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IMPORTANCE Amyloid positron emission tomography (PET) detects amyloid plaques
in the brain, a core neuropathological feature of Alzheimer disease.

OBJECTIVE To determine if amyloid PET is associated with subsequent changes in
the management of patients with mild cognitive impairment (MCI) or dementia
of uncertain etiology.

DESIGN, SETTING, AND PARTICIPANTS The Imaging Dementia—Evidence for Amyloid Scanning
(IDEAS) study was a single-group, multisite longitudinal study that assessed the association
between amyloid PET and subsequent changes in clinical management for Medicare
beneficiaries with MCI or dementia. Participants were required to meet published
appropriate use criteria stating that etiology of cognitive impairment was unknown,
Alzheimer disease was a diagnostic consideration, and knowledge of PET results was
expected to change diagnosis and management. A total of 946 dementia specialists at 595
US sites enrolled 16 008 patients between February 2016 and September 2017. Patients were
followed up through January 2018. Dementia specialists documented their diagnosis and
management plan before PET and again 90 (£30) days after PET.

EXPOSURES Participants underwent amyloid PET at 343 imaging centers.

MAIN OUTCOMES AND MEASURES The primary end point was change in management between
the pre- and post-PET visits, as assessed by a composite outcome that included Alzheimer
disease drug therapy, other drug therapy, and counseling about safety and future planning.

The study was powered to detect a 30% or greater change in the MCl and dementia groups.
One of 2 secondary end points is reported: the proportion of changes in diagnosis (from
Alzheimer disease to non-Alzheimer disease and vice versa) between pre- and post-PET visits.

RESULTS Among 16 008 registered participants, 11409 (71.3%) completed study procedures
and were included in the analysis (median age, 75 years [interquartile range, 71-80]; 50.9%
women; 60.5% with MCI). Amyloid PET results were positive in 3817 patients with MCI
(55.3%) and 3154 patients with dementia (70.1%). The composite end point changed in 4159
of 6905 patients with MCI (60.2% [95% Cl, 59.1%-61.4%]) and 2859 of 4504 patients with
dementia (63.5% [95% Cl, 62.1%-64.9%]), significantly exceeding the 30% threshold in each
group (P < .001, 1-sided). The etiologic diagnosis changed from Alzheimer disease to
non-Alzheimer disease in 2860 of 11409 patients (25.1% [95% Cl, 24.3%-25.9%]) and from
non-Alzheimer disease to Alzheimer disease in 1201 of 11409 (10.5% [95% Cl, 10.0%-11.1%]).

CONCLUSIONS AND RELEVANCE Among Medicare beneficiaries with MCl or dementia of
uncertain etiology evaluated by dementia specialists, the use of amyloid PET was associated
with changes in clinical management within 90 days. Further research is needed to

determine whether amyloid PET is associated with improved clinical outcomes.
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Association Between Amyloid PET and Change in Care of Patients With Mild Cognitive Impairment or Dementia

he development of positron emission tomography (PET)

ligands that detect amyloid-f3 (AB) plaques, a core neu-

ropathological feature of Alzheimer disease,' has had a
major effect on Alzheimer disease clinical research and drug
development.?3 Amyloid PET could also be a useful clinical
tool in the diagnostic assessment of patients with cognitive
decline.* The diagnosis of Alzheimer disease and related dis-
orders based on clinical criteria has limited sensitivity and
specificity compared with autopsy.® The addition of amyloid
PET to the clinical assessment could enhance diagnostic ac-
curacy, although AB deposition also occurs in the setting of
other neurodegenerative disorders and in cognitively normal
older adults.®”

Three AP tracers—fluorine 18 (**F)-labeled florbetapir, 8F-
labeled flutemetamol, and ®F-labeled florbetaben—have been
approved for clinical use in the United States and other coun-
tries. In PET-to-autopsy studies performed with these tracers
in end-of-life populations, PET scans performed during life had
88% to 98% sensitivity and 80% to 95% specificity for detect-
ing moderate-frequent (according to the Consortium to Estab-
lish a Registry for Alzheimer’s Disease scale®) neuritic amy-
loid plaques at autopsy.® ! However, reimbursement of amyloid
PET by third-party payers has been limited. In 2013 the US Cen-
ters for Medicare & Medicaid Services concluded that there was
insufficient evidence to justify routine coverage of amyloid PET
but agreed to provide coverage with evidence development in
studies investigating whether amyloid PET improves health
outcomes, including short-term outcomes related to changes
in management as well as longer-term dementia outcomes.'?

The Imaging Dementia—Evidence for Amyloid Scanning
(IDEAS) Study is a US-wide study assessing the utility of amy-
loid PET in Medicare beneficiaries who meet appropriate use
criteria for amyloid PET.!3>!* The first aim of the study, the re-
sults of which are reported in this article, was to evaluate the
association between amyloid PET and subsequent change in
clinical management.

Methods

Study Oversight and Design

The study was managed by the American College of Radiol-
ogy (ACR) under a central institutional review board (IRB) (Ad-
varra, formerly Schulman Associates). A number of sites re-
quired local IRB approval. Written informed consent from
participating dementia and imaging specialists was obtained
by the ACR. Written informed consent for patient participa-
tion was obtained by the dementia specialist, either directly
from the patient or, in instances in which the specialist deter-
mined that the patient lacked capacity to consent, from a le-
gally authorized representative, with patient assent.

The study was designed as a single-group, multisite lon-
gitudinal study to assess the clinical utility of amyloid PET in
cognitively impaired patients who met appropriate use crite-
ria for clinical amyloid PET.'*!* The full protocol, including tem-
plate consent forms, is available in Supplement 1; pre-PET and
post-PET case report forms are available in Supplement 2 and
Supplement 3, respectively.
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Key Points

Question Is use of amyloid positron emission tomography (PET)
associated with subsequent change in the management of
patients with mild cognitive impairment (MCI) or dementia of
uncertain etiology?

Findings In this longitudinal study that included 11409 participants
with MCl or dementia of uncertain cause, patient management 90
days after amyloid PET changed (compared with the pre-PET plan) in
60.2% of patients with MCI and 63.5% of patients with dementia.

Meaning Amyloid PET was associated with changes in the
subsequent management of diagnostically challenging patients
with cognitive disorders.

Study Population

Participating dementia specialists were recruited through pro-
fessional societies, the Alzheimer’s Association, industry part-
ners, and media outreach. Per the appropriate use criteria, a
dementia specialist was defined as a physician board certi-
fied in neurology, psychiatry, or geriatric medicine who de-
votes 25% or more of patient contact time to the evaluation
and care of acquired cognitive impairment.'* The imaging spe-
cialists who interpreted scans were required to have board cer-
tification in diagnostic radiology or nuclear medicine and to
have successfully completed vendor-provided training for in-
terpreting amyloid PET scans.

Patients were recruited by dementia specialists from their
clinical practices. Eligible patients were Medicare beneficia-
ries aged 65 or older, English or Spanish speaking, with a diag-
nosis of mild cognitive impairment (MCI) or dementia estab-
lished by a dementia specialist within the past 24 months. All
patients were required to have completed a comprehensive di-
agnostic assessment, including global cognition assessed via the
Mini-Mental State Examination (range, O [worst] to 30 [best])
or Montreal Cognitive Assessment (range, O [worst] to 30 [best])
at the time of enrollment, laboratory testing within the past 12
months, and head computed tomography or magnetic reso-
nance imaging within the past 24 months. Patients were fur-
ther required to meet appropriate use criteria for amyloid PET:
(1) the etiologic cause of cognitive impairment remained un-
certain after a comprehensive evaluation by the dementia spe-
cialist; (2) Alzheimer disease was a diagnostic consideration; and
(3) knowledge of amyloid PET status was expected to alter di-
agnosis and management.!® Patients were excluded if amyloid
status was already known based on prior PET or cerebrospinal
fluid (CSF) analysis or if learning amyloid status could, in the
opinion of the specialist, cause significant psychological harm.
The complete inclusion and exclusion criteria are listed in the
study protocol in Supplement 1. To avoid disproportionate re-
cruitment from any single referring specialist, the maximum en-
rollment for an individual clinician was limited to 160 patients
for the patient management aim and 250 for the entire study.

To compare the diversity of the study cohort with that of the
general population of Medicare beneficiaries, participant race and
ethnicity were classified by the dementia specialists or their des-
ignees (ie, study coordinator or practice administrator) into at
least 1 race category (American Indian, Alaskan Native, Asian,
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black or African American, Native Hawaiian or Pacific Islander,
white, not reported, unknown) and at least 1 ethnicity category
(not Hispanic or Latino, Hispanic or Latino, not reported, un-
known). The protocol and registration form did not specify how
race or ethnicity should be ascertained.

Study Procedures

Pre-PET Assessment

Dementia specialists completed a pre-PET case report form
(Supplement 2) that described the patient’s demographics, pri-
mary etiologic diagnosis, physician confidence that Alzheimer
disease pathology was contributing to cognitive impairment
(scalerange, 1[definitely not] to 10 scale [certain]), and the phy-
sician’s intended management plan if he or she had no access to
amyloid PET. Elements of the management plan recorded in the
casereport formincluded use of medications approved for symp-
tomatic treatment of Alzheimer disease (ie, cholinesterase inhibi-
tors or memantine); use of other pertinent drugs not specific to
Alzheimer disease (drugs that affect cognition, mood, or behav-
ior and drugs used to treat other neurologic conditions or address
dementiarisk factors); counseling about safety (eg, home safety,
medication monitoring, driving) and future planning (eg, medi-
cal and financial decision making, advance directives). Plans for
referrals to patient/caregiver support resources, other special-
ists, and additional diagnostic testing were also recorded.

PET Acquisition, Interpretation, and Disclosure

Amyloid PET was completed within 30 days of the pre-PET
assessment at accredited imaging facilities with 1 of 3 US Food
and Drug Administration (FDA)-approved A ligands following
published practice guidelines.' Scans were interpreted by par-
ticipating imaging specialists using approved reading method-
ologies for each tracer.®!! Based on FDA guidelines, scans were
interpreted dichotomously as “negative” (white matter retention
only) or “positive” (cortical tracer retention). PET results were dis-
closed to patients by the dementia specialists, who could then rec-
ommend changes to the pre-PET management plan. Disclosure
of PET results and immediate management changes occurred as
part of clinical care (ie, outside of designated study visits).

Post-PET Assessment
An additional follow-up visit with the referring dementia spe-
cialist was required 90 (+30) days after the PET scan. At this visit,
the referring specialist completed the post-PET case report form
(Supplement 3), documenting the implemented patient man-
agement plan as well as changes in diagnosis and diagnostic
confidence. Specialists were specifically asked whether PET
results informed each post-PET management item. The post-
PET period of 90 days was selected to allow sufficient time to
implement care recommendations after the PET scan but to pro-
vide a short enough time window to minimize the influence of
other events (unrelated to PET) on patient management.
Patient deaths that occurred between registration and the
post-PET visit were reported by the referring specialist on the
post-PET form. To monitor for any potential suicides related
tolearning amyloid status, each reported death prompted a call
from a study team physician (G.D.R, B.E.H., B.A.S.) to the re-
ferring dementia specialist to determine the cause of death.
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End Points

Primary End Point

The primary end point was change between pre-PET and
90-day post-PET patient management in 1 or more of the fol-
lowing: Alzheimer disease drug therapy; other drug therapy;
or counseling about safety and future planning. These ele-
ments were selected because they collectively represent the
foundation of a comprehensive treatment plan for cognitive
disorders.'® For each category, change was defined as start-
ing, stopping, or modifying (eg, adjusting dose of an existing
medication) that element of the treatment plan when com-
paring the pre-PET and post-PET reported information.

Secondary End Point
The secondary end point reported in this article was change
in diagnosis (from Alzheimer disease to non-Alzheimer dis-
ease and vice versa) between pre- and post-PET visits.
Additional prespecified end points related to the study’s
first aim and not reported here include frequency of reduc-
tion in unnecessary diagnostic tests and Alzheimer disease
drug therapy at the individual patient level (secondary out-
come) and identification of specific scenarios in which use
of amyloid PET is associated with the greatest rate of change
in patient management (exploratory outcome). The second
aim of the study, which is ongoing, uses Medicare claims to
assess 1-year hospitalization rates and emergency depart-
ment visits (as well as additional health outcomes) in study
participants and compare them with a matched control
group of Medicare beneficiaries who have not undergone
amyloid PET.

Statistical Analyses

Full details of the statistical plan are available in the
eMethods in Supplement 4. In brief, for the primary end
point, binomial estimates of rates (proportions) of change
were calculated with Wilson confidence intervals for the
overall composite and for each composite category. The pri-
mary objective was to assess whether the primary composite
end point changed in 30% or more of participants, assessed
separately in the MCI and dementia subgroups. The 30%
threshold was selected to reflect change in a clinically mean-
ingful proportion of participants, consistent with previous
studies of coverage with evidence development examin-
ing the association between diagnostic imaging and changes
in management!” and supported by previous work assessing
the clinical utility of amyloid PET.'® The primary null hypoth-
esis (overall rate of change <30%) vs the alternative hypoth-
esis (overall rate of change >30%) was tested separately for
the MCI and dementia subgroups using a Wald test with
a =.025 (1-sided). A 1-sided P value is reported because the
null and alternative hypotheses were 1-sided and a 1-sided
test was used.

A total sample size of 11 050 cases was chosen to provide
80% power for testing the primary hypothesis within the MCI
and dementia subgroups, assuming an alternative value of 32%
for the overall rate of change in each group.

Binomial estimates with Wilson intervals were derived
for all rates (proportions) reported in the article. With the
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Figure 1. Study Flow: Imaging Dementia-Evidence for Amyloid Scanning (IDEAS)

16008 Patients registered

561 Excluded
34 Ineligible

248 Protocol violation
279 Pre-PET data unavailable

15447 Had pre-PET data available

2003 Excluded (did not receive amyloid PET scan)

13444 Received amyloid PET scan
(analysis data set)

etiology

11 Uninterpretable PET scan result

1755 Excluded (post-PET visit not completed)
1364 Alzheimer disease was pre-PET leading suspected etiology
815 Positive amyloid PET scan result
549 Negative amyloid PET scan result
380 Non-Alzheimer disease was pre-PET leading suspected

185 Positive amyloid PET scan result
195 Negative amyloid PET scan result

‘ 11689 Completed post-PET visit ‘

—>

280 Excluded (post-PET visit timing not per protocol?)

‘ 11409 Included in complete data set ‘

PET indicates positron emission

tomography.

2 Visit less than 60 days or more than
120 days after PET scan.

exception of the test of the primary hypothesis, all other
P values reported in the article are 2-sided. Comparisons of
correlated proportions were made using the McNemar test.

Three prespecified exploratory analyses are reported in
this article. First, the relationship between amyloid PET
results and the probability of change in the primary end
point was examined using mixed-effects logistic regression.
The model included a random effect for site and fixed
effects for age (in years), sex (male/female), education
(dichotomized as college graduate or advanced degree vs
other), pre-PET use of Alzheimer disease drugs (yes/no),
pre-PET primary etiologic diagnosis (Alzheimer disease vs
other), level of impairment (MCI vs dementia) and amyloid
PET result (positive/negative). The model also included all
2-way and the 3-way interaction between PET result, pri-
mary etiologic diagnosis, and level of impairment. The sig-
nificance of fixed-effect coefficients (including interactions)
was assessed using t tests. Multiple imputation for the set of
participants with PET scans was used to account for missing
data in the regression analysis, with 25 complete data sets
generated and analyzed.

Second, agreement between pre-PET suspected etiology
and PET results was examined by reporting proportions
of participants with concordant diagnoses and PET results
(ie, pre-PET diagnosis of Alzheimer disease and positive PET
result; or pre-PET diagnosis of non-Alzheimer disease and
negative PET result) with 95% confidence intervals.
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Third, rates of referrals to therapeutic trials at the pre-
PET and post-PET visit are reported as proportions with 95%
confidence intervals.

In addition to the prespecified end points, post hoc analy-
ses assessed rates of change in individual components of the
management end point in the MCI and dementia subgroups,
overall and stratified by scan results; changes in diagnosis,
stratified by PET results; changes between pre- and post-PET
diagnostic confidence; changes between pre- and post-PET
overall use of Alzheimer disease drugs and additional diag-
nostic tests (at the population level); and changes between pre-
and post-PET rates of amyloid positivity in patients referred
to Alzheimer disease clinical trials.

A Bonferroni correction was used to control for multiple
comparisons in exploratory and post hoc analyses reporting for-
mal tests of significance. Specifically, a P value less than .0036
would be required for significance, after applying this correc-
tion to a total of 14 comparisons, including tests for 10 coeffi-
cients of effects in the regression analysis (including 8 in the re-
ported final model and 2 additional interactions) and tests for
the 4 comparisons involved in the analysis of change in the use
of Alzheimer disease drugs by PET result and impairment sta-
tus. However, this correction was post hoc, and results of the
reported analyses should be interpreted as exploratory.

Statistical computations were performed using SAS/STAT
version 9.4 (SAS Institute Inc) and R version 3.5.1 (R Foundation
for Statistical Computing).
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Table 1. Patient Characteristics

Level of Impairment
Mild Cognitive Impairment Dementia

Characteristic (n =6905) (n =4504)
Age, median (IQR), y 75 (70-79) 77 (72-81)
Sex, No. (%)
Women 3425 (49.6) 2379 (52.8)
Men 3480 (50.4) 2125 (47.2)
Race, No. (%)?
Black or African American 206 (3.0) 225 (5.0)
White 6212 (90.0) 3828 (85.0)
Other race 487 (7.1) 451 (10.0)
Hispanic ethnicity, No. (%) 209 (3.0) 244 (5.4)
Highest level of education, No. (%)
High school graduate 1824 (26.4) 1917 (42.6)
(including equivalency) or less
Some college or associate degree 1763 (25.5) 933 (20.7)
Bachelor’s degree 1777 (25.7) 927 (20.6)
Postgraduate degree 1541 (22.3) 727 (16.1)
MMSE, median (IQR)“ 27 (25-29) 22 (18-25)
MoCA, median (IQR)¢ 23(21-25) 18 (14-21)
Alzheimer disease leading suspected 5043 (73.0) 3727 (82.7)
pre-PET etiology, No. (%)
Taking Alzheimer disease drugs 2384 (34.5) 2671 (59.3)
at enrollment, No. (%)
Amyloid PET results, No. (%)¢
Positive 3817 (55.3) 3154 (70.1)
Negative 3082 (44.7) 1347 (29.9)

Abbreviations: IQR, interquartile range; MMSE, Mini-Mental State Examination;

MoCA, Montreal Cognitive Assessment; PET, positron emission tomography.

@ Race as recorded by dementia specialist, study coordinator, or practice
administrator. “Other race” indicates American Indian, Asian, Native Hawaiian
or Pacific Islander, unknown, or not reported.

b Ethnicity as recorded by dementia specialist, study coordinator, or practice
administrator; grouped as Hispanic and other (not Hispanic, unknown,
or not reported).

€ Range, 0-30; lower scores indicate worse global cognition.

9 Nine cases with uninterpretable test results not included (6 in MCI group, 3 in
dementia group).

. |
Results

Study Participants

Physicians

Nine hundred forty-six dementia specialists from 595 unique
practices across the United States participated in the study (eFig-
ure 1in Supplement 4). Participants were scanned at 343 PET fa-
cilities, and scans were interpreted by 733 imaging specialists.

Patients

Medicare beneficiaries (n = 16 008) were registered for the
study aim reported in this article between February 8, 2016,
and September 20, 2017; of these, 11409 (71.3%) had com-
pleteinformation and were included in the final analysis data
set (Figure 1). Reasons for exclusion included PET not per-
formed (n = 2003), no documentation of a post-PET visit
(n = 1755), and other protocol violations (n = 841). Only 34 of
the 16 008 patients registered to the study were deemed in-
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eligible. The study did not track patients screened for the study
but not registered.

Characteristics of the final analysis cohort are shown in
Table1and did not differ meaningfully from those of all patients
with pre-PET information (eTable 1in Supplement 4). At base-
line, 60.5% of patients were diagnosed with MCI (median age,
75 years; 49.6% female) and 39.5% with dementia (median age,
77 years; 52.8% female). Median scores on the Mini-Mental State
Examination (MCI, 27; dementia, 22) and Montreal Cognitive As-
sessment (MCI, 23; dementia, 18) were comparable to values pre-
viously reported in patients with MCI and dementia.®”!° At the
pre-PET visit, Alzheimer disease was the leading suspected eti-
ology of cognitive impairment in 76.9% of all patients. Alzhei-
mer disease drugs were prescribed at baseline in 34.5% of patients
with MCI and 59.3% of patients with dementia. Amyloid PET
scans were read as positive in 3817 (55.3%) of patients with MCI
and 3154 (70.1%) of patients with dementia. Nine of 11 409 scans
were considered uninterpretable.

Primary End Point

Changes between the pre-PET and post-PET composite man-
agement end point occurred in 60.2% (95% CI, 59.1%-61.4%) of
patients with MCI and 63.5% (95% CI, 62.1%-64.9%) of patients
with dementia (Table 2), significantly exceeding the target of
30.0% composite change in each group (P < .001, 1-sided). Phy-
sicians reported that PET results contributed substantially to the
post-PET management plan in 85.2% of instances in which a
change was made (eTable 2 in Supplement 4).

Secondary End Point

The etiologic diagnosis changed from Alzheimer disease to
non-Alzheimer disease in 2860 of 11 409 patients (25.1% [95%
CI, 24.3%-25.9%]) and from non-Alzheimer disease to Alzhei-
mer disease in 1201 of 11409 (10.5% [95% CI, 10.0%-11.1%]).

Exploratory Analyses

Multivariable Analysis of Factors Associated With Change

in the Primary End Point

After controlling for multiple comparisons, there were no sig-
nificant associations between age, sex, education, or pre-PET
Alzheimer disease drug use and change in composite manage-
ment (Table 3). There were significant interactions between PET
scan result and pre-PET primary etiologic diagnosis and be-
tween scan result and level of impairment (P < .001 for both).
Using the estimates reported in Table 3 and combiningall 3 fac-
tors, the odds ratio (OR) of a change in management by PET scan
result (positive vs negative) was highest among participants with
MCI and a pre-PET non-Alzheimer disease etiologic diagnosis
(OR, 3.54 [95% CI, 2.96-4.23]) and lowest in participants with
dementia and pre-PET etiologic diagnosis of Alzheimer dis-
ease (OR, 1.14 [95% CI, 0.99-1.32]). Results of the imputation
analysis (performed in all patients with completed scans) were
similar to results of the final analysis data set and did not alter
the conclusions (eTable 3 in Supplement 4).

Concordance Between Pre-PET Diagnosis and PET Results
Results of amyloid PET were positive in 5595 of 8770 (63.8%
[95% CI, 62.8%-64.8%]) patients with a pre-PET diagnosis of
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Table 2. Changes in Management Composite

Mild Cognitive Impairment

(n =6905) Dementia (n = 4504)

No. % (95% Cl) No. % (95% Cl) 2 P < 001 for testing the primary
Primary Outcome hypothesis (239% overall change

in management in the MCl and

Overall change 4159 60.2 (59.1-61.4)° 2859 63.5(62.1-64.9)° dementia cohorts).
Changes by Component” ®Post hoc analysis.
Alzheimer disease drugs 3014 43.6 (42.5-44.8) 2022 44.9 (43.4-46.3) € Include drugs that affect cognition,
Non-Alzheimer disease drugs® 1582 22.9(21.9-23.9) 1144 25.4(24.1-26.7) mood, or behavior and drugs used
Counseling 1681 24.3(23.3-25.4) 934 20.7 (19.6-21.9) to treat other neurologic conditions

or address dementia risk factors.

Table 3. Logistic Regression Analysis Assessing Factors Associated With Change in the Composite Management End Point

Effect OR (95% Cl) P Value?®
Intercept® 0.48 (0.28-0.80) .006
Main effects
Age (10y) 1.09(1.02-1.17) .008
Sex (1 = female, 0 = male) 1.04 (0.95-1.13) .40
Education (1 = college or advanced degree, 0 = other) 0.92 (0.84-1.01) .08
Pre-PET Alzheimer disease drugs (1 = yes, 0 = no) 0.93 (0.85-1.02) 12
Amyloid PET result (1 = positive, 0 = negative) 3.54(2.96-4.23) <.001
Primary pre-PET etiologic diagnosis (1 = Alzheimer disease, 0 = other) 1.30(1.12-1.51) <.001
Level of impairment (1 = Dementia, 0 = MCI) 1.57 (1.36-1.82) <.001
Interactions®
PET result x primary pre-PET etiological diagnosis Alzheimer disease 0.60 (0.49-0.73) <.001
PET result x level of impairment 0.54 (0.45-0.64) <.001

Abbreviations: MCI, mild cognitive impairment; OR, odds ratio; PET, positron

emission tomography.

@ Results considered significant at P < .0036 after Bonferroni correction for
multiple comparisons.

® Analysis set (n = 11400) did not include 9 cases with uninterpretable amyloid
PET results.

€ The 3-way interaction of amyloid PET result x primary pre-PET etiologic
diagnosis x level of impairment and the 2-way interaction of primary pre-PET
etiologic diagnosis x level of impairment were not significant (P = .91and
P = .89, respectively). The estimated Akaike Information Criterion for the full
model, including these 2 interactions, was 50 474.5 and for the reduced,
final model was 50 469.5.

Alzheimer disease and negative in 1261 of 2639 (47.8% [95%
CI, 45.9%-49.7%]) patients with a pre-PET diagnosis of non-
Alzheimer disease.

Referrals to Therapeutic Trials

There was an overall reduction in clinical trial referrals in the
population, from 17.7% (95% CI, 17.0%-18.4%) pre-PET t0 13.2%
(95% CI, 12.6%-13.8%) post-PET (eTable 4 in Supplement 4).

Post Hoc Analyses

Change in Individual Components of the Management End Point
The most common change in management involved Alzhei-
mer disease drug use, which changed in 43.6% (95% CI,
42.5%-44.8%) of patients with MCI and 44.9% (95% CI,
43.4%-46.3%) of patients with dementia (Table 2). Changes
in non-Alzheimer disease drugs were reported in 22.9% (95%
CI, 21.9%-23.9%) of patients with MCI and 25.4% (95% CI,
24.1%-26.7%) of patients with dementia, while changes in
counseling were reported in 24.3% (95% CI, 23.3%-25.4%) of
patients with MCI and 20.7% (95% CI, 19.6%-21.9%) of
patients with dementia. Specialists often changed more than
1 element of the management composite (eTable 5 in Supple-
ment 4). Changes in all management aspects were more com-
mon in patients with positive vs negative amyloid PET results
(eTable 6 in Supplement 4).
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Changes in Diagnosis Stratified by PET Results

The proportion of Alzheimer disease diagnosis increased from
80.3% (95% CI, 79.3%-81.2%) pre-PET t0 95.5% (95% CI, 94.9%-
95.9%) post-PET in patients with a positive scan result, while
in patients with negative scan results the rate of Alzheimer dis-
ease diagnosis decreased from 71.5% (95% CI, 70.2%-72.8%) pre-
PET t0 10.2% (95% CI, 9.3%-11.1%) post-PET.

Change in Diagnostic Confidence

Prior to PET, clinicians reported diagnostic confidence in the
uncertain range (4-7 on the Likert scale) in 72.4% (95% CI,
71.6%-73.3%) of patients, and this proportion was reduced to
16.2% (95% CI, 15.5%-16.9%) at the post-PET visit (eFigure 2
in Supplement 4).

Changes Between Pre- and Post-PET Overall Use

of Alzheimer Disease Drugs and Diagnostic Tests

In patients with positive PET results, the overall use of
Alzheimer disease drugs in the population increased signifi-
cantly, from 40.4% (95% CI, 38.9%-42.0%) to 81.5% (95% CI,
80.2%-82.7%) in patients with MCI (P < .001) and from 63.2%
(95% CI, 61.5%-64.8%) t0 91.2% (95% CI, 90.2%-92.2%) in pa-
tients with dementia (P < .001) (Figure 2; eTable 7 in Supple-
ment 4). There were modest but significant reductions in the
use of Alzheimer disease drugs in patients with a negative scan
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Figure 2. Changes in Overall Use of Alzheimer Disease Medications
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result, from 27.2% (95% CI, 25.7%-28.8%) to 23.7% (95% CI,
22.2%-25.2%) in patients with MCI (P < .001) and from 50.3%
(95% CI, 47.6%-52.9%) to 43.5% (95% CI, 40.9%-46.2%) in pa-
tients with dementia (P < .001). There were reductions be-
tween the pre-PET and post-PET plans in the overall use of
some diagnostic procedures, including neuropsychological
testing, other imaging tests, and CSF studies (eTable 4 in
Supplement 4).

Pre- and Post-PET Rates of Amyloid Positivity in Patients

Referred to Alzheimer Disease Clinical Trials

The rate of amyloid PET positivity (required for inclusion in
many Alzheimer disease drug trials) increased from 65.5% (95%
CI, 63.4%-67.6%) in patients intended for trial referral at the
pre-PET visit to 92.9% (95% CI, 91.5%-94.2%) in patients re-
ferred to Alzheimer disease trials post-PET.

Deaths Between Pre-PET and Post-PET Visits

Seventy-five deaths were reported on post-PET forms, of which
17 occurred after enrollment but before the PET scan. Study
physicians were able to reach the referring specialists in 41 of
58 remaining cases. The most common reported causes of
death were cardiac (12), unknown (9), infection (5), and pul-
monary (4). There were no reported suicides.

|
Discussion

In this large, multisite, practice-based study, core elements of
the patient management plan changed after amyloid PET in
a majority of patients with MCI and patients with dementia
meeting appropriate use criteria. The changes captured in the
composite management end point reflect the core elements of
a comprehensive treatment plan for cognitive disorders, in-
cluding the use of Alzheimer disease drugs, use of other drugs
that affect cognition or address dementiarisk factors, and coun-
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seling about safety and future planning.'® Rates of change in
both groups were significantly higher than the a priori target
threshold of 30% and were comparable to results reported in
smaller studies and recent meta-analyses.2°22

The most frequent change in management involved the use
of Alzheimer disease drugs, the aspect of management most
directly tied to etiologic diagnosis. Cholinesterase inhibitors
and memantine are approved for the symptomatic treatment
of Alzheimer disease,?* and cholinesterase inhibitors also show
some efficacy in the treatment of dementia with Lewy bodies
and Parkinson disease dementia,?* conditions that often in-
volve amyloid deposition.” Conversely, Alzheimer disease
drugs are associated with worse outcomes in some amyloid-
negative dementias, such as frontotemporal dementia.?>-2¢
Change in the use of Alzheimer disease drugs after PET was
linked to amyloid status (Figure 2), although in some in-
stances clinicians elected to continue the use of Alzheimer dis-
ease drugs in patients with a negative scan result, perhaps re-
flecting the favorable safety profile of these medications?” as
well as the lack of alternative therapies for other disorders.

Clinicians modified the use of Alzheimer disease drugs fre-
quently in patients with MCI (Table 2), despite lack of evi-
dence for efficacy of these drugs at the MCI stage.?® Pivotal
trials of cholinesterase inhibitors and memantine in MCI and
Alzheimer disease dementia predated the availability of
Alzheimer disease biomarkers. This likely resulted in consid-
erable biological heterogeneity in clinical trial cohorts, par-
ticularly for MCI, for which rates of amyloid negativity ap-
proach 50% to 60% in patients who meet clinical criteria.®?°
Patients with MCI who are carriers of the apolipoprotein
E €4 allele, which is associated with positive amyloid PET
results,3° have been shown to benefit from cholinesterase in-
hibitors in secondary trial analyses.?! Nevertheless, adjust-
ments in Alzheimer disease drug use based on amyloid PET
results (in patients with MCI or dementia) reflect physician be-
havior rather than evidence-based practice.

Lower proportions of change were observed in use of non-
Alzheimer disease drugs and counseling. Best practice dic-
tates that use of non-Alzheimer disease drugs, including drugs
with psychoactive properties and medications used to treat de-
mentiarisk factors, should be optimized regardless of the pri-
mary cause of cognitive impairment.3? Counseling about safety
and future planning is informed by disease stage, level of im-
pairment, and perhaps less by etiologic diagnosis.

The presence of amyloid is required, but not sufficient, for
aneuropathological diagnosis of Alzheimer disease.® Accord-
ingly, an important role of amyloid PET is to exclude Alzhei-
mer disease as a possible cause of cognitive impairment. In this
study, amyloid PET results were negative in a significant mi-
nority of patients with a pre-PET diagnosis of Alzheimer dis-
ease, and conversely most patients with negative scan results
had a pre-PET diagnosis of Alzheimer disease. This diagnosis
and subsequent treatment may have persisted if these pa-
tients had no access to amyloid PET. As reported in previous
studies,?%?! use of amyloid PET was associated with frequent
changes in diagnosis, improved diagnostic confidence, and re-
duced use of other diagnostic tests. There was also an in-
crease in the proportion of amyloid positivity in patients
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referred to Alzheimer disease clinical trials, which would con-
siderably improve the efficiency of screening for trials requir-
ing positive amyloid PET results as an inclusion criterion.>?

While refinement of diagnosis and core elements of the
management plan are valuable for the care of patients with cog-
nitive impairment,'® an important future goal is to test whether
amyloid PET is associated with changes in additional patient-
oriented outcomes. The second aim of this study is to use Medi-
care claims data to compare health outcomes and overall re-
source utilization in study participants with outcomes and
utilization in a matched control group of Medicare beneficia-
ries who have not undergone amyloid PET.

This study has several strengths. The size of patient co-
horts and number of participating physicians are consider-
ably larger than in previous investigations. While previous
studies were primarily conducted at academic centers, the net-
work of sites in this study included mostly private practices.
PET scans were interpreted by local imaging specialists, in con-
trast to the centralized interpretations used in most previous
studies.?°-?! Measured outcomes reflected implemented rather
than intended management.

Limitations

This study has several limitations. First, the nonrandomized
design and lack of a control group limit the direct attribution
of changes in management to PET. However, the rates of
changes in management were similar to those reported in ran-
domized studies,?%?! and physicians ascribed a large major-
ity of all changes to the scan results. Second, patients were in-
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