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Abstract
Objective
To determine whether performance on the Free and Cued Selective Reminding Test (FCSRT)
is associated with PET in vivo markers of brain pathology and whether it can distinguish those
who will develop dementia later in life due to autosomal-dominant Alzheimer disease (AD)
from age-matched controls.

Methods
Twenty-four cognitively unimpaired Presenilin-1 E280A carriers (mean age 36 years) and 28
noncarriers (mean age 37 years) underwent Pittsburg compound B-PET (amyloid),
flortaucipir-PET (tau), and cognitive testing, including the FCSRT (immediate and delayed
free and cued recall scores). Linear regressions were used to examine the relationships among
FCSRT scores, age, mean cortical amyloid, and regional tau burden.

Results
Free and total recall scores did not differ between cognitively unimpaired mutation carriers and
noncarriers. Greater age predicted lower free recall and delayed free and total recall scores in
carriers. In cognitively impaired carriers, delayed free recall predicted greater amyloid burden
and entorhinal tau, while worse immediate free recall scores predicted greater tau in the inferior
temporal and entorhinal cortices. In turn, in all carriers, lower free and total recall scores
predicted greater amyloid and regional tau pathology.

Conclusions
FCSRT scores were associated with in vivo markers of AD–related pathology in cognitively
unimpaired individuals genetically determined to develop dementia. Difficulties on free recall,
particularly delayed recall, were evident earlier in the disease trajectory, while difficulties on
cued recall were seen only as carriers neared the onset of dementia, consistent with the
pathologic progression of the disease. Findings suggest that the FCSRT can be a useful measure
to track disease progression in AD.
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Alzheimer disease (AD)–related pathology is evident decades
before clinical onset (i.e., the preclinical stage).1,2 Converging
evidence suggests that intervening at this stage may afford the
most efficacy for modifying the disease. Consequently, several
disease-modifying clinical trials are being conducted in cog-
nitively unimpaired adults with the goal of delaying or even
preventing cognitive decline onset. For such trials to succeed,
it is crucial to have cognitive measures that can aid in the
detection and tracking of the earliest disease-related brain
changes.

The Free and Cued Selective Reminding Test (FCSRT), a
test of associative memory, has been shown to be sensitive to
memory decline in cognitively unimpaired older adults with
evidence of neurodegeneration.3–7 On this test, words or
pictures are paired with semantic cues to facilitate learning
and recall. Failure to recall words with cues has been associ-
ated with dysfunction of temporolimbic regions that are vul-
nerable to early tau pathology.7–10 However, to date, it is
unclear whether the FCSRT can detect and track disease
progression from the preclinical stage of AD and to distin-
guish who will remain cognitively unimpaired from those who
will develop dementia.

We examined the association between free and cued recall
scores and in vivo amyloid and tau pathology in individuals
without dementia with autosomal-dominant AD (ADAD)
from the world’s largest kindred who are virtually destined to
develop dementia in their 40s.2 We hypothesized that lower
scores on total recall (TR; free and cued recall sum) would be
associated with higher levels of brain pathology and greater age
and would be better at distinguishing performance of carriers
from noncarriers than scores on free recall (FR) alone.

Methods
Study design and participants
Presenilin-1 (PSEN-1) E280A carriers and age- and education-
matched noncarrier family members were recruited from the
Colombian Alzheimer’s Prevention Initiative (API) registry,
which currently includes >5,800 living members of the kindred,
including ≈1,200 mutation carriers.11,12 To be included in the
Colombia-Boston (COLBOS) observational longitudinal bio-
marker study at the Massachusetts General Hospital, partici-
pants needed to have a minimum of 5 years of formal
education, no cognitive impairments as reported by their most
recent neuropsychological assessment, and normal vision or

corrected to normal, and they had to agree to travel from
Colombia to Boston for a week. Participants were excluded if
they had a history of neurologic disorder or medical disorder
that affects nervous system functioning, a history of psychiatric
disorders, a history of learning disability, a history of cardio-
vascular disease, metal that would interfere with MRI scanning
safety, claustrophobia that would interfere with scanning
comfort, or pregnancy. Individuals with dementia were also
excluded from this study. To be classified as cognitively un-
impaired, participants had to demonstrate no cognitive im-
pairment on the Consortium to Establish a Registry for
Alzheimer’s Disease neuropsychological battery word-list recall
and a visuospatial memory test, a Clinical Diagnostic Rating
scale score of 0, a Functional Assessment Staging Test score of
≤2, and a FolsteinMini-Mental State Examination score of ≥26.
Individuals with mild cognitive impairment (MCI) were di-
agnosed on the basis of previously established criteria13, which
include subjective cognitive concerns, impairment in memory
tests (1.5 SD below the mean), intact activities of daily living
(Functional Assessment Staging Test score of 3), and essen-
tially preserved general cognitive functioning.

Mutation carriers from this kindred have an onset of MCI at a
median age of 44 years (95% confidence interval [CI] 43–45)
and of dementia at 49 years (95% CI 49–50).12 Mutation
carriers usually exhibit memory impairment first, followed by
decline in other cognitive functions, including language and
executive function. They also have a well-characterized dis-
ease trajectory with cortical amyloid accumulation beginning
over a decade before the onset of clinical symptoms
(i.e., onset of MCI) and tau burden in medial temporal lobe
regions (e.g., entorhinal cortex and inferior temporal gyrus)
an average of 6 years before clinical symptom onset, as mea-
sured by PET and CSF.2,14,15 PSEN1 E280A carriers and age-
and education-matched family noncarriers traveled to Boston
for MRI and PET imaging as part of the COLBOS Project, a
longitudinal biomarker study being conducted in members of
the Colombian kindred. Participants and investigators were
blinded to the genetic status of the individual.

Standard protocol approvals, registrations,
and participant consents
The study was approved by the institutional ethics review
boards of both the University of Antioquia in Colombia and
Massachusetts General Hospital in Boston. All participants
provided signed informed consent before participating in any
procedures.

Glossary
AD = Alzheimer disease; ADAD = autosomal-dominant Alzheimer disease; A4 = Anti-Amyloid Treatment in Asymptomatic
Alzheimer’s; API = Alzheimer’s Prevention Initiative; CI = confidence interval; COLBOS = Colombia-Boston; dFR = free
delayed recall; dTR = total delayed recall; FCSRT = Free and Cued Selective Reminding Test; FR = free recall; FTP = 18F-
flortaucipir;MCI = mild cognitive impairment; PiB = Pittsburg compound B; ROI = region of interest; SUVR = standardized
uptake value ratio; TR = total recall.
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Procedures

Neuropsychological tasks
Participants completed the FCSRT in their native language
(i.e., Spanish). Cognitive testing was conducted at the Uni-
versity of Antioquia within 2 months of brain imaging.

The FCSRT is a multimodal associative memory measure.3,16

During the test, 16 pictured objects are paired with semantic
categories to facilitate learning. In the encoding phase, partic-
ipants learn 16 object-category pairs, which are presented in
groups of 4. In this phase, the examiner names a category (e.g.,
animal), and the participant is asked to name which of the 4
objects belongs to the category the corresponding pictured
object that is presented (e.g., bear). Once the person has named
the 4 objects presented at a time, the stimulus is taken away,
and the person is given the semantic cue for each object and
asked to name the object that was paired with that category. If
the person fails to recall an item, then s/he is presented with the
semantic cue and item together. If the individual misses >1 item
per card, then the examiner reteaches the card 1 more time. In
the testing phase, the examiner first asks the participant to
freely recall all 16 items. For those items not freely recalled, the
semantic cue is provided. If the participant is still unable to
retrieve the word, then the participant is reminded of the item
that was paired with the cue. This procedure is repeated 3
times, with a 20-second distracter task between trials. Two
scores are then generated: FR, the sum of items freely recalled
across 3 trials, and TR, the sum of items recalled freely and
items retrieved by cued recall (48 items), which is considered a
measure of cued recall. We modified the standard protocol to
further test consolidation and added 30-minute FR and total
delayed recall (dTR) conditions. Two additional scores are
then generated: free delayed recall (dFR; 16 items) and dTR
(16 items). In addition to FR, TR, dFR, and dTR scores, we
examined free and cued recall scores in trial 1 (16 items), as
well as the learning slope (trial 3 − trial 1).

Imaging acquisition and processing
All participants underwent tau and amyloid PET imaging at
Massachusetts General Hospital in Boston.

As reported previously,2 11C-Pittsburg compound B (PiB)
PET was acquired with a 8.5- to 15-mCi bolus injection fol-
lowed immediately by a 60-minute dynamic acquisition in 69
frames (12 × 15 seconds, 57 × 60 seconds). 18F-flortaucipir
(FTP) was acquired between 80 and 100 minutes after a 9.0-
to 11.0-mCi bolus injection in 4 separate 5-minute frames.

11C-PiB-PET data were expressed as the distribution volume
ratio with cerebellar gray as reference tissue; regional time-
activity curves were used to compute regional distribution
volume ratios for each region of interest (ROI) using the Logan
graphic method applied to data obtained between 40 and 60
minutes after injection.17 11C-PiB retention was assessed with a
large cortical ROI aggregate that included frontal, lateral tem-
poral, and retrosplenial cortices as described previously.18

FTP-specific binding was expressed in FreeSurfer ROIs as the
standardized uptake value ratio (SUVR) to cerebellum, sim-
ilar to a previous report.19 The spatially transformed SUVR
PET data were smoothed with an 8-mm gaussian kernel to
account for individual anatomic differences.20 SUVR values
were represented graphically on vertices at the pial surface.
Regional FTP-SUVR analyses were conducted in the ento-
rhinal cortex and the inferior temporal cortex because these
regions were found to be associated with early FTP-SUVR
increases over age in the PSEN1 E280A kindred.

Statistical analyses
All statistical analyses were conducted with SPSS Statistics,
version 24.0 (IBM Corp, Armonk, NY) Analyses used a sig-
nificance threshold of p < 0.05. We used the Mann-Whitney U
test to examine differences in age and education and in cognitive
performance between PSEN1mutation carriers and noncarriers.

Table 1 Demographic and neuropsychological data

Noncarriers (n = 28) Unimpaired carriers (n = 19), M (SD) MCI (n = 5) p Value

Age, y 36.81 (5.68) 35.85 (5.01) 44.55 (1.34) 0.50

Education, y 10.39 (4.29) 9.89 (4.46) 9.80 (5.17) 0.73

Female, n 15 10 4 0.57

MMSE score 28.89 (0.92) 28.32 (1.06) 23.00 (4.80) 0.05

FCSRT score

Free immediate ( of 48) 34.93 (4.54) 32.63 (7.17) 12.60 (8.20)

Total immediate (of 48) 47.39 (0.68) 45.95 (3.49) 29.20 (6.38)

Free delayed ( of 16) 12.14 (1.99) 11.21 (3.05) 3.00 (2.34)

Total delayed (of 16) 15.93 (0.26) 15.58 (1.02) 8.60 (1.95)

Abbreviations: FCSRT = Free and Cued Selective Reminding Test; M = mean; MCI = mild cognitive impairment; MMSE = Mini Mental State Examination.
Differences between cognitively unimpaired mutation carriers and noncarriers were calculated with the Mann-Whitney U test.
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Between-group sex differences were examined with the χ2 test.
Effect sizes (i.e., r) were calculated by dividing z by the squared
root of the sample size. We conducted a Bonferroni test to
correct for multiple comparisons. Because age in PSEN1 E280A
mutation carriers is predictive of clinical onset, cross-sectional
assessments can be considered analogous to what might be
expected from the assessment of longitudinal trajectories of
cognitive change. Therefore, we conducted linear regressions to
test the association among the FCSRT scores, age, and mean
cortical amyloid and regional tau pathology (entorhinal and
inferior temporal cortices). We reported 95% CIs for each test.

We first examined cognitively unimpaired carriers only to
examine how FCSRT scores related to markers of pathology
at the earliest stages of the disease. We then conducted the
same analyses with all carriers (i.e., cognitively unimpaired
and mildly impaired) to obtain a better understanding of the
sensitivity of the test to pathology throughout the spectrum of
the disease before the onset of dementia.

In follow-up analyses, we carried out an exploratory whole-
brain analysis examining the relationship between tau pathol-
ogy burden and TR scores in all mutation carriers. Regions
were p < 0.01 after cluster size correction for multiple com-
parisons (minimum cluster extent k = 100 mm2).

Data availability
The dataset used in the current study is available from the cor-
responding author on reasonable request, as long as data transfer
is in agreementwithUS regulations on data protection regulation.

Results
Demographic and neuropsychological data are presented in
table 1. Groups did not significantly differ in sex, age, or
educational attainment. PiB and FTP binding data for each
group are presented in table 2. Mutation carriers, with and
without symptoms, had greater mean cortical amyloid and
regional tau compared to noncarriers.

Differences between groups in
FCSRT performance
FCSRT scores did not significantly differ between cognitively
unimpaired carriers and noncarriers (figure 1). In turn,

cognitively unimpaired and impaired carriers together had sig-
nificantly lower scores in FR (U= 218, p= 0.030, r= −0.301), TR
(U = 201, p = 0.009, r = −0.362), dFR (U = 227, p = 0.044, r =
−0.279), and dTR (U = 227, p = 0.005, r = −0.388) compared to
noncarriers. Only TR and dTR survived multiple comparisons.

Associations between age and FCSRT scores
In cognitively unimpaired mutation carriers, greater age was a
significant predictor of lower FR (B = −0.786, p = 0.015, 95%
C [−1.38, −0.18]), dFR (B = −0.378, p = 0.004, 95%C [−0.62,
−0.13]), and dTR (B = −0.096, p = 0.014, 95% C [−0.19,
−0.004]) scores such that those who were closer to clinical
onset performed worse (figure 2, A and B).

Similarly, greater age predicted lower FR (B = −0.43, p <
0 .001, 95% C [−1.99, −0.87]), dFR (B = −0.609, p < 0 .001,
95% C [−0.82, −0.40]), dTR (B = −0.381, p < 0 .001, 95%
C [−0.55, −0.21]), and TR (B = −0.963, p < 0 .001, 95%
C [−1.41, −0.51]) scores in all mutation carriers. Age did not
predict FCSRT scores in noncarriers.

PiB binding and FCSRT scores
In cognitively unimpaired mutation carriers, worse dFR sig-
nificantly predicted greater cortical PiB retention (B = −0.027,
p = 0.017, 95% C [−0.048, −0.005]) (Figure 2, C and D).

When cognitively unimpaired were combined with mildly im-
paired mutation carriers, worse FR (B = −0.009, p = 0.003, 95%
C [−0.014, −0.003]), TR (B = −0.011, p = 0.006, 95%C [−0.02,
−0.004]), dFR (B = −0.026, p < 0 .001, 95%C [−0.04, −0.013]),
and dTR (B = −0.032, p = 0.002, 95% C [−0.05, −0.01]) scores
predicted greater cortical amyloid burden.

FTP binding and FCSRT scores
Lower scores in FR (B = −0.022, p = 0.001, 95% C [−0.03,
−0.01]) and dFR (B = −0.38, p = 0.028, 95% C [−0.07,
−0.005]) predicted greater FTP binding in the entorhinal
cortex in cognitively unimpaired mutation carriers (figure 3, A
and B). Similarly, lower scores in FR (B = −0.009, p = 0.006,
95% C [−0.02, −0.003]) predicted greater FTP binding in the
inferior temporal cortex in cognitively unimpaired mutation
carriers (figure 3, C and D).

When mildly impaired mutation carriers were considered,
lower FR (B = −0.018, p < 0 .001, 95% C [−0.03, −0.01]), TR

Table 2 PiB and FTP binding in regions of interest

Noncarriers (n = 28) Unimpaired carriers (n = 19), M (SD) MCI (n = 5) p Value

11C-PiB-PET (DVR) 1.04 (0.03) 1.28 (0.15) 1.51 (0.10) <0.001

Entorhinal tau PET (SUVR) 1.01 (0.08) 1.23 (0.23) 1.57 (0.20) <0.001

Inferior temporal tau (SUVR) 1.09 (0.07) 1.16 (0.11) 1.57 (0.47) 0.023

Abbreviations: DVR = distribution volume ratio; FTP = 18F-flortaucipir; M = mean; MCI = mild cognitive impairment; PiB = Pittsburgh compound B; SUVR =
standardized uptake value ratio.
Differences between cognitively unimpaired mutation carriers and noncarriers were calculated with the Mann-Whitney U test.
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(B = −0.021, p = 0.001, 95% C [−0.03, −0.01]), dFR (B =
−0.038, p = 0.001 [−0.06, −0.02]), and dTR (B = −0.05, p =
0.002 [−0.08, −0.02]) scores predicted greater tau in the ento-
rhinal cortex. Consistently, greater FR (B = −0.018, p < 0 .001,
95% CI [−0.03, −0.01]), TR (B = −0.025, p < 0 .001, 95% CI
[−0.03, −0.01]), dFR (B = −0.036, p = 0.003, 95% CI [−0.06,
−0.01]), and dTR (B = −0.057, p = 0.001, 95% CI [−0.09,
−0.03]) scores predicted less FTP binding in the inferior tem-
poral cortex.Notably, we also examined the relationship between
FTP binding in the whole brain and TR score. Consistent with
findings with regions selected a priori, TR scores were related to
higher tau burden in the inferior temporal cortex and medial
temporal regions (figure 4).

Trial 1 and learning slope scores
We also examined group differences in trial 1 free and cued
performances, as well as in the learning slope (trial 3 − trial 1)
between cognitively unimpaired mutation carriers and non-
carriers and their relationship with pathology.

We found that cognitively unimpaired mutation carriers
performed significantly worse than noncarriers on trial 1 cued
recall only (U = 183, p = 0.046, r = −0.290). In all mutation
carriers, greater age predicted worse performance in trial 1 FR
(B = −0.261, p = 0.021, 95 % CI [−0.48, −0.04]). Worse
performance in trial 1 FR, but not cued recall, predicted
greater cortical PiB retention (B = −0.029, p = 0.036, 95 % CI
[−0.06, −0.002]), tau in the entorhinal cortex (B = −0.059, p =
0.003, 95 % CI [−0.09, −0.02]), and tau in the inferior tem-
poral cortex (B = −0.023, p = 0.019, 95% CI [−0.42, −0.004]).
Learning slopes did not significantly differ between groups,
nor did they predict pathology burden.

Finally, we calculated an index (TR − FR/TR+ FR) to examine
more closely the benefits of the category-exemplar association
to memory performance. Similar to our previous findings, we
found that there were no significant differences between cog-
nitively unimpaired carriers and noncarriers or significant

associations with age and pathology. When both cognitively
unimpaired and impaired carriers were considered, we found
that there were significant group differences (U = 208, p =
0.019, r = −0.367), as well as relationships with age (B = −0.531,
p < 0 .001, 95% CI [−0.78, −0.28]), amyloid burden (B =
−0.013, p = 0.006, 95% CI [−0.02, −0.004]), and tau in the
entorhinal cortex (B = −0.023, p = 0.001, 95% CI [−0.03,
−0.01]) and inferior temporal cortex (B = −0.026, p < 0 .001,
95% CI [−0.04, −0.01]).

Discussion
There is an urgent need to have tools that can detect and
track subtle cognitive decline and AD-related brain changes
in the preclinical stage of the disease. We leveraged data from
the world’s largest ADAD kindred with a single-gene mu-
tation (E280A) in PSEN1 and dementia onset at a median
age of 49 years12,21 to examine whether the FCSRT, an
associative memory test known to be sensitive to early AD-
related brain changes, can distinguish mutation carriers from
age-matched noncarriers years before dementia onset. Fur-
thermore, we characterized the relationships between
FCSRT and in vivo measures of amyloid and tau pathology
and between FCSRT and age (a proxy of disease pro-
gression) in mutation carriers.

Performance on the FCSRT has been shown to be particularly
sensitive to subtle cognitive changes in preclinical AD and as-
sociated with postmortem neuropathology as defined by a Braak
stage IV or greater.22 The test was recommended by an In-
ternationalWorking Group as a criterion for the diagnosis of AD
and is part of the preclinical Alzheimer cognitive composite
score, which is used as a primary outcome measure in the Anti-
Amyloid Treatment in Asymptomatic Alzheimer’s (A4)
study5,23 and as a secondary outcomemeasure in the API ADAD
preclinical trial.24 Yet, little is known about how FCSRT scores
relate to in vivo measures of pathology, particularly tau, in cog-
nitively unimpaired individuals at increased risk for dementia.

Figure 1 FCSRT performance in mutation carriers and noncarriers

No significant group-differences were seen in
Free and Cued Selective Reminding Test (FCSRT)
scores between cognitively unimpairedmutation
carriers (red) and noncarriers (black). ns =
Nonsignificant.
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Our findings showed that the FCSRT FR, TR, dFR and dTR do
not distinguish cognitively unimpairedmutation carriers from age-
and education-matched noncarriers, but they do distinguish mu-
tation carriers without dementia (i.e., cognitively unimpaired and
mildly impaired) from noncarriers. Cognitively unimpaired mu-
tation carriers performedworse in trial 1 cued recall. Furthermore,
greater age, a proxy for disease progression in this cohort, signif-
icantly predicted lower performance on free and delayed recall
scores, as well as dTR scores in cognitively unimpaired carriers,
such that those who were closer to age at dementia onset had the
most difficulty recalling words with and without semantic cues. In
terms of AD-related pathology in cognitively unimpaired muta-
tion carriers, worse performance on dFR predicted greater cortical
amyloid and tau burden in the entorhinal cortex, one of the initial
sites of tau neurofibrillary tangles formation.2,25,26 Similarly, worse
immediate FR and dFR scores significantly predicted tau burden

in both the entorhinal cortex and the inferior temporal cortex,
which also shows tau accumulation early in the preclinical stage.
This supports that FR scores are the most sensitive to early pa-
thology burden in the preclinical stage of AD. In turn, in mutation
carriers with MCI, worse immediate and delayed free recall and
total recall (i.e., cued recall) scores, and an index score of benefits
tomemory of the category-exemplar association, predicted greater
mean cortical amyloid and tau burden in the entorhinal and in-
ferior temporal cortices, suggesting that the inability to benefit
from semantic cues reflects a greater extent of brain damage and
proximity to dementia onset.

Furthermore, we examined whether trial 1 of the FCSRT and
the learning slope from trial 1 to trial 3, the ability to encode
information, were also sensitive to early pathology accumula-
tion. No group differences or relationships with pathology were

Figure 2 Age, Pittsburgh B binding, and Free and Cued Selective Reminding Test scores

Black circles represent noncarriers; red circles represent cognitively unimpaired PSEN1mutation carriers. Unfilled red circles representmutation carrierswith
mild cognitive impairment. Lines represent 95% CI. (A and B) Age significantly predicts free recall (FR) scores, but not total recall (TR) scores, in cognitively
unimpairedmutation carriers. (C andD) There is no association between FR and TR scores and cortical amyloid burden in cognitively unimpaired carriers. DVR
= distribution volume ratio.
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seen with the amount of additional words that cognitively un-
impaired and impaired carriers recalled between trials 1 and 3.
However, cognitively unimpaired carriers showed worse cued
recall in trial 1. This is consistent with data showing that tem-
poral regions necessary for memory, and less for executive
functioning, are the first ones to degenerate in AD.

Our findings are consistent with prior studies of older adults at
risk for late-onset AD, which showed that free immediate recall
declines first, followed by impairment in cued recall.4,27 For
instance, Schindler et al.6 reported that of 9 neuropsychological
measures of language, executive functioning, global cognition,
and episodic memory (FCSRT, Logical Memory 1 and 2, and
Verbal Paired Associates), FR from the FCSRT was the most
sensitive to early cognitive decline in older adults with high
CSF tau/β-amyloid42. Similarly, Papp and colleagues4,27

reported that clinically normal older adults with brain amy-
loidosis performed worse in FR compared to their peers who
were amyloid negative, while those with both evidence of
amyloidosis and neurodegeneration (preclinical AD stage 2)
had worse performance on FR and TR scores. In conjunction
with prior research,3,28 our findings suggest the temporal se-
quencing of memory decline in preclinical AD in which FR
declines first, followed by decline in cued recall when individ-
uals are closer to the onset of dementia.

As previously noted, it has been argued that the FCSRT is
particularly sensitive to early brain changes in AD because,
contrary to tests that require learning a story or a word list, it
controls for increased demands on attention and working
memory by presenting semantic cues during the encoding
phase.4,8,27,29 Thus, the TR scores appear to isolate memory

Figure 3 18F-flortaucipir binding and Free and Cued Selective Reminding Test score

Black circles represent noncarriers; red circles represent cognitively unimpaired PSEN1mutation carriers. Unfilled red circles representmutation carrierswith
mild cognitive impairment. (A) Free recall (FR) scores significantly predict tau burden in the entorhinal cortex. (B) There is no association between total recall
(TR) and tau in the entorhinal cortex. (C) FR scores significantly predict tau burden in the inferior temporal cortex. (D) There is no association between TR and
tau burden in the inferior temporal cortex.
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deficits that are associated with regions that are vulnerable to
tau burden early in AD30 such as the entorhinal cortex and
inferior temporal cortex, which are crucial for associative
memory.31–33 We now provide evidence showing that diffi-
culties with cued recall (i.e., TR) after only 1 learning trial
may be an early indicator of both subtle cognitive changes
and AD-related pathology burden, while cued recall after 3
learning trials (i.e., TR) may be the most indicative of im-
minent risk for clinically meaningful decline and conversion
to dementia.

The current study has multiple strengths. First, we did not rely
on presenting symptoms or cognitive data to infer whether
individuals will go on to develop dementia. Instead, we exam-
ined cognitive changes in a group of individuals who have a well-
characterized clinical trajectory with MCI starting at a median
age of 44 years and dementia at 49 years.12,21,34 In addition, we
examined in vivo amyloid and tau pathology using PET imaging,
which is considered the gold standard for quantifying and ex-
amining brain pathology in AD. Mutation carriers were also
young and otherwise healthy, which minimized potential con-
founding variables occurring with age that contribute to cog-
nitive decline (e.g., cardiovascular risk). Finally, the nearly
homogeneous clinical profile of mutation carriers allows us to
infer how free and cued recall performances decline as the
disease progresses, supporting the utility of this test for tracking
disease progression in clinical trials.

The present study also had some limitations. First, our sample
size is relatively small compared to studies with older adults.
However, individuals with these mutations are rare, and all
our participants had a single mutation in PSEN1. Further-
more, there is uncertainty about whether our findings in
ADAD generalize to late-onset sporadic AD, even when they
are consistent with data from studies with older adults at risk
for AD. Thus, our findings should be validated with other
independent cohorts. Lastly, longitudinal studies are needed
to track over time how FR and TR scores change in relation to
the accumulation of AD pathology. We are currently con-
ducting the first longitudinal biomarker with this kindred and
plan to examine these relationships in the future.

Our data suggests significant difficulties with benefiting from
semantic cues do not become evident until the individuals have
overt cognitive symptoms and are thus closer to age at dementia
onset. Our findings are consistent with what is known about the
neural correlates of associative memory in that temporal regions
do not become affected by tau pathology in this kindred until
close to the clinical onset of the disease. Therefore, poor per-
formance on the FCSRT, particularly TR, indicates that the
person likely has pathology in temporal regions important for
memory and is at imminent risk for developing dementia. To-
gether, these findings suggest that the FCSRT is a useful tool for
tracking progression of the disease in individuals at high risk for
dementia, which may have important implications for clinical
trials.
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