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Validation of quantitative assessment of florbetaben PET scans as an adjunct to the visual assessment 

across 15 software methods 
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Methods 

Post-mortem histopathology 

Post-mortem histopathological confirmation of Aβ- presence or absence in the brain was available for subjects 

from cohort #1. Besides the reported BSS/IHC assessment (SoT 1), two additional SoTs (SoT 2 and SoT 3) were 

applied in this retrospective study. SoTs 1 and 2, as described below, were based on the consensus 

histopathology assessment. Whereas, SoT 3, as described below, was based on the onsite histopathology 

assessment. 

Consensus histopathology 

The histopathology consensus panel classified neuritic beta-amyloid plaque density for Bielschowsky silver 

staining (BSS) according to CERAD scoring criteria (i.e., none, sparse, moderate, and frequent). A brain region 

was considered to have ‘relevant amyloid-beta present’, if the consensus panel judged it as having a final rating 

of “moderate” or higher. From the neuropathology consensus panel assessment of individual brain regions, a 

whole brain SoT was generated. A brain was classified as positive if amyloid-beta neuritic plaques were more 

than sparse in any of the six regions assessed. The subject was classified as negative if none of the six regions 

assessed were assessed as being more than sparse amyloid-beta neuritic plaques. 

BSS is, however, not specific for beta-amyloid and in addition has technical limitations that may result in a 

lower detection sensitivity for neuritic plaques [1]. In fact, the combination of BSS with immunohistochemistry 

(IHC) for beta-amyloid staining is recommended in current neuropathology guidelines for assessment of 

Alzheimer’s disease pathology [2, 3] to ensure the best histopathological detection sensitivity for neuritic 

plaques. For this reason, results from the regional BSS according to CERAD were combined in original 

histopathology study with the results from IHC staining (BSS/IHC) of the same brain regions, see [4, 5]. IHC 

assessment was scored with the same scoring system described for BSS. A region was considered positive if it 

was positive either by BSS or IHC. A subject was classified as positive if amyloid-beta neuritic plaques were 

more than sparse in any of the six regions assessed according to BSS/IHC. The subject was classified as negative 

if none of the six regions assessed were assessed as being more than sparse amyloid-beta neuritic plaques 

according to BSS/IHC. SoTs 1 and 2 were based on the consensus histopathology assessment. 

Onsite histopathology 

The onsite neuropathological diagnosis classified the brain specimens into ‘relevant amyloid-beta present’ 

no/yes. For this, the CERAD rating was applied according to Mirra et al. [6]. SoT 3 was based on the onsite 

histopathology assessment. 

In this retrospective study, the primary efficacy analysis estimating the sensitivity and specificity was performed 

using three different whole brain standards of truth (SoT) as reported in the phase 3 histopathology study [4, 5]:  

SoT 1: Consensus panel assessment of whole brain BSS according to CERAD in combination with IHC 

(BSS/IHC)  

SoT 2: Consensus panel assessment of whole brain BSS according to CERAD (BSS)  

SoT 3: Onsite neuropathology whole brain assessment based on CERAD 
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The determination of the specificity in cohort #1 was enriched by including ten young healthy volunteers (HVs). 

For these HVs no histopathological confirmation was possible, and the SoT was set to ‘amyloid-beta not present’ 

by definition for all brain regions. 

The detailed findings using SoT 1 (BSS/IHC) is reported in the main paper. All three SoTs yielded similar 

results and are in full agreement and results on SoT 2 and SoT 3 are reported below.  

PET quantification – quality control 

Florbetaben PET scans (cohorts #1-4) were quantified with nine software packages using several metrics to 

estimate Aβ load (SUVR) [7], Centiloid [8, 9], amyloid load [10, 11] and amyloid index [12]. For some software 

packages, different analytical methods were tested using different reference regions. All the scans were 

quantified in batch mode to minimise operator (software user) intervention. The operators were different for each 

software package and blinded to all data pertaining to the subject. After image processing, all the results were 

quality controlled using the following guidelines: 

1) Correct placement of the cortical regions of interest (ROIs) on the brain image was assessed. Cortical ROIs 

must be placed on the grey matter regions and should not have included cerebrospinal fluid (CSF) or 

significant areas of white matter. 

2) Correct placement of the reference region ROIs to ensure that these are well fitted to the region was 

assessed. 

3) Where applicable, the correct co-registration of MRI and florbetaben PET scans was assessed.  

4) In subjects where ROIs were derived from the segmentation of the MRI, the correct segmentation of the 

cortex was visually assessed. 

5) In the analytical pipelines that did not use ROIs (e.g., AmyloidIQ, Neurology toolkit), the quality control 

included the assessment of the correct spatial normalisation of the PET scans with canonical images or 

templates. 

In those scans, where quality control was not successful, the operator was allowed to use the available tools of 

the software to correct quantification. Subjects that did not pass quality control were excluded from the 

individual software package analysis. 

Results 

Sensitivity and specificity 

The procedure to classify florbetaben PET scans by visual and quantitative assessment was evaluated by means 

of sensitivity, specificity and accuracy and their 95% confidence interval using histopathological confirmation as 

SoT (cohort #1). Optimal quantitative cut-offs for each analytical pipeline were developed using ROC curve 

analyses and histopathological confirmation as SoT. Those software packages that used similar ROIs or 

calibrated their metrics to centiloids reported similar cut-offs.  

As reported in the main manuscript, using SoT 1 the mean sensitivity, specificity and accuracy were 96.1±1.6%, 

96.9±1.0% and 96.4±1.1%, respectively, for all quantitative methods. Results obtained using additional SoTs or 

for CE-marked software packages only produced comparable data that is presented in the Supplemental table 1. 

Supplemental table 1: Sensitivity, specificity and accuracy of quantitative assessment of florbetaben PET scans 

for all analytical pipelines and CE-marked pipelines using different histopathology SoTs. 

 Quantitative assessment 

(mean±SD) 

Quantitative assessment 

(CE-marked) (mean±SD) 

SoT 1 (BSS/IHC) (Sensitivity) 96.1±1.6 95.8±1.8 

SoT 1 (BSS/IHC) (Specificity) 96.9±1.0 98.1±1.4 

SoT 1 (BSS/IHC) (Accuracy) 96.4±1.1 96.7±1.6 

SoT 2 (BSS) (Sensitivity) 95.3±2.2 94.6±3.1 

SoT 2 (BSS) (Specificity) 87.0±3.2 90.1±1.4 

SoT 2 (BSS) (Accuracy) 92.0±1.0 92.6±1.1 

SoT 3 (onsite) (Sensitivity) 93.4±1.5 93.8±1.5 
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SoT 3 (onsite) (Specificity) 93.3±1.5 94.0±2.4 

SoT 3 (onsite) (Accuracy) 93.4±.9 93.9±.9 

 

Concordance between visual and quantitative assessment 

The mean percentage of agreement between binary quantitative assessment and visual majority assessment on 

the cohort #2 dataset was high for all subset analysis (see Supplemental table 2). 

Supplemental table 2: Percent agreement between quantitative and majority visual assessment 

 Quantitative assessment 

(mean±SD) 

Quantitative assessment 

(CE-marked) (mean±SD) 

Full sample (excluding subjects from 

histopathology study used to generate the cut-off) 
92.4±1.5 91.2±1.7 

Consensus sample (readers had consensus in VA, 

i.e., all 5 readers independently assessed the scans 

in the same way) 

97.4±1.3 96.2±1.8 

 

Reader agreement across the continuum of amyloid load 

The scans in which the readers could not reach a consensus were not uniformly spread across the continuum of 

amyloid load, as determined by quantification. Such reader disagreement in their assessments was more 

prevalent in borderline cases and near the established cutoff for amyloid-beta pathology. The figure below 

provides a representation of how visual disagreement is distributed across the amyloid continuum, in this 

example for the standard centiloid method. Subjects with CL values ranging from 25 to 50 CL had a 62% rate of 

not reaching full concordance between all 5 readers. Outside this range, the discordant cases were between 0-

20%. While atrophy can make visual assessments more challenging, this effect was mainly notable in borderline 

cases. However, the readers were able to accurately interpret cases with low or high amyloid levels even in the 

presence of atrophy. Identifying subtle uptake that is unilateral and localized in a single region in the early 

population is difficult and can decrease consensus between readers. The clinical population’s diagnosis did not 

significantly impact consensus between readers. 

 

Supplemental figure 1: Percent of cases for which five readers did not reach full consensus. The underlying 

sample (n=336, quality controlled cohort #2, subset 2) is presented for the “standard centiloid” MR-based 

pipeline. 
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Inter-software reliability 

Substantial agreement of the software packages was observed, with a kappa estimate of 0.89 (95% CI: 0.86, 

0.92) in subset 1, which is the dataset excluding subjects from the histopathology study (i.e. those used to 

generate the cut-offs). A kappa value of 0.90 (95% CI: 0.88, 0.93) was obtained across all analytical pipelines 

when analyzing subset 2, which is the dataset including subjects from the histopathology study. A kappa value of 

0.94 (95% CI: 0.92, 0.97) was obtained for subset 3, which is the consensus dataset (i.e., all blinded readers 

assessed the scans in the same way). 

The Fleiss’ kappa across of 5 independent blinded readers in the same dataset without and with subjects from the 

study were 0.80 (95% CI: 0.76 – 0.84) and 0.79 (95% CI: 0.75 – 0.83), respectively. 

Supplemental table 3: Fleiss' kappa (and confidence interval) across analytical pipelines and VA. 

 
Fleiss’ kappa 

(quantification 

pipelines) 

Fleiss’ kappa (visual 

assessment) 

Full sample (excluding subject from 

histopathology study used to generate the cut-off) 
0.89 (0.86, 0.92) 0.80 (0.76, 0.84) 

Consensus sample (readers had consensus in VA, 

i.e., all 5 readers independently assessed the scans 

in the same way) 

0.94 (0.92, 0.97) 1.00 (1.00, 1.00) 
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