRI or CT), and 788 of 794 (99%) under-
went cognitive screening (ie, Mini-Mental State Examina-
tion), with no difference among arms. The Table illustrates the
baseline features of the AMYPAD-DPMS participants in-
cluded in the main outcome analysis, in the whole sample and
by study arm. eTable 1 in Supplement 1 illustrates the base-
line features of the AMYPAD-DPMS participants by baseline
cognitive stage, and eTable 2 in Supplement 1 illustrates the
exact baseline etiological diagnoses. Some participants un-
derwent diagnostic examinations (eg, cerebrospinal fluid, fluo-

rodeoxyglucose PET) within 3 months, but no differences
among arms were observed (eTable 3 in Supplement 1).

Information on the managing physicians involved in
the clinical assessment of the AMYPAD-DPMS participants
is reported in the eResults in Supplement 1. Information on
adverse events is reported in eTable 4 in Supplement 1.

Prevalence of Amyloid PET Positivity
eFigure 1 in Supplement 1 illustrates the prevalence of amy-
loid PET positivity across cognitive stages and etiological di-
agnoses. A total of 736 participants underwent amyloid PET

Table. Baseline Characteristics of AMYPAD-DPMS Participantsa

Characteristic

No. (%) [No. with data missing]
Whole sample
(N = 794)

Arm 1
(n = 272)

Arm 2
(n = 260)

Arm 3
(n = 262)

Sociodemographic

Age, median (IQR), y 71 (65-77) 71 (65-77) 71 (65-77) 72 (66-77)

Gender

Male 435 (55) 150 (55) 135 (52) 150 (57)

Female 359 (45) 122 (45) 125 (48) 112 (43)

Education, median (IQR), y 12 (10-15) 12 (10-15) 13 (10-16) 12 (10-15)

White ethnicityb 701 (97) [74] 242 (97) [22] 230 (98) [25] 229 (97) [27]

Mental status

MMSE score, median (IQR) 27 (23-29) [6] 27 (23-29) [2] 26 (23-29) [2] 26 (23-29) [2]

History of anxiety 161 (20) 46 (17) 50 (19) 65 (25)

HADS anxiety score, median (IQR) 6 (3-9) [15] 5 (3-8) [4] 6 (4-10) [8] 6 (3-9) [3]

History of depression 233 (29) 84 (31) 74 (28) 75 (29)

Depression in last 5 y 159 (27) [203] 57 (28) [67] 51 (27) [68] 51 (26) [68]

HADS depression score, median (IQR) 4 (2-7) [15] 4 (2-7) [4] 4 (2-7) [8] 4 (2-6) [3]

Dementia risk factors

Hypertension 302 (49) [178] 97 (46) [61] 92 (47) [65] 113 (54) [52]

Body mass index, median (IQR)c 26 (23-29) [21] 26 (24-29) [7] 26 (23-29) [7] 26 (23-28) [7]

Reported cardiovascular events 308 (39) 99 (36) 96 (37) 113 (43)

Reported head injury 103 (13) 42 (15) 33 (13) 28 (11)

Smoking 90 (11) 32 (12) 32 (12) 26 (10)

Alcohol abuse 34 (4) 13 (5) 8 (3) 13 (5)

Vitamin deficiency 100 (13) 32 (12) 41 (16) 27 (10)

Self-sufficiency

Disabilities 59 (7) 20 (7) 21 (8) 18 (7)

Living in institution 5 (0) 0 4 (2) 1 (0)

Still working 112 (14) 31 (11) 43 (17) 38 (15)

Drugs and patient management

≥1 Cognition-specific medications 90 (11) 31 (11) 31 (12) 28 (11)

Other medications, median (IQR) 3 (1-5) 3 (1-5) 4 (1-6) 3 (2-5)

Nonpharmacological interventions 119 (15) 36 (13) 41 (16) 42 (16)

Cognitive stage at baseline

SCD+ 239 (30) 84 (31) 78 (30) 77 (29)

MCI 318 (40) 108 (40) 102 (39) 108 (41)

Dementia 237 (30) 80 (29) 80 (31) 77 (29)

Etiological diagnosis at baseline

AD 319 (40) 95 (35) 110 (42) 114 (44)

Non-AD 132 (17) 45 (17) 44 (17) 43 (16)

Undetermined 343 (43) 132 (49) 106 (41) 105 (40)

Diagnostic confidence at baseline,
median (IQR), %

In AD etiological diagnoses 75 (60-80) 75 (68-80) 75 (61-80) 75 (60-80)

In non-AD etiological diagnoses 70 (60-80) 70 (60-80) 70 (60-80) 70 (55-80)

Abbreviations: AD, Alzheimer
disease; HADS, Hospital Anxiety and
Depression Scale; MCI, mild cognitive
impairment; MMSE, Mini-Mental
State Examination; SCD+, subjective
cognitive decline plus clinical
features increasing the likelihood of
preclinical AD.
a The table illustrates the main

sociodemographic and clinical
features of the AMYPAD-DPMS
participants included in the main
outcome analysis (intention-to-treat
analysis). At baseline, cognitive
stages and etiological diagnoses
were based on clinical and cognitive
assessment and MRI or computed
tomography.

b Ethnicity data were collected by
members of the AMYPAD-DPMS
study team at the local recruiting
memory clinics, who chose among
options on an electronic case report
form. White ethnicity included
those reported as British, Irish,
White, and any other White
background; the other groups were
African, Asian or Asian British, Black
or Black British, Caribbean, Chinese,
Indian, multiracial (listed as
“mixed”), Pakistani, White and Black
African, White and Black Caribbean,
any other Asian background, any
other multiracial background, and
not stated.

c Calculated as weight in kilograms
divided by height in meters
squared.
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during the study course (384 with [18F]flutemetamol and 352
with [18F]florbetaben, without considering the repeated amy-
loid PET scans of arm 1 participants). They were positive for
amyloid in 369 of 736 cases (50%). The prevalence of amy-
loid positivity increased with the severity of cognitive stage
(P < .001): 67 of 222 participants (30%) with SCD+, 146 of 297
(49%) with MCI, and 156 of 217 participants (72%) with de-
mentia. The prevalence of amyloid positivity increased in par-
ticipants with a baseline diagnosis of AD (201/293, 69%) vs
participants with non-AD (44/122, 36%; P < .001) or undeter-
mined diagnosis (124/321, 39%; P < .001) at baseline.

Request for Amyloid PET in Arm 3
The proportion of enrolled arm 3 participants who under-
went amyloid PET during the study was 243 of 278 partici-
pants (87%). This proportion is not different from that of arm
1 and arm 2 participants who underwent amyloid PET during
the study, 268 of 291 (92%) and 234 of 271 (86%), respectively
(P = .07). In arm 3, we observed that the time from baseline
to performing an amyloid PET was a median (IQR) 46 (26-84)
days, and 191 of 278 participants (69%) underwent amyloid
PET before the 3-month follow-up visit.

We observed that the main reasons for performing an amy-
loid PET were related to diagnostic uncertainty (unclear diag-
nosis in 147/243 cases [60%] and need to prove or exclude AD
in 105/243 cases [43%] and 78/243 cases [32%], respectively),
followed by participant preference (patient wanted an amy-
loid PET scan in 26/243 cases [11%] and refused lumbar punc-
ture in 13/243 cases [5%]) (eTable 5 in Supplement 1).

Participants With Very High Diagnostic Confidence After 3
Months (Main Outcome)
The proportion of participants with very high diagnostic con-
fidence (≥90%) after 3 months was higher in arm 1 (109/272,
40%; 95% CI, 34%-46%; P < .001) than in arm 2 participants
(30/260, 11%; 95% CI, 8%-16%) (Figure 3). The proportion was
also higher in arm 3 (97/262, 37%; 95% CI, 31%-43%; P < .001)
than in arm 2. Significant differences between arm 1 and arm
3 vs arm 2 were consistent across participants with SCD+ (arm
1: 25/84, 30%; 95% CI, 21%-41%; P < .001; arm 3: 17/77, 22%;
95% CI, 14%-33%; P = .03; vs arm 2: 5/78, 6%; 95% CI, 2%-
15%), MCI (arm 1: 45/108, 42%; 95% CI, 32%-52%; P < .001; arm
3: 42/108, 39%; 95% CI, 30%-49%; P < .001; vs arm 2: 9/102,
9%; 95% CI, 4%-17%), or dementia (arm 1: 39/80, 49%; 95%
CI, 38%-60%; P < .001; arm 3: 38/77, 49%; 95% CI, 38%-61%;
P < .001; vs arm 2: 16/80, 20%; 95% CI, 12%-31%) (Figure 3).

Change in Etiological Diagnosis After 3 Months
Figure 4 and eFigures 2 and 3 in Supplement 1 illustrate how
the baseline etiological diagnosis changed after 3 months. Af-
ter 3 months, the proportion of participants changing etiologi-
cal diagnosis was higher in arm 1 (112/253, 44%) than in arm 3
(77/262, 29%; P = .002) and arm 2 (28/259, 11%; P < .001) and
in arm 3 than in arm 2 (P < .001). Participants with a baseline
diagnosis of AD were reclassified more frequently in arm 1 (23/
88, 26%; P < .001; always after negative amyloid PET) and arm
3 (19/114, 17%; P = .02) than in arm 2 (5/110, 5%). Participants
with a baseline diagnosis of non-AD were reclassified more fre-

quently in arm 1 (15/45, 33%; always after positive amyloid PET)
than in arm 2 (1/44, 2%; P = .001). Finally, participants with
an undetermined baseline diagnosis were reclassified more fre-
quently in arm 1 (74/120, 62%; P < .001; after either positive
or negative amyloid PET) and arm 3 (51/105, 49%; P < .001) than
in arm 2 (22/105, 21%). Disaggregating by baseline cognitive
stage (ie, SCD+, MCI, and dementia), we observed a trend con-
sistent with that of the whole sample (eFigures 2 and 3 in
Supplement 1). In arm 1 and arm 3, changes in the etiological
diagnosis were far more consistent than inconsistent with the
amyloid PET result (arm 1: 107/112, 96%, vs 5/112, 4%; P < .001;
arm 3: 63/68, 93%, vs 5/68, 7%; P < .001) (Figure 4 and eFig-
ure 3 in Supplement 1).

Change in Diagnostic Confidence After 3 Months
In participants for whom a baseline etiological diagnosis of AD
was confirmed after 3 months, diagnostic confidence increased
more in arm 1 (+14%, from 71% to 85%; P < .001) and arm 3 (+11%,
from 73% to 84%; P < .001) than in arm 2 (+1%, from 73% to 74%)
(eFigure 4 in Supplement 1). In participants for whom a baseline
etiological diagnosis of non-AD was confirmed after 3 months,
diagnostic confidence increased more in arm 1 (+12%, from 72%
to 85%; P < .001) and arm 3 (+10%, from 70% to 80%; P = .004)
than in arm 2 (+1%, from 71% to 72%) (eFigure 4 in Supplement 1).
Disaggregating by baseline cognitive stage (ie, SCD+, MCI, and
dementia), we observed a trend consistent with that of the whole
sample (eFigure 5 in Supplement 1).

We also assessed change in diagnostic confidence after
3 months in participants for whom the baseline etiological
diagnosis changed and observed no differences across arms
(eFigure 6 in Supplement 1); we reported the distribution of
diagnostic confidence both at baseline and after 3 months
(eFigure 7 in Supplement 1).

Figure 3. Proportions of Participants Receiving an Etiological Diagnosis
With Very High Diagnostic Confidence (≥90%) After 3 Months
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MCI indicates mild cognitive impairment; SCD+, subjective cognitive decline
plus clinical features increasing the likelihood of preclinical Alzheimer disease.
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Change in Cognition-Specific Medications After 3 Months
Change in cognition-specific medications was similar in the
3 study arms: 37 of 253 participants (15%) in arm 1 changed medi-
cations, 36 of 259 (14%) in arm 2, and 38 of 262 (15%) in arm 3
(P = .97) (eFigure 8 in Supplement 1). In analysis by baseline cog-
nitive stage, no statistically significant differences among study
arms were observed (eFigures 9 and 10 in Supplement 1).

In arm 1 and arm 3, change in cognition-specific medica-
tions occurred more frequently after positive rather than nega-
tive amyloid PET (arm 1: 31/37, 84%, vs 6/37, 16%; P < .001;
arm 3: 24/27, 89%, vs 3/27, 11%; P < .001).

Discussion
In this randomized clinical trial, we demonstrated that perform-
ing amyloid PET early in the diagnostic workup allowed 40%
of memory clinic patients to receive an etiological diagnosis with
very high confidence after only 3 months, 3.5 times more fre-
quently than patients who had not yet undergone amyloid PET
(11%). The major clinical impact of an early amyloid PET has been
further confirmed by secondary analyses on changes in etio-
logical diagnosis and diagnostic confidence. Interestingly, a
significant clinical effect of amyloid PET was consistently ob-
served across the 3 cognitive stages, suggesting that amyloid PET
is clinically useful not only in MCI (ie, the population consid-
ered to benefit the most from biomarker assessment20), but also
in patients at an early (SCD+) or advanced (dementia) cogni-
tive stage. However, we did not observe a significant effect of
amyloid PET on the prescription of cognition-specific medica-
tions, which were not initiated most of the time (their use is off-
label in patients without AD dementia). Moreover, arm 3 (the
free-choice arm) allowed us to assess the unrestricted use of
amyloid PET in memory clinic patients. We observed that, in arm

3, amyloid PET was requested quite early in the diagnostic
workup, mainly due to diagnostic uncertainty, a median 1.5
months from baseline, denoting a positive attitude among
clinicians toward the technique and knowledge of its etiologi-
cal use. Indeed, the clinical impact of amyloid PET in arm 3
is overall similar to that of arm 1 (early amyloid PET) and con-
siderably higher than that of arm 2 (late amyloid PET).

A timely high-confidence diagnosis is critical to the effi-
cacy of disease-modifying therapies, especially anti-amyloid
drugs, whose efficacy might decrease with advancing dis-
ease progression. With the advent of disease-modifying thera-
pies, amyloid PET might be used as a mere gateway to treat-
ment, with the consequence that diagnostic outcomes will be
no longer relevant. However, it has been estimated that the pro-
portion of the real-world memory clinic population for whom
aducanumab will be indicated (if the label mirrors eligibility
criteria of phase 3 clinical trials) ranges between 1% and
12%,21,22 suggesting that the value of amyloid PET will stay
purely diagnostic in the vast majority of patients.

Consistent with the IDEAS study,9 we observed a signifi-
cant clinical effect of amyloid PET in terms of changes in
diagnosis and diagnostic confidence. However, AMYPAD-
DPMS and IDEAS showed inconsistent results in respect to
changes in use of cognition-specific medications after amy-
loid PET. This discrepancy may be due to the fact that acetyl-
cholinesterase inhibitors are not widely prescribed for MCI
in Europe whereas they are in the United States.

One of the unique features of AMYPAD-DPMS is the assess-
ment of the clinical impact of amyloid PET in individuals with
SCD+ in a randomized controlled fashion. We observed that 30%
of arm 1 participants with SCD+ were amyloid positive. This
prevalence is slightly higher than a recent estimate of amyloid
positivity in individuals with SCD of similar age (27%).23 This
difference might be due to the features defining SCD+ that

Figure 4. Change in Etiological Diagnosis After 3 Months in the Whole Sample
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increase the likelihood of preclinical AD in individuals with
SCD.24 Even though, according to the International Working
Group clinical diagnostic criteria of AD published in 2021, a spe-
cific AD phenotype is necessary to make a clinical diagnosis of
AD, 18 of 239 AMYPAD-DPMS participants with SCD+ (8%) re-
ceived a baseline etiological diagnosis of AD. Moreover, partici-
pants with SCD+ did feature changes in etiological diagnosis and
diagnostic confidence due to amyloid PET, suggesting that amy-
loid PET might be useful also in individuals without cognitive
impairment and that future evidence-based appropriate use cri-
teria might recommend the use of amyloid PET in this popula-
tion, all the more so since it has been demonstrated that the dis-
closure of a positive amyloid PET result to patients with SCD+
was associated with a bigger psychological change, although
such change did not reach the threshold for clinical concern.25

These results further underline the relevance of developing stan-
dardized assessment protocols for this relatively novel popu-
lation, which is currently discharged by most memory clinics
with generic recommendations and reassurance but without
meaningful and actionable answers.1,26

It is worth noting that cerebrospinal fluid analysis might
provide information similar to that provided by amyloid PET
at a remarkably lower cost and can provide additional infor-
mation on other biomarkers (eg, phosphorylated tau or neu-
rofilament light). Nevertheless, amyloid PET is less invasive
and better accepted by patients (indeed, in arm 3, 11% of par-
ticipants explicitly wanted to undergo an amyloid PET, and
5% underwent amyloid PET because they refused lumbar
puncture), and it is the biomarker of choice when lumbar punc-
ture is contraindicated. Moreover, recent evidence shows that
a dual-phase acquisition of amyloid PET imaging can also of-
fer information on cortical perfusion (a proxy of metabolism
and thus a measure of neurodegeneration) when additional
early-phase images are acquired after tracer injection.27

Limitations
The main limitation of the present study is the lack of health-
related outcomes (eg, preventing death and disability, restor-

ing or maintaining health and well-being, improving quality
of life because of amyloid PET). Such outcomes are difficult
to operationalize given the complexity and duration of AD and
other neurodegenerative diseases and often require long-
term follow-up, making the assessments expensive and logis-
tically complicated.28 Because of these limitations, most
studies focus only on proxies, ie, variables that are easier to
assess (eg, changes in diagnosis, diagnostic confidence, and
treatment plan) and possibly related to proper health-related
outcomes.28 Exceptions are IDEAS and AMYPAD-DPMS.
Indeed, IDEAS assessed hospitalizations and emergency-
department visits as health-related outcomes, but their re-
sults have not yet been published. In AMYPAD-DPMS, we also
collected health-related outcomes, and future studies will
assess whether amyloid PET had an effect on them.

We acknowledge that the AMYPAD-DPMS sample mostly
represents an academic memory clinic population, thus lim-
iting the generalizability of our findings to nonacademic set-
tings. Moreover, as 97% of our sample consisted of White
patients, our study results might not be generalizable to dif-
ferent memory clinic populations with diverse race or ethnic-
ity. Finally, in order to assess the study end points, we per-
formed several statistical tests (in which pairwise comparisons
were adjusted using Bonferroni correction, when appli-
cable), amplifying the probability of false-positive findings.

Conclusion
In this study, early amyloid PET allowed memory clinic pa-
tients to receive an etiological diagnosis with very high con-
fidence after only 3 months compared with patients who had
not undergone amyloid PET. This evidence from AMYPAD-
DPMS of the clinical effect of amyloid PET in a European
memory clinic population suggests that widespread imple-
mentation of this imaging technique may improve the
timely diagnostic workup of patients under evaluation for cog-
nitive decline.

ARTICLE INFORMATION

Accepted for Publication: January 15, 2023.

Published Online: May 8, 2023.
doi:10.1001/jamaneurol.2023.0997

Open Access: This is an open access article
distributed under the terms of the CC-BY License.
© 2023 Altomare D et al. JAMA Neurology.

Author Affiliations: Laboratory of Neuroimaging
of Aging (LANVIE), University of Geneva, Geneva,
Switzerland (Altomare, Caprioglio, Moro, Frisoni);
Geneva Memory Center, Geneva University
Hospitals, Geneva, Switzerland (Altomare,
Caprioglio, Moro, Frisoni); Neurology Unit,
Department of Clinical and Experimental Sciences,
University of Brescia, Brescia, Italy (Altomare);
Department of Radiology and Nuclear Medicine,
Amsterdam University Medical Centers (UMC)–
Location VUmc, Amsterdam, the Netherlands
(Barkhof, Collij, Lopes Alves); Institute of
Neurology, Institute of Healthcare Engineering,
University College London, London, United
Kingdom (Barkhof); Alzheimer Center, Department

of Neurology, Amsterdam University Medical
Centers–Location VUmc, Amsterdam,
the Netherlands (Scheltens, Bouwman,
van Maurik); Department of Epidemiology and Data
Science, Amsterdam University Medical Centers–
Location VUmc, Amsterdam, the Netherlands
(Berkhof, van Maurik); Laboratory of Neuroimaging
and Innovative Molecular Tracers (NIMTlab),
Geneva University Neurocenter and Faculty of
Medicine, University of Geneva, Geneva,
Switzerland (Garibotto); Division of Nuclear
Medicine and Molecular Imaging, Geneva University
Hospitals, Geneva, Switzerland (Garibotto);
Gérontopôle, Department of Geriatrics, Toulouse
University Hospital, Toulouse, France (Delrieu);
Maintain Aging Research Team, CERPOP, Inserm,
Université Paul Sabatier, Toulouse, France (Delrieu);
Department of Nuclear Medicine, Toulouse
University Hospital, Toulouse, France (Payoux,
Saint-Aubert, Hitzel); Toulouse NeuroImaging
Center (ToNIC), UMR1214 Inserm, Université de
Toulouse III, Toulouse, France (Payoux,
Saint-Aubert); Barcelonaβeta Brain Research Center

(BBRC), Pasqual Maragall Foundation, Barcelona,
Spain (Molinuevo, Grau-Rivera, Gispert);
H. Lundbeck, Copenhagen, Denmark (Molinuevo);
Hospital del Mar Medical Research Institute (IMIM),
Barcelona, Spain (Grau-Rivera, Gispert); Centro de
Investigación Biomédica en Red de Fragilidad y
Envejecimiento Saludable (CIBERFES), Madrid,
Spain (Grau-Rivera); Centro de Investigación
Biomédica en Red Bioingeniería, Biomateriales y
Nanomedicina (CIBER-BBN), Barcelona, Spain
(Gispert); Department of Nuclear Medicine, Faculty
of Medicine and University Hospital Cologne,
University of Cologne, Cologne, Germany
(Drzezga); German Center for Neurodegenerative
Diseases (DZNE), Bonn-Cologne, Germany
(Drzezga, Jessen); Institute of Neuroscience
and Medicine (INM-2), Molecular Organization of
the Brain, Forschungszentrum Jülich, Germany
(Drzezga); Department of Psychiatry, Faculty of
Medicine and University Hospital Cologne,
University of Cologne, Cologne, Germany (Jessen,
Zeyen); Excellence Cluster Cellular Stress
Responses in Aging-Related Diseases (CECAD),

Clinical Effect of Early vs Late Amyloid Positron Emission Tomography in Memory Clinic Patients Original Investigation Research

jamaneurology.com (Reprinted) JAMA Neurology June 2023 Volume 80, Number 6 555

Downloaded from jamanetwork.com by Université de Lausanne user on 06/21/2024

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2023.0997?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.0997
https://jamanetwork.com/pages/cc-by-license-permissions?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.0997
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.0997


Medical Faculty, University of Cologne, Cologne,
Germany (Jessen); Department of Neurobiology,
Care Sciences and Society, Center of Alzheimer
Research, Karolinska Institutet, Stockholm, Sweden
(Nordberg); Theme Aging, Karolinska University
Hospital, Stockholm, Sweden (Nordberg); Medical
Radiation Physics and Nuclear Medicine, Section for
Nuclear Medicine, Karolinska University Hospital,
Stockholm, Sweden (Savitcheva); Cognitive
Disorders Clinic, Theme Inflammation and Aging,
Karolinska University Hospital–Huddinge,
Stockholm, Sweden (Jelic); Division of Psychiatry,
University College London, London, United
Kingdom (Walker); St Margaret’s Hospital, Essex
Partnership University NHS Foundation Trust,
Essex, United Kingdom (Walker); Division of
Neurology, Department of Brain Sciences, Imperial
College London, London, United Kingdom (Edison);
Leenaards Memory Center, Lausanne University
Hospital (CHUV), Lausanne, Switzerland
(Demonet); Life Molecular Imaging, Berlin,
Germany (Gismondi, Stephens); GE Healthcare,
Amersham, United Kingdom (Farrar).

Author Contributions: Drs Altomare and Frisoni
had full access to all of the data in the study and
takes responsibility for the integrity of the data
and the accuracy of the data analysis.
Concept and design: Altomare, Barkhof, Collij,
Berkhof, Moro, Molinuevo, Jessen, Gismondi,
Farrar, Stephens, Frisoni.
Acquisition, analysis, or interpretation of data:
Altomare, Barkhof, Caprioglio, Collij, Scheltens,
Lopes Alves, Bouwman, Berkhof, van Maurik,
Garibotto, Moro, Delrieu, Payoux, Saint-Aubert,
Hitzel, Grau-Rivera, Gispert, Drzezga, Jessen,
Zeyen, Nordberg, Savitcheva, Jelic, Walker, Edison,
Demonet, Stephens, Frisoni.
Drafting of the manuscript: Altomare, Caprioglio,
Collij, Edison.
Critical revision of the manuscript for important
intellectual content: Altomare, Barkhof, Collij,
Scheltens, Lopes Alves, Bouwman, Berkhof,
van Maurik, Garibotto, Moro, Delrieu, Payoux,
Saint-Aubert, Hitzel, Molinuevo, Grau-Rivera,
Gispert, Drzezga, Jessen, Zeyen, Nordberg,
Savitcheva, Jelic, Walker, Edison, Demonet,
Gismondi, Farrar, Stephens, Frisoni.
Statistical analysis: Altomare, Caprioglio, Collij,
Berkhof.
Obtained funding: Barkhof, Hitzel, Drzezga, Jessen,
Farrar, Stephens, Frisoni.
Administrative, technical, or material support:
Barkhof, Scheltens, Lopes Alves, van Maurik,
Garibotto, Moro, Payoux, Gispert, Zeyen, Edison,
Farrar, Stephens.
Supervision: Altomare, Barkhof, Garibotto, Moro,
Delrieu, Molinuevo, Jessen, Walker, Edison,
Gismondi, Farrar, Stephens, Frisoni.

Conflict of Interest Disclosures: Dr Barkhof
reported grants from the EU Innovative Medicines
Initiative (IMI) AMYPAD project during the conduct
of the study; consulting fees from Combinostics,
Roche, and IXICO; grants from Biogen; serving on
a steering committee, data and safety monitoring
board, or advisory board for Merck, Prothena, and
Biogen outside the submitted work; and being
a cofounder and shareholder of Queen Square
Analytics. Dr Collij reported research support
from GE Healthcare (paid to their institution).
Dr Scheltens reported employment with EQT
Lifesciences; grants from Alzheimer’s Drug
Discovery Foundation and Cure Alzheimer;
consultancy fees (paid to the university) from

Alzheon, Brainstorm Cell, and Green Valley; and
serving as a principal investigator or on steering
committees for Vivoryon, Novo Nordisk, FujiFilm
Toyama Chemical, Alzheon, Novartis Cardiology,
AC Immune, UCB, and ImmunoBrain Checkpoint
outside the submitted work. Dr Bouwman reported
financial and nonfinancial support (paid to their
institution) from Biogen, Optina Dx, and Roche
outside the submitted work and being a committee
member or chair for the European Academy of
Neurology, Atypical Alzheimer’s Disease
Professional Interest Area, and Alzheimer’s
Association International Society to Advance
Alzheimer’s Research and Treatment (ISTAART).
Dr Berkhof reported grants from the EU IMI during
the conduct of the study. Dr van Maurik reported
grants from Health Holland, Top Sector Life
Sciences & Health (LSHM18075). paid to their
institution outside the submitted work.
Dr Garibotto reported financial support for research
and/or speaker fees through her institution from
Siemens Healthineers, GE Healthcare, Life
Molecular Imaging, Cerveau Technologies, Roche,
and Merck and grants to her institution from the
Swiss National Science Foundation and Velux
Foundation outside the submitted work. Dr Delrieu
reported serving on a data and safety monitoring
board for Roche and receiving lecture fees from
Biogen outside the submitted work. Dr Molinuevo
reported being a full-time employee of Lundbeck;
receiving grants from the EU IMI and La Caixa
Foundation; and having served as a consultant or
on advisory boards for or given lectures in symposia
sponsored by Roche Diagnostics, Genentech,
Novartis, Lundbeck, Oryzon, Biogen, Lilly, Janssen,
Green Valley, MSD, Eisai, Alector, BioCross, GE
Healthcare, and ProMIS Neurosciences. Dr Gispert
reported grants from the EU IMI during the conduct
of the study and nonfinancial study support from
GE Healthcare, grants from Roche Diagnostics
and Hoffmann La Roche, and personal fees from
Biogen, Roche, and Philips Nederlands outside
the submitted work. Dr Drzezga reported
research support from Siemens Healthineers,
Life Molecular Imaging, GE Healthcare, Avid
Radiopharmaceuticals, Eisai, and SOFIE; speaker
and advisory board fees from Siemens
Healthineers, Sanofi, GE Healthcare, Biogen, Novo
Nordisk, Novartis, Bayer, and Invicro; owning stock
in Siemens Healthineers, Lantheus Holding, and
Biogen; having a patent pending for 18F-PSMA7
(PSMA PET imaging tracer); providing expert
testimony in a local court; and participating on a
data and safety monitoring board or advisory board
for GE Healthcare, Siemens Healthineers, Novo
Nordisk, Invicro, and Biogen. Dr Jessen reported
payment/honoraria from Roche and Lilly and
participating on a data and safety monitoring board
or advisory board for AC Immune, Biogen, Roche,
Eisai, and Grifols. Dr Nordberg reported consulting
fees from Hoffman La Roche, having a US patent
for alpha 7 nicotinic PET tracer, and being deputy
chairman of Wennergren Foundations. Dr Walker
reported grants from the EU IMI during the conduct
of the study and grant support and consulting fees
from GE Healthcare outside the submitted work.
Dr Edison reported receiving grants from
Alzheimer’s Research UK, Alzheimer’s Drug
Discovery Foundation, Alzheimer’s Society UK,
Alzheimer’s Association US, Medical Research
Council UK, Novo Nordisk, Piramal Life Sciences,
and GE Healthcare; being a consultant to Roche,
Pfizer, and Novo Nordisk; receiving speaker fees

from Novo Nordisk, Pfizer, Nordea, and Piramal Life
Science; receiving educational and research grants
from GE Healthcare, Novo Nordisk, Piramal Life
Science/Life Molecular Imaging, Avid
Radiopharmaceuticals, and Eli Lilly; being an
external consultant to Novo Nordisk and Cytodyn
and a member of their scientific advisory boards;
and being editor in chief of Brain Connectivity
and serving on editorial boards of other journals.
Dr Demonet reported a patent (European Patent
Office 19705763.1-1132) and participating on an
advisory board for Biogen Switzerland. No other
disclosures were reported.

Funding/Support: The Amyloid Imaging to Prevent
Alzheimer’s Disease (AMYPAD) project is funded by
the EU European Federation of Pharmaceutical
Industries and Associations (EFPIA) Innovative
Medicines Initiative 2 Joint Undertaking (IMI 2 JU)
(grant agreement 115952). IMI 2 JU aims to advance
the development of medicines by facilitating open
collaboration on research. To do that, it has funded
collaborative research projects that bring together
all the parties involved in health research, including
universities and pharmaceutical companies.
Specifically, the AMYPAD consortium consists of
several academic partners and 3 pharmaceutical
companies (Life Molecular Imaging, GE Healthcare,
and Janssen). Dr Altomare received funding from
the Fondation Recherche Alzheimer and Swiss
National Science Foundation (project
CRSK-3_196354 / 1). Dr Barkhof is supported by
the National Institute for Health and Care Research
(NIHR) Biomedical Research Centre at University
College London Hospitals. Dr Berkhof is recipient
of ABOARD, which is a public-private partnership
receiving funding from ZonMW (73305095007)
and Health Holland, Top Sector Life Sciences &
Health (PPP-allowance; LSHM20106), and received
funding from the European Union (AMYPAD,
RISCC), ZonMW (HPV compare), WHO, IARC,
and RIVM. Ms Caprioglio was supported by the
EU-EFPIA IMI 2 JU AMYPAD. Dr van Maurik is
recipient of the collaboration project ABIDE-clinical
utility, which is co-funded by the PPP Allowance
made available by Health Holland, Top Sector Life
Sciences & Health, to stimulate public-private
partnerships and Life Molecular Imaging (grant
LSHM18075). Dr Garibotto was supported by the
Swiss National Science Foundation (projects
320030_169876, 320030_185028 and
IZSEZ0_188355), Velux Foundation (project 1123),
Schmidheiny Foundation, and Aetas Foundation.
Dr Grau-Rivera received funding from the
Alzheimer’s Association (2019-AARF-644568) and
Instituto de Salud Carlos III (PI19/00117). Dr Gispert
is supported by the Spanish Ministry of Science and
Innovation (RYC-2013-13054) and received funding
from the EU-EFPIA IMI 2 JU AMYPAD. Dr Drzezga
received funding from AMYPAD, Deutsche
Forschungsgemeinschaft (DFG),
Bundesministerium für Bildung und Forschung
(BMBF), Europäischen Fonds für regionale
Entwicklung (EFRE)/Leitmarkt, University of
Cologne, and Forschungszentrum Jülich (Novartis
clinical trial). Dr Jessen received funding from the
BMBF, DFG, H2020, and IMI. Dr Nordberg received
funding from AMYPAD, Swedish Foundation for
Strategic Research (RB12-01929), Swedish
Research Council (2017-06086, 2017-02965,
2020-019909, CIMED, Swedish Brain Foundation,
Swedish Alzheimer Foundation, Recherche Sur
Alzheimer Fondation, France, and Michael J. Fox
Foundation (MJFF-019728). Dr Walker received

Research Original Investigation Clinical Effect of Early vs Late Amyloid Positron Emission Tomography in Memory Clinic Patients

556 JAMA Neurology June 2023 Volume 80, Number 6 (Reprinted) jamaneurology.com

Downloaded from jamanetwork.com by Université de Lausanne user on 06/21/2024

http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.0997


funding from Health Technology Assessment NIHR,
Lewy Body Society, and ARUK. Dr Edison was
funded by the Medical Research Council and now
by the Higher Education Funding Council for
England (HEFCE). Dr Demonet received funding
from the Biogen EMBARK study, Empiris
Foundation, Solis Foundation, OM Pharma, and
Leenaards Foundation. Dr Frisoni received funding
from the EU-EFPIA IMI 2 JU European Prevention
of Alzheimer’s Dementia consortium (grant
agreement 115736) and AMYPAD; the Swiss
National Science Foundation (COSCODE, grant
320030_182772); Association Suisse pour la
Recherche sur la Maladie d’Alzheimer, Genève;
Fondation Segré, Genève; Ivan Pictet, Genève;
Fondazione Agusta, Lugano; Fondation
Chmielewski, Genève; and Velux Foundation.
The Geneva Memory Center is funded by the
following private donors under the supervision
of the Private Foundation of Geneva University
Hospitals: Association Suisse pour la Recherche sur
la Maladie d’Alzheimer, Genève; Fondation Segré,
Genève; Ivan Pictet, Genève; Fondazione Agusta,
Lugano; and Fondation Chmielewski, Genève.
Competitive research projects have been funded
by H2020, Human Brain Project, IMI and IMI 2,
Swiss National Science Foundation, and Velux
Foundation. The Barcelonaβeta Brain Research
Center memory center received funding from
the Barcelona City Council (agreement 20XC0354)
and Biogen.

Role of the Funder/Sponsor: Life Molecular
Imaging and GE Healthcare personnel took part
in the design of the study, data interpretation,
and writing of the present scientific report.

Group Information: A complete list of the
members of the AMYPAD consortium appears
in Supplement 3.

Disclaimer: This article reflects the views of the
authors, and neither the Innovative Medicines
Initiative nor the European Union or European
Federation of Pharmaceutical Industries and
Associations are liable for any use that may be
made of the information contained herein.

Data Sharing Statement: See Supplement 4.

Additional Information: External sites affiliated
with Toulouse include the personnel Françoise
Desclaux (Geriatrics Department of Lavaur),
Marie-Noelle Cufi (Geriatrics Department of
Lavaur), and Jérémie Pariente (Department of
Neurology of Toulouse University Hospital, Inserm
Toulouse NeuroImaging Center, Université Paul
Sabatier, Centre d’Investigation Clinique de
Toulouse CIC 1436).

REFERENCES

1. Frisoni GB, Molinuevo JL, Altomare D, et al.
Precision prevention of Alzheimer’s and other
dementias: anticipating future needs in the control
of risk factors and implementation of
disease-modifying therapies. Alzheimers Dement.
2020;16(10):1457-1468. doi:10.1002/alz.12132

2. Klunk WE, Engler H, Nordberg A, et al.
Imaging brain amyloid in Alzheimer’s disease with
Pittsburgh Compound-B. Ann Neurol. 2004;55(3):
306-319. doi:10.1002/ana.20009

3. Chiotis K, Saint-Aubert L, Boccardi M, et al;
Geneva Task Force for the Roadmap of Alzheimer’s
Biomarkers. Clinical validity of increased cortical
uptake of amyloid ligands on PET as a biomarker for

Alzheimer’s disease in the context of a structured
5-phase development framework. Neurobiol Aging.
2017;52:214-227. doi:10.1016/j.neurobiolaging.2016.
07.012

4. Boccardi M, Altomare D, Ferrari C, et al;
Incremental Diagnostic Value of Amyloid PET
With [18F]-Florbetapir (INDIA-FBP) Working Group.
Assessment of the incremental diagnostic value of
florbetapir F 18 imaging in patients with cognitive
impairment: the Incremental Diagnostic Value of
Amyloid PET With [18F]-Florbetapir (INDIA-FBP)
Study. JAMA Neurol. 2016;73(12):1417-1424.
doi:10.1001/jamaneurol.2016.3751

5. Zwan MD, Bouwman FH, Konijnenberg E, et al.
Diagnostic impact of [18F]flutemetamol PET in
early-onset dementia. Alzheimers Res Ther. 2017;9
(1):2. doi:10.1186/s13195-016-0228-4

6. Pontecorvo MJ, Siderowf A, Dubois B, et al.
Effectiveness of florbetapir PET imaging in
changing patient management. Dement Geriatr
Cogn Disord. 2017;44(3-4):129-143. doi:10.1159/
000478007

7. de Wilde A, van der Flier WM, Pelkmans W, et al.
Association of amyloid positron emission
tomography with changes in diagnosis and patient
treatment in an unselected memory clinic cohort:
the ABIDE project. JAMA Neurol. 2018;75(9):1062-
1070. doi:10.1001/jamaneurol.2018.1346

8. Leuzy A, Savitcheva I, Chiotis K, et al. Clinical
impact of [18F]flutemetamol PET among memory
clinic patients with an unclear diagnosis. Eur J Nucl
Med Mol Imaging. 2019;46(6):1276-1286.
doi:10.1007/s00259-019-04297-5

9. Rabinovici GD, Gatsonis C, Apgar C, et al.
Association of amyloid positron emission
tomography with subsequent change in clinical
management among Medicare beneficiaries
with mild cognitive impairment or dementia.
JAMA. 2019;321(13):1286-1294. doi:10.1001/jama.
2019.2000

10. Hattori N, Sherwin P, Farrar G. Initial physician
experience with [18F]flutemetamol amyloid PET
imaging following availability for routine clinical use
in Japan. J Alzheimers Dis Rep. 2020;4(1):165-174.
doi:10.3233/ADR-190150

11. Johnson KA, Minoshima S, Bohnen NI, et al;
Alzheimer’s Association; Society of Nuclear
Medicine and Molecular Imaging; Amyloid Imaging
Taskforce. Appropriate use criteria for amyloid PET:
a report of the Amyloid Imaging Task Force, the
Society of Nuclear Medicine and Molecular Imaging,
and the Alzheimer’s Association. Alzheimers Dement.
2013;9(1):e-1-e-16. doi:10.1016/j.jalz.2013.01.002

12. Altomare D, Ferrari C, Festari C, et al;
Incremental Diagnostic Value of Amyloid PET With
[(18)F]-Florbetapir (INDIA-FBP) Working Group.
Quantitative appraisal of the Amyloid Imaging
Taskforce appropriate use criteria for amyloid-PET.
Alzheimers Dement. 2018;14(8):1088-1098.
doi:10.1016/j.jalz.2018.02.022

13. de Wilde A, Ossenkoppele R, Pelkmans W, et al.
Assessment of the appropriate use criteria for
amyloid PET in an unselected memory clinic cohort:
the ABIDE project. Alzheimers Dement. 2019;15(11):
1458-1467. doi:10.1016/j.jalz.2019.07.003

14. Hejl A, Høgh P, Waldemar G. Potentially
reversible conditions in 1000 consecutive memory
clinic patients. J Neurol Neurosurg Psychiatry.
2002;73(4):390-394. doi:10.1136/jnnp.73.4.390

15. van der Flier WM, Pijnenburg YAL, Prins N, et al.
Optimizing patient care and research: the

Amsterdam Dementia Cohort. J Alzheimers Dis.
2014;41(1):313-327. doi:10.3233/JAD-132306

16. Frisoni GB, Barkhof F, Altomare D, et al.
AMYPAD Diagnostic and Patient Management
Study: rationale and design. Alzheimers Dement.
2019;15(3):388-399. doi:10.1016/j.jalz.2018.
09.003

17. Saghaei M, Saghaei S. Implementation of
an open-source customizable minimization
program for allocation of patients to parallel groups
in clinical trials. J Biomed Sci Eng. 2011;4:734-739.
doi:10.4236/jbise.2011.411090

18. Altomare D, Collij L, Caprioglio C, et al; AMYPAD
Consortium. Description of a European memory
clinic cohort undergoing amyloid-PET: the AMYPAD
Diagnostic and Patient Management Study.
Alzheimers Dement. Published online June 17, 2022.
doi:10.1002/alz.12696.

19. Ossenkoppele R, Prins ND, Pijnenburg YAL,
et al. Impact of molecular imaging on the diagnostic
process in a memory clinic. Alzheimers Dement.
2013;9(4):414-421. doi:10.1016/j.jalz.2012.07.003

20. Frisoni GB, Boccardi M, Barkhof F, et al.
Strategic roadmap for an early diagnosis of
Alzheimer’s disease based on biomarkers. Lancet
Neurol. 2017;16(8):661-676. doi:10.1016/S1474-4422
(17)30159-X

21. Canevelli M, Rossi PD, Astrone P, Consorti E,
Vanacore N, Cesari M. “Real world” eligibility for
aducanumab. J Am Geriatr Soc. 2021;69(10):2995-
2998. doi:10.1111/jgs.17390

22. Padovani A, Caratozzolo S, Rozzini L, Pilotto A,
Benussi A, Tedeschi G. “Real-world” eligibility for
aducanumab depends on clinical setting and
patients’ journey. J Am Geriatr Soc. 2022;70(2):
626-628. doi:10.1111/jgs.17530

23. Jansen WJ, Janssen O, Tijms BM, et al.
Prevalence estimates of amyloid abnormality across
the Alzheimer disease clinical spectrum. JAMA Neurol.
2022;79(3):228-243. doi:10.1001/jamaneurol.2021.
5216.

24. Jessen F, Amariglio RE, van Boxtel M, et al;
Subjective Cognitive Decline Initiative (SCD-I)
Working Group. A conceptual framework for
research on subjective cognitive decline in
preclinical Alzheimer’s disease. Alzheimers Dement.
2014;10(6):844-852. doi:10.1016/j.jalz.2014.01.001

25. Caprioglio C, Ribaldi F, Visser LNC, et al;
AMYPAD Consortium. Analysis of psychological
symptoms following disclosure of amyloid-positron
emission tomography imaging results to adults with
subjective cognitive decline. JAMA Netw Open.
2023;6(1):e2250921. doi:10.1001/jamanetworkopen.
2022.50921

26. Altomare D, Molinuevo JL, Ritchie C, et al;
European Task Force for Brain Health Services.
Brain Health Services: organization, structure, and
challenges for implementation. a user manual for
Brain Health Services, part 1 of 6. Alzheimers Res Ther.
2021;13(1):168. doi:10.1186/s13195-021-00827-2

27. Boccalini C, Peretti DE, Ribaldi F, et al.
Early-phase 18F-florbetapir and 18F-flutemetamol
images as proxies of brain metabolism in a memory
clinic setting. J Nucl Med. 2022;64(2):266-273.
doi:10.2967/jnumed.122.264256

28. Cotta Ramusino M, Perini G, Altomare D, et al.
Outcomes of clinical utility in amyloid-PET studies:
state of art and future perspectives. Eur J Nucl Med
Mol Imaging. 2021;48(7):2157-2168. doi:10.1007/
s00259-020-05187-x

Clinical Effect of Early vs Late Amyloid Positron Emission Tomography in Memory Clinic Patients Original Investigation Research

jamaneurology.com (Reprinted) JAMA Neurology June 2023 Volume 80, Number 6 557

Downloaded from jamanetwork.com by Université de Lausanne user on 06/21/2024

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2023.0997?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.0997
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2023.0997?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.0997
https://dx.doi.org/10.1002/alz.12132
https://dx.doi.org/10.1002/ana.20009
https://dx.doi.org/10.1016/j.neurobiolaging.2016.07.012
https://dx.doi.org/10.1016/j.neurobiolaging.2016.07.012
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2016.3751?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.0997
https://dx.doi.org/10.1186/s13195-016-0228-4
https://dx.doi.org/10.1159/000478007
https://dx.doi.org/10.1159/000478007
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2018.1346?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.0997
https://dx.doi.org/10.1007/s00259-019-04297-5
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2019.2000?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.0997
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2019.2000?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.0997
https://dx.doi.org/10.3233/ADR-190150
https://dx.doi.org/10.1016/j.jalz.2013.01.002
https://dx.doi.org/10.1016/j.jalz.2018.02.022
https://dx.doi.org/10.1016/j.jalz.2019.07.003
https://dx.doi.org/10.1136/jnnp.73.4.390
https://dx.doi.org/10.3233/JAD-132306
https://dx.doi.org/10.1016/j.jalz.2018.09.003
https://dx.doi.org/10.1016/j.jalz.2018.09.003
https://dx.doi.org/10.4236/jbise.2011.411090
https://dx.doi.org/10.1002/alz.12696
https://dx.doi.org/10.1016/j.jalz.2012.07.003
https://dx.doi.org/10.1016/S1474-4422(17)30159-X
https://dx.doi.org/10.1016/S1474-4422(17)30159-X
https://dx.doi.org/10.1111/jgs.17390
https://dx.doi.org/10.1111/jgs.17530
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2021.5216?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.0997
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2021.5216?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.0997
https://dx.doi.org/10.1016/j.jalz.2014.01.001
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamanetworkopen.2022.50921?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.0997
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamanetworkopen.2022.50921?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.0997
https://dx.doi.org/10.1186/s13195-021-00827-2
https://dx.doi.org/10.2967/jnumed.122.264256
https://dx.doi.org/10.1007/s00259-020-05187-x
https://dx.doi.org/10.1007/s00259-020-05187-x
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.0997

