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ARTICLE INFO ABSTRACT
Keywords: Background: The visual interpretation of amyloid PET scans, or visual read (VR), is the most common technique
Alzheimer’s disease used in clinical practice to identify the presence of cerebral amyloid plaques. Amyloid status (positive or

Amyloid positivity

Elenb negative) determined by VR or using a Centiloid (CL) cut-off shows high overall concordance. However,
enbecestat

discordant cases can occur where the VR is positive, but the CL is below the positivity cut-off, or vice versa.
Objectives: The objective of this analysis was to evaluate the rate of discordance and explore potential causes,
particularly the role of amyloid tracer uptake in the white matter (WM), when determining amyloid status using
VR and CL in screening for the elenbecestat phase 3 studies in early Alzheimer's disease (AD).

Design: Amyloid PET scans using either Florbetapir (Amyvid™), Florbetaben (Neuraceq™) or Flutemetamol
(Vizamyl™) from 3,232 participants (1507 VR- and 1725 VR+) with cognitive impairment screened for the
elenbecestat phase 3 studies in early AD were visually interpreted at screening by trained neuroradiologists and
quantified using CL values.

Setting: Academic and clinical centers

Intervention/Measurements: Quantitatively, amyloid positivity was defined as CL > 32.21. The number of positive
cortical regions was determined by counting the number of regions with a standardized uptake value ratio
(SUVr) that exceeded 1.17. PET SUVr levels in the cerebral WM were measured using an eroded WM region of
interest (ROI). Statistical tests were conducted to detect differences among the four concordance groups, defined
by the relationship of VR and CL status (positive or negative). Additionally, tests examined the relationship
between uptake in the WM and rates and type of discordance. Receiver operating characteristic (ROC) analysis
and DeLong’s test were also used to examine the effect of different tracers on the discordant rates.

Result: Discordance was observed in 6.53% of cases (n=211), with VR+/CL- in 4.61% (n=149) and VR-/CL+ in
1.92% (n=62). VR+/CL- discordant cases had significantly fewer amyloid-positive cortical regions compared to
both VR+/CL+ and VR-/CL+ cases. VR-/CL+ cases had a significantly higher WM uptake than VR-/CL- and
VR+/CL- cases. Our findings revealed a relationship between WM uptake and rates and types of discordance.
High WM uptake can erroneously lead to CL+, due to gray matter (GM) contamination from the WM, and VR-
status, due to reduced contrast between WM and GM, resulting in VR-/CL+ cases. Conversely, low WM uptake
can result in an underestimation of CL values, inaccurately classifying a scan as CL-, and at the same time, the
increased contrast may result in a VR+, thereby increasing the occurrence of discordant VR+/CL- cases.
Conclusion: Variations in WM uptake significantly contribute to discordances by introducing positive or negative
bias in CL values and altering the GM to WM contrast, which forms the basis of the VR. Nevertheless, the rates of
discordant cases are low and VR represents a robust and validated method to determine the presence of amyloid
deposition. VR enables enrolling patients with amyloid beta pathology, as seen on amyloid PET scans, whereas
CL scaling was developed to provide standardized units that more consistently characterize longitudinal
amyloid-p change. These findings reflect the complementary roles of VR and CL in amyloid PET evaluation, with
implications for refining diagnostic accuracy and disease monitoring in AD clinical trials and practice.
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Introduction

The defining central nervous system (CNS) pathology in Alzheimer’s
disease (AD) is characterized by the presence of amyloid plaques, which
are extracellular deposits of amyloid beta (Af) protein, and neurofi-
brillary tangles (NFT) [1]. Positron emission tomography (PET) radio-
tracers enabling amyloid to be imaged in vivo allows determining the
presence of amyloid in the living patient. Three PET ligands for Ap are
currently approved for clinical use by the European Medicines Agency,
the US Food and Drug Administration, and other regulatory agencies
around the world: Florbetapir (Amyvid™), Florbetaben (Neuraceq™)
and Flutemetamol (Vizamyl™) [2]. The visual interpretation of an
amyloid PET scan - the so-called visual read (VR) - is performed ac-
cording to each manufacturer’s guidelines, and although slight differ-
ences exist in the way the scans are read, the three approved VR
protocols show good agreement in classifying a scan as amyloid positive
or negative [3]. VRs are the most common method to determine the
presence of cerebral amyloid pathology in clinical practice.

In addition to the VR, the amount of amyloid can be quantified using
various imaging processing pipelines that generate the standardized
uptake value ratio (SUVr). To account for variations in the SUVr range
and properties between tracers, these values can be standardized using
the Centiloid (CL) scale, as outlined in the published guidelines [4-5].
Once converted to the CL scale, each individual amyloid PET scan can be
quantitatively classified as either CL positive or negative based on
whether the CL value exceeds or falls below a prespecified threshold for
positivity. When this threshold is determined in such a way that it
optimally separates VR positive and negative PET scans, for instance
through ROC analysis, amyloid status (positive or negative) determined
by either a qualitative VR or a quantitative CL cut-off shows good overall
concordance. However, it is not uncommon to encounter discordant
cases, where the VR is positive, but the CL is below a positivity cut-off, or
vice versa [6-7]. While the existence of discordant cases is not surprising
due to the fundamentally different classification methods, it is important
to understand and consider the differences between amyloid positivity
determined by either VR or a CL cut-off.

The objectives of this analysis were to assess the rates of amyloid
status discordance between VR and CL methods and explore possible
reasons for these discordances in the screening for two elenbecestat
phase 3 studies. Elenbecestat is a BACE inhibitor, where BACE (f-site
amyloid precursor protein cleaving enzyme) is an enzyme involved in
the production of p-amyloid. This program included two global phase 3
studies (NCT02956486; NCT03036280) in subjects with early AD (i.e.,
mild cognitive impairment [MCI] due to AD or mild AD dementia with
amyloid positivity confirmed by PET VR or CSF) [8]. Of particular in-
terest in explaining amyloid status discordance was the hypothesis that
intersubject variability in tracer uptake within the WM influences both
the VR and CL values of amyloid PET scans, a concept that has not been
previously explored.

Methods
Patients

A total of 9758 subjects were screened across 29 countries. Subjects
advanced to amyloid PET imaging if they met the National Institute of
Aging — Alzheimer’s Association (NIA-AA) core clinical criteria for AD or
MCI, had an Mini-Mental State Examination (MMSE) score >24, a
Clinical Dementia Rating (CDR) of 0.5, were between 50 and 85 years of
age, and satisfied all inclusion and exclusion requirements. Only par-
ticipants who were amyloid-positive by either VR PET scan or CSF
assessment were eligible for randomization (n=2212) and subsequently
received either placebo or 50 mg QID Elenbecestat [8]. Approval was
obtained from the Institutional Review Board or independent ethics
committee at each center, with all participants providing written
informed consent. Of the total 9758 screened subjects, 3232 early AD
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subjects were considered for evaluation in this current study (1507 were
VR- and 1725 were VR+).

Image acquisition and processing

Contingent on accessibility to the tracer manufacturing facilities,
either one of the three approved amyloid PET tracers was used in the
sample we analyzed (i.e., Florbetapir (Amyvid™) = 8.3 %, Florbetaben
(Neuraceq™) = 74.8 % or Flutemetamol (Vizamyl™) = 16.9 %). Pa-
tients underwent a 20-minute PET scan 90 + 1 min after receiving an
injection of Florbetaben (300 MBq) or Flutemetamol (185 MBq), or 50 +
1 min following an injection of Florbetapir (370 MBq).

The following steps are part of a standardized image-processing
pipeline implemented by BioClinica. First, all 4 x 5 min amyloid PET
frames were rigidly co-registered to the first frame, motion-corrected,
averaged into a static image, smoothed to harmonize resolution across
sites, and co-registered to the patient’s 3D T1-weighted magnetic reso-
nance imaging (MRI). Using each subject’s 3D T1-weighted MRI, 74
brain regions were segmented using the Desikan-Killiany atlas [9]. and
mapped onto the amyloid PET data to extract regional SUVr values.
Additionally, a composite cortical amyloid PET SUVr was computed as
the average of the frontal, temporal, parietal, and cingulate cortices,
using the whole cerebellum as the reference region. The mean composite
SUVr, obtained using either amyloid tracer, was converted into CLs, a
100-point scale which has an average value of zero in “high certainty”
amyloid negative subjects and an average of 100 in “typical” AD patients
[4-5]. Specific SUVr to CL conversion equations have been published
previously [8].

Visual reads

For the eligibility review, one of three trained neuroradiologist
readers performed a single reading at baseline, and if needed, they
consulted each other to reach consensus agreement on images difficult
to interpret. These readers, blinded to cognitive status, centrally deter-
mined amyloid PET positivity or negativity by VR according to each
tracer’s manufacturer guidelines. The VR classification of the amyloid
status is based on the grey matter (GM) uptake being equal to or higher
than the uptake in the WM in at least one region, as per the manufac-
turer’s guidelines for each tracer [10]. Brain regions assessed and pos-
itive scan criteria are summarized in Supplementary Table S1. Although
scanning protocols are relatively similar across tracers, U.S. Food and
Drug Administration- and the European Medicines Agency-approved VR
protocols differ among the three tracers. However, Bischof et al. [3].
showed comparability of the three approved VR protocols to classify a
scan as amyloid positive or negative with high interrater agreement
despite applying different VR protocols for all three ‘®F-labeled amyloid
tracers.

Determination of quantitative thresholds and scan classification

A CL threshold of 32.21 — which corresponds to ~1.17 SUVTr for all
tracers — was determined, based on the screening data from these two
phase 3 studies of Elenbecestat, to separate amyloid-positive from
amyloid-negative PET scans. This threshold was determined by maxi-
mizing the Youden index (sensitivity + specificity — 1) in a ROC analysis,
using VR classification as the reference standard, and it aligns with
previously published thresholds [11].

Additionally, we defined an individual cortical region as being am-
yloid positive when SUVr > 1.17 and computed the total number of
amyloid-positive cortical regions from the Desikan-Killiany atlas [9]. in
each individual subject. Amyloid PET scans were classified into four
groups based on the amyloid status given by the VR and the CL classi-
fication: VR-/CL-, VR+/CL-, VR-/CL+ and VR+/CL+.
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Data analysis

The rate of discordant cases was determined for the full data set and
separately for each amyloid PET tracer, expressed as a percentage of the
total number of cases. To evaluate the relationship between VR status
and CL values, ROC curves were generated for each tracer. Differences
between ROC curves across tracer subgroups were assessed using
DeLong’s test. Fisher’s exact test was used to compare discordance rates
between each pair of the three amyloid PET tracers, as well as between
the two discordant subgroups.

To compare continuous variables (age, MMSE, CDR sum of boxes,
and the number of amyloid-positive cortical gray matter regions) across
concordance groups, the Kruskal-Wallis test was used, followed by
Dunn’s post hoc test with Bonferroni correction. Categorical variables
(baseline diagnosis, gender, and tracer type) were analyzed using chi-
square tests. The use of nonparametric tests was driven by the skewed
distributions observed in the concordant groups: VR+/CL+ cases were
skewed toward higher positive region counts, while VR-/CL- cases
showed lower counts, as described in the Results section.

Amyloid PET SUVr levels measured in cerebral WM, measured using
an eroded WM ROI to minimize GM contamination, were compared
across concordance groups using the Kruskal-Wallis test followed by
Dunn’s post hoc test with Bonferroni correction.

To further investigate WM uptake patterns, linear regression ana-
lyses were conducted to examine associations between WM SUVr and
age, gender, and tracer type.

All statistical analyses were performed using JMP (version 17.2) and
R (version 4.3.2). Graphs were generated in R using the ggplot2 package
(version 3.5.1). Dunn’s post hoc tests and ROC analyses, including
DeLong’s test, were conducted in R using the PMCMRplus (v.1.9.10;
[12]) and pROC (v.1.18.5; [13]) packages, respectively. All other sta-
tistical tests were performed in JMP.

Results

This analysis included data from 3232 participants aged 50-85,
including both eligible individuals and screening failures. Participants
were clinically diagnosed with either MCI due to AD (87.7 %) or mild AD
dementia (12.3 %) and not confirmed until PET scan and/or VRs of
amyloid PET scans — using Florbetaben, Florbetapir, or Flutemetamol —

Table 1
Demographics by visual read/Centiloid concordance status.

VR-/CL- VR+/CL- VR-/CL+ VR+/
n=1445 n=149 n=62 CL+
n=1576
Amyloid PET Centiloids, -0.5 13.1 48.4 90.4
mean (SD) (10.8) (15.3) (13.7) (30.5)
Baseline Diagnosis, n (%)
MCI due to AD 1327 130 (87) 57 (92) 1319 (84)
(92)
Mild AD 118 (8.2) 19 (13) 5(8.1) 257 (16)
PET Tracer, n (%)
Florbetaben 1160 120 (81) 34 (55) 1103 (70)
(80)
Florbetapir 86 (6.0) 12 (8.1) 8(13) 162 (10)
Flutemetamol 199 (14) 17 (11) 20 (32) 311 (20)
Gender, n (%)

Female 745 (52) 61 (41) 42 (68) 829 (53)
Male 700 (48) 88 (59) 20 (32) 747 (47)
Age, mean years (SD) 68.6 71.1 72.9 72.2(7.1)

(8.3) (7.5) (6.8)
CDR-SB, mean (SD) 2.2(1.0) 2.5(1.0) 2.3(0.9) 2.4 (1.0)
MMSE, mean (SD) 26.8 26.7 26.7 26.4 (1.8)
1.7) (1.8) (1.8)

AD, Alzheimer’s Disease; CDR-SB, Clinical Dementia Rating Scale Sum of Boxes;
MCI, Mild Cognitive Impairment; MMSE, Mini-Mental State Examination; SD,
Standard Deviation; VR, Visual Read; CL, Centiloid.
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were performed at screening by trained neuroradiologists. Participant
demographics by VR/CL concordance status are summarized in Table 1.

A significantly higher proportion of males was observed in the VR+/
CL- group (59 % vs 41 % females) compared to other groups (all p-values
< 0.05). Conversely, the VR-/CL+ group had a significantly higher
proportion of females (68 % vs 32 % males; all p-values < 0.05).

The overall concordance rate was 93.47 %, with VR+/CL- discor-
dance at 4.61 % and VR-/CL+ discordance at 1.92 % (Table S2).
Discordance rates revealed that Flutemetamol had the highest propor-
tion of VR-/CL+ cases, while Florbetaben had the highest proportion of
VR+/CL- cases. Fisher’s exact test indicated significant differences in
VR-/CL+ discordance between Florbetaben and the other two tracers,
and a significant difference in VR+/CL- discordance only between
Florbetaben and Flutemetamol (Table S3).

ROC analysis showed excellent agreement between VR and CL-based
amyloid status for all tracers, with AUC values > 0.95 (Table S4).
DeLong’s test showed a statistically significant, though modest, differ-
ence between the ROC curve for Flutemetamol and those of the other
two tracers (Table S5). Sensitivity, specificity, and balanced accuracy
were all above 0.9 across tracers, indicating strong overall concordance
(Table S6).

The effect of site/scanner on the relationships between the primary
variables of interest (i.e., number of positive cortical GM regions, CL,
WM SUVr, and concordance status) was negligible; therefore, this co-
variate was not included in the analyses.

Fig. 1 illustrates the number of positive cortical GM regions vs CL,
with the CL threshold for positivity of 32.21 indicated by the red vertical
line. The graph shows that a minimum of 30 to 40 positive regions out of
74 is required for a scan to exceed the CL threshold. Notably, some scans
are VR+ despite having fewer than 10 amyloid-positive regions,
resulting in a CL value well below the threshold (see Fig. 1, VR+/CL-
scans represented by blue dots). Conversely, a few scans have more than
30 amyloid-positive regions while being VR- (see Fig. 1, the VR-/CL+
scans represented by pink dots).

Representative amyloid PET scans from each VR/CL group are dis-
played in Fig. 2. VR-/CL- scans showed no cortical region uptake above
the WM levels. In contrast, VR+/CL+ cases exhibit large cortical regions
with uptakes equal to or higher than in the cerebral WM. Among the
VR+/CL- discordant cases, two distinct patterns were observed: [1].
“borderline” scans with minimal cortical uptake and questionable pos-
itivity (e.g., Florbetaben case), and [2]. clearly positive-appearing scans
with diffuse GM uptake but unexpectedly low CL values (e.g., Florbe-
taben case with CL = 15). It is important to note that in the two pre-
sented VR+/CL- scans, the tracer uptake in the WM appears weaker than
in the concordant cases. Finally, most VR-/CL+ discordant cases
exhibited a fully negative scan pattern, as illustrated by the Florbetapir
example in Fig. 2. However, a few “borderline” cases could have been
classified as VR+/CL+ due to debatable loss of GM/WM contrast in
limited areas (see the Florbetaben example). Additionally, unlike the
VR+/CL- cases, the two VR-/CL+ examples showed stronger WM uptake
than ‘normal’ cases (i.e., the concordant cases).

Figure S1 shows that WM SUVr was similar between the concordant
groups (VR—/CL— and VR+/CL+) but differed significantly in discor-
dant groups. The VR+/CL— group exhibited lower WM SUVr, while the
VR—/CL+ group showed higher WM SUVr. These findings support the
visual impressions from Fig. 2. Within each group, CL values were color-
coded, showing a positive association between CL and WM SUVr.

Figure S2 shows the same analysis stratified by tracer, showing that
WM uptake differences between groups exist with varying magnitudes
across the three amyloid tracers.

Fig. 3 displays the number of amyloid-positive regions by VR/CL
group, with points colored by WM SUVr. The VR+/CL- group had a
similar range of positive regions as the VR-/CL- group (0-43 vs 0-45, but
lower WM uptake. Notably, scans with fewer than 10 positive regions
generally had very low WM uptake. Similarly, VR-/CL+ scans show
comparable number of positive regions to the VR+/CL+ scans (30-76 vs
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BVR-/CL-
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Centiloids

Fig. 1. Number of positive cortical gray matter regions (defined using a cut-off of SUVr = 1.17) vs Centiloids by VR/CL group (red: VR-/CL-, blue: VR+/CL-, pink:

VR-/CL+, green: VR+/CL+). VR, Visual Read; CL, Centiloid.

Florbetapir

Fig. 2. Representative examples of amyloid PET scans (top row: Florbetapir, bottom row: Florbetaben) from each group (VR-/CL-, VR+/CL-, VR-/CL+, VR+/CL+).

VR, Visual Read; CL, Centiloid.

The palettes shown reflect the label-recommended display settings routinely used for clinical visual interpretation. Flutemetamol images are not included because the
manufacturer-recommended color palette resulted in examples that were less visually informative for illustrating the features highlighted in this figure.

28-79), but with higher WM uptake. These patterns further support the
positive association between WM uptake and the number of positive
regions, and consequently CL values, as seen in Figure S1.

Fig. 4 shows the relative proportion of scans within each VR/CL
group for increasing WM uptakes. This graph clearly illustrates the
relationship between WM uptake and the rates and types of discordant
cases. Notably, the number of VR+/CL- cases (in blue) increases with
lower WM uptake, while higher WM uptake is associated with a greater
proportion of VR-/CL+ cases (in pink).

Finally, linear regression analysis showed that WM amyloid PET
SUVr was significantly associated with age, gender, and amyloid tracer
type (all p-values < 0.001; Table S7).

Discussion

Visual assessment of amyloid PET scans by trained radiologists is a
common qualitative method to determine the presence of amyloid
deposition in the brain and categorize a subject as being amyloid-
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VR-/CL+ VR+/CL+

VR/CL Status

Fig. 3. Boxplots showing VR/CL group differences in the number of positive regions.
Dot color represents white matter uptake, ranging from blue (below the sample mean SUVTr) to red (above the sample mean SUVr). The mean numbers of positive
regions by VR/CL group are all statistically significant at p-values < 0.0001 using the Kruskal-Wallis and Dunn Tests with Bonferroni correction. WM, white matter.

VR, Visual Read; CL, Centiloid.
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Eroded Subcortical White Matter Amyloid PET SUVr

Fig. 4. Proportion of each concordance group as a function of white matter amyloid PET SUVr. VR, Visual Read; CL, Centiloid.

positive or -negative, which is critical for determining eligibility in anti-
amyloid clinical trials [6-7]. Another approach to determine the pres-
ence of amyloid in the cortex is to quantitatively measure amyloid levels
in the brain by processing PET images with a computerized algorithm to
produce SUVTr values for various cortical and non-cortical regions, or for
the whole cortex [14]. Global SUVr values can then be converted into CL
values for comparability between the different amyloid tracers [4-5].
Finally, amyloid status is then classified using a CL threshold, defined
either a priori or, as in this study, empirically based on ROC analysis. The
degree of agreement between VR-based and CL-based classifications
remains a central issue in both research and clinical trial screening.
Using data from 3232 participants screened for the phase 3 studies of
elenbecestat in early AD, we observed a high agreement between VR and
CL classifications, with an overall concordance rate of 93.5 %. Discor-
dances were 4.61 % for VR+/CL- and 1.92 % for VR-/CL+. These results
are in line with a multicenter study where binary VR of Flutemetamol

showed a very high agreement (93 % - 99 %) with quantitative amyloid
level measures obtained using a variety of software tools [15]. Thurfjell
et al. [16]. and Matsuda et al. [17]. also reported a high concordance
rate between quantitative PET measures (Flutemetamol) and VR,
ranging from 97.1 % to 99.4 % depending on the selection of reference
and composite regions, and 94.6 %, respectively. Mountz et al. [18].
reported a VR/SUVr (Flutemetamol) classification agreement of 82.6 %,
whereas our study showed a higher agreement of 93.23 % for the same
tracer. In Zeltzer et al. [7], the concordance between VR and quantita-
tive measures of Florbetaben, Florbetapir and Flutemetamol PET scans
was 86.3 % using an a priori defined threshold of 24.4 CL. The rates of
VR+/CL- and VR-/CL+ were 8 % and 6 %, respectively, which are
higher than the rates reported in our study.

Our results suggest that discordance is not confined to cases near the
CL threshold, nor is it solely attributable to threshold choice, quantifi-
cation variability or borderline scans. As shown in Fig. 1, VR+/CL- cases
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can have very low CL values, and VR-/CL+ cases can have very high CL
values. These findings are consistent with previously studies [6-7].

The presence of discordant cases is not surprising given the inherent
differences between VR and quantitative classification methods. Quan-
titative measures, such as amyloid PET SUVr and CL values, are derived
from the quantification of the tracer uptake in a predefined ROIs relative
to the tracer uptake measured in a reference region, such as the whole
cerebellum, using computerized algorithms to process PET images. In
contrast, VR relies on the subjective interpretation by trained radiolo-
gists, who assess GM regions for tracer uptake equal to or higher than
that present in the WM. These methodological differences can naturally
lead to discrepancies in classification outcomes, resulting in discordant
cases. For example, a scan may be classified as positive based on the
visual identification of a few focal areas of tracer uptake, even if other
cortical regions appear negative (see Fig. 2, Florbetaben VR+/CL- case).
When these scans are quantitatively processed to generate a global
amyloid level, the positive amyloid signal, if confined to only a few
regions, gets averaged over a relatively large volume. This dilution effect
can lower the overall CL value and result in a CL- classification despite a
positive VR.

Several approaches have been proposed to mitigate the under-
estimation of focal uptake by global metrics Fakhry-Darian et al [19].
suggested using region-specific SUVr thresholds, while Nai et al [20].
showed that taking the highest SUVr value, among all measured regions
in the brain, rather than mean global SUVTr, yielded higher agreement
between VR and SUVr. This approach is intuitively closer to the visual
assessment process, considering focal uptake. Conversely, diffuse
cortical uptake that does not exceed adjacent WM may yield CL+, but
VR- classifications (i.e., VR-/CL+ discordant cases, Fig. 2).

Influence of WM uptake on the occurrence of discordant cases

In addition to the above reasons that are commonly cited in similar
studies, our results underscore the substantial variability in amyloid
tracer uptake within the WM, with SUVr values ranging from 0.85 to 2.3
(Figure S1). More importantly, our findings reveal an important rela-
tionship between WM signal and both the rates and type of discordant
cases (Fig. 4). Our interpretation is that high WM uptake increases the
likelihood of VR-/CL+ cases. First, due to inflated CL in VR- scans, which
is caused by direct contamination of the measured cortical GM SUVr by
tracer signal coming from adjacent WM; and second, due to CL+ scans
being misclassified as VR-, because of reduced GM/WM contrast.
Conversely, low WM uptake favors the emergence of VR+/CL- cases due
to an underestimated CL in VR+ scans - caused by lower contamination
from the WM, and due to the CL- scans being incorrectly labeled as VR+
because of increased GM/WM contrast. Consequently, variations in WM
uptake can influence both VR and CL. The VR+/CL- discordant group is
partly composed of VR+/CL+ scans that have lost their CL positivity,
and VR-/CL- scans that have gained VR positivity due to low WM uptake
(Figure S1). Conversely, the VR-/CL+ group emerges at high WM up-
take levels and is partly composed of VR-/CL- gaining CL positivity, and
VR+/CL+ losing their VR positivity.

Alterations in CL values due to low or high WM uptake are closely
related to the partial volume effect in PET imaging [21], whereby the
signal measured in relatively small or thin regions, such as the cortical
GM, is contaminated by signal originating from neighboring regions
such as the WM. The magnitude of this contamination depends on
several factors, including image spatial resolution, voxel size, thickness
of the cortical ribbon, and the definition of the target ROL Typically,
about 20 % to 50 % of the WM signal can be measured within the target
GM ROL Consequently, any deviation in WM uptake from the “norm” (e.
g., the mean WM uptake across the cohort) results in inaccuracies in CL,
whereby for a given true GM uptake, high WM uptake results in over-
estimated CL values, while low WM uptake results in underestimated CL
values.

This contamination of CL by the WM uptake is visible in Figure S1
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and Fig. 3, where within each group, there is a noticeable positive
relationship between WM uptake and CL values. This contamination is
however more perceptible in Figure S3 showing the scatter plot of WM
amyloid tracer uptake vs the cortical GM SUVTr. If we focus on the scans
with low amyloid uptake (i.e., VR-/CL- group, red dots), we can see a
positive association between WM uptake and cortical SUVr values — and
consequently, CL values — as illustrated by the solid red line. For
instance, when the WM SUVr is above 1.9, there is no scan showing
composite cortical GM SUVr under 0.9, while these scans are common
when the WM SUVr is below 1.5. We can assume that the relationship
between WM uptake and GM SUVr remains consistent for scans with
higher GM SUVTr values - illustrated by the red dashed line - especially
around the SUVr threshold, represented by the black vertical dashed
line, which shows the separation between negative and positive scans
based on their SUVr value only, while the tilted red dashed line separates
negative and positive scans based on their SUVr value while accounting
for the contamination coming from the WM. Therefore, VR+/CL- scans
(e.g., blue dots and arrows) in the lower triangle formed by the two
intersecting red and black dash lines are CL+ scans that have lost CL
positivity due to low WM uptake. In contrast, the VR-/CL+ scans (e.g.,
pink dots and arrows) in the upper triangle, formed by the two inter-
secting red and black dashed lines, are CL- that gained positivity due to
high WM uptake.

If we assume a 30 % contamination on average for this cohort and
using the SUVT to CL equations for the three tracers [8], any WM uptake
variation of 0.1 SUVr from the mean results in a variation of 3.6 CL for
Florbetaben, 4.2 CL for Florbetapir and 3 CL for Flutemetamol. Using
these values, we find that 20 % VR+/CL- cases (n=30) of our cohort are
VR+/CL+ cases that lost CL positivity due to low WM uptake and 32 %
of the VR-/CL+ discordant scans (n=21) are VR-/CL- scans that are CL+
due to a high WM uptake. At the same time, 0.5 % of the VR-/CL- (n=7)
are actually CL+ and 0.5 % of the VR+/CL+ scans (n=8) are CL-.
Figure S4 shows the impact of accounting for a 30 % WM contamination
on the CL values and status. Actual cases with CL status changes are
given in supplementary Figure S5.

Factors influencing the variability of tracer uptake in white matter

While studies on the characterization of amyloid tracers in the WM,
mainly using ['C]PiB PET, has shown that the binding to WM is mainly
non-saturable and non-specific [22-23], the precise nature and under-
lying mechanism of this binding remain poorly understood. Our analysis
revealed strong associations between WM uptake and factors such as
age, gender, and the type of amyloid tracer used. The strong positive
association with age is in line with previous studies showing very similar
coefficients [24-25]. The association with gender partially accounts for
the higher proportion of males in the VR+/CL- group and females in the
VR-/CL+ group, a pattern that has been observed previously without
identifying the main reasons [7]. Indeed, the lower binding of the am-
yloid tracer to the WM observed in males results in a higher proportion
of males in the VR+/CL- group (59 %) while the higher binding in fe-
males accounts for the greater proportion of females in the VR-/CL+
group (68 %) (Table 1). Further studies are warranted to elucidate the
basis of these sex differences in WM tracer binding, which may involve
sex specific brain structural features and/or hormonal influences, or be
related to cerebrovascular disease such as WM hyperintensities [26-28].
and cerebral microbleeds [25]. However, these associations were not
studied here but merit future investigation.

Other potential causes of discordance

Image quality and processing pipeline may contribute to discordant
cases. Subject motion can degrade image quality, affect VR due to
reduced GM/WM contrast, and distort CL values. Inaccurate CL values
may also result from misregistration of target or reference ROIs. While
not observed in this study, truncation of the cerebellum, a common
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reference region, on scanners with limited axial field-of-view can lead to
inflated cortical CL values.

In this study, both VR and quantitative analyses were performed on
motion-corrected, spatially harmonized images. However, in other
studies, VR is often performed on minimally processed images, intro-
ducing another potential source of discordance.

Finally, threshold selection plays a role. Higher thresholds can result
in VR-+/CL- cases, while a lower threshold can lead to VR-/CL+ cases. In
this study, the 32.21 CL threshold was empirically derived to maximize
VR- vs. VR+ separation. However, several a priori CL thresholds have
been reported in the literature for classifying amyloid PET scans [29,
30], including 24.4 CL, which represents a pathologically validated
cutoff corresponding to intermediate-to-high amyloid burden [31]. As
shown in Table S8, moving substantially away from the empirically
derived threshold increases discordance rates. Nonetheless, our findings
remain robust across reasonable threshold variations as the ROC anal-
ysis demonstrated that moderate changes in the CL threshold did not
materially affect our conclusions.

In summary, VR is a robust and validated method to determine the
presence of amyloid deposition in the brain. When performed according
to the FDA-approved labeling for amyloid PET tracers, VR can support
the clinical diagnosis of AD, inform disease management decisions, and
confirm eligibility for anti-amyloid therapies. Conversely, CLs are better
suited for assessing longitudinal changes over time by providing a
quantitative and more sensitive measure to assess disease progression
[4,14]. Variations in WM uptake significantly contribute to discordances
by introducing positive or negative biases in CL values and altering the
GM to WM contrast, which is fundamental to the VR. Together, these
findings highlight the complementary strengths of VR and CL ap-
proaches, while underscoring the need to account for WM signal vari-
ability to ensure accurate and consistent interpretation of amyloid PET
scans in both clinical and research settings.
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