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Abstract

The accurate measurement of B-amyloid (AB) change using amyloid PET imaging is important for
Alzheimer disease research and clinical trials but poses several unique challenges. In particular,
reference region measurement instability may lead to spurious changes in cortical regions of
interest. To optimize our ability to measure 18F-florbetapir longitudinal change, we evaluated
several candidate regions of interest and their influence on cortical florbetapir change over a 2-y
period in participants from the Alzheimer Disease Neuroimaging Initiative (ADNI).

Methods—We examined the agreement in cortical florbetapir change detected using 6 candidate
reference regions (cerebellar gray matter, whole cerebellum, brain stem/pons, eroded subcortical
white matter [WM], and 2 additional combinations of these regions) in 520 ADNI subjects. We
used concurrent cerebrospinal fluid Ap;_4» measurements to identify subgroups of ADNI subjects
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expected to remain stable over follow-up (stable AR group; 7= 14) and subjects expected to
increase (increasing AP group; 7= 91). We then evaluated reference regions according to whether
cortical change was minimal in the stable AP group and cortical retention increased in the
increasing AP group.

Results—There was poor agreement across reference regions in the amount of cortical change
observed across all 520 ADNI subjects. Within the stable Ap group, however, cortical florbetapir
change was 1%-2% across all reference regions, indicating high consistency. In the increasing Ap
group, cortical increases were significant with all reference regions. Reference regions containing
WM (as opposed to cerebellum or pons) enabled detection of cortical change that was more
physiologically plausible and more likely to increase over time.

Conclusion—Reference region selection has an important influence on the detection of
florbetapir change. Compared with cerebellum or pons alone, reference regions that included
subcortical WM resulted in change measurements that are more accurate. In addition, because use
of WM-containing reference regions involves dividing out cortical signal contained in the
reference region (via partial-volume effects), use of these WM-containing regions may result in
more conservative estimates of actual change. Future analyses using different tracers, tracer—
kinetic models, pipelines, and comparisons with other biomarkers will further optimize our ability
to accurately measure AP changes over time.

Keywords
amyloid; Alzheimer’s disease; PET imaging

Emerging longitudinal amyloid PET studies suggest that there are several analytic
challenges that make measurement of B-amyloid (AB) change different from cross-sectional
AP analyses. These challenges are further complicated by the fact that there is no gold
standard for measurement of AP change, because rates of change cannot be inferred from
cross-sectional autopsy data. Because there is currently no consensus on how to address
these methodologic challenges, existing longitudinal amyloid PET studies have used
methods that were developed for cross-sectional datasets. However, recent data suggest that
the amount of annual change in 11C-Pittsburgh compound B (}1C-PiB) that we can detect in
research studies (1) and clinical trials (2) is similar to test—retest error rates, which are
approximately 5%—-9% for 11C-PiB standardized uptake value ratios (SUVRS) (3,4). The
precise measurement of AP change is therefore a critical concern for Alzheimer disease
(AD) research that seeks to identify subtle or early changes in Ap and for clinical trials
aimed at separating meaningful change from noise (2), particularly for individuals who are
early in the course of disease. Early identification of change is an important problem
because interventions that lower brain Ap deposition will be tested in early stages of disease,
and robust outcome measures are required to assess efficacy.

Several factors contribute to variability of longitudinal amyloid PET measurements,
including meaningful physiologic changes due to disease, the tracer used, consistency of
acquisition conditions (e.g., patient positioning within the field of view, medication use), and
tracer quantitation method (distribution volume ratio [DVR] vs. SUVR). A factor of
particular concern is selection of an appropriate reference region that is expected to remain
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free of fibrillar amyloid over time. Whole cerebellum in particular has been used frequently
for florbetapir PET normalization (5-7), due to the relative sparing of neuritic plaques in the
cerebellum and an existing cerebellum-based positivity threshold derived from young
normal subjects (8) and validated in an autopsy study (9). However, cerebellar or pons
reference regions may introduce noise in longitudinal measurements. For example, the small
size of the pons or the low position of the cerebellum in the field of view may introduce
artifacts due to image truncation, alterations in scatter, attenuation correction, and counting
rate and sensitivity (10,11).

A final concern is nonspecific tracer retention in white matter (WM), which has been
observed for all amyloid PET imaging agents to varying degrees (12-15). Measurements of
tracer retention in the cortex are contaminated by WM retention, so lack of stability in WM
retention over time could lead to detection of spurious changes in the cortex. Inclusion of
WM (such as centrum semiovale) in the reference region could perhaps weaken cortical
signal of interest, because subcortical WM is itself affected by the combined effects of tracer
retention in neighboring cortical voxels and partial-volume averaging.

However, recent work from our group and others using 11C-PiB (16) and 18F-florbetapir
PET data from the Alzheimer Disease Neuroimaging Initiative (ADNI) has suggested that a
WM reference region reduces variability in longitudinal cortical measurements (11,17,18)
and also improves the power to detect AB-modifying treatment effects and cognitive change
(10). A key challenge in this work is the lack of a gold standard for evaluating the accuracy
of different reference regions. To address this challenge, here we used cerebrospinal fluid
(CSF) Ap1-_42 measurements and diagnostic status to identify ADNI subjects whose
longitudinal cortical florbetapir (SUVR) was unlikely to change (stable Ap group) and those
whose SUVRs were likely to increase (increasing AB group) over a 2-y follow-up period.
We then evaluated several candidate reference regions, defined using each subject’s native
space structural image, based on the extent to which these groups showed the anticipated
patterns of change.

MATERIALS AND METHODS

Study Design and Rationale

We calculated annual change in florbetapir cortical retention based on 2 scanning sessions at
a 2-y interval using several reference regions with varying amounts of WM. To determine
which reference regions were optimal for detecting longitudinal cortical change, we
compared reference regions based on our assumptions that cortical AB change should be
minimal in subjects expected to remain stable (stable Ap group) and cortical Ap should
increase in a physiologically plausible way (or should not decrease) in subjects expected to
increase (increasing AP group).

To define Ap status, we used CSF AB1_4» measurements that were acquired concurrently
with florbetapir scans at baseline and 2-y follow-up visits and analyzed by the ADNI
Biomarker core laboratory with a CSF AB1_4, autopsy-validated positivity cutoff of 192
pg/mL, as described previously (19).
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ADNI is a multisite longitudinal biomarker study that has enrolled more than 1,500
cognitively normal older individuals, people with early mild cognitive impairment (EMCI)
or late MCI, and people with early AD (www.adni-info.org provides additional information).
Our complete dataset was made up of 520 ADNI participants who underwent a baseline
structural MR imaging scan and baseline and follow-up florbetapir scans at a 2-y interval
using a protocol described elsewhere (http://adni-info.org). All participants gave written
informed consent that was approved by the Institutional Review Board of each participating
institution.

Stable and Increasing Ap Groups

The stable Ap group (7= 14) was used as a proxy for a test—retest sample. It was defined as
all subjects who were apolipoprotein E4 (ApoE4) noncarriers cognitively normal at baseline
and follow-up, had lumbar punctures that were concurrent with (within 3 mo of) both
baseline and follow-up florbetapir scans, and were CSF Ap—-negative at both of these visits.
We further restricted the group to subjects who were not decreasing on CSF AP to reduce
the possibility that these CSF AB-negative subjects had subthreshold but increasing cortical
Ap. Because a small CSF Ap decrease may reflect measurement error rather than a
meaningful decrease, we estimated CSFAP test-retest variability by calculating the amount
of CSFAB increase in cognitively normal subjects, a change that likely reflects noise. We
used this value of 3.4 pg/mL as an approximation of CSF Ap test—retest variability and
eliminated from our stable AP group any subject who decreased by more than 3.4 pg/mL
from baseline to follow-up. This value is in line with recent test-retest comparisons
performed by the ADNI biomarker core (20).

The increasing AR group (normal, 7=37; EMCI, n=54; total n= 91) was defined as
subjects who were diagnosed as cognitively normal or EMCI at baseline, had lumbar
punctures that were concurrent with (within 3 mo of) the baseline florbetapir scan, and were
CSF Ap1_4o—positive at this baseline visit.

Characteristics of the stable and increasing AP groups are summarized in Table 1.

Florbetapir PET Image Processing

Florbetapir synthesis and image acquisition details are described in detail elsewhere ((7),
http://adni-info.org). Briefly, florbetapir images consisted of 4 x 5 min frames acquired at
50-70 min after injection, which were realigned, averaged, resliced to a common voxel size
(1.5 mm3), and smoothed to a common resolution of 8 mm?3 in full width at half maximum.

Structural T1 images acquired concurrently with the baseline florbetapir images were used
as a structural template to define cortical regions of interest and reference regions in native
space for each subject using Freesurfer (version 4.5.0; surfer.nmr.mgh.harvard.edu) as
described previously (7,21,22).

Baseline and follow-up florbetapir scans for each subject were coregistered to baseline
structural MR scans, which were subsequently used to extract weighted cortical retention
means (SUVRs) from gray matter within 4 large cortical regions of interest (frontal,
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cingulate, parietal, and temporal cortices) that were averaged to create an SUVR as
described in greater detail in recent studies (7,21) and online (23).

Candidate Reference Regions

Cortical SUVRs for each subject at each time point were generated by dividing the cortical
summary average (described above) by each of the following candidate reference regions to
create 5 different SUVRs (listed in order of increasing WM making up the reference region)
(Fig. 1): Freesurfer-defined cerebellar gray matter, whole cerebellum, pons/brain stem, and
eroded subcortical WM, which was created by smoothing a binarized Freesurfer-defined
subcortical WM image to the 8 mm3 resolution of the florbetapir image and then
thresholding this image at 0.70 to erode WM-defining voxels away from gray matter. The
fifth region (composite reference region) was made by averaging means of the whole
cerebellum, pons/brain stem, and eroded subcortical WM regions (17).

A sixth normalization strategy (WM ratio) used a 2-step normalization process in which,
first, the cortical summary average (Ctx) is normalized to the whole cerebellum (WhCereb)
to bring the SUVR units in line with cross-sectional florbetapir measures that are often
scaled to whole cerebellum (and corresponding positivity threshold). Second, the cortical
summary average is scaled by the ratio of subcortical WM for each visit divided by
subcortical WM of the first visit. The purpose of the second step was to account for
unexplained change in the WM by scaling each subsequent WM mean by the baseline WM,
a procedure that is similar to the longitudinal CSF standardization method that anchors all
longitudinal measurements to the baseline. The WM ratio normalization is summarized in
the following equations, using the above variable abbreviations, where Ctxy; = Ctxy1/
WhCereby/1, Ctxyy = Ctxyo/WhCereby/p, WMy, = WMy/1/WhCereby/1, and WMy, =
WMy»/WhCereby,. V1 and V2 are visits 1 and 2, respectively.

Ctxy,
W MVl )

WMy Eq. 1

SUVR V1=

SUVR Vo= S

V2
Lyo 7

WMy Eq_ 2

Ctx,, Ctx
ASUVR:WIJ;_ \VM;/; )

\VI\JVl VVI\,IV1 Eq 3

In Equation 1, the denominator cancels, so the initial step of normalizing to whole
cerebellum is critical in its influence on the resulting value. A critical feature of this method
is that the percentage change measurements are identical to those obtained with
normalization using the WM region alone. This is because the second visit (Eqg. 2) is scaled
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by a term representing change in WM (WM,,2/WMy,), resulting in change measurements
(Eq. 3) that are weighted by change in WM and therefore identical for the WM ratio method
and the WM reference region alone.

Mean annual percentage SUVR change was calculated for each reference region, and
reference regions were compared according to the following criteria: in the stable AB group
SUVR change should be close to zero and for the increasing AB group SUVR change should
be physiologically plausible (e.g., an annual increase of less than 20%), and the number of
subjects with declining SUVRs should be minimal.

Statistical Methods

RESULTS

For the stable AB group, 1-sample tests were used to compare mean annual percentage
SUVR change with zero for each reference region, and a = 0.05 was Bonferroni-corrected to
adjust for the 6 comparisons, resulting in a = 0.008.

For the increasing AP group, visit 1 to visit 2 increases were tested with paired #tests, and
correlations were examined with linear regression. Minimum, maximum, and mean annual
percentage SUVR change/SD and coefficient of variation (CV) were calculated for each
reference region. The examination of SUVR percentage change values (as opposed to
difference measurements) enabled the evaluation of different reference regions despite
differing scales.

Influence of Reference Region on Longitudinal Cortical SUVR Change

To determine the consistency in annual SUVR change that can be detected using different
reference regions, we divided all 520 subjects into quartiles of SUVR change based on the
whole cerebellum reference region (Fig. 2, upper left). This quartile assignment was used to
define the color scale for the other candidate reference region plots, such that for all plots in
Figure 2, blue represents subjects with the lowest 25% florbetapir change based on whole
cerebellum normalization, green and yellow represent intermediate degrees of change, and
purple represents subjects with the highest 25% change based on whole cerebellum
normalization. The lack of preservation of quartile assignment is evident in the disordered
positions of the blue, green, yellow, and purple points as the reference region changes. For a
more quantitative examination of this agreement, we determined the likelihood that a subject
assigned to a particular quartile based on whole cerebellum normalization was assigned to
the same quartile using the other normalization regions (Fig. 3). Agreement was high
between whole cerebellum quartile assignment and cerebellar GM quartile assignment
(blue) because of the proximity of these regions to one another. However, other reference
regions had agreement that was near chance (25%), particularly for the middle 2 quartiles,
which are clustered around zero and contain a narrow range of values, increasing the
likelihood that quartile assignment would not agree across reference regions.

We also examined more extreme cases of disagreement between reference regions and found
that, for example, approximately 22% of subjects who were in the highest quartile (greatest
change) using whole cerebellum were in the lowest quartile (least change) when using WM.
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Conversely, one third of subjects (34%) who were in the lowest quartile when using whole
cerebellum were in the highest quartile when using WM. An example subject (subject A)
who demonstrated this pattern is labeled in Figure 2, in addition to the corresponding
florbetapir images shown in raw form and normalized using several example reference
regions (Fig. 4A). A second subject (subject B), who was a cognitively normal member of
the increasing Ap, had SUVRs at both time points that were highly dependent on reference
region (Fig. 2, example images shown in Fig. 4B). This subject was an outlier (highly
positive at both visits) when using cerebellar GM or whole cerebellum due to unexplained
extremely low tracer uptake in the cerebellum but was in the middle of the distribution when
using a WM-containing reference region (Fig. 5). Examination of ADNI florbetapir
scanning and reconstruction records do not indicate that any special concerns were noted for
either scans for these subjects.

Change in Stable A Group

Annual SUVR change and absolute SUVR change across reference regions for the stable Ap
group are summarized in Table 2. Annual mean percentage change ranged from —-1.2 + 1.7%
(WM and WM ratio) to 0.8 + 1.6% (cerebellar GM). Annual absolute percentage change
ranged from 1.0 = 0.9% (composite) to 1.6 + 1.3% (WM and WM ratio). No reference
region resulted in an annual SUVR mean percentage change that was different from zero
based on our statistical criteria, but the absolute change was different from zero for all
reference regions, indicating significant test—retest error across all regions (1-sample ftests;
P<0.001).

Comparison of WM and WM Ratio Methods

The WM and WM ratio regions both resulted in identical percentage SUVR change
measurements (see the “Candidate Reference Regions” section), so mean/SD percentage
SUVR change is identical when using these 2 reference regions (Tables 2 and 3). However,
the SUVR units for these 2 methods differ in that the WM reference region results in SUVRs
ranging from approximately 0.5 to 1.0 (due to the relatively high florbetapir retention in
WM relative to cortex) whereas the WM ratio results in SUVRs at each time point that are
on the same scale as those obtained with whole cerebellum normalization, ranging from
approximately 0.8 to 2.0.

Change in Increasing Ap Group

Annual SUVR change and absolute change across reference regions for the increasing A
group are summarized in Table 3. Annual SUVRs increased across all reference regions (P<
0.05), although not all regions survived our Bonferroni-corrected threshold (a = 0.008).
Although the mean/SD annual percentage change is comparable across reference regions,
the minimum and maximum values differ such that the composite reference region results in
the narrowest range of change values (-3.4% to 5.6%) and cerebellar GM results in the
broadest range of SUVR change (-10.4% to 18.5%). Subcortical WM-containing regions
(composite, WM, WM ratio) resulted in low maximum annual increases of 6%—8%,
compared with brain stem/pons (11%), whole cerebellum (15%), and cerebellar GM (19%).
The CV is lowest for the composite region (1.18) and highest for cerebellar GM (3.43).
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Plots of visit 1 versus visit 2 SUVRs of the increasing Ap group for each reference region
(Fig. 5) show that as the amount of WM making up the reference region increases, the
proportion of decliners decreases. Specifically, 25% of the group decreases from visit 1 to 2
when using the cerebellar GM reference region, whereas 11% of the group decreases when
using WM, WM ratio, and composite reference regions.

DISCUSSION

The cerebellum is frequently used as a reference region in florbetapir PET studies, primarily
because of a validated whole cerebellum—based positivity threshold (8,9), but it may not be
adequate for longitudinal analyses (10,11,17). Here, we examined the influence of 6
candidate reference regions on annual florbeta-pir cortical change in a large multicenter
sample over a 2-y follow-up period. We addressed the absence of a gold standard for
assessing longitudinal AR measurement accuracy using concurrent CSF A measurements
and diagnostic information from a large ADNI sample to define groups expected to remain
stable and to increase on florbetapir. Our study had several main findings. First, agreement
in the amount of cortical change detected using different reference regions was poor,
indicating that reference region selection has a substantial effect on which subjects appear to
increase and which appear to remain stable (or decrease). Second, in the stable Ap group,
reference regions performed similarly as all showed minimal SUVR change. Third, in the
increasing AP group, use of a reference region containing subcortical WM (as opposed to
cerebellum or pons alone) resulted in SUVR change that was more physiologically plausible
and also consistent with the idea that Ap is not likely to decrease over time in individuals
who are AB-positive at baseline and at early disease stages (normal, EMCI). Finally, we
introduced a new reference region approach (WM ratio) with SUVR units that are consistent
with whole cerebellum normalization, permitting application of a whole cerebellum-based
positivity threshold but with percentage change that is equivalent to that obtained with WM
normalization. Together, these findings suggest that selection of an appropriate reference
region plays a critical role in longitudinal analysis, particularly when examining change in
ApB-positive individuals, and that use of a reference region containing subcortical WM
results in SUVR change measurements that appear to be the most accurate.

On the basis of recent work showing lower rates of amyloid PET change in ApoE4- normal
subjects (24) and agreement between CSF AB1_4, and florbetapir positive/negative status of
83%-91% (x = 72) in a subset of these subjects (25), we expected that the stable A group
would show minimal cortical AB change and could therefore serve as a test—retest proxy for
optimizing reference region selection. Our findings across reference regions showed that
absolute percentage annual SUVR change was approximately 1%—2% across all reference
regions, suggesting that test-retest variability was adequate and comparable across all
regions. Further examination revealed that SUVRs decreased when using regions including
subcortical WM, and greater decreases roughly corresponded to greater amounts of WM in
the reference region. Assuming that cortical change is indeed minimal in this group, this
finding suggests that WM tracer retention may increase slightly over time, so use of a
reference region that includes WM may result in a more conservative estimate of actual
cortical increase.
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We selected subjects likely to increase based on evidence that cognitively normal subjects
who are 11C-PiB—positive at baseline were likely to show 11C-PiB increases over time (26).
The increasing AP group included cognitively normal and EMCI subjects but not subjects
with greater cognitive impairment (e.g., late MCI and AD) because Ap may decrease after
reaching a peak of accumulation in some patients (24), perhaps reflecting atrophy at later
disease stages or a maximum saturation of Ap pathology in the cortex. We found that use of
a reference region that includes subcortical WM resulted in SUVR change measurements
that were less likely to decrease, compared with the cerebellum or pons alone. Use of
subcortical WM-containing reference regions also resulted in maximum annual increases of
6%—-8%, whereas pons and cerebellar regions resulted in increases greater than 10%.
Although the upper limit of annual amyloid accumulation is unknown, current models of the
20- to 40-y Ap accumulation time course (1,24) suggest that increases greater than 10%/y
are unlikely. We note that these models are derived from longitudinal 11C-PiB data (using a
cerebellar reference), which also may be vulnerable to some of the reference region—based
variability presented here (16). Finally, although the association between visit 1 and visit 2
was higher for reference regions containing WM (/2 = 0.93-0.69) than for cerebellar
regions (A2 = 0.72-0.77; Fig. 5), the relevance of this is unclear because variability in
amyloid accumulation rate is unknown.

Overall, the composite reference region (an average of the means of the whole cerebellum,
brain stem/pons, and eroded WM regions) resulted in annual SUVR change with the lowest
CV for the increasing AP group. The composite region also resulted in the lowest annual
mean absolute percentage SUVR difference for the stable Ap group (though all regions were
comparable). The relatively large number of voxels may account for some of the SUVR
stability when using the composite region. For example, inclusion of WM could reduce the
influence of low or high cerebellar retention due to changes in subject placement in the
scanner or poor definition of the brain stem/pons due to differences in movement across
scans. A similar argument can be made for the WM reference region alone, because it
contains a larger number of voxels than cerebellum or pons and because the voxels are in the
same axial plane as the cortical target regions, perhaps making it less vulnerable to scatter-
or attenuation-correction errors that may occur at one or both visits. The large size of regions
that include WM is also a potential drawback in that WM shares signal with cortical regions
of interest, despite substantial erosion of WM away from the cortex. This means that when
the cortical mean is divided by the WM-containing reference region, some of the cortical
signal is lost because some cortical signal is common to both regions. This slight loss of
signal provides further support for our observation that reference regions that include WM
result in a conservative estimate of change.

An unexpected finding was the amount of disagreement between reference regions; for
example, a third of subjects who decreased the most (lowest quartile) using whole
cerebellum normalization increased the most (highest quartile) using WM normalization,
suggesting that unusual retention patterns are not uncommon (both cross-sectionally and
longitudinally) and that use of multiple reference regions and visual examination of raw and
normalized scans may be helpful in these cases. These cases also raise the possibility that
similar issues (e.g., subject positioning within the field of view) may influence cross-
sectional analyses as well. Although the whole cerebellum standard has been compared with
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other potential reference regions in cross-sectional analyses (7,27), and critically, in autopsy-
validated data (9), this issue warrants further study.

This study has several limitations. First, as mentioned previously, the lack of a gold standard
for evaluating AP change is a key concern but is unlikely to be resolved with current bio-
marker tools. As an alternative, we used CSF A to help predict florbetapir change.
Although agreement between CSF Ap and florbetapir status is high, some amount of
disagreement between the 2 (25) may have introduced some error into our group selection,
but this was unlikely to bias our results in favor of a particular reference region. Second, we
currently have only 2 scans available to estimate florbetapir change. The use of 3 scans
would improve our ability to estimate rates of change more accurately but may be less
clinically relevant than the current approach due to scan cost. Third, our findings are specific
to florbetapir SUVR measurements and may not generalize to other methods of PET
analysis (i.e., DVR measurements) or other PET tracers. There are other contributions to
variability in change measurements (e.g., image acquisition and image analysis methods)
that are beyond the scope of this study. Additionally, percentage change SUVR
measurements (as opposed to SUVR differences) may deviate from statistical normality and
therefore warrant the use of nonparametric statistical tests because they are a ratio of 2
numbers that are themselves ratios. Although the key findings of this study were the
comparison of reference regions to one another and not the statistical significance of SUVR
changes, our overall results were generally unchanged by the use of nonparametric statistics.
Fourth, our image coregistration was performed using the 50- to 70-min SUVR image,
which is dominated by regions with higher tracer retention and could therefore result in
coregistration errors. Although dynamic data are not available in ADNI, use of early frame
image data may result in more accurate MR imaging coregistration. A final related issue is
that our target and reference regions were anatomically defined and based on each subject’s
baseline structural MR imaging scan, introducing the possibility that cortical or WM atrophy
may have occurred, which could result in either over- or underestimations of change,
depending on whether atrophy occurred in the target or reference region (or both). Partial-
volume correction of this data, although an important area of future investigation, would
require structural MR images at each time point (which were not currently available for all
subjects) and may increase noise, thus complicating interpretation of the already complex
relationship between reference regions.

CONCLUSION

We have evaluated longitudinal florbetapir cortical change calculated using several candidate
reference regions. Our findings suggest that reference region selection has a substantial
influence on the change that can be detected. Although the whole cerebellum has been used
frequently for cross-sectional analyses of florbetapir data, this study indicates that a
reference region containing subcortical WM results in more longitudinal measurements that
contain less noise than those obtained with the cerebellar or pons regions.
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FIGURE 1.

Candidate reference regions for florbetapir analysis are overlaid an example subject’s MR

imaging scan.
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FIGURE 2.

SUVR change is plotted against baseline SUVR using 6 candidate reference regions for all
520 subjects. Subjects were divided into quartiles based on SUVR change using whole
cerebellum reference region (upper left; blue = lowest 25%, purple = highest 25%), and this
quartile assignment was used for the other 5 reference regions. Subjects A and B show
SUVR pattern that varies across reference regions (see “Results” section).
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FIGURE 3.

For each quartile defined by SUVR change using whole cerebellum reference (x-axis),
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percentage of subjects is shown who are assigned to same quartile defined by SUVR change

using other reference regions.
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Whole
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Visit 2
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FIGURE 4.
Sample baseline MR imaging and florbetapir scans at each visit are shown for 2 example

subjects (subjects A and B) who had a reference region—dependent pattern of cortical
retention (see “Results” section; Figs. 2 and 5). The top row (raw) of PET scans is averaged,
coregistered frames that have not been intensity normalized. Subsequent rows show
coregistered, averaged frames at uniform voxel size and resolution, normalized using
reference region shown. Scale for color display selected for whole cerebellum was arbitrary
but consistent across visits. Color scale for other reference regions was selected by
transforming upper threshold for whole cerebellum to units consistent with other regions.
This was performed using linear regression equations resulting from correlation between
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whole cerebellum—-normalized SUVRs and other reference regions at baseline across all 520
subjects.
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FIGURE 5.

Relationship is shown between SUVRs at visit 1 vs. visit 2 in Ap-increasing group

calculated using 6 different reference regions. /2 values, linear regression equations, and
number (and percentage) of decliners are shown for plots, which are arranged in order of
increasing WM making up reference region. Example subject (subject B) who showed a

discrepant pattern across reference regions is shown (Fig. 4B).
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TABLE 2

Comparison of Cortical Change Across All Reference Regions in Stable Ap Group

Referenceregion Annual mean % change SD  Annual mean absolutevalue% change  SD

Cerebellar gray matter 0.8% 1.6% 1.4% 1.1%
Whole cerebellum 0.2% 1.4% 1.2% 0.8%
Pons -0.5% 1.9% 1.6% 1.0%
Composite -0.6% 1.2% 1.0% 0.9%
WM -1.2% 1.7% 1.6% 1.3%
WM ratio -1.2% 1.7% 1.6% 1.3%
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