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 Abstract 
  Aims:  To evaluate the impact of amyloid PET imaging on diagnosis and patient management 
in a multicenter, randomized, controlled study.  Methods:  Physicians identified patients seek-
ing a diagnosis for mild cognitive impairment or dementia, possibly due to Alzheimer disease 
(AD), and recorded a working diagnosis and a management plan. The patients underwent 
florbetapir PET scanning and were randomized to either immediate or delayed (1-year) feed-
back regarding amyloid status. At the 3-month visit, the physician updated the diagnosis and 
recorded a summary of the actual patient management since the post-scan visit. The study 
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examined the impact of immediate versus delayed feedback on patient diagnosis/manage-
ment at 3 and 12 months.  Results:  A total of 618 subjects were randomized (1:   1) to immedi-
ate or delayed feedback arms, and 602 subjects completed the 3-month primary endpoint 
visit. A higher proportion of patients in the immediate feedback arm showed a change in 
diagnosis compared to the controls (32.6 vs. 6.4%;  p  = 0.0001). Similarly, a higher proportion 
of patients receiving immediate feedback had a change in management plan (68 vs. 55.5%; 
 p  < 0.002), mainly driven by changes in AD medication. Specifically, acetylcholinesterase in-
hibitors were prescribed to 67% of the amyloid-positive and 27% of the amyloid-negative 
subjects in the information group compared with 56 and 43%, respectively, in the control 
group ( p  < 0.0001). These between-group differences persisted until the 12-month visit. 
 Conclusion:  Knowledge of the amyloid status affects the diagnosis and alters patient man-
agement.  © 2017 The Author(s)

Published by S. Karger AG, Basel 

 Introduction 

 The diagnostic algorithm for Alzheimer disease (AD) has traditionally been based on 
identification of patients with a core clinical syndrome, especially memory impairment, plus 
exclusion of alternate potential etiologies based on MRI and laboratory tests  [1] . However, a 
number of alternative conditions including advanced age  [2] , geriatric depression, and slowly 
progressive medial temporal pathology  [3–5]  can cause an amnestic syndrome that can be 
confused with mild AD. Conversely, AD pathology may not always result in an amnestic 
phenotype  [6] . Consequently, a clinical diagnosis of AD is reported to be only 70–80% accurate 
by comparison to neuropathological examination, and up to 20% of clinically diagnosed AD 
patients do not have AD pathology at autopsy  [7, 8] .

  Biomarkers may provide a useful adjunct to a comprehensive clinical examination, 
helping to identify pathologies that may contribute to the cognitive impairment  [9–12] . The 
development of PET (positron emission tomography) imaging biomarkers that bind to 
fibrillar β-amyloid (Aβ), including Pittsburgh compound B ( 11 C-PiB)  [13] , florbetaben ( 18 F) 
 [14] , flutemetamol ( 18 F)  [15] , and florbetapir ( 18 F)  [16, 17] , has made it possible to estimate 
whether or not a given patient has moderate-to-frequent neuritic amyloid plaques, a required 
feature for the pathological diagnosis of AD. At least five groups have now begun exploring 
the potential impact of amyloid PET imaging biomarkers on diagnosis and management in a 
clinical setting  [18–25] . These studies have consistently reported that knowledge of the Aβ 
status could change the diagnosis in the direction of the scan result, improve physicians’ 
confidence in their diagnosis, and change treatment. However, these studies have been 
limited in various ways. In some cases, physicians were asked retrospectively how the scan 
results did, or might have, changed the diagnosis and management, rather than prospec-
tively assessing a management plan prior to and after the scan information  [22, 23] . In other 
studies, physicians reported management plans prior to and after receiving the scan results, 
but a follow-up was not conducted to determine what diagnostic tests and medications the 
patients actually received  [19] . Simultaneous unblinding to Aβ status and other biomarker 
data (e.g., FDG) also confounds the interpretation of several studies  [21, 22] . Most important, 
none of these studies included a control group to prospectively evaluate how physicians 
actually diagnosed and managed similar patients in the absence of amyloid imaging infor-
mation.

  The current study is therefore the first prospective, randomized, controlled multicenter 
study to evaluate the impact of amyloid imaging on diagnosis and management in patients 
with cognitive impairment suspected to be related to AD.
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  Subjects and Methods 

 Participants 
 This study was conducted at a total of 60 centers in France, Italy, and the USA and included 618 patients, 

50–90 years of age, with evidence for late-life progressive cognitive decline (mild cognitive impairment [MCI] 
or dementia with an MMSE score  ≥ 16) for whom the cause of the impairment was uncertain (<85% certain), 
but a diagnosis of AD was considered possible ( ≥ 15% likely). All patients had either completed a diagnostic 
evaluation for cognitive decline within 18 months prior to enrollment, or were currently undergoing evalu-
ation. Patients currently undergoing evaluation were to be enrolled in the study at a point when the treating 
physician judged that amyloid imaging would be clinically appropriate. All patients had a study partner who 
consented to participate as an informant.

  A patient was excluded from enrollment if the patient or physician knew the result of a previous amyloid 
scan; if the patient had a known brain lesion, pathology, or alternative diagnosis that strongly explained the 
patient’s clinical presentation; if the patient had a current serious or unstable illness or a life expectancy <1 
year; or if the patient had previously participated in an experimental study with an amyloid-targeting agent 
(e.g., anti-amyloid immunotherapy, γ-secretase or β-secretase inhibitor). Additionally, patients were 
excluded if they were under the care of the physician exclusively for the purposes of a trial; patients were 
only enrolled if they were referred, walk-in patients, or existing patients of the physician/practice, such that 
the physician/practice took primary responsibility for management of the cognitive deficit over the course 
of the trial. Neither the patients nor the physicians were formally required to meet the appropriate use 
criteria  [26] . However, similar to a previous study  [27] , the patients and physicians met the spirit of the 
criteria in that there was  ≥ 15% uncertainty regarding the patient diagnosis/etiology, and the principal inves-
tigators/institutions were predominantly experienced in AD research and included neurologists, psychia-
trists, and geriatricians who had a range of clinical experience.

  This protocol was approved by the relevant ethics committees and regulatory authorities. The study 
procedures and risks were explained in advance, and written informed consent was given by the patient or 
a legally authorized representative.
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  Fig. 1.  Study design. A18 study design and flow. FU, follow-up. 
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  Procedures 
  Figure 1  shows the design of this study. The physicians and patients were made aware of the controlled 

study design, but they were not aware beforehand which group (information/control) the patient would be 
randomized to. Upon enrollment of a patient, the treating physician completed a diagnostic worksheet, 
providing
  • a working diagnosis, 
 • a degree of certainty for that diagnosis, 
 • a diagnostic testing plan including plans for any additional laboratory, imaging, or neuropsychological 

tests, or plans for referral to other specialists for diagnostic testing, and 
 • a management plan including plans for changes in AD medications, changes in other medications with 

the goal of management of cognitive impairment (e.g., dose changes for beta blockers), plans for referral 
to a clinical trial, or plans for a follow-up visit for reevaluation. 

 The patients/informants then completed a battery of study-specific tests assessing cognition (ADAS-Cog, 
MMSE) and function (Functional Activities Questionnaire [FAQ]), as well as mood, anxiety, and quality of life 
(GDS, GAD-7, QoL-AD, EQ-5D, Resource Utilization in Dementia instrument, Zarit Burden Interview, and Self-
Efficacy Scale). These study-specific tests were not used in the diagnostic process, and the ADAS was 
completed with an independent rater, blinded to other clinical and diagnostic results. The treating physician 
was blinded to the ADAS results, unless the ADAS was otherwise part of the standard of care at that center. 
No additional diagnostic testing was to be performed until after the florbetapir PET amyloid imaging visit. 

 Within 30 days of completing the baseline evaluation, the subjects underwent amyloid PET imaging. A 
10-min PET acquisition (2 frames of 5 min) was conducted 50 min after administration of 370 MBq flor-
betapir ( 18 F). The PET data were reconstructed with an iterative or row-action maximum likelihood algo-
rithm with an image size of a 128 × 128 or 200 × 200 matrix, a pixel size of 2–2.67 × 2–2.67 mm, a slice 
thickness of 2–4.25 mm, and a post-reconstruction gaussian filter of 3–5 mm or a relaxation parameter of a 
normal or sharp filter, then interpreted as either amyloid positive (Aβ+) or amyloid negative (Aβ–) by a 
central reader. The patients were then randomized to have their treating physician informed of the PET 
amyloid status either immediately (information condition) or at the end of the study, 1 year later (control 
condition). Upon receiving (or not receiving) the PET scan results, the physicians again completed the diag-
nostic worksheet, providing a working diagnosis, the degree of certainty for that diagnosis, a diagnostic 
testing plan, and a management plan, and proceeded to manage the patient without study restrictions for a 
period of 3 months.

  Approximately 3 months after the baseline visit, the patient and their study partner returned to the 
clinic. The treating physician reviewed the patient’s medical record and recorded the actual status of diag-
nosis and management of the patient in the 3 months since the baseline visit, including the actual diagnosis 
and confidence level at the time of the 3-month visit, additional diagnostic tests performed since the baseline 
visit, any AD medications actually prescribed, changes in other medications implemented with the goal of 
management of cognitive impairment (e.g., dose changes for beta blockers), referrals made to a clinical trial, 
and follow-up visits actually conducted for diagnostic reevaluation. The patient and the informant then 
completed the same battery of functional and quality-of-life tests performed at baseline (except for the 
ADAS).

  The patient and the informant returned again to the clinic for a final visit 1 year after the baseline assess-
ments. Prior to this visit, and prior to receiving the amyloid PET results for the patients in the control group 
(delayed information), the physician reviewed the medical record and again recorded the actual diagnosis 
and management of the patient. The cognitive, functional, and quality-of-life assessments were repeated at 
the final visit, and the physicians were allowed to discuss the amyloid PET results with those patients who 
had not previously received them and to devise modified treatment plans if necessary.

  Statistical Analyses 
 The primary objective of this study was to determine whether knowledge of the florbetapir PET amyloid 

status altered patient management, and specifically whether the proportion of patients with a change in a 
predefined composite of management items would be significantly greater in the information group than in 
the control group. For the purpose of this analysis, the composite was considered positive if the actual 
management in the 3 months after scanning reflected a change from the physician’s pre-scan (baseline) 
management plan for any of the following patient management options:
  1. Major diagnostic tests, e.g., structural imaging (brain CT or MRI), lumbar puncture, FDG-PET, SPECT, 

and genetic testing 
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 2. Initiation or cessation of AD medications, or initiation or cessation of other medications/treatments, 
with the intent of improving cognition 

 3. Neuropsychological testing that was conducted outside the clinical interview setting and involved 
either referral to a specialist or >2 neuropsychological tests 

 4. Physician follow-up for diagnostic reevaluation of cognitive impairment (visits conducted for routine 
patient monitoring, and visits conducted in response to a change in health status or further decline, were 
recorded as health outcomes, but they were not included in the composite) 

 5. Referral to a specialist for further evaluation and treatment of the underlying cause of the patient’s 
cognitive decline (e.g., referral to a psychiatrist for evaluation of depressive or psychotic symptoms) 

 A Pearson χ 2  test was used to test whether the difference in the proportion of subjects with a change in 
management from the baseline plan to the actual management 3 months after baseline between the infor-
mation and the control arm was statistically significant. 

 Planned secondary analyses similarly analyzed between-group differences in change of individual items 
and subcomponents of the primary management composite, as well as changes in counseling and referral to 
support groups over the 3 months after baseline and again at the 12-month time point. Between-group differ-
ences in change in diagnosis and change in diagnostic confidence were evaluated at 3 and 12 months using 
Pearson’s χ 2  test, and mixed model repeated measures adjusted for confounding factors for diagnosis and for 
confidence, respectively.

  Exploratory analyses also compared changes in health outcomes, quality of life, and psychometric test 
results from baseline to month 12 in the information and control groups using mixed model repeated 
measures adjusted for confounding factors, as well as Fisher’s exact test to assess the individual categories 
of the EQ-5D. Logistic regression with a generalized estimating equation to account for within-subject corre-
lations was conducted to compare changes in the planned prescription of acetylcholinesterase inhibitors 
(AChE-I) from baseline to the 3- and 12-month follow-ups between the study arms by amyloid status.

  The primary analysis population for all analyses included all patients with evaluable data at the relevant 
time point. However, subgroup analyses were also conducted to separately evaluate trends in the three coun-
tries, and, where appropriate, in amyloid-positive versus amyloid-negative subjects.

Information
group
(n = 308)

Control 
group
(n = 310)

Total
(n = 618)

Country
France 87 (28.2) 87 (28.1) 174 (28.2)
Italy 109 (35.4) 112 (36.1) 221 (35.8)
USA 112 (36.4) 111 (35.8) 223 (36.1)

Age, years 73.1 ± 8.2 72.7 ± 7.94 72.9 ± 8.07
Female 142 (46.1) 160 (51.6) 302 (48.9)
Racea

African-American 4 (1.3) 2 (0.6) 6 (1.0)
Caucasian 214 (69.5) 220 (71.0) 434 (70.2)
Other 3 (1.0) 1 (0.3) 4 (0.6)

Education, yearsb 12.0 ± 4.2 11.8 ± 4.3 12.1 ± 4.21
Aβ+ 192 (62.3) 201 (64.8) 393 (63.6)
ADAS-Cog score 15.9 ± 8.18 16.1 ± 9.12 16.0 ± 8.66
MMSE score 24.0 ± 3.63 23.9 ± 3.98 23.9 ± 3.80
 Cognitive status

MCI 171 (55.5) 171 (55.2) 342 (55.3)
Dementia 137 (44.5) 139 (44.8) 276 (44.7)

 Values are presented as the mean ± SD or n (%). Aβ, amyloid beta; 
MCI, mild cognitive impairment. a Regulations in France do not allow 
collecting information on race. b Educational years derived as the 
following: “elementary school” = 6, “middle school” = 8, “high school” = 
12, “college/university” = 16, “postgraduate” = 20, “other” = 12.4.

 Table 1.  Baseline demographics 
of the study population
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  Finally, the 12-month follow-up period also provided an opportunity to evaluate the progression of 
cognitive change in amyloid-positive and amyloid-negative subjects, independent of whether or not the 
investigator/subject received information regarding the scan interpretation (Aβ+/Aβ–). Demented and MCI 
patients were examined separately. The primary analysis compared the change from baseline ADAS-Cog 
score in Aβ+ versus Aβ– MCI subjects, with baseline ADAS-Cog score and age as covariates.

  Results 

  Table 1  shows the demographics of the patients enrolled. There were no significant 
demographic differences between the subjects in the information group and those in the 
control group. A slightly greater proportion of patients were enrolled in the USA and Italy 
than in France. The average patient age was 72.9 years, and 63.6% of the patients were 
amyloid positive by PET scan.  Table 2  details the baseline (pre-scan) diagnoses. There was 
no significant difference in the distribution of diagnoses between the information and the 
control group. Online supplemental Table S1 (for all online suppl. material, see www.
karger.com/doi/10.1159/000478007) provides historical information about the prior 
workup of the patients (i.e., before the study) with regard to major diagnostic tests (e.g., struc-
tural imaging, FDG-PET, CSF, etc.). These tests were generally balanced between the two 
groups. Prior structural imaging (CT or MRI) was completed for a majority of the patients 
(control group: 80.9%; information group: 81.3%). Interestingly, CSF and FDG-PET data were 
available for up to 20.0 and 27.0% of the patients, respectively; yet the investigators still 
expressed uncertainty in the diagnosis and entered the subjects in this study to receive 

 Table 2. Detailed baseline diagnoses

All (n = 618) Information group (n = 308)  Control group (n = 310)

Aβ+
(n = 393)

Aβ–
(n = 225)

Aβ+
(n = 192)

Aβ–
(n = 116)

 Aβ+
(n = 201)

Aβ–
(n = 109)

AD total 326 (83.0) 138 (61.3) 158 (82.3) 67 (57.8) 168 (83.6) 71 (65.1)
Typical AD or dementia of the

Alzheimer type 199 (50.6) 79 (35.1) 96 (50.0) 38 (32.8) 103 (51.2) 41 (37.6)
Mixed dementia with AD 34 (8.7) 22 (9.8) 19 (9.9) 12 (10.3) 15 (7.5) 10 (9.2)
Lewy body variant of AD 7 (1.8) 20 (0.9) 3 (1.6) 1 (0.9) 4 (2.0) 1 (0.9)
Atypical AD 86 (21.9) 35 (15.6) 40 (20.8) 16 (13.8) 46 (22.9) 19 (17.4)

Indeterminate total 17 (4.3) 26 (11.6) 8 (4.2) 14 (12.1) 9 (4.5) 12 (11.0)

Non-AD total 50 (12.7) 61 (27.1) 26 (13.5) 35 (30.2) 24 (11.9) 26 (23.9)
Vascular etiology 4 (1.0) 8 (3.6) 2 (1.0) 7 (6.0) 2 (1.0) 1 (0.9)
Structural lesionsa 2 (0.5) 1 (0.4) 2 (1.0) 0 (0.0) 0 (0.0) 1 (0.9)
Other, please specify 6 (1.5) 2 (0.9) 4 (2.1) 1 (0.9) 2 (1.0) 1 (0.9)
Not AD, but etiology uncertain 13 (3.3) 11 (4.9) 5 (2.6) 7 (6.0) 8 (4.0) 4 (3.7)
Mixed etiology without AD 2 (0.5) 4 (1.8) 1 (0.5) 0 (0.0) 1 (0.5) 4 (3.7)
Medication inducedb 1 (0.3) 2 (0.9) 0 (0.0) 2 (1.7) 1 (0.5) 0 (0.0)
Lewy body disease 4 (1.0) 2 (0.9) 2 (1.0) 1 (0.9) 2 (1.0) 1 (0.9)
Frontotemporal disease 9 (2.3) 19 (8.4) 5 (2.6) 11 (9.5) 4 (2.0) 8 (7.3)
Depression/anxiety/psychosis 9 (2.3) 11 (4.8) 5 (2.6) 6 (5.2) 4 (2.0) 5 (4.6)
Alcohol-related impairment 0 (0.0) 1 (0.4) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.9)

Values are presented as n (%). The bold figures in parentheses per column add up to 100%. The detailed baseline diagnoses shown 
in this table were made by physicians prior to receiving the florbetapir PET scan results. The diagnoses were retroactively grouped 
according to amyloid status within the study arms. Aβ, amyloid beta; AD, Alzheimer disease. a Brain tumor, hydrocephalus, brain 
trauma, etc. b Anticholinergics, antidepressants, antianxiety medications, narcotics, etc.
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amyloid PET scans. In both the information and the control condition, the proportion of 
amyloid-positive PET scans was higher among patients classified as having impairment due 
to AD than among patients thought to have a non-AD etiology of impairment.

   Tables 3  and  4  summarize the changes (shifts) in diagnoses from baseline to the 3- and 
12-month visits, respectively. The diagnoses in the information group changed in a direction 
consistent with the scan result that had been reported to the physician. Thus, for example, the 
month 3 diagnosis was changed to an AD etiology for 23/25 (92.0%) amyloid-positive subjects 
initially diagnosed as non-AD, and to a non-AD etiology for 53/65 (81.5%) amyloid-negative 
subjects initially diagnosed as having an impairment due to AD. In contrast, the month 3 diag-
noses in the control group were largely unchanged from the baseline diagnoses. Thus, 21/22 
(95.5%) amyloid-positive control patients initially diagnosed as non-AD and 62/67 (92.5%) 
amyloid-negative control patients initially diagnosed with an etiology due to AD retained the 
same diagnosis at the 3-month visit. Overall, a significantly higher proportion of the patients 
who received immediate feedback regarding their amyloid status showed a change in diag-
nosis (98/301 [32.6%] vs. 19/299 [6.4%];  p  = 0.0001). Moreover, these trends were not 
altered by continued follow-up. At the time of the 1-year visit, the initial working diagnosis 
remained unchanged for >92% of the subjects in the control group. Regardless of amyloid 
positivity, there was a significant difference between the information and the control group’s 
changed diagnosis status among patients whose clinical diagnosis was not predicted by the 
amyloid PET scan ( p  < 0.0001).

  The amyloid PET results also altered diagnostic confidence. Across amyloid-positive and 
-negative subjects there was a 20% increase in diagnostic confidence in the information 
group versus a 1% increase in the control group ( p  < 0.001) at the month 3 visit, an effect that 
persisted for up to 1 year ( Table 5 ). Additionally, the exploratory analyses at the end of the 
study after the amyloid scan information had been released to the control group at 12 months 

 Table 3. Shift in diagnostic category from baseline to 3 months

Subjects, n Post-scan diagnosis (at 3 months)

due to AD indeterminate not due to AD

Control group, Aβ+ 194
Due to AD 164 159 (97.0) 0 5 (3.0)
Indeterminate 8 3 (37.5) 5 (62.5) 0 
Not due to AD 22 1 (4.6) 0 21 (95.5)

Information group, Aβ+ 188
Due to AD 155 152 (98.1) 1 (0.6) 2 (1.3)
Indeterminate 8 7 (87.5) 1 (12.5) 0 
Not due to AD 25 23 (92.0) 1 (4.0) 1 (4.0)

Control group, Aβ– 105
Due to AD 67 62 (92.5) 1 (1.5) 4 (6.0)
Indeterminate 12 1 (8.3) 8 (66.7) 3 (25.0)
Not due to AD 26 1 (3.8) 0 25 (96.2)

Information group, Aβ– 113
Due to AD 65 11 (16.9) 1 (1.5) 53 (81.5)
Indeterminate 13 0 3 (23.1) 10 (76.9)
Not due to AD 35 0 0 35 (100)

Values are presented as n (%). The pre-scan diagnostic categories are shown on the left and the new 
diagnostic categories at 3 months are shown in the columns.
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showed changes in diagnosis (in a direction consistent with the scan) and increased diag-
nostic confidence in a manner similar to what was seen for the information group.

  These between-group differences in diagnostic change were accompanied by group 
differences in the probability of change in management relative to the initial plan (the a priori 
primary outcome variable). The actual patient management as recorded at month 3 differed 
from the planned management recorded at baseline in  ≥ 1 of the items in the composite index 
for 204 of 300 subjects (68.0%) in the information group versus 166 of 299 subjects (55.5%) 
in the control group (odds ratio: 1.70;  p  < 0.002;  Table 6 ; see online suppl. Tables S2, S3 for 
greater detail). When controlled for potential confounding factors such as cognitive status 
(MCI/dementia), country, and florbetapir ( 18 F) PET scan result (Aβ+/Aβ–), the composite 
result did not change; the information arm had 1.77 times higher odds ( p  = 0.001) of having 
a change in patient management than the controls.

 Table 4. Shift in diagnostic category from baseline to 12 months

Subjects, n Post-scan diagnosis (12 months)

due to AD indeterminate not due to AD

Control group, Aβ+ 191
Due to AD 162 157 (96.9) 0 5 (3.0)
Indeterminate 8 4 (50.0) 4 (50.0) 0
Not due to AD 21 2 (4.6) 0 19 (90.5)

Information group, Aβ+ 174
Due to AD 143 142 (99.3) 0 1 (0.7)
Indeterminate 7 6 (85.7) 1 (14.3) 0
Not due to AD 24 21 (87.5) 1 (4.2) 2 (8.3)

Control group, Aβ– 103
Due to AD 66 58 (87.9) 2 (3.0) 6 (9.0)
Indeterminate 12 1 (8.3) 8 (66.7) 3 (25.0)
Not due to AD 25 1 (4.0) 0 24 (96.0)

Information group, Aβ– 108
Due to AD 61 10 (16.4) 1 (1.6) 50 (82.0)
Indeterminate 13 1 (7.7) 3 (23.1) 9 (69.2)
Not due to AD 34 0 1 (2.9) 33 (97)

Values are presented as n (%). The pre-scan diagnostic categories are shown on the left and the shift in 
diagnostic category at 12 months is shown in the columns.

 Table 5. Diagnostic confidence

Visit Study arm Subjects, n Baseline LS mean change
from baseline, 
estimate

Change in
information vs.
control, p value

Month 3 Information 277 66.2 (0.63) 20.210 (0.868) <0.001*
Control 278 66.4 (0.61) 1.202 (0.859)

Month 12 Information 259 66.1 (0.65) 20.970 (0.885) <0.001*
Control 272 66.4 (0.62) 2.233 (0.863)

Values are presented as the mean (SE) unless specified otherwise. LS, least squares. * Indicates statistical 
significance at the 0.05 level.
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   Table 6  shows that among the management composite items, changes in AD medication 
showed the greatest differences between the information and the control group (35.7 vs. 
22.1%; odds ratio: 1.96;  p  < 0.001). The AD medication component in the management 
composite included changes in AChE-I (donepezil, rivastigmine, and galantamine), memantine, 
and other medications that were changed in the hope of improving cognition (e.g., modifi-
cation of doses of blood pressure medications). To try to further understand these changes, 
we looked selectively at the prescription of AChE-I, because these are likely the first agents 
prescribed following an AD diagnosis (as opposed to memantine, which is usually added on 
later).  Figure 2  shows that relative to either actual use of AChE-I at baseline or the planned 

 Table 6. Primary endpoint (change at 3 months)

Information group Control group Odds ratio (95% CI) p value

Patient management composite 68 (204/300) 55.5 (166/299) 1.70 (1.22 – 2.38) <0.002
AD medication (AChE-I, mem., other) 35.7 (107/300) 22.1 (66/299) 1.96 (1.36 – 2.81) <0.001
Referral to specialist 30.7 (90/300) 23.4 (70/299) 1.45 (1.01 – 2.08) 0.046
Neuropsychological testing 14.7 (44/300) 9.7 (29/299) 1.60 (0.97 – 2.64) 0.063
Physician follow-up for reevaluation 15 (45/300) 14.1 (42/299) 1.08 (0.69 – 1.70) 0.741
Major diagnostic tests 21 (63/300) 20.4 (61/299) 1.04 (0.70 – 1.54) 0.856

Percentages of patients calculated relative to the total number of patients in the analysis population with eval-
uable data. p value: Pearson’s χ2 test. AD, Alzheimer disease; AChE-I, acetylcholinesterase inhibitors; mem., 
memantine.
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Fig. 2. Impact of amyloid PET information on prescription of AChE-I.  p  values from the logistic regression 
model with generalized estimating equations;  p  < 0.0001 for overall interaction of amyloid status, study arm, 
and visit. Change in medication use from baseline to 3 months and from baseline to 1 year was significantly 
greater for the information group than for the control group as indicated by the following symbols:  *  *   p  < 
0.0001;  *   p  < 0.001;  ‡   p  < 0.01;  †   p  < 0.05. AChE-I use is shown as a percentage of patients at the following time 
points: pre scan baseline (actual use), pre scan physician-recorded planned use, post scan 3 months (actual 
use), and post scan 12 months (actual use). Aβ, amyloid beta; AChE-I, acetylcholinesterase inhibitor.
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use as recorded in the pre-scan management plan, use of AChE-I in the information group 
changed in a direction consistent with the scan result; thus, in the information group, 
prescription of AChE-I at 3 months after baseline had increased from a planned 43% to an 
actual 67% among the Aβ+ patients, but had decreased from a planned 35% to an actual 27% 
among the Aβ– patients. In contrast, in the control group AChE-I use increased relative to the 
baseline plan regardless of the amyloid status ( Fig. 2 ). Moreover, these trends were not 
altered by continued follow-up; the differences in AChE-I use between the information and 
the control group were, if anything, greater 1 year than 3 months after baseline.

  In contrast to the AD medication item, there were no significant differences between the 
information and the control group in major diagnostic test results or conduct of reevaluation 
visits. In both the information and the control group, the majority of change between the 
pre-scan plan and the actual result came about because the planned diagnostic tests and 
follow-up visits were not included in the post-scan plan and were not conducted within the 
3-month follow-up period.

  Although not a prespecified objective due to lack of power, this study also provided an 
opportunity to look for trends with respect to the impact of information on cognitive or health 
outcomes at the 1-year time point. No significant benefit was observed for the information 
group relative to the control group with reference to cognitive change from baseline as 
assessed by the ADAS, MMSE, or FAQ or to quality of life as assessed by the QoL-AD, Caregiver 
Self-Efficacy Scale, EQ-5D, and Zarit Burden Interview.

  Progression of cognitive change was also evaluated in amyloid-positive and amyloid-
negative subjects, independent of whether or not the investigator/subject received infor-
mation regarding the scan interpretation. Overall, there were no significant differences in the 
progression of cognitive change as assessed by change from the baseline ADAS-Cog score 
between Aβ+ and Aβ– MCI ( p  = 0.568) or AD subjects ( p  = 0.763).

  Finally, florbetapir was well tolerated, and there was no evidence of an increased risk 
associated with informing a patient of the amyloid status. The most common adverse events 
reported in the 48 h following PET scanning were headache (2.8%), nausea (0.6%), asthenia 
(0.5%), and fatigue (0.5%). No other event was reported by >1 subject. One suicide attempt 
was reported, but this event occurred 10 months after scanning in an MCI patient randomized 
to the control arm and whose medical history was significant for cardiovascular disease, re-
occurrence of leukemia, and depression.

  With a few exceptions, the trends in the individual countries were generally similar to those 
reported for the study as a whole. There were no significant differences in demographics across 
the countries, except that the subjects in Italy were less well educated and had higher (worse) 
ADAS-Cog scores at baseline than those in France, and especially the USA, whether viewed 
overall or separately for mildly impaired and demented patients (online suppl. Table S4).

  The classification of cases across diagnoses was generally consistent across the coun-
tries, with the exception that US physicians were more likely to use the classifications “inde-
terminate etiology” or “non-AD but etiology uncertain” (supplemental Tables S5–S7). Addi-
tionally, within the AD category, Italian physicians were more likely to enroll patients with a 
pre-scan working diagnosis of typical AD (although the etiology was <85% certain). Interest-
ingly, despite the higher mean ADAS scores, the proportion of patients classified as demented 
was not higher in Italy than in the other countries, suggesting Italian physicians may assign a 
diagnosis of dementia at a later disease stage than do physicians in the other countries. 
Regardless of these minor differences, all three countries showed a change in diagnosis in the 
direction of the scan result in the information but not in the control group (online suppl. 
Tables S5–S7).

  The numerical trends for changes in the management plan within countries were also 
similar to those for the study as a whole, but with lower statistical reliability, in part due to 
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smaller sample sizes. The examination of AChE-I use across the countries did show some 
subtle differences that may reflect differences in the practice of medicine (online suppl. Fig. 
S1). Specifically, prescription of AChE-I at baseline was lower in France than in the other 
countries, and it was particularly high in the USA. All three countries showed an increase in 
prescriptions in the Aβ+ subjects and a decrease or no change in the Aβ– subjects of the infor-
mation group relative to planned use at baseline. However, whereas the prescription of AD 
medications in the control group stayed relatively close to planned treatment in the USA and 
Italy, the prescription of AD medications in France increased compared to the relatively low 
baseline/planned use (online suppl. Fig. S1).

  Discussion 

 This study found that the proportion of patients with a change in management from 
baseline to 3 months for a predefined management composite was significantly greater in the 
information group than in the control group. The analysis of individual items in the 
management composite suggested that the difference between the information and the 
control group was driven largely by the AD treatment component. It is important to note that 
while the changes in AD medication in the control group simply reflected increased 
prescription of AChE-I, the AD medication changes in the information group were in a direction 
consistent with the scan results and were paralleled by a change in diagnosis. Additionally, 
physician confidence in their diagnosis at the 3-month visit was significantly higher in the 
information group than in the control group ( p  < 0.001).

  The difference between the information and the control group with respect to the 
management composite met the study’s primary success criteria. The percentage of patients 
in the information group with changes in the management composite was consistent with the 
results of previous noncontrolled studies  [19] . However, in this study, the percentage of 
subjects with management changes in the control group was larger than might have been 
expected. The analysis of individual components of the management composite suggests that 
these changes were largely driven by changes from planned diagnostic laboratory and neuro-
psychological testing. In both the information and the control group, regardless of amyloid 
status, the proportion of patients completing new diagnostic laboratory or neuropsycho-
logical tests within the 3-month follow-up window was lower than the proportion of patients 
for whom these tests were planned at baseline. In many cases, the change was apparent at the 
post-scan visit and the 3-month visit. This result may reflect the particular design of this 
study, in that the physicians may have been initially inclined to schedule additional testing in 
the absence of availability of amyloid PET (per the pre-scan plan); however, once the scan 
was performed, the physicians may have opted for watchful waiting, knowing that the scan 
result would eventually be available at the end of the study.

  In contrast to the testing component, the AD medication component changed in a direction 
consistent with the scan result in the information group but not in the control group. These 
effects were driven almost entirely by differences in prescription of AChE-I, such as donep-
ezil, with little or no effect seen on prescription of memantine or other medications that might 
incidentally contribute to or alleviate cognitive impairment (e.g., beta-blockers). This was 
expected, since, at present, AChE-I are the first medications prescribed in response to an AD 
diagnosis, and the treatment should be most responsive to information such as amyloid status 
that changes the diagnosis. Importantly, the differences between the information and the 
control group’s use of AChE-I grew, if anything, between 3 months and 1 year, suggesting that 
3 months might have been too short a time to measure the full impact of knowing the amyloid 
status.
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  On the other hand, knowledge of the scan result did not fully determine patient treatment. 
In the information group, 27% of the Aβ– subjects remained on AChE-I despite knowledge of 
the negative scan result. Although lower than the planned use (35%), this is approximately 
the same percentage that was treated at baseline. These results probably reflect a willingness 
to treat some patients with a symptomatic therapy that could have a nonspecific cognition-
enhancing effect even in nonamyloid/non-AD dementias  [28–31] , or an unwillingness to 
withdraw a previously prescribed therapy.

  Together these results suggest that knowledge of the amyloid status can have an important 
effect on treatment management, even when only symptomatic treatments (not directed at the 
core disease pathology) are available. It is reasonable to speculate that knowledge of the 
amyloid status would have a greater impact on the prescribed use of amyloid-directed disease-
modifying therapies, thereby avoiding potentially unnecessary prescriptions for Aβ– patients.

  The above changes in AD medication prescription in the information group paralleled the 
changes in clinical diagnosis. Consistent with a prior study  [19] , in the information group, 
92% of the Aβ+ patients considered to have non-AD-related impairment before the scan were 
diagnosed with impairment due to AD after the scan, and, conversely, 82% of the Aβ– patients 
considered to have impairment due to AD before the scan were diagnosed with non-AD 
impairments after the scan. In the present study there was a relatively infrequent use of the 
“indeterminate” classification for patients with an Aβ– scan result who were initially diag-
nosed with impairment due to AD, compared with the previous study that offered the same 
etiologic classification options (1.5% in the present study vs. 66.7% in the study by Grundman 
et al.  [19] ). This most likely resulted from clearer instructions given the investigators, specif-
ically that the indeterminate classification should be used to indicate that it is not possible to 
choose between AD and non-AD etiology as opposed to indicating that the investigator cannot 
assign a specific etiology to the impairment (i.e., non-AD NOS).

  Importantly, knowledge of the amyloid status led to between-group (information vs. 
control) differences in diagnosis and treatment, with an impact that persisted for 12 months. 
These results also indicate that in the absence of PET scan information, physicians did not 
improve their understanding of the etiology of the impairment by following the patients for 
a period of up to 1 year.

  No significant benefit was observed for the information group relative to the control 
group with reference to cognitive or functional change from baseline. Note, however, that 
these analyses were exploratory and post hoc; the protocol was neither designed nor powered 
for these evaluations. As with any diagnostic test, amyloid imaging is conducted in the context 
of other diagnostic procedures, and is expected to primarily benefit patients who would not 
have otherwise received the correct diagnosis – and particularly those who would not 
otherwise have received AChE-I therapy for AD. Considering the short duration of follow-up 
(1 year) and the fact that it is necessary to account for heterogeneity in disease etiology, 
amyloid status, level of severity (MCI/dementia), and previous/ongoing therapy, the potential 
subset of subjects with an expected benefit is too small for meaningful evaluation taken alone, 
and constitutes too small a percentage of the overall study population, to lead to between-
group (information vs. control) differences.

  The present study also provided the opportunity to evaluate the prognostic implications 
of an amyloid scan, independent of the value of the scan feedback. Previous studies had shown 
that amyloid-positive MCI patients with an AD-like presentation deteriorated significantly 
faster than amyloid-negative patients over a period of 18 months to 3 years  [32] . The second 
primary analysis in the present study tested whether this pattern would be true for MCI 
patients with an uncertain etiology. There was no significant difference in 1-year change from 
the baseline ADAS score in the overall population, although a trend ( p  < 0.07) in the expected 
direction was obtained in the US population.
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  The lack of a difference in cognitive outcome between the Aβ+ and the Aβ– group in the 
present study may be partly due to the relatively short duration of follow-up, but may also 
reflect the variability across countries in the population enrolled. In particular the MCI 
subjects in the Italian cohort (where Aβ– MCI subjects showed more rapid cognitive deterio-
ration on the ADAS) were less well educated in years and more impaired at baseline (online 
suppl. Table S4) than the MCI subjects in the USA (where Aβ– MCI subjects showed minimal 
cognitive deterioration). This raises the possibility that in the USA, MCI patients were entered 
into the trial as having an uncertain diagnosis not because they had a complicated presen-
tation, but because they were very early in the disease and thus difficult to diagnose. In a 
population with an uncomplicated presentation, an Aβ– scan may predict a slowly progressive 
impairment due, for example, to aging/primary age-related tauopathy  [33] . In contrast, MCI 
patients in Italy were likely more advanced in the disease and were being enrolled almost 
entirely at tertiary centers, and thus their uncertain diagnosis may have come from a more 
complex presentation (despite working diagnoses that frequently included AD). In such 
patients, a negative amyloid scan may reflect the presence of another non-AD progressive 
neurodegenerative disorder.

  Finally, this study evaluated the potential risks of informing the patient of the amyloid 
status. There were no significant between-group differences in depression or anxiety 
symptoms, treatment-emergent adverse events or serious adverse events, psychotropic drug 
use or psychiatric events, or other medical events over the course of the trial beyond the 
treatment window. One suicide attempt was reported, but this event occurred in a patient 
randomized to the control group and whose medical history was significant for leukemia, 
cardiovascular disease, and depression.

  In conclusion, this was the first randomized, controlled, prospective study to look at the 
impact of amyloid imaging on diagnosis as well as actual patient management and outcomes. 
Physicians’ access to PET scan results changed the diagnosis in a direction consistent with the 
scan. The changes in patient management were greater in the information group, which 
immediately received the amyloid PET scan results, than in the control group. The group 
difference in management composite outcome was driven by changes in AD medication, 
particularly in AChE-I use, in a direction consistent with the scan. There were no group differ-
ences in cognitive performance or health outcomes at 1 year. There was no evidence that 
being randomized to the information group was associated with increased safety risk.
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