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Abstract
Objective—To examine feasibility and test-retest reliability of encoding-task functional MRI
(fMRI) in mild Alzheimer’s disease (AD).

Design—Randomized, double-blind, placebo-controlled (RCT) study.

Setting—Memory clinical trials unit.

Participants—Twelve subjects with mild AD (MMSE 24.0±0.7, CDR 1), on >6 months stable
donepezil, from the placebo-arm of a larger 24-week (n=24, four scans on weeks 0,6,12,24) study.

Interventions—Placebo and three face-name paired-associate encoding, block-design BOLD-
fMRI scans in 12 weeks.

Main Outcomes—Whole-brain t-maps (p<0.001, 5-contiguous voxels) and hippocampal
regions-of-interest (ROI) analyses of extent (EXT, %voxels active) and magnitude (MAG,
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%signal change) for Novel-greater-than-Repeated (N>R) face-name contrasts. Calculation of
Intraclass Correlations (ICC) and power estimates for hippocampal ROIs.

Results—Task-tolerability and data yield were high (95 of 96 scans yield good quality data).
Whole-brain maps were stable. Right and left hippocampal ROI ICCs were 0.59–0.87 and 0.67–
0.74, respectively. To detect 25–50% changes in 0–12 week hippocampal activity using L/R-EXT
or R-MAG with 80% power (2-sided-α=0.05) requires 14–51 subjects. Using L-MAG requires
>125 subjects due to relatively small signals to variance ratios.

Conclusions—Encoding-task fMRI was successfully implemented in a single-site, 24-week,
AD RCT. Week 0–12 whole-brain t-maps were stable and test-retest reliability of hippocampal
fMRI measures ranged from moderate to substantial. Right hippocampal-MAG may be the most
promising of these candidate measures in a leveraged context. These initial estimates of test-retest
reliability and power justify evaluation of encoding-task fMRI as a potential biomarker for
“signal-of-effect” in exploratory and proof-of-concept trials in mild AD. Validation of these
results with larger sample sizes and assessment in multi-site studies is warranted.

Key code for symbols
α = alpha; β = Beta

With the large number of potential therapies for Alzheimer’s disease (AD) entering large-
scale clinical trials, there remains a critical need for biomarkers that can rapidly detect a
signal-of-effect or -efficacy. Symptomatic and/or disease-modifying therapies may acutely
or subacutely alter synaptic function, which may serve as a predictor of long-term response.
Functional MRI (fMRI) may prove valuable to detect effects that modulate brain networks
in early-phase AD trials, but the practicality of implementing longitudinal fMRI and the test-
retest reliability of task-related fMRI remains unknown. Also lacking are power estimates to
inform investigators regarding sample sizes required to reasonably detect AD treatment-
related effects in fMRI.

Task-related fMRI studies have primarily focused on cross-sectional group comparisons of
AD patients to elderly controls and subjects with mild cognitive impairment (MCI)1–25.
FMRI studies in AD or MCI that assessed effects of cholinesterase-inhibitors on BOLD-
fMRI activity8, 13, 16, 24–26 have either been exploratory/pilot studies or lacked RCT design,
and have provided limited information on the test-retest reliability of fMRI in this
population. Here, we implement fMRI in a randomized, double-blind, placebo-controlled
trial (RCT) format to assess feasibility and test-retest reliability of fMRI in 12 mild AD
subjects randomized to the placebo-arm of the study.

METHODS
Subjects

Twelve subjects with mild AD (MMSE 16–26) were randomized to the 12-week placebo-
arm of a larger (n=24 patients) and longer (24-weeks) AD pharmaco-fMRI study. Inclusion
criteria: 1) NINCDS-ADRDA criteria for Probable AD, 2) fluent in English, 3) no focal
lesions on neuroimaging, 4) on a stable dose of donepezil (Aricept®) for >6 months, 5) have
study partner (e.g. spouse, relative) to monitor adherence. Exclusion criteria: 1) unstable or
severe medical or psychiatric illness, 2) contraindication to MRI, 3) use of other
investigational agent within two months, 4) use of non-donepezil cholinesterase-inhibitor or
antipsychotic within six months, and 5) ever taken memantine (Namenda ®). Subjects and
partners provided consent in accordance with Human Research Committee guidelines.
Subjects were remunerated $50 after each fMRI.
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Study Design and Procedures
The overall study spanned 24-weeks and 9 visits, and employed a RCT (50% memantine
+donepezil, 50% placebo+donepezil) parallel-group design for 12 weeks, followed by a 12-
week single-blind period when all subjects received drug (100% memantine+donepezil).
The reliability study data reported here was obtained from the fMRI scans at weeks 0
(baseline), 6, and 12 weeks in the placebo group only. Neuropsychological and clinical
assessments included the Mini-Mental State Examination (MMSE), the ADAS-Cog, and the
Clinical Dementia Rating Scale (CDR).

Functional MRI Paradigm
The details of the fMRI paradigm, sequencing and preprocessing are described in published
studies1, 2, 4, 6, 7, 27 and on-line (see eMethods). The paradigm is comprised of three
conditions presented in successive blocks: (i) Novel face-name pairs, (ii) Repeated face-
name pairs, and (iii) Fixation cross. 84 Novel pairs and 42 Repeated pairs were displayed for
5s each across six runs. Subjects were instructed to try to remember the name paired with
each face. Immediately after scanning, two post-scan behavioral/memory tests were
administered: a face recognition (yes/no reply) and free-recall of name (for “yes” responses)
task, and a 2-alternative forced-choice name recognition of face task.

Image Acquisition, Preprocessing and Quality Assurance
Data were acquired on a 3-T GE scanner. Each functional run was 4min and 15s (102 time-
points; first 4 discarded for T1- stabilization). Preprocessing in SPM2
(http://www.fil.ion.ucl.ac.uk/spm/software/spm2/): 3×3×3 mm re-slicing in MNI space, 8
mm FWHM-Gaussian smoothing, 260s high-pass filter.

Due to scanner repair, one subject had 6- and 12-week scans performed on a 3-T Siemens
scanner. Data quality assurance included: 1) manual inspection of all images sequentially for
scanner spiking and excessive motion, and 2) automated artifact detection algorithms that
repaired any time-point with a mean signal >3-SD of each subject’s mean global signal
using an interpolation from surrounding scans (9 subjects affected). One week-6 (T2) was
irreparable due to excessive intra-scan movement, and was imputed using the subject’s T1T3
averages.

Statistical Analysis: FMRI and Clinical Measures
Pre-specified analyses focused on two methods to assess changes in MAG, calculated as
percent signal change, and EXT, calculated as percent active voxels, of activations for Novel
greater-than Repeated (N>R) stimuli between week-0 (baseline) and week-12 fMRIs (i.e.
T1–T3 change in N>R contrast). Pre-specified primary analyses were: 1) whole-brain t-test
analyses and SPM maps with significance thresholds at p<0.001 and extent threshold of five
contiguous voxels, and 2) Hippocampal ROI analyses with small volume corrections for
multiple comparisons within a priori anatomically-defined hippocampal ROIs28.

For comparison, secondary analyses were performed on non-hippocampal a priori
anatomically-defined ROIs including bilateral precuneus and posterior cingulate cortices
obtained in template space using the MarsBaR application (http://marsbar.sourceforge.net/)
that have previously shown robust and selective task-related, and spatio-temporally
correlated activity in this fMRI paradigm1. Repeated-measures ANCOVAs assessed changes
in clinical measures in the 12-weeks between T1-T3 fMRIs.
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Test-retest Reliability of fMRI Activations in reliability ROIs
Test-retest reliability for EXT and MAG of N>R activity from baseline(T1) to week-12(T3)
fMRIs were assessed using two complementary approaches: intraclass correlation
coefficients (ICC), using a variation of ICC assessing agreement of score values (not merely
correlation) for random effects models, referred to by Shrout and Fleiss (1979) as
“ICC(2,1)” for reliability at a single point in time and “ICC(2,k)” for that of an average
score across k time points29 (see eMethods on-line), and power analysis/sample size
determination30. Since there is no standard or widely accepted definition for general
adjectives that describe reliability measures/ICC values/ranges we chose to adopt
conservative terminology by using the definition proposed by Shrout (1998)31 when
qualitatively referring to ICCs values/ranges as follows: virtually none (0.00, 0.10); slight
(0.11, 0.40); fair (0.41, 0.60); moderate (0.61, 0.80); substantial (0.81, 1.0)31. We did not
utilize the widely used but much more liberal terminology of Landis and Koch32 when
describing reliability values (slight (0, 0.20); fair (0.21, 0.4); moderate (0.41, 0.60),
substantial (0.61, 0.80); (0.81, 1.0) almost perfect) nor several other proposed
descriptors32–34. Power analyses estimated required sample sizes sensitive to 25%, 50% and
75% changes (up or down) from baseline in EXT and MAG at power levels of 70%, 80%
and 90% with 2-sided-α<0.0530.

To determine whether effects of demographic (e.g. age, education), clinical (e.g., CDR,
CDR-sum-of-boxes [CDR-sb], MMSE) and post-scan memory/behavioral measures
contributed to hippocampal ROI test-retest variability, thereby requiring adjustment for them
in the ICC calculations, interactions of baseline levels of these variables with time, in
addition to their main effects as covariates, were included as predictor terms in a repeated
measures ANCOVA in which EXT or MAG of fMRI activity was the dependent variable.
Unlike main effects of covariates, any variance due to the covariate by time interaction,
unless removed, is pooled into the subject by time interaction error variance and
inappropriately augments estimated unreliability, though it represents true score variance,
biasing the ICC downward. We estimated and removed this confound via regression and
separation of residuals. Power analyses were based on these “adjusted ICCs”. Please refer to
eMethods on-line for all ICC formulas and details of calculations (with and without
adjustment) and their rationale.

RESULTS
Demographics and Clinical Characteristics

Baseline characteristics (Table 1) of the placebo-arm (PLAC, n=12) did not differ from the
larger group (ALL, n=24, MMSE range 18–26) or from the drug-arm (n=12) that is not
included in this report and will be reported elsewhere in an analysis of potential anti-
dementia drug effects on fMRI signals. Except for decline on post-scan memory test2, there
were no significant changes between baseline and week-12.

Feasibility, Tolerability and Data Quality
All subjects enrolled in the larger study completed the 24-week study with four fMRI scans.
95/96 fMRI scans yielded acceptable-quality data. Baseline whole-brain N>R activation
maps for the group of 24 subjects and placebo-arm (n=12) showed similar regional activity
(Figure 1), and difference maps between them were null (ie., had no significant clusters) (not
shown).

Stability of fMRI Whole-Brain Maps and Hippocampal ROI Activity Across 12 Weeks
Reliability analyses were performed in the placebo-subgroup (n=12). Regional activity
patterns for N>R contrasts were consistent with past studies using the same paradigm 1, 2. At
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each scan, areas of significant N>R activity were found in bilateral hippocampi, right
inferior frontal cortex, right cingulate, and right prefrontal cortex (Figure 1B, 1C, 1D and
Table 2). Also, whole-brain N>R activation maps for all permutations of difference maps
between time-points T1, T2, and T3 (e.g. T1-T2, T1-T3) were stable and showed no clusters
of significant activity differing between sessions.

The mean EXT and MAG for right and left hippocampal ROIs did not significantly vary
across sessions (weeks 0,6,12) (Figure 2) or from the larger group of 24 subjects at baseline
(see eFigure 1 on-line). Repeated-measures AN(C)OVAs revealed no significant changes for
hippocampal ROI signals, with or without covariance adjustments of baseline characteristics
(p>0.25). Sensitivity analysis that varied statistical (p=0.01-0.001) and extent (2–10
contiguous voxels) thresholds at several cut-offs showed no differences for all combinations
of EXT and MAG measures compared to the a priori chosen thresholds of p=0.001 and 5-
voxel extent.

Intraclass Correlations, Power and Sample Size Analysis
Table 3 displays hippocampal ICCs, with and without adjustment for potential “Baseline
CDR-sb by time” interactions, which were found to be significant in repeated measures
ANCOVA for the right hippocampus, and estimated sample sizes required to detect 25%,
50%, and 75% mean changes from baseline on EXT and MAG fMRI measures based on
80% power with a 2-sided-α=0.05. To provide greatest generalizability, individual-ICCs (i.e.
single-ICCs) were calculated using a random subjects term. Mean-ICCs (averaged across
three scans) are also reported (see eMethods).

For the right hippocampus, higher baseline CDR-sb scores were associated with larger rates
of decline in hippocampal activity (p<0.01, corrected for multiple comparisons). Adjusted
ICCs, which pre-removed variance due to CDR-sb by time interactions, increased ICC
estimates for right hippocampus only. For RH-EXT, a raw individual-ICC of 0.33 yielded an
adjusted individual-ICC of 0.59, while a raw mean-ICC of 0.5 yielded an adjusted mean-
ICC of 0.75. For the RH-MAG, a raw individual-ICC of 0.67 yielded an adjusted individual-
ICC of 0.87, while a raw mean-ICC of 0.8 yielded an adjusted mean-ICC of 0.93. For
comparison, ICCs for the precuneus and posterior cingulate, important hubs in the default
intrinsic connectivity network, were lower (0.33–0.6 range) and unaffected by adjustments
(see eTable1 on-line).

For 80% power and a group-level change of 50% from baseline in EXT to be detected in the
left hippocampus, 15 subjects would be required. For similar power and 50% change in
MAG, 124 subjects would be needed. For similar 50% changes to be detected in the right
hippocampus for either EXT or MAG, 14 subjects would be required. At every power level
(70%, 80%, 90%), left hippocampal MAG was predicted to require sample sizes of
approximately one-order of magnitude greater than the other measures (L/R-side EXT, R-
side MAG) (see eTable 2 on-line).

DISCUSSION
This study demonstrates the feasibility of implementing task-related fMRI within the typical
format of an AD RCT. Test-retest reliability of encoding-related fMRI was assessed using
placebo-arm subjects who underwent fMRIs 12 weeks apart. Changes in fMRI activity were
assessed globally via whole-brain map-level t-tests, and regionally via ICCs for MAG and
EXT of N>R activity in a priori structurally defined hippocampal ROIs. Test-retest
reliability was mostly in the moderate-to-substantial range; whole-brain contrast maps were
stable, and hippocampal ICCs, adjusted for baseline disease severity by time-related decline
(which only affected R-MAG), ranged from 0.6–0.9. If a priori focus is directed at the right
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hippocampus or changes in EXT (i.e. %voxels active), power estimates predict that for this
paradigm relatively modest sample sizes may detect group-level 12-week fMRI changes in
the 25–50% range.

We have demonstrated the feasibility of implementing multiple fMRI sessions in a
longitudinal AD RCT format. Subjects tolerated an intensive imaging protocol with high-
yield of good quality data (95/96 scans yielded acceptable data). Our results support the
feasibility of successfully implementing task-related fMRI paradigms in mild AD across
multiple scans and weeks.

The second objective of the study, to assess fMRI whole-brain map-level and hippocampal
test-retest reliability, was assessed in subjects randomized to the placebo-arm. This allowed
power calculations to predict sample sizes needed to accurately detect significant changes in
hippocampal activity. These estimates may inform design and interpretation of future
exploratory and proof-of-concept trials that utilize fMRI as a potential AD biomarker.

The study’s strengths include a rigorous RCT design, inclusion of well-characterized
subjects on stable long-term cholinergic therapy, high compliance and follow-up, utilization
of a robust and well-characterized associative-memory block-design encoding paradigm,
and employment of standard fMRI software, tools, and processing streams that increase
generalizability. Also, reliability was assessed for convergence utilizing several approaches,
sensitivity analysis showed robustness of both EXT and MAG values to perturbations in
statistical and extent of contiguous-voxels thresholds, and power projections were obtained
to guide sample sizes for future early-phase fMRI RCTs – particularly those at single sites
involving subjects with mild AD.

The patterns of regional fMRI activity are consistent with previous studies, and support the
validity of focusing on changes in a priori defined hippocampal and related ROIs where
drug-related effects on episodic memory encoding are observed, particularly in this
encoding paradigm 1, 6, 27. These studies suggest specificity for hippocampal activity, as
well as inversely-related activity between the hippocampus and precuneus, for subsequent
memory success/failure and face-name encoding-related activity1, 5. Reassuringly,
hippocampal ROIs showed the highest ICCs compared to several other pre-selected regions
in a distributed memory network.

A robust fMRI biomarker of encoding and retrieval processes would ideally include a
measure(s) of shifting patterns of activity (“signatures”) in core network hubs that include,
depending on cognitive load and task-specificity, hippocampal and related-MTL areas,
precuneus, posterior cingulate and related-medial and lateral parietal regions, and medial
inferior and dorsolateral frontal cortices. While this study primarily focuses on longitudinal
fMRI feasibility and reliability in the hippocampus, a central node in memory acquisition
and integration, future studies will leverage cognitive networks by integrating activity
patterns in hubs, including medial and lateral parietal, and medial and inferior frontal
regions, assess reliability and power analysis for fMRI network signals, and explore
potential drug-related effects.

Overall, we opted for a conservative bias and greater focus on generalizability. We used
individual (single) ICCs, not group (mean) ICCs (arithmetic average for a group of scans)
that would have provided higher values (Table 3). Calculated ICCs also assumed random
scans (i.e. model2-ICCs), as opposed to fixed scans (i.e. model3-ICCs), thereby increasing
generalizablity of results. Hippocampal ICCs, with or without adjustment for baseline CDR-
sb, are generally higher than those recently reported in normal elderly controls and subjects
with MCI in verbal episodic memory encoding and retrieval fMRI tasks six-weeks apart 35.
Also, power predictions for estimated sample sizes to detect changes in fMRI measures 12-
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weeks apart assume modest (25–75%) and bi-directional changes (2-sided-α’s) in
hippocampal activity. In similar paradigms, ROI effect sizes were larger or unidirectional,
including in the hippocampus of young subjects administered scopolamine (% change vs
placebo -53% for EXT and -57% for MAG) and lorazepam (% change vs placebo -52% for
EXT and -57% for MAG)27, and in fusiform regions of AD subjects administered
rivastigmine (% change vs no-rivastigmine +95% for MAG in left and +600% in right
fusiform regions) 8. Employing exploratory analyses, unidirectional a priori hypotheses (e.g.
fMRI activity will increase with drug/intervention) or exclusion of left hippocampal MAG
as a primary signal measure may allow modest sample sizes to detect changes in the 50%-
range. For this paradigm, population (i.e. mild AD) and time intervals of several days to
weeks, the right hippocampal signal, especially the MAG measure (i.e. % change in right
hippocampal BOLD signal)36, is likely to be most sensitive to physiological, pathological,
and pharmacological stressors, has substantial measurement reliability (over these short
intervals unless corrected for trait instability), and may be potentially useful as an
exploratory biomarker of trait, state, rate or signal-of-effect. Later in the disease state this
may not be the case as the neural correlates affecting the BOLD signal changes may not
Pairing an fMRI scan with a clinical visit at week-12 provides a parsimonious design
consistent with “proof of concept” AD trials, and for experimental drugs with potential
subacute symptomatic effects, this provides a sufficient interval to detect signals of clinical
efficacy beyond 4–8 week windows when placebo effects may confound37, 38. Finally, the
tools and methods employed for functional data analyses were simple, standard and widely
available (e.g. SPM, MNI template space, MarsBaR).

It is important to recognize that the interaction of baseline CDR-sb with decline in right
hippocampal fMRI signal over time is not due to fMRI measurement inaccuracy or
unreliability - it is an estimable component of putative real variation that can be accounted
for independently and removed from an “adjusted” ICC (through regression and
residualizing methods), which is what was done here, because it might otherwise confound
as measurement unreliability and bias ICCs downward. In doing so, we opted for the more
conservative approach of removing this confounding source of variance from the
denominator of the ICC formula but without adding it to the numerator (see eMethods). That
more impaired subjects, those with higher baseline CDR-sb’s, exhibited greater decline in
right hippocampal activity 12-weeks later is consistent with studies that show decreased
fMRI hippocampal signal in AD relative to in cognitively intact older controls and subjects
with MCI3–5, 23. It is also consistent with the hypothesis that once AD patients meet criteria
for mild dementia, task-related hippocampal activity may rapidly decline with advancing
illness3–5. Similarly, AD subjects with smaller hippocampal volumes subsequently show a
greater rate of decline in hippocampal volumes over one year39. Baseline levels of cognition
and function, and their interactions with time in study, are also important determinants of
clinical trajectory of decline40–42. Finally, improvements over raw ICCs were specific to the
right hippocampus; raw and adjusted ICCs were not substantially different in the left
hippocampus and comparison ROIs (Table 3 and eTable1). This is not surprising since the
face-name paradigm provides greater novelty and cognitive demands in the visual domain,
and previous studies have shown task-, age- and disease-state-related sensitivity for this
paradigm in the right hippocampus1, 3–7, 27.

These data and interpretations also have limitations and caveats. While this study provides
good internal validity and successful implementation at a single experienced site, results
could vary considerably across multiple sites, scanners, platforms and AD populations.
These results require validation in single-site studies and to assess if findings for whole
brain and hippocampal signal reliability will accurately reflect scaling in multi-site studies.
Our subjects were in the mild clinical stages of AD (CDR 1, mean MMSE 24), highly
educated and on stable long-term donepezil therapy. While generalizable to a majority of
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candidates with AD eligible for currently enrolling experimental-drug RCTs, extrapolation
to subjects who are drug naïve, use other anti-dementia medicines, or have low-education
bears caution. Also, based on our previous experience, it is likely that the majority of
subjects with moderate-stage (CDR 2) AD would have difficulty completing this fMRI
paradigm and performing above chance levels. High internal validity and subject
homogeneity in our study may have resulted in under-estimation of ICC’s due to low
between-subject variance. While we do not measure or adjust for individual/native
hippocampal volumes or possible changes, given the low annual rates of hippocampal
atrophy in AD, it is unlikely that atrophy over a 12-week period would significantly affect
the accuracy of ROI boundaries and fMRI signals39, 43, 44. Our results suggest EXT and
right hippocampal measures (EXT/MAG) may be more robust and efficient for power
projections in visual-verbal paired-associate paradigms. The L-MAG measure had only
moderate ICCs values (0.67), resulting in the need for many more subjects to detect of 25–
50% effects. Except for left hippocampus, MAG ICCs were ~0.1–0.3 higher than EXT ICCs
(Table 2 and eTable 1). However, power analysis did not show an advantage of utilizing
MAG measures, especially on the left side. This underscores that ICCs and sample size
estimates provide somewhat complementary information for pragmatic design and
interpretation of biomarkers in AD RCTs.

Importantly, our short-term study does not address the utility of fMRI in detecting disease-
modifying effects in longer-term studies in AD populations. It is possible that a subacute
fMRI effect will be predictive of longitudinal change, but as with PET and structural
MRI45, 46, the ultimate validation of fMRI as a potential biomarker of efficacy will require
incorporation into an AD therapeutic trial demonstrating positive clinical benefit. A general
caution pertains to the nature of the BOLD-fMRI signal as a surrogate for neural activity.
Changes in the BOLD-signal may reflect other neurophysiological processes, including
micro-neurovascular coupling, and not necessarily changes in dendritic synaptic local field
potentials. Future studies will assess test-retest reliability by defining ROIs in native space,
leveraging network dynamics, and using modeling to quantify functional connectivity.

In conclusion, our study demonstrated moderate-to-substantial test-retest reliability for a
face-name, paired-associate encoding, block-design fMRI paradigm performed by subjects
with mild AD at a single-site. These highly focused findings suggest that should significant
BOLD-fMRI changes in hippocampal signals occur acutely or subacutely within 12 weeks
due to a potential intervention or disease progression, then the signal, noise and
measurement variability characteristics of longitudinal fMRI measures utilizing similar
encoding paradigms may allow their detection with reasonable accuracyPower analyses
suggest that detection of changes from baseline hippocampal activity in the 50%-range may
require dozens and not hundreds of subjects, especially if a priori or exploratory focus is on
right hippocampal or extent measures. Meanwhile, small group-level changes in the 25%
range may be detectable with sample sizes currently used in small Phase-II AD trials. These
results support the feasibility of utilizing fMRI as a potential biomarker in early phase
“proof of concept” RCTs to detect if a drug is acutely or subacutely “reaching” or affecting
the brain or having a specific targeted or biological effect (as measured by BOLD-fMRI) on
a brain region or network. This study provides evidence that task-related fMRI is feasible to
implement longitudinally in mild AD at a single-site, and may have sufficient test-retest
reliability to be incorporated in early-phase clinical trials. In combination with other
experimental measures, task-fMRI may potentially help detect a “signal of effect” and guide
early development programs for novel AD therapeutics.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Stability of whole-brain SPM maps. N>R contrast maps (p<0.001, 5-voxel extent) for the
same template coordinate (-24, -24, -9) for the placebo-arm (PLAC, n=12) at baseline (A),
week 6 (T2) (n=11) (B) and week 12 (T3) (n=12) (C). Mapwise activity patterns are stable
and consistent with patterns found in previous studies 1, 2. Difference maps with p<0.01, 5-
voxel extent threshold (not shown) show no significant clusters (i.e. no significant
differences between baseline, week 6 and week 12 scans).
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Figure 2.
Mean +/− SEM MAG (percent signal change, PSC) and EXT (percentage voxels active,
PVA) of N>R contrast BOLD fMRI signal in the left and right Hippocampal ROIs across
the three, T1 (baseline, week 0), T2 (week 6), and T3 (week 12) scans. Hippocampal ROIs
demonstrated similar EXT and MAG of activation at each fMRI session.

Atri et al. Page 13

Arch Neurol. Author manuscript; available in PMC 2012 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Atri et al. Page 14

Table 1

Demographics and clinical and memory measures at baseline and weeks 6 and 12 for the larger study (ALL,
n=24) and the placebo-arm (PLAC, n=12) on which fMRI test-retest reliability was assessed.

T1 baseline (ALL) n
= 24

T1 baseline (PLACa)
n = 12

T2 week 6 (PLACa)
n = 12

T3 week 12 (PLACa)
n = 12

Demographic, mean (SEM)

 Women, n (%) 15 (63) 8 (67) _ _

 Age, y 71.6 (1.7) 71.8 (2.2) _ _

 Education, y 16.0 (0.6) 16.2 (0.8) _ _

Clinical measure, mean (SEM)

 MMSE, correct 24.0 (0.7) 24.3 (0.8) 23.6 (1.0) 23.6 (0.7)

 ADAS-Cogb, errors 26.2 (1.9) 25.1 (2.6) 25.6 (3.3) 25.5 (2.7)

 CDR sum of boxesb (CDR-sb) 4.7 (0.5) 4.0 (0.6) 4.0 (0.6) 4.3 (0.7)

 CDRb 1.0 (0.1) 0.9 (0.1) 1.0 (0.1) 1.0 (0.1)

Post-scan memory tests, mean (SEM)

 Recall of name, % correct 67.0 (1.9) 65.7 (2.5) 58.3 (2.8) 63.0 (4.1)

 2-Alternative forced choice name
recognition, % correct

68.8 (3.3) 73.2 (4.7) 59.0* (4.7) 60.7* (3.5)

Abbreviations: SEM, standard error of the mean; MMSE, mini-mental state exam; ADAS-Cog = Alzheimer’s Disease Assessment Scale Cognitive
Subscale; CDR, Clinical Dementia Rating scale; ALL, Group of all 24 subjects; PLAC= placebo-arm (n=12)

a
Placebo-arm (PLAC, n=12), whose data were used to assess fMRI test-retest reliability, there where there no significant changes in performance

over 12 weeks, with the exception of decline on post-scan name recognition test performance between baseline and subsequent visits (* p<0.05
difference compared to T1)

b
Higher values on ADAS-Cog, CDR-sb and CDR represent worse performance and more advanced dementia severity. In contrast, higher values on

MMSE and MT1 and MT2 represent better performance.
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Table 2

Peak voxels with significanta differences in N>R contrast at baseline scan (n = 12).

Region MNI Talairach p psmall volume-corrected
b

R Hippocampus 27 −27 −9 −27 −27 −6 0.022 0.014

L Hippocampus −24 −27 −9 24 −27 −6 0.011 0.007

R Inferior Frontal 42 30 −9 42 29 −9 0.001 0.0004

R Cingulate 9 30 33 9 31 29 0.025 0.016

R Prefrontal 30 45 0 30 44 −2 0.001 0.0003

Abbreviations: MNI, Montreal Neurological Institute; N>R, Novel > Repeated face-name pair; R, right; L, Left

a
Whole-brain SPM analysis for significance threshold of p<0.001 with extent threshold of five contiguous voxels. MNI and Talairach coordinates

are shown for the peak voxel in a cluster.

b
Small volume-corrected p-value represents p-value for peak voxel in a cluster with small-volume correction accounting for ROI size(# of voxels

in ROI)-dependent multiple comparison adjustment – ie., multiple-comparison adjustment of p-value based only # of voxels in the ROI (not the
whole brain).
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