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INTRODUTCTION: Recent studies suggest that AD biomarker disclosure has no discernable

3

psychological impaet on cognitively healthy persons. Far less is known about how such results affect

symptomaticd duals and their caregivers.

METHODS: R f 82 MCI patient and caregiver dyads (total n=164) to determine the effect of
receiving amyloid PET results on understanding of, and perceived efficacy to cope with, mild

cognitive impairment (MCI) over 52 weeks of follow-up.
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RESULTSgGains j@ the primary outcomes were not consistently observed. Amyloid negative patients

reported gr ceived ambiguity regarding MCI at follow-up, while moderate and sustained
emotional bserved in patients, and to a lesser extent, caregivers of those who were
H I

amyloid pasitive. There was no corresponding increase in depressive symptoms.

O

DISCUSSW@ findings point to the possibility that both MCI patients and caregivers may need
su

emotional ffo following the disclosure of amyloid scan results.

Key words

A Ran i ontrolled Trial (RCT) of Amyloid Positron Emission Tomography
(PET) Re sclosure in Mild Cognitive Impairment (MCI)
<PE-FRONTEND>

1. Introdh

BiomarkeQ Alzheimer’s disease (AD) pathology can provide critical insights into the

itive impairment, amyloid PET, biomarker disclosure, caregiving, ethics

etiology ﬂcognitive decline,'” and sharing such information with patients and families

affecteWgnitive impairment (MCI) could lessen their sense of ambiguity regarding

the syndrg

We tested the hypotheses that, irrespective of scan results, giving patients the opportunity to

learn their brain amyloid status would enhance understanding of and decrease perceived
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ambiguity regarding MCI, and empower both patients with MCI and their family caregivers

to cope more effectively with its challenges.

O

2. Metho dsmmmm—m

2.1 Desig@rticipants

The Retumyloid Imaging Scan Results (RAISR) Study enrolled participants from the
University of Pittsburgh Alzheimer Disease Research Center (ADRC) between September of
2014 and Eer of 2018. Eligible participants and their family caregivers were allocated

as dyads i!a ! : ! ratio to a scan group or comparison group (Figurel). Details of the study

design and Is for MCI education (comparison group) and pre-testing counseling (scan
group), amT results disclosure, and adverse event monitoring have been previously
describCmgBrietly, we included patients with all MCI subtypes and excluded those with

active ed mood disorders. Caregivers were 18 years of age or older. All participants

provided written informed consent and demonstrated decisional capacity.

RAISR ﬁwed by the University of Pittsburgh Institutional Review Board and

registe alTrials.gov.

o
-
2.2 Interventi can group dyads received pre-test counseling including content on normal
aging, ¢D, amyloid PET, and information about the limitations of knowledge to be
gained. Participants were encouraged to consider possible reactions to potential scan result
scenarios before deciding whether to proceed. Comparison group dyads received an MCI
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education session with no option of amyloid PET. PET scans were acquired using a standard

florbetapir F18 injection protocol’ and rated using a validated binary visual read method.*’

O

The did@losaE@PEdtocol included: verbal and visual presentations of scan results using
“significa id buildup,” or lack thereof, to describe positive and negative scans; short-
term risk o8l for conversion to AD; brain health information; and follow-up monitoring
instmctiomcipants were randomly assigned to one of three clinically licensed,
formally t:sults disclosers. Disclosure sessions were audited for protocol adherence

. . . . . 4
and partic comprehension of information presented was verified.

dl

2.3 Prima mes
Outcomes m s were administered at baseline and weeks 4, 24, and 52 post-disclosure
(scan I education session (comparison group). Objective knowledge of MCI

was meas!ed using the MCI/AD Knowledge Assessment from the REVEAL IV protocol.'
Perceived Qty about what MCI means was measured using the Illness Coherence
vised Illness Perception Questionnaire (IPQ-R).! Self-efficacy for coping

Subscale o

was meastired by the Coping Self-Efficacy Scale (CSE)."

g

{

U

2.4 Psych: Safety

Depress toms were measured by the Center for Epidemiological Studies Depression

A

Scale (CESD)." State anxiety was measured by the Spielberger State Anxiety Inventory

(STAI)." Emotional impact was measured by the 15-item Impact of Event Scale (IES)."® The
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Distress and Positive Impact subscales of the Impact of Genetic Testing-Alzheimer’s Disease

(IGT-AD) were also administered,'® substituting “test result” for “genetic test.”

O

2.5 StafisticalmAalyses

Intention-@ITT) analyses of primary outcomes were conducted based on an a priori
power analyStS Indicating that 40 subjects per group would yield 80% power to detect a
medium e ige of 0.64 (from a behavioral science perspective) at a two-tailed

significance levelpof .05. This estimation is conservative given RAISR’s repeated measures

design whtdetect effect sizes as small as 0.32.

After screemng; ransformations were applied to normalize skewed residuals where

encountered (Cimy CESD, STAI). Group comparisons of participant characteristics were

perfo o-sample t-tests (or Mann-Whitney U-tests) and chi-square tests (or
Fisher exas tests). Linear mixed modeling with fixed effects for group and time and their
interaction ndom effects for participant, were used to examine change in the dependent
variables. uares means and their corresponding standard errors were reported by
group and!ime point along with means and standard errors from within-group linear
contraswixed modeling was also used to examine psychological safety by scan

result. All pasticipants were included and the significance level was set at p<0.05 for

two-sided hypothgsis testing. Results based on untransformed dependent variables are
reporte ings were similar using transformed data.
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3. Results

The samR' inili’ed 164 individuals (n=82 patients; n=82 caregivers) who completed
baseline ction before allocation to the scan opportunity (n=42 dyads) or comparison

conditi%n n= ads). Characteristics of the sample are shown in Table 1. Most patients

]

were high ted (M=9.2 on a 10-point scale) in learning their brain amyloid status upon

enrollmen< of th’ 39 scan group patients who completed pre-test counseling, 37 proceeded
with the scan, 36 received results. Reasons for declining included concerns about

radiation exposttte and the potential for a negative emotional reaction.

3.1 PrimaCmes

Among pat icipants, there were no significant time or group by time effects for any of

the thrgary endpoints (Table 2). Findings were similar among caregivers. However, a
time efj as observed for objective knowledge of MCI/AD, with scores increasing from
baseline among caregivers in both groups (Fr=5.12, p=0.002). A within group time effect was
observed hfﬁcacy for coping with MCI; caregivers in the scan group reported

decreasedacy for coping with their relatives’ MCI at 4 weeks post results disclosure

(mean dif -12.354+-5.12; p<.05), with the decrease persisting at week 52 (mean

difference=-

-

3.2 Safet mes and Subgroup Analyses

There were no consistent differences in depressive symptoms in either patients or caregivers,

and patients’ ratings of state anxiety were stable over time across groups (Figure 2).
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Caregivers’ state anxiety levels were increased from baseline at both 4 and 24 weeks of

follow-up, returning to baseline at week 52 (Fr=3.16, p=0.031). Mean scores on both the

S

depression nxiety measures were below cut-points for clinical significance across all
participan and time points (Table 1, Supplement).
H

Subgroup showed increasing perceived ambiguity about MCI among amyloid

cr

negative me.OS) and revealed that decreased self-efficacy for coping was most

pronounc caregivers of amyloid positive individuals at 4 weeks post disclosure

(mean difi =-14.83%-7.72; p<.05), and those of amyloid negative patients at 24 weeks

post disch!ure (mean difference=-12.22+5.83; p<.05).

(O

At all -up assessments, [ES ratings were higher among amyloid positive patients versus
amyloi ative patients. These scores declined over time (F1=5.42, p=0.008), but between
group differences persisted (Figure 3). Similar patterns were observed on IGT-AD distress
ratings, w&reatest difference at week 4 where amyloid positive patients had mean IGT-
AD scoreg three times higher than amyloid negative patients. IGT-AD positive
scores we ed and stable among amyloid positive patients, but increased at each
follow-u ong amyloid negative patients, whose scores grew closer to those of the

amyloid positive patients over time (Supplement).

Analyses o jver post-disclosure distress revealed group differences on the IGT-AD
distress and positive subscales, with caregivers of amyloid positive individuals reacting more

negatively to test results (Figure 3).
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4. DiscW

We hypot @ hat, irrespective of scan results, having the opportunity to learn more about

P

the pot&hti@@dIby of cognitive symptoms would improve patients’ and caregivers’ overall
understanmnd self-efficacy for coping with, MCI. However, learning one’s brain
amyloid s no more effective than an MCI education session for increasing

caregiver dge about MCI, and patients’ knowledge scores were unchanged

regardless:) assignment. Subgroup analysis showed that perceived ambiguity
C

regarding

SC

reased in amyloid negative patients, suggesting that such individuals likely

understoo@ that their symptoms remained unexplained.

(O

G

Contra 1 hypothesized increase, we observed decreased self-efficacy for coping with
MCI a caregivers of scan group participants, a finding which was present, at varying
time points, among caregivers of participants with both positive and negative results. This

unstable d&m self-efficacy could potentially reflect feelings of unpreparedness

regarding @ pect of one’s relative progressing to AD (amyloid-positive group) as well

as incrrain‘[y about the cause of the symptoms (amyloid-negative group).

-

Although emerESg’ literature suggests that disclosing brain amyloid status to cognitively
normal a those with subjective cognitive impairment has no discernable effect on
psychologic -being, evidence in overtly symptomatic populations and family caregivers
is limited."” Consistent with prior investigations of unimpaired persons'®, we found no

significant differences in mood between amyloid positive and negative individuals. However,
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we observed significant and sustained levels of event-related distress among MCI care dyads

who learned of amyloid positivity, with ratings notably higher than those reported in

asyrnptomaﬁ' mples.

N
Overall, ohgs raise the possibility that emotional support interventions may be
indicated gomarker testing in MCI, although needs may vary depending on one’s

perspectiv€ (patidht or caregiver) and scan result.

Use

Given the§tli-selection bias associated with ADRC participation, there is a critical need for

C

additional s with more diverse samples who may be less receptive, or may respond

v

differentl biomarker testing. Importantly, RAISR excluded individuals with active

untreat 1sorders, which are prevalent among cognitively impaired individuals.

M

Theref r exploratory findings regarding psychological safety may not extend to all MCI

patients meeting Appropriate Use Criteria for amyloid PET."?°
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FIGURE LEGENDS:

Figure l l!onsort diagram. ADRC, Alzheimer Disease Research Center (University of

atient; CG,caregiver *N=12 patients had previously undergone a research
PET amyloid scan under a protocol that precluded results disclosure. The randomization
process Ws overridden in these cases and participants were assigned to the scan group, with

the opportuiii undergo a new amyloid PET scan and results disclosure. This deviation did
not impactgfhe nce of the study groups (including the subgroups of amyloid positive and
negative ¢ key baseline characteristics or primary outcomes measures.

)

Enrollment | | 113 palients screened and Inviizd from e ADRC

*| 37 patients seciudedideciined
» & not mesting Indusion critera
* 18 decined o participaie

* 1 lost o contact
[ Allocation ] | B;m (32 PTVE2 GG randomizedassigned” |
I
+ ]
| 40 ayack to comparison | | #20yads 1o scan cpporaney |

= 3 dyade dropped out

b 1 dyeed withdrew due i lack of Inizrestin :mﬁhpﬂm"'m““
e + 1 wthdrawn or rot mestng eig kit izt
1 C@ withdrawn by FT

aﬁdyw:hnmeﬂ: educatonal session 35 PTBE GG completed pre-test counssing

el 2 dysde dropped oot l
v 1 withcrawn due B0 snmdment in 37 patients completad scan

medication irial fat discioses A5 status + 2 patients decined scan
* 1 withdrew due i patient healf probiers l

36 CPi3S CF compisted results @scosuns
+ 1 dyad dacined results

—l'| 1 dyad dnopeed out due 1o dssalstacion wih
FIJ"D'H'JJFI | - delay In recaiving nesuts

4 weeks 35 dyade compieiad 4-week Slow-D
« 2 diyacks missing 4-wesk daty

37 PTI36 CG completed 4-wesk Tolow-up

1 diyad lost o contact
1 G dropped out dus bo heaith probiers

24 weeks 36 dyacks compisten 24-wesk folow-up 35 PT/33 CG completed 24-wesk filow-up
« 1 dyad missing 24-wesk dxta « 1 tyad missing 24-wesk dats
] 1 oo whcrew tue o ack of Interest | ]
52 weehs 33 P2 CG compieted S2-week low-Ln
2 icEing 52 week O3 36 PT/34 O completed S2-week filow-up
[] )
[ Analysis ] 40 dyads INcuded In analysis 42 oyats Included In anaysis

Fig 1. Consort diagram

i
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Figure ! ls cﬁological safety. Measures of mood over time CESD, Center for

Epidemiol@

CESD score
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Figure iSclosure impact of event scores over time. IES, Impact of Events Scale;
IGT, Impactg@iaGenetic Testing Scale; AP, amyloid beta An IES total score cut-off point of
26 is note @. shed line above which a moderate or severe impact may be indicated

I
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Fig 3. Post-disciosure Impact of event scones over time
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Table 1. Sample characteristics by study group*

Patient participants

Caregiver participants

#
All Scan All Scan
Variable Q patient | opportunity [Comparison| Caregiver | opportunity [Comparison
R — (N=82) (n=42) (n=40) (N=82) (n=42) (n=40)
Mean age i ) 72.6 73.2(8.19) |72.0(9.47) 66.8 67.8 (11.59) |65.8 (13.58)
(8.80) (12.56)
Education, n )
< High sch 1(1%) 0 (0%) 1(2%) 1(1%) 1(2%) 0 (0%)
High school/GED 13 (16%)| 7 (17%) 6 (15%) | 15(18%) 5 (12%) 10 (25%)
Technical school or College 23 (28%)| 10 (24%) 13 (33%) | 38 (46%) 18 (43%) 20 (50%)
Graduate sgool 45 (55%)| 25 (59%) 20 (50%) | 28 (34%) 18 (43%) 10 (25%)
Gender, n (Q ‘ s
Female 33 (40%)| 19 (45%) 14 (35%) | 62 (76%) 31 (74%) 31 (77%)
Male E 49 (60%)| 23 (55%) 26 (65%) | 20 (24%) 11 (26%) 8 (23%)
Race/et , M (%
White/Caugsian 75(92%)| 37 (88%) 38 (95%) | 74 (90%) 37 (88%) 37 (92%)
Black/African American 6 (7%) 4 (10%) 2 (5%) 5 (6%) 4 (9.5%) 1(3%)
Asian/Paci 1(1%) 1(2%) 0 (0%) 1(1%) 1(2%) 0 (0%)
Multiracial 0 (0%) 0 (0%) 0 (0%) 2 (2%) 0 (0%) 2 (5%)
MCI subtype, n
Amnestic 71 (87%)| 37 (88%) 34 (85%) n/a n/a n/a
Non-amneD 11 (13%) 5(12%) 6 (15%)
Relationshi )
Spouse/partne n/a n/a n/a 60 (73%) 28 (67%) 32 (87%)
Adult child 9 (11%) 7 (17%) 2 (5%)
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Other 13 (16%) | 7 (17%) 6 (15%)

Mean in i loid PET at 9.2
9.0 (1.96) 9.4 (1.06) | 8.9 (2.50) 8.6 (2.65) 9.1 (2.35)

baseline’ (S!E : (1.59)
Mean UBA: 18.9 18.9(1.32) |18.9(1.56) [19.1(1.43)| 18.8(1.51) |19.3(1.31)

- (1.43)

]
Abbreviatiohenera/ education diploma; MCI, mild cognitive impairment; PET, positron emission
tomograph

University of San Diego Brief Capacity to Consent; “rating of interest in PET amyloid PET
on 10-point

Author Manu
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Table 2. Primary outcomes

Patient Caregiver
. Scan Scan
- Opportunity (Comparison Opportunity |Comparison
Variabl§ (n=42) (n=40) (n=42) (n=40)
-’ F-value, p- F-value, p-
mean+SE mean+SE value mean+SE mean+SE value
A\
IPQ Coheré ' / F5=0.00, F5=0.00,
p=-955 p=-947
Baseline (T} 14.69+0.57 | 14.03+£0.58 12.38+0.49 | 12.65+0.50
F1=0.96, F1=1.54,
4 weeks (T3 14.39+0.59 | 14.27+0.60 p=412 13.26+£0.52 | 12.55+0.53 p=207
24 weeks 13.7760.62 | 14.5740.62 | g —1p1) 11.85£0.55 |12.26+0.55 | g _gg)
=.306 =486
52 weeks (T 13.7240.59 | 13.86+0.60 P 12.43+0.53 12.31£0.53 P
Change (TRT, ‘. -0.30+0.52 0.25+0.53 0.87+0.53 -0.10+0.54
Changcu@is=ii -0.92+0.55 0.54+0.55 -0.54+0.56 -0.39+0.55
Change (T4-T -0.97+£0.52 |-0.16=0.53 0.05£0.54 | -0.34+£0.54
Knowledge Fg=1.64, Fg=0.03,
p=-204 p=-871
Baseline () 8.90+0.22 8.90+0.22 8.79+0.23 8.80+0.24
Fr=0.25, Fr=5.12,
4 weeks (T 8.75+0.23 9.34+0.24 p=.863 9.29+0.24 9.47+0.25 p=.002%*
24 weeks ( ' 8.90+0.24 9.00+0.25 Fo=138, 9:43+0.26 9.14+0.26 Fo=0.91,
=.249 =436
52 weeks . 8.6540.23 | 9.19+0.24 P 9.15£025 | 9.43+0.25 P
Changé -0.16+0.25 0.44+0.26 0.51+£0.24* |0.67+0.24**
Change 1 0.00+0.26 0.10+0.27 0.64+0.25* 0.34+0.25
Change (T4-T)) ' -0.26+0.25 0.29+0.26 0.37+0.24 | 0.63+0.24**
Coping Self- Fq=0.37, F=0.04,
Effic p=.543 p=-852
204.92+5.12 (202.134£5.25 204.05+4.99 |200.76+6.50
Baseline (T) F1=0.14, F1=2.19,
205.454+5.27 |202.02+5.39 p=.936 191.70+£7.42 |191.13+£10.61 p=.100]
4 weeks (T,)
205.91+5.41 |204.57+5.52 F1=0.66, 196.64+6.47 |195.23+9.35 For=1.33,
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24 weeks (T5) 208.73+5.3

52 weeks (T,) 0.53+3.83
Change 0.994+4.03
Change (T 3.81+£3.87

Change‘T -

199.91+5.39

-0.11£3.91

2.454+4.08

2.22+3.91

p=578

189.07+8.44

-12.3545.12%*

-7.4144.52

-14.98+6.67*

201.234+6.97

-9.63+£8.26

-5.53£7.90

0.47+5.06

p=274

Abbreviatiofis: SE, sfandard error; IPQ, Illness Perception Questionnaire; *p<.05; **p<.01
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Highlights
o First RCT of amyloid imaging results disclosure in MCI.

e The vast ta'ority of those who were eligible opted to receive amyloid PET with results disclosure.

e Contrary @, pothesis, learning one’s brain amyloid status did not improve understanding of,
or capacity to cope with, the uncertainty of an MCI diagnosis.
p -Y E y g

e Rather, SM test-related distress was present in amyloid positive patients and caregivers,
with caregi\LGwng less able to cope with MCI after learning that it is likely a prodrome to AD.

Research mxt
Systematia

Searching@ations of the keywords “amyloid imaging,” “mild cognitive impairment,”

and “ethid 6 observational studies of psychological reactions to disclosing amyloid

imaging results plus 2 reports of comprehension of amyloid imaging results. These studies

suggest that reC8iwing amyloid PET results has little to no psychological impact on recipients

of such n.

InterpretaL

This RCT@d outcomes of distinct relevance to persons, and care partner of those,
living witlifthe uncertainty of an MCI diagnosis. We tested the hypothesis that amyloid PET

results disllosur?)vould improve understanding of and self-efficacy for coping with the

syndrome CI care dyads. These hypotheses were not supported. Rather, we found
that a neg otional response is possible.
Future D1

Our findings suggest that MCI care dyads may benefit from monitoring and emotional
support following disclosure of biomarker test results.
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