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1 EXECUTIVE SUMMARY 

Biomarker Qualification Opinion (BQO) for the Centiloid Measure as a universal 
metric for the assessment of brain amyloid burden:  

A robust standardised tracer-independent methodology for measuring amyloid load in 
subjects with early or established pathology. 

Applicant: IMI funded Amyloid Imaging to Prevent Alzheimer’s Disease (AMYPAD) 
consortium 

Biomarker Qualification Opinion (BQO) Process: 

Developed by the European Medicines Agency (EMA) to facilitate the 
acceptability of specific use for a novel method or imaging modality to enable 
progress in the development of novel treatment and management regimes. The 
opinion process involves the assessment of submitted data and additionally a 
further public consultation with the scientific community. The process starts with 
the applicant submitting a detailed proposal and is projected to take 
approximately 9 months to 1 year. 

AMYPAD Program: 

AMYPAD is a public-private partnership of 15 European partners who have two 
active clinical programs in the field of brain amyloid positron emission tomography 
(PET) imaging, with the ultimate goal to improve knowledge of dementia 
pathology and clinical progression. One major objective is the development and 
validation of robust standardised methodology for the measurement of amyloid in 
the brain. The project is now in its 6th year of funding and was granted a no-cost 
extension till the 30th of September 2022. The F-18 tracers Vizamyl 
([18F]flutemetamol) and Neuraceq ([18F]florbetaben) are approved by EMA and 
broadly available in Europe, both are being studied in the AMYPAD program. 
Additional data from the US based IDEAS study which has a large proportion of 
Amyvid ([18F]florbetapir) scans has also been included in the results section. 

What currently exists: 

Fluorine-18 labelled brain amyloid PET tracers have been available for routine 
use in Europe since 2013 and have been validated against Consortium to 
Establish a Registry for Alzheimer's disease (CERAD) pathology as the standard 
of truth. Clinical routine use of brain amyloid PET tracers involves categorisation 
of static scans by visual read as either negative or positive. All three amyloid PET 
tracers approved in the EU have quantification included in their SmPC as an 
adjunct to a visual read to assist in the assessment of an amyloid PET scan. 
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Additionally in the research space, quantitative measures are being employed 
with many of the standard software packages able to calculate both regional and 
composite levels of amyloid burden, enabling a continuous measure of amyloid 
load in addition to the dichotomous read that the visual inspection allows. 
Methods such as the standardised uptake value ratio (SUVr) yield tracer uptake 
values, which vary depending upon the chosen reference region and the 
analytical implementation. In turn, non-displaceable Binding Potential (BPND) 
reflects specific tracer uptake, as it takes several technical and physiological 
factors into account and is therefore considered a more accurate and precise 
measure. This measure, however, faces a similar dependency on radiotracer and 
analytical approaches, and requires a longer “dynamic” acquisition protocol, 
which may limit routine clinical use. 

What is the knowledge gap: 

Recently, the field of Alzheimer’s disease (AD) research has focused on the value 
of both the topographical distribution and burden of amyloid pathology present, 
rather than a binary classification of the amyloid status. Studies so far have 
illustrated the added value of this information for both disease-modifying 
therapies and clinical use. There is a need to reliably quantify the presence of 
early amyloid pathology as secondary prevention trials move to treat subjects with 
low but detectable levels of amyloid. Additionally, there is value to improve the 
prognostic value of amyloid imaging in clinical routine, by considering the overall 
pathological load, which could improve subject placement along the AD trajectory. 
Although controversial regarding the clinical benefit demonstrated so far, the 
recent Aduhelm approval by the Food and Drug Administration (FDA) also 
highlights the potential value of a universal metric to assess the amyloid burden 
by PET as the label was updated in April 2022 to include the following ‘confirm 
the presence of amyloid beta pathology prior to initiating treatment’. This could 
include both a baseline measure of amyloid to initiate treatment and potentially 
further scans for the purposes of managing the therapy regime. In addition to 
Aduhelm, other promising anti-amyloid therapies are in the final stages of closing 
out Phase III studies and submitting NDA/MAAs in both the USA and Europe. 
Managing both the inclusion into therapy as well as therapy monitoring across 
both global territories and with multiple tracers will require a consistent and robust 
approach. 

One method increasingly gaining traction in the dementia neuroimaging space is 
the Centiloid measure, a tracer independent metric that can be easily grasped 
beyond Nuclear Medicine as well as providing thresholds to answer different 
questions. Thus, while visual binary read of global amyloid provides useful 
information for clinical routine and research purposes, it does not consider the 
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wealth of information that brain PET scans provide, both from a regional and 
continuous quantitative measure perspective.  

Premise of BQO: 

To facilitate the wider utility of standardized, tracer independent, and sensitive 
methods for 1) measuring cross-sectional levels (and potentially longitudinal 
changes) of brain amyloid pathology across PET tracers and 2) support amyloid 
PET biomarker use in both clinical routine and research by providing information 
on the extent of pathology for differing scenarios. These could include the 
evaluation of both early and established amyloid pathology as well as the 
possibility to predict disease trajectory (i.e., prognosis). Currently, the Centiloid 
measure could be considered the most developed quantitative methodology 
within the field of amyloid PET and has been reliably implemented in multiple 
studies, including AMYPAD. Other quantitative methods to optimally measure 
amyloid burden or accumulation have been proposed, such as Aβ load and Aβ 
index. However, these approaches are currently less mature, having only been 
assessed in limited data sets. 

Sources of data: 

The primary sources of data presented in this BQO is amyloid measures from the 
two AMYPAD studies (i.e., the Diagnostic and Patient Management study, DPMS; 
and the Prognostic Natural History Study, PNHS). Additionally, work has been 
performed by members of the AMYPAD consortium on other cohorts (e.g. 
ALFA+, ABIDE, IDEAS etc) and will be appropriately referenced. There has also 
been a large body of data published in the literature and/or presented at recent 
conferences and this too is considered in this application. 

Analysis proposed in this BQO: 

A wealth of data and analysis primarily from both the AMYPAD DPMS and PNHS 
studies are presented in this BQO dossier. The analysis described in Chapter 6 is 
broadly divided into three sections which cover a) analytical robustness of the 
quantitation of cortical amyloid, b) cross sectional results of image analysis in the 
clinical subgroups of DPMS and other studies and c) the longitudinal analysis of 
amyloid PET in both DPMS and PNHS. 

Value to the field of AD: 

To provide a framework for the validation of quantitative assessment of amyloid 
burden, which is suitable for use/implementation by the general dementia field. 
The Centiloid method is the example for this BQO. The approach by AMYPAD 
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has been endorsed by the European Association of Nuclear Medicine (EANM) 
(see letter of endorsement in Appendix A). 

The application could also provide a template for further methodologies to be 
introduced as well, as future uses of amyloid PET are expected, e.g., more 
widespread applicability of longitudinal scanning to monitor therapeutic efficacy of 
cases with developing pathology. 

The use of the Centiloid method allows the dementia field to use a central, 
universal metric, which is valid across all three approved brain amyloid PET 
tracers. This method aligns the use of target and reference regions and 
harmonizes the outcome measures. 

Additionally, the BQO will demonstrate best practice PET acquisition parameters 
for the acquisition and reconstruction of amyloid PET images gained via collection 
and analysis of over 2000 images acquired in the AMYPAD program (either newly 
acquired for prospective AMYPAD studies or in collaboration with other 
consortia). 

2 REGULATORY HISTORY 

Summary of Previous Regulatory Interactions 

 Table 1 Summary of AMYPAD Regulatory Interactions with EMA 

Date Event Summary 

10th Nov 2016 EMA Scientific Advice 

Procedure No.: 
EMEA/H/SAH/070/1/2016/S
ME/III 

Advice on design and endpoints of Diagnostic 
and Patient Management Study (DPMS) 

28th Feb 2019 EMA Scientific Advice 

Procedure No.: 
EMEA/H/SA/4003/1/FU/1/20
19/SME/II 

  

Discussion and advice on concepts (including 
the Centiloid measure) for the quantitation of 
brain amyloid burden using amyloid PET tracers 

Q4 from this EMA SA provided an initial 
opportunity to discuss the CL concept and 
provided baseline guidance for this Qualification 
Opinion  
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2.1 Previous Biomarker Qualification Opinions in the Neuroimaging Space 

The EMA issued in 2018 a full Qualification Opinion for the use of dopamine transporter 
imaging as an enrichment biomarker in Parkinson disease trials targeting subjects with 
early motor symptoms. Exclusion of subjects without evidence of dopaminergic deficit 
(SWEDDs) in future clinical trials targeting early motor PD subjects aimed to enrich 
clinical trial populations with idiopathic PD patients, improve statistical power, and 
exclude subjects who are unlikely to progress clinically from being exposed to novel test 
therapeutics. 

The structure and content of this current dossier for our AMYPAD submission of 
‘Centiloid measure of Amyloid PET to quantify early and established amyloid deposition’ 
is based upon the template provided by the DAT imaging document (Stephenson et al 
2019) 

3 PROPOSED CONTEXT OF USE STATEMENT 

Context of Use: Centiloid measure as a universal metric for the assessment of brain 
amyloid burden. 

• General Area 

Robust standardised tracer-independent methodology for measuring amyloid load in 
subjects with early or established pathology. 

• Target Population for Use 

Subjects on the AD pathology continuum where knowledge of the amyloid load 
specifically leads to a) diagnostic decisions such as therapeutic intervention/monitoring 
or b) inclusion or exclusion from clinical research. 

• Stage of Implementation 

18F-labelled Amyloid PET Tracers are available for routine use where the etiological 
assessment of amyloid burden is required, but CL methodology as an adjunct to visual 
inspection is not yet embedded in standard of care/image analysis. Currently the 
technology is widely used in clinical trials across the full AD continuum. Preparation of 
the clinical field for newly approved therapeutics where a measure of amyloid burden is 
required to ensure consistent and reliable patient outcomes. 
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• Intended Application 

There are a number of possible applications of the Centiloid measure which can be 
envisaged: 

- Selection of individuals with established pathology who are targets for novel 
(in research) and future approved amyloid targeted therapies. 

- Optimal therapy monitoring (including treatment decisions/prognosis from 
baseline etc). 

- Identification of subjects with preclinical AD or at risk of cognitive decline for 
early treatment or secondary prevention. 

• Critical Parameters for Context of Use 

The Centiloid method allows the dementia field to use a central, universal metric which 
is valid across all three approved brain amyloid PET tracers so all 
researchers/clinicians/regulators can use a common set of clearly defined units. The 
methodology has been widely published in recent years in many studies. However new 
data from AMYPAD not only answers some critical questions but also alludes to the 
robustness of the procedure. 

The Context of Use for this BQO application is summarised below in Figure 1. 
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Figure 1 AMYPAD Biomarker Qualification Opinion: Context of Use Summary 

 

4 CONCEPT AND LITERATURE OVERVIEW 

4.1 Amyloid PET 

The use of amyloid PET allows for the in-vivo visualization and quantification of Aβ 
protein fibrillary deposits in the brain, directly providing information on the total load and 
spatial distribution of Aβ pathology. Three fluorine-18 amyloid PET tracers are currently 
available for routine clinical use and have been validated against CERAD pathology as 
the standard of truth (SOT). These radiotracers are [18F]florbetapir (Amyvid™; Avid 
Radiopharmaceuticals; approved in the EU since 2013) (Clark et al., 2012), 
[18F]flutemetamol (Vizamyl™; GE Healthcare; approved in the EU since 2014) (Salloway 
et al., 2017) and [18F]florbetaben (Neuraceq®; Life Radiopharma Berlin GmbH; approved 
in the EU since 2014) (Sabri et al., 2015).  Each of these radiotracers has been 
approved by the FDA and EMA for routine clinical use and have local regulatory 
approval in other countries such as Japan and Korea. The tracers are also widely used 
by the research community. In addition, other known compounds such as the Carbon-11 
labelled Pittsburgh compound B ([11C]PiB) (Klunk et al., 2004) and [18F]NAV4694 (Rowe 
et al., 2013; Villemagne et al., 2021) are available for investigational use only.  



  

 

Page 16 of 99 

 

4.2 Centiloid Scaling 

As the use of different amyloid PET tracers grew in both clinical and research settings, 
there was a need for inter-tracer standardization of the SUVr metric in multi-centre 
collaborations. To this end, the CL scale was developed (Klunk et al., 2015), which is an 
unbound scale with anchor points at 0 CL (mean grey matter signal of young healthy 
controls, which are assumed to be free of Aß plaques) to 100 CL (mean of a typical AD 
patient signal, when Aß burden peaks) that conveys a single patient’s amyloid burden 
based on using the [11C]PiB SUVr from the Global Alzheimer’s Association Interactive 
Network (GAAIN) reference dataset (http://www.gaain.org/CL-project). The main aims of 
the CL scale have been to: (i) simplify and expedite direct comparison of Aβ PET results 
across sites and studies; (ii) outline the earliest thresholds for amyloid positivity and 
define the range of positivity in AD; (iii) robustly quantify longitudinal change; and (iv) 
facilitate inter-tracer comparisons (Klunk et al., 2015). Since then, several studies have 
tested the scale’s validity and used it to improve the harmonisation and standardisation 
of Aβ PET quantification across tracers, scanners, and analytical implementations 
(Battle et al., 2018; Bourgeat et al., 2021, Bourgeat et al., 2018; Cho, Choe, Kim, et al., 
2020; Cho, Choe, Park, et al., 2020; Leuzy et al., 2016; Navitsky et al., 2018; Rowe et 
al., 2017, Rowe et al., 2016; Schwarz et al., 2018; Su et al., 2018, Su et al., 2019; 
Tudorascu et al., 2018; Yun et al., 2017). 

The CL approach allows any site using amyloid PET to follow a multi-step process to 
generate a CL scaling from their own local Aβ PET data. The basic principle is to scale 
the 18F-labelled tracers’ SUVr to equivalent [11C]PiB SUVr, this is further transformed to 
the scale mentioned above. This process consists of a validation of the local pipeline 
using the GAAIN data and then the application to a new tracer (Klunk et al., 2015; Rowe 
et al., 2016). PET processing for CL quantification is often implemented through 
statistical parametric mapping (SPM) but other methods are available, including those 
without the use of an accompanying MRI (Bourgeat et al., 2021; Buckley et al., 2019). 
Routinely, PET images are first co-registered to their corresponding T1-weighted MRIs 
and subsequently transformed to MNI space. Next, PET images are intensity normalized 
often using the whole cerebellum as the primary reference region, other reference 
regions include pons, cerebellar grey matter and whole cerebellum plus brainstem. 
Finally, CL values are generated using the mean values of the standard CL target region 
based on a previously calibrated transformation (Klunk et al., 2015). The team behind 
the CL project and producers of the approved fluorine-18 labelled radiotracers have 
made progress in deriving and verifying conversion formulae that enable translation of 
non-[11C]PiB Aβ PET semi-quantitative values to standardized [11C]PiB measures (Battle 
et al., 2018; Bourgeat et al., 2021; Navitsky et al., 2018; Rowe et al., 2017), see Table 2 
for conversion equations using the standard CL processing pipeline. 

http://www.gaain.org/centiloid-project
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Table 2 Conversion Equations Applicable to the Standard CL Processing Pipeline 
for Generating CL Scores with the Most Commonly Used Tracers 

Tracer 

Variance 
(CL SD) 
Young 

Controls 

Variance 
Ratio 

(Tracer 
SD/PiB 

SD) 

Slope 
(Tracer 
SUVR 
to PiB 
SUVR) Intercept R2 

CL equation 

CL =  

[18F]Florbetapir 
(Navitsky et al., 2018) 

12 4.6 0.54 0.5 0.89 
175.4*SUVRfbp–

182.3 

[18F]Flutemetamol 
(Battle et al., 2018) 

5.4 1.54 0.78 0.2 0.95 
121.4*SUVRflute–

121.2 

[18F]Florbetaben 
(Rowe et al., 2017) 

6.8 1.96 0.61 0.4 0.96 
153.4*SUVRfbb–

154.9 

[11C]PiB 

(Rowe et al., 2016) 
3.5 n/a n/a n/a n/a 

93.7*SUVRpib – 

94.6 

Ref: Adapted from (Krishnadas et al., 2021) 

4.2.1 Implementation 

Since its development in 2015, the CL scale has been widely implemented in research 
studies, including both AMYPAD studies and various clinical trials, see Figure 2 
(Amadoru et al., 2020; Battle et al., 2018; Bullich et al., 2021; Collij et al., 2021; Farrell et 
al., 2018, Farrell et al.,2021; Jack, Wiste, Weigand, Therneau, Knopman, et al., 2017; 
Jack, Wiste, Weigand, Therneau, Lowe, et al., 2017; Klein et al., 2021, Klein et al., 2019; 
La Joie et al., 2019; Lopes Alves et al., 2020; Matsuda et al., 2021; M. Milà-Alomà et al., 
2021; Marta Milà-Alomà et al., 2021; Mintun et al., 2021; Rowe et al., 2017, Rowe et al 
2016; Royse et al., 2021; Salvadó et al., 2021, Salvadó et al., 2019; van der Kall et al., 
2021). 
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Figure 2 Bar Graph Showing the Increasing Use of CLs in Academic 
Publications 

Ref: Numbers were obtained through a PubMed search for “Centiloid” in all fields on 27 June 2022 (hence 
not a complete year for 2022). 

One of the key advantages of an ‘absolute’ metric of amyloid burden is generalisation of 
quantitative thresholds across tracers and pipeline implementations. Universal cut-off or 
threshold values to denote amyloid status can be applied alongside visual reads and in 
longitudinal multi-centre studies to facilitate inter-centre and inter-tracer comparisons. 
The CL approach has been validated against neuropathology (Amadoru et al., 2020; La 
Joie et al., 2019) where CL<10 correlates with absence of neuritic plaques, CL>20 
specified at least moderate plaque density, and >50 CL best confirmed both 
neuropathological and clinicopathological evidence of AD. Clinical studies have also 
validated thresholds for amyloid PET positive status (Collij et al., 2021; Jack, Wiste, 
Weigand, Therneau, Lowe, et al., 2017; Royse et al., 2021, Dore et al., 2019), defined 
“grey zone” patient cut-offs (Bullich et al., 2021) and derived CL cut-offs to detect early 
amyloid abnormalities in cognitively unimpaired individuals (Jack et al., 2017; M. Milà-
Alomà et al., 2021; Marta Milà-Alomà et al., 2021; Salvadó et al., 2021). Predictive 
models using the CL scale have been developed for calculating rate of cognitive decline 
in cognitively normal subjects (Farrell et al., 2018, Farrell et al., 2021; van der Kall et al., 
2021). In addition, Hanseeuw et al. 2021 found that a CL threshold of 26 in memory 
clinic patients optimally predicts progression to dementia 6 years after PET (Hanseeuw 
et al., 2021).  
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The adjunctive use of quantitative information for image interpretation including both the 
Centiloid- and SUVr-based approach as metrics for the quantitation of amyloid load was 
recently validated and approved by EMA for Neuraceq PET scan assessment with CE-
marked software packages. At the time quantification was added to the Amyvid and 
Vizamyl SmPCs the tracer dependent SUVr measures were used as the Centiloid-based 
quantification was incorporated in CE-marked software only very recently. 

The three CE-marked software packages employed for Neuraceq quantification used the 
whole cerebellum as reference region and amyloid load was estimated with SUVr 
(Hermes Brass v.5.1.1, Neurocloud v.1.4) or Centiloids (MIMneuro v.7.1.2). All scans 
were quality controlled to ensure correct positioning of regions of interest; cases that did 
not pass quality control were excluded from the analysis (on average 2.6% of the cases 
analysed with CE-marked software out of 673 PET scans analysed). The mean 
sensitivity and specificity in three CE-marked amyloid quantitation software packages 
was 95.8±1.8% and 98.1±1.4%, respectively. The thresholds for amyloid quantitation 
were derived from samples with post-mortem confirmation of brain amyloid status as the 
standard of truth (from pivotal clinical autopsy cohort) using receiver operating 
characteristics (ROC) curve analysis. In a second dataset, the derived thresholds were 
used to categorise a test cohort and to compare the binary quantitative assessment and 
visual read. In a quality checked dataset, the average concordance between visual read 
and the CE-marked software packages was 91.2±1.7% and 96.2±1.8% in a subset 
where a group of readers had consensus in the visual assessment, i.e., all readers 
assessed the scans in the same way. The updated Neuraceq SmPC will available 
shortly at the EMA website. (Ref. EMA/CHMP/710821/2022 and 
EMEA/H/C/002553/II/0038) 
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Figure 3 Illustrative display of the use of quantitative information to 
supplement visual assessment of Neuraceq PET scans in the EU.  

  

In Figure 3 it is illustrated for Neuraceq PET scans that Centiloid values above 35 CL 
indicate established amyloid-beta pathology corresponding to a density of moderate and 
frequent neuritic plaques by neuropathology. Centiloid values below 20 are compatible 
with the Centiloid values found in elderly cognitively normal subjects with negative 
amyloid-beta scans by visual assessment. Centiloid values in the range between 20 to 
35 CL are more likely to be ambiguous, can be either negative or positive by visual 
assessment and correspond to subjects with emerging amyloid-beta deposition. The 
readers should review such scans carefully to identify subtle amyloid accumulation that 
can be focal and unilateral (see red arrow). 

 

4.3 AMYLOID PET FOR CLINICAL TRIAL USE AND THERAPY MONITORING 

4.3.1 Previous Use of AMYLOID PET in Clinical Trial Data 

Meta-analysis investigating the rate of amyloid positivity have shown in multiple papers 
that approximately 30% of subjects being clinically diagnosed with AD have a negative 
amyloid scan when scanned with amyloid PET (Barthel 2017, Fantoni et al., 2018, Shea 
et al., 2018, Kim et al., 2018) pointing to the possible failure of earlier amyloid targeted 
therapies in Phase III trials due to deficiencies in the early inclusion strategies. Indeed, 
early sub-studies with the research tracer C-11 PIB (e.g., by Sevigny et al., 2016) 
discounted nearly 40% of potential trial participants based upon visual inspection 
methodology, whilst early studies with bapineuzumab highlighted the futility of including 
amyloid negative subjects in a study of an amyloid targeted therapy. A subgroup           
screened with C-11 PIB identified 6.5% of APOE4 carriers and 36.1% of noncarriers with 
a clinical diagnosis of probable Alzheimer’s dementia (NINCDS-ADRDA criteria) as 
having no evidence of brain amyloid burden (Liu et al., 2015) indicating the limitations of 
using clinical diagnosis alone. In more recent studies (see below) the measure of an 
amyloid burden either by amyloid PET or CSF has become routine for participant 
inclusion. 

 

4.3.2 Current Routine Use (in USA only) 

Aduhelm. The Biogen drug aducanumab (Aduhelm, human IgG1 anti-AB mab) was 
approved by FDA in 2021 under an accelerated approval mechanism which is based on 
the reduction of amyloid load as observed in patients treated with Aduhelm and which 
was measured by amyloid PET (Florbetapir) demonstrating active target engagement of 
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the therapy. Inclusion of amyloid status for initial diagnosis was included in an update of 
the US PI in April 2022 (i.e., to confirm the presence of amyloid beta pathology prior to 
initiating treatment) and hence could provide an opportunity for amyloid PET to provide 
baseline (t=0 information) for subsequent monitoring if required. Data showing the 
reduction in brain amyloid load from baseline is presented in both SUVr units (which are 
florbetapir specific) and Centiloid values which are tracer independent. Over 78 weeks of 
dosing with Aduhelm the amyloid load declined by approximately 60 CL units in the high 
dose group. On top of being tracer independent, CL values also provide an absolute 
metric of change. For example, if there is a reduction of 0.25 SUVr units this is tracer 
and reference region specific, but if a reduction of 60 CL is seen (as observed with 
Aduhelm) this gives a more general indication of how much plaque in a typical AD 
patient has been removed (Biogen Inc., 2022) (Figure 4).  

  

 

Figure 4 Example Use of Amyloid PET Showing Measurement of Baseline and 
Post-therapy Amyloid Burden by Both SUVr and Centiloid Measures 

Ref: Graphs taken from ADPD 2022 Biogen Presentations (made available to conference participants). 

Data also presented in Aduhelm PI (Biogen Inc., 2022). 

Additional data was presented by Biogen at the CTAD (Clinical Trials in Alzheimers 
Disease) Conference 2021 and demonstrates when there is a treatment gap (in this 
case of approximately 1.6 years) there was minimal redeposition of amyloid load as 
measured with a further amyloid PET scan (see Figure 5 below). From a utility 
perspective this demonstrates the opportunity that amyloid PET might have to contribute 
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to active patient management should anti-amyloid therapies become more routine in 
clinical care. 

 

Figure 5 Amyloid PET Also Used to Show Amyloid Levels Did Not Rise During 
Interrupted Therapy Regime  

Ref: Biogen data presented at CTAD 2021 and AAIC 2022 (Presentations made available to conference 
participants) 

4.3.3 Possible Routine Future Use 

4.3.3.1 Ongoing Therapy Trials with Other Humanised IgG Anti-AB-mabs 

Eisai was recently (July 2022) granted priority review status by FDA based upon data 
from their Phase II program showing that lecanemab similarly reduced amyloid load 
(figure 6) with 81% of participants showing a negative visual read after 18 months of 
treatment in parallel with a reduced Aβ42/40 plasma ratio as well as a slowing down of 
ADCOMS* measure. The larger Phase III Clarity trial with over 1700 early AD patients is 
due to report out end 2022. Positive topline results were announced on Sept 28, 2022. 
The primary endpoint was met as a statistically significant reduction of clinical decline 
was demonstrated. Also, all key secondary endpoints were met including the change 
from baseline at 18 months compared with placebo of treatment in amyloid levels in the 
brain measured by amyloid PET. 

*ADCOMS consists of 4 Alzheimer's Disease Assessment Scale–cognitive subscale items, 2 Mini-Mental State 
Examination items, and all 6 Clinical Dementia Rating—Sum of Boxes items. ADCOMS demonstrated improved 
sensitivity to clinical decline over individual scales in pAD, aMCI and in mild AD dementia. 
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Figure 6 Dose-dependent reduction in amyloid PET observed in the 
lecanemab (BAN2401) Phase 2 study (CTAD 2018) 

 

An earlier Eisai study (the elenbecestat Mission AD Phase 3 program in early AD 
patients) used the three amyloid PET tracers Amyvid, Neuraceq or Vizamyl to verify 
inclusion criteria (positive brain amyloid status) and to assess the amyloid load at 
baseline in Centiloid. Although the study was terminated a large cohort of nearly 10,000 
subjects were screened for eligibility, of which amyloid PET was performed in almost 
3,500 subjects. Overall, 386, 2548 and 558 subjects received Amyvid, Neuraceq or 
Vizamyl as amyloid PET tracer, respectively. Centiloid conversion and combining data of 
the 3 tracers yielded a mean of 1.5 CL for amyloid negative subjects and 82.7 CL for 
amyloid positive subjects screened in this study (Figure 7, left). The assessment of the 
baseline CL is consistent between the three tracers further demonstrating the 
robustness of the Centiloid metric as a tracer-independent measure of amyloid burden in 
the brain. (Figure 7, right) (Ref Roberts et al. 2020). 
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Figure 7 Illustration on the use of different amyloid PET tracers as study 
inclusion criteria in the elenbecestat Phase 3 Study (Roberts et al., 2020) 

  

The investigational Lilly drug donanemab has also shown extensive loss of amyloid in 
their TRAILBLAZER-ALZ Phase II trial with nearly an 80 CL decline (figure 8) being 
recorded as well as significant slowing of changes in the following cognition scores 
(iADRS, CDR-SB, ADAS-Cog) (Mintun et al 2021). The trial also included a novel 
measure of tau to streamline recruitment of the amyloid positive subjects with only 
intermediate levels of tau included and both no tau (40-60% of subjects) or high tau (10-
15%) patients excluded.  
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Figure 8 18F-florbetapir PET and Centiloid analysis as part of the secondary 
biomarker outcomes from the TRAILBLAZER-ALZ Phase II study. The change of 
the amyloid PET signal for placebo and donanemab treated patients from baseline 
to 76 weeks was assessed (Mintun et al., 2021) 

 

Recent post-hoc analysis of this study indicates that the likelihood to fully clear amyloid 
in a certain time period is dependent on the baseline amyloid levels (in Centiloids), 
providing another relevant rationale for amyloid quantification and standardization. The 
Figure 9 shows three logistic regression curves to estimate the probability of achieving 
complete amyloid clearance with donanemab after 24, 52, and 72 weeks of donanemab 
treatment. The black bars represent the histogram of participants with corresponding 
baseline amyloid levels. Complete amyloid clearance is defined as having less than 24.1 
centiloids (CL). 
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Figure 9 Probability of achieving complete amyloid clearance with donanemab 
treatment dependent on the baseline amyloid load measured by Centiloid 
(Shcherbinin et al., 2022) 

 

The donanemab Phase III studies (TRAILBLAZER 2) have been designed based upon 
these inclusion measures and aim to report out end of 2022/beginning of 2023. Lilly has 
also initiated the TRAILBLAZER 4 study aiming to compare the rates of amyloid loss 
between donanemab and aducanumab over 18months of treatment. Results from this 
study are expected also by the end of 2022. 

The Roche drug gantenerumab is an anti-amyloid therapeutic that is administered by 
subcutaneous route rather than by intravenous infusion. The two GRADUATE studies of 
nearly 1000 patients each will report out at the end of 2022 with the current primary 
endpoints relating to change from baseline in CDR-SB. 

Different therapy monitoring strategies have emerged from the above clinical trials. In 
addition to monitoring the loss of amyloid over the dosing period (observed in all 
studies), following possible changes/re-emergence of amyloid load have been 
performed after cessation of therapy in both (EMBARK, PRIME, with antibody Aduhelm) 
as well as in lecanemab studies highlighting the opportunity that follow up amyloid PET 
could bring to managing future treatment regimes. 

4.3.3.2 Ongoing Therapy Trials in Preclinical AD 

Lecanemab, donanemab and gantenerumab all have ongoing studies involving the 
recruitment of preclinical AD. The AHEAD 3-45 study recruits preclinical subjects with 
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amyloid load between 20-40 CL units (with the aim to slow Aβ accumulation) whilst 
those over 40 CL are followed with the PACC-5 measure with the aim to show a slowing 
of cognitive decline. All subjects will receive lecanemab over a 4-year period. 
TRAILBLAZER  3 aims to see if short term donanemab treatment at the start of the 
study can slow progression to AD. Although enrolment is expected to be complete by 
the end 2022 the subjects will be monitored over the following 4 years to assess 
changes in cognition using the CDR-SB metric. Finally, Roche recently announced 
SKYLINE, a new 1200 subject preclinical gantenerumab study, aiming to use the PACC-
5 score as an outcome metric over 4 years of study observation. 

4.4 Summary 

In clinical trial settings and future routine use, the quantification of the amyloid load by 
means of PET could provide important information to identify the optimal window for 
therapeutic intervention (Bischof & Jacobs, 2019). This is illustrated by the AHEAD 3-45 
Study, which requires participants to have specific levels of amyloid pathology, either 
‘intermediate’ (between 20-40 CL) or ‘elevated’ (>40 CL), signifying the added value 
beyond binary classifications (Aisen et al., 2020). The CL scale has been used in clinical 
trial settings to track therapy response measure (Bateman et al., 2020; Klein et al., 2021, 
Klein et al.,2019; Mintun et al., 2021; Roberts et al., 2021; Salloway et al., 2021), 
determine strategies for reducing AD prevention trial sample sizes (Lopes Alves et al., 
2021) and improve patient selection for trials (Knopman et al., 2021; Weiner et al., 2017) 
and could assist in treatment endpoint decisions (Lopes Alves et al., 2020). Various cut-
offs established in the literature are summarised in Figure 10. 
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Figure 10 Summary of Various CL Thresholds Established in Literature and In 
Use for Clinical Current Clinical Trial Inclusion (Pemberton et al., 2022) 

 

5 DATA SOURCES 

Summary of Main Data Sources for this Biomarker Qualification Opinion 
Document 

The AMYPAD program has been comprised of 2 clinical studies providing amyloid 
imaging data with the 2 tracers Vizamyl and NeuraCeq to support this Centiloid 
Biomarker Qualification Opinion document. 

The full protocol to the first AMYPAD Clinical Study DPMS (Diagnostic and Patient 
Management Study) can be found in Appendix B. Further summary detail on DPMS is to 
be found in Section 5.1.1.  

In total 862 scans were performed (including 116 repeat scans) on 244 SCD+, 343 MCI 
and 257 dementia patients. Subjects were imaged with either Vizamyl (47%) or 
NeuraCeq (53%). 

The full protocol to the second AMYPAD Clinical Study PNHS (Prognostic Natural 
History Study) can be found in Appendix C Further summary detail on PNHS is to be 
found in Section 5.1.2. 

Final Status of PNHS (August 2022): 1419 scans (of which 226 were follow up images) 
have been prospectively collected from September 2018 to August 2022. An additional 
1315 scans were contributed by other cohorts joining AMYPAD for a total of 2734 scans 
for analysis. The distribution of tracers used in PNHS was approximately Vizamyl (70%) 
or NeuraCeq (30%). 

Additional analysis was performed by one of the centres (Barcelona) with a special 
interest in testing the robustness of the Centiloid methodology. Further detail can be 
found in Chapter 6 (see analysis components A1 and A4). 

5.1 AMYPAD DPMS Summary 

5.1.1 DPMS Study Overview 

In summary, the AMYPAD-DPMS has investigated the clinical utility and cost-
effectiveness of amyloid-PET in Europe.  

Participants with subjective cognitive decline plus (SCD+), mild cognitive impairment 
(MCI), or dementia were recruited in 8 European memory clinics from April 16th 2018, to 
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October 30th 2020, and randomized into 3 arms: ARM1, early amyloid-PET; ARM2, late 
amyloid-PET; ARM3, free-choice. 

A total of 844 participants were randomized (244 SCD+, 343 MCI, 257 dementia). We 
observed no relevant differences in sociodemographic/clinical features among recruiting 
memory clinics or with previous studies. The randomization procedure assigned 35% of 
participants to ARM1, 32% to ARM2, and 33% to ARM3; cognitive stages were equally 
distributed in the 3 arms. 

The features of the AMYPAD-DPMS participants have been assessed and 
demonstrated to be consistent with those expected for a memory clinic population 
(Altomare et al., 2022). The analysis supports the generalizability of future study results. 

Purpose of the Study:  

This phase 4, multicentre, open-label, randomised study explored the impact of amyloid 
PET imaging on diagnostic thinking in the workup of patients with SCD+ (subjective 
cognitive decline associated with features that increase the likelihood of preclinical AD), 
MCI, or dementia where AD is in the differential diagnosis. 

Primary Objectives:  

To test the hypothesis that the proportion of participants for whom the managing 
physician reaches an etiologic diagnosis with very high confidence (≥90%) at 12 weeks 
after baseline is higher for participants who have not yet undergone amyloid PET 
imaging (i.e., participants scheduled to undergo amyloid PET imaging at 8 months [±8 
weeks] after baseline). (According to Johnson et al., 2013, the managing physician is a 
dementia expert trained and board-certified in neurology, psychiatry, or geriatric 
medicine who devotes a substantial proportion [≥25%] of patient contact time to the 
evaluation and care of adult-acquired cognitive impairment or dementia.) 

Table 3 Overall Summary of Amyloid PET Scans Collected in DPMS Study 

Sites Arm 1 Arm 2 Freechoice Arm 1 
Follow-Up 

UNIGE 58 48 56 9 

VUMC 44 43 41 32 

CHUT 36 34 44 12 

BBRC 33 29 29 15 
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Sites Arm 1 Arm 2 Freechoice Arm 1 
Follow-Up 

UKK 33 30 23 18 

UCL 16 16 17 1 

CHUV 23 14 10 14 

KI 27 16 18 11 

Total 270 232 244 116 

Overall total scans collected = 862 

Tracer balance; Vizamyl 47%/NeuraCeq 53% 

Ref: data from AMYPAD (c/o data from Geneva team) 

 

Summary of Image Analysis Workflow in DPMS 

DPMS 

The analysis workflow and tools used for the DPMS study are different from those used 
for the PNHS study as Magnetic Resonance scans are not acquired in this protocol. 
Figure 11 shows the workflow for analysis in the DPMS study. Briefly, PET only data 
was supplied to the GEHC core lab for analysis. The analysis was performed with 
Amypype - the PET only analysis system developed by GE Healthcare based upon the 
proprietary Cortex ID software tool. Cortical VOIs implemented in Amypype for DPMS 
quantification, fused with an MRI template shown in Figure 11. The system outputs a 
series of visual QC slices for each dataset. These are the PET images with the VOI 
overlays for the purpose of inspecting VOI placement. Special emphasis was given to 
the delineation of the reference region. 
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Figure 11 Processing Workflow for Data Generated in the DPMS Study 

Ref: AMYPAD manuscript in preparation 

5.1.2 AMYPAD PNHS 

The AMYPAD Prognostic and Natural History Study (PNHS) was planned as an open 
label, prospective, multicentre, cohort study linked to several European Cohorts such as 
the main collaborator and sister project European Prevention of Alzheimer’s Dementia 
(EPAD) Longitudinal Cohort Study (LCS) (ClinicalTrials.gov Identifier: NCT02804789). 
For the purpose of phenotyping and disease modelling, the EPAD LCS employs the 
concept of an Alzheimer’s Disease (AD) risk probability spectrum that comprises four 
main dimensions – research participant clinical outcomes (e.g., cognition), disease 
biomarkers, and traditional risk factors (genetic and environmental) and change in these. 
With the incorporation of longitudinal change scores as relevant, these dimensions are 
used to estimate an individual’s overall predicted probability of AD-related decline in 
terms of a variety of outcomes. 

As one application of this strategy, AMYPAD PNHS is a natural history study that 
evaluated how amyloid imaging might help improve the understanding of the natural 
course of AD. The study assessed amyloid PET imaging as an additional and potentially 
relevant AD biomarker to complement the phenotyping and disease modelling efforts of 
parent cohorts (PC) such as EPAD LCS. As measured from [18F]flutemetamol and 
[18F]florbetaben PET images, brain amyloid load was quantified at baseline and mean 
temporal change in amyloid load was estimated. The ability to accurately estimate in 
vivo amyloid load could lead to a better understanding of disease evolution, earlier 
detection of the disease, and enable researchers to objectively monitor change in 
amyloid load to measure the impact of novel therapies. 
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Objectives:  

The aim of this study was to evaluate the additional value of quantitative amyloid 
imaging analysis for modelling and assessing Alzheimer’s Disease (AD) dementia risk in 
individuals without dementia, compared to a range of existing cognitive, imaging, 
laboratory and genetic biomarkers. Risk modelling is being performed to determine the 
optimal combination of quantitative amyloid imaging and other biomarker measures to 
determine placement of individuals on an AD risk probability spectrum. 

Primary Objective:  

To evaluate the value of quantitative PET amyloid imaging measures for predicting 
progression within an AD risk probability spectrum (derived from four different 
dimensions: cognition, other biomarkers, traditional genetic and environmental risk 
factors and temporal changes in these dimensions) based on quantitative PET amyloid 
imaging measures, with or without other biomarkers. 

Table 4 Overall Summary of Amyloid PET Scans Collected in PNHS Study 

 

Ref: Data from AMYPAD consortium (c/o Amsterdam team) 
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Summary of Image Analysis Workflow in DPMS 

Quantification of the PNHS PET scans is performed with the aid of a structural Magnetic 
Resonance (MR) scan and using the analytic pipeline (LEAP) designed by IXICO for this 
trial. A schematic representation of the different steps of the pipeline is shown in Figure 
12. Briefly, PET scans are co-registered and aligned to the MR scan and all 
quantification is performed in the participant's native space (i.e., not in the 'normalized' 
or space). Parcellation of the cortical and subcortical gray matter brain areas is 
performed using the LEAP pipeline and mean tracer uptake is measured in these 
regions. In addition, tracer uptake is also measured in regions typically showing high 
amyloid load in Alzheimer's patients. This region is based on the reference cortical 
Volume of Interest (VOI) from the Centiloid website (http://www.gaain.org/centiloid-
proiect). This region in the MNI space is brought to the participant's native space by 
means (Global Cortical Average; GCA). On top of this region, a secondary target VOI is 
created by pooling LEAP regions overlapping with the GCA. In addition, white matter 
(WM) is also segmented from LEAP, further refined with morphological operators and 
used as a reference region, on top of the other standard ones in the Centiloid method 
which are available from the LEAP parcellation (Whole cerebellum, Cerebellar Gray and 
Pons). Finally, SUVr values are calculated as the ratio of tracer uptake between the 
GCA and the different reference regions and converted to Centiloids with calibrated 
linear transformations specific for each region and tracer. 

 

Figure 12 Processing Workflow for Data Generated in PNHS Study 

Ref: AMYPAD manuscript in preparation 

 

http://www.gaain.org/centiloid-proiect
http://www.gaain.org/centiloid-proiect
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Other Data Used for Biomarker Qualification Opinion 

The AMYPAD partners also used other sources of data available to them to support the 
BQO data generation exercise. In particular clinical development data were used from 
both NeuraCeq (see current SmPC https://www.ema.europa.eu/en/documents/product-
information/neuraceq-epar-product-information_en.pdf) 

and Vizamyl (see current SmPC https://www.ema.europa.eu/en/documents/product-
information/vizamyl-epar-product-information_en.pdf)  

Additional data for this BQO document was also derived from the IDEAS (Rabinovici et 
al., 2018) and ABIDE (de Wilde et al., 2019) studies. 

  

https://www.ema.europa.eu/en/documents/product-information/neuraceq-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/neuraceq-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/vizamyl-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/vizamyl-epar-product-information_en.pdf
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6 ANALYSES, METHODS, AND SUMMARY OF RESULTS 

6.1 Introduction to BQO Analysis Components 

This chapter is subdivided into 3 sections; A) robustness of the Centiloid (CL) metric, B) 
cross-sectional evaluation, and C) measuring longitudinal change to support the context 
of use presented in Figure 1 . An overview of the presented analyses and key findings 
for the BQO are presented in Table 5. Each of the sections of work shown below in each 
row in Table 5 is presented in this chapter as a standalone piece which is composed in 
short abstract format comprising objectives, methods, results and summary. Final 
conclusions are also presented at the end of each section (A, B, and C). 

Table 5 Overview of Presented Analyses and Key Findings for Biomarker 
Qualification Opinion 

No Title  Key Analysis  How results support BQO  

A Robustness of the Centiloid Metric 

A1 
Evaluating the sensitivity of 
Centiloid quantification to 
pipeline design 

Head-to-head comparison of 
32 calibrated CL pipelines 

Technical assessment of the 
robustness of the CL 
methodology 

A2 

Impact of error propagation 
in the development of the 
Centiloid conversion 
equation 

Simulations of calibration 
data sets to compare error 
propagation to published CL 
equations 

Low propagation (+3 CL) 
error at values around the 
negative/positive threshold 
indicate relative accuracy of 
measures 

A3 
CL measurement of 
AMYPAD data in a range of 
pipelines 

Measurement of CL values 
from 80+ cases 
(flutemetamol) 

Demonstration of robustness 
of measure using either a 
PET only or PET-MRI 
pipeline 

A4 

CL stability using CSF as 
anchors: Identify factors 
affecting CL and their impact 
(in CL units) 

Using an independent 
biomarker of amyloid burden 
as a proxy for head-to-head 
analysis 

Accuracy of CL 
transformation across 
different amyloid PET tracers 

A5 
CL measurement in a range 
of pipelines for florbetaben 
PET scans 

Determining diagnostic 
performance of CL 
quantification in 589 cases 

Demonstration of robustness 
of CL measurement using 5 
different analytical pipelines 

B Cross Sectional Evaluation 

B1 

[18F]florbetaben (FBB) and 
[18F]flutemetamol (FMM) 
PET analysis renders 
comparable CL estimates of 
amyloid burden from both 
DPMS and PNHS 

Gaussian Mixture Modelling 
of cross-sectional CL values 
from routine patients  

Consistent anchoring of 
negative subjects at CL=0 for 
both FBB and FMM. 
Provides robust CL threshold 
for routine use 
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No Title  Key Analysis  How results support BQO  

B2 
Centiloid Measures from US 
IDEAS Study 

Use of a central metric to  
compare quantitation to 
local visual read in an 
independent USA based 
clinical cohort 

Harmonised use of Centiloid 
to assess the consistency of 
local visual reading against a 
pathology driven threshold 

B3 
Centiloid Quantification in a 
Clinical Cohort (ABIDE) 

ROC between Centiloid 
quantification and visual 
read by an expert reader in 
a clinical population across 
the continuum 

High agreement between 
expert reader and CL metric, 
optimal cut-off = 21 CL for 
visual positivity.  

B4 

Visual assessment of 
[18F]flutemetamol PET 
images can detect early 
amyloid pathology and grade 
its extent 

ROC between Centiloid 
quantification and visual 
read of 3 expert readers in 
an cognitively unimpaired 
population 

Ability to detect early amyloid 
by expert readers (cut-off CL 
=17) and consistency of  
positive read at 25 CL 

B5 
Visual and Quantitative 
amyloid-PET measures in 
the AMYPAD DPMS Study 

Influence of read experience 
on agreement between 
visual and CL measures 

Value of CL metric in less 
experienced readers as an 
adjunct to image 
interpretation 

C Measuring Longitudinal Change in Amyloid Load 

C1 

Estimation of longitudinal 
within-subject variability 

Analysis of CL values in 
subjects projected to be 
stable  

Estimation of inherent intra 
subject noise in the amyloid 
PET scan 

C2 

A Centiloid window to help 
predict true amyloid 
accumulation 

 

Estimating annualized rates 
of change and estimate 
optimal CL values for 
subjects with significant 
changes in amyloid load 

Value of the CL metric to 
demonstrate potential for 
amyloid accumulation within 
a defined time period 

 

6.2 A) Robustness of Centiloid Measure 

This section presents five (A1 to A5) pieces of work that illustrate the robustness of the 
Centiloid measure between tracers, sub-populations across the full AD continuum, 
various analytical pipeline scenarios and additionally using CSF measures as an 
anchor/reference standard against an independent biomarker of amyloid-β burden (due 
to the Covid pandemic it was not possible to add in a head to head comparison between 
tracers). 
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A1. Evaluating the sensitivity of Centiloid quantification to pipeline design 

Relevance to BQO 

Though Centiloid scaling pipeline and pre-processing steps are defined in standard (i.e., 
MNI) space, using a predefined reference region and cortical target mask (i.e., standard 
GAAIN, Klunk et al 2015), the Centiloid pipeline could deviate from standard design if 
different variables are implemented. Due to the importance of reliable quantification for 
both research and routine use, evaluating the impact of potential differences underlying 
in pre-processing pipeline design on CL quantification is crucial.  

The Centiloid method includes one ‘Standard’ quantification pipeline based on routines 
in the Statistical Parametric Mapping (https://www.fil.ion.ucl.ac.uk/spm/) neuroimaging 
suite. Still, it opens the possibility for other pipelines (i.e. CE marked) calibrated to 
render Centiloid units. These alternative pipelines may perform better than the 
‘Standard’ one in specific contexts of use (e.g. lower inter-site bias in multicentre 
studies, insensitivity to brain atrophy in patients, etc…) but, by design, CL units should 
be comparable across calibrated and validated pipelines.  

Several design options are available when designing such pipelines. Some of them, like 
the selection of the reference region are partly included in the Centiloid method which 
provides 4 regions: Whole cerebellum (the primary one), Cerebellar Gray, Pons, and 
Cerebellum plus Brainstem.  

Other typical pipeline design options are the following: 

● Space: Analysing images in Standard MNI space (as the Standard Centiloid 
pipeline) or in ‘Native’ Space, that is in the original anatomy of the patient, thus 
retaining the information of brain volume, size etc. 

● Definition of Target and Reference VOIs: The pipeline can use the standard 
GAAIN VOIs (as in the Standard Pipeline) or opt to refine them with subject-
based segmentations of gray and white matter to minimize signal spill in from 
undesired tissues. 

Aim  

In this experiment, we aimed at estimating the potential bias associated to CL pipeline 
design options. To this end, we designed, calibrated and validated 32 different pipelines, 
combining the following design options:  

● 4 reference regions (Whole Cerebellum, Cerebellar Gray, Whole Cerebellum + 
Brainstem, Pons) 

● 2 target VOI (standard GAAIN vs subject-based) 
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● 2 reference region types (standard GAAIN vs subject-based) 

● 2 analysis spaces (native vs MNI) 

All the pipelines were implemented in the SPM environment, as the Standard CL 
pipeline that was used as the reference. 

Included population and analyses performed 

This analysis was performed primarily in 330 participants of the DPMS (207 acquired 
with flutemetamol and 123 with florbetaben). Amyloid PET scan, T1-weighted MRI, 
MMSE score, and APOE carrier ship status were available for each subject (Figure 13).  

Amyloid PET scans were quantified using the 32 calibrated CL pipelines. The impact of 
the pipeline design factors was assessed with the following statistical model and that 
was estimated using Generalized Estimating Equation (GEE) analyses.  

Centiloid~ Intercept + Space + Tracer + Target Type +Reference region+ Reference 
region type+ visual read+MMSE 

The model included all the pipeline design options as factors, plus two variables (visual 
read and MMSE) to account for global amyloid load in the participants. The impact of 
pipeline design option was measured as the difference in the marginal means of the 
factor with respect to the Standard pipeline. Finally, Tracer was also used as a Factor to 
assess whether the pipeline design options impacted CL values differently as a function 
of the radiotracer used.  

From this statistical model, two main outcomes were used. The first one is the chi-
squared value that accounts for the variability in the model and which was used to order 
the relevance of these factors with respect to their impact on CL values. Then, for every 
factor in the model, residual mean squared differences in CL units between the different 
pipeline design options (factor levels) and the reference pipeline were measured. This 
difference, in CL units, will be compared to the test-retest variability of CL values 
(approximately 2.5 CL, Battle et al 2018) and the statistical significance differences will 
be considered when the 95% confidence intervals do not overlap (p<0.05). 

The demographic information of participants is shown in Table 6. Participants included 
from DPMS in this analysis had a mean age of 70.5 years, with a mean MMSE score of 
25.7, and 32.3% prevalence of APOE-Ɛ4 carriership. 
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Table 6. Demographic Information of Participants Included for Evaluating the 
Sensitivity of Centiloid Quantification to Pipeline Design 

Demographic DPMS 

Age (Mean±SD) 70.52±7.23 

Sex (Female%) 138 (41.8%) 

MMSE (Mean±SD) 25.67±4.14 

Clinical status SCD+(110, 33%) MCI (134, 40.6%), & Dementia (86, 26.1%) 

Centiloid (Mean+SD) 46.33±48.86 

 

Table 7 shows the results of the GEE model and the impact of each dependent factor on 
the Centiloid quantification. Higher chi-squared values indicate that the factor explains a 
higher percentage of the observed variability across pipelines (i.e. that the factor has a 
higher impact on determining CL values). 

Table 7 GEE Model Results 

Tests of Model Effects 

Source Type Ill 

Wald Chi-Square df P-value 

(Intercept) 71.684 1 <0.001 

Visual read 516.25 1 <0.001 

MMSE 19.076 1 <0.010 

Reference region 164.191 3 <0.001 

Reference region type (GAAIN vs tissue-based) 84.601 1 <0.001 

Target (GAAIN vs AAL-composite) 36.668 1 <0.001 

Space (MNI vs Native) 9.564 1 0.002 

Tracer 0.321 1 0.571 

Dependent Variable: Centiloid 
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Model: (Intercept), Visual read,MMSE,Target Type, Reference region,Reference region type, Space, 
Tracer 

 

The factors ‘Visual Read’ and ‘MMSE’ are very significant, as expected, but irrelevant to 
the purposes of this study, as they were only entered to model the observed distribution 
of CL values in the studied sample. The ‘intercept’ only means that the average CL 
value (46.33) is significantly different from zero in the studied sample. 

Among the remaining relevant factors, it can be observed that ‘Reference Region’ is the 
most significant one. 

Table 8. Estimates from Reference Region 

Estimates 

Reference Region Mean Std. Error 95% Wald Confidence Interval 

Lower Upper 

Whole Cerebellum 42.115 1.504 39.167 45.0633 

Cerebellum grey matter 45.480 1.590 42.362 48.598 

Whole cerebellum + 
Brainstem 

39.066 1.467 36.190 41.942 

Pons 29.688 1.612 26.527 32.848 

 

Table 8 shows that ‘Cerebellum Grey’ and ‘Whole cerebellum + Brainstem’ provide 
similar values (± 3 CL, approximately) to the primary reference region (‘Whole 
Cerebellum’). Since their 95% Confidence intervals overlap, these differences are not 
statistically significant at the p<0.05 level. In addition, taking into account that the test-
retest variability of CL values is in the range of 2.5 CL, these differences can be 
considered to be inconsequential. On the other hand, using the ‘Pons’ as the reference 
region resulted in significantly lower CL values (13 CL approximately) than the primary 
one, systematically across pipelines. This result might stem from the poorer 
performance of spatial normalization algorithms in this region, as reported in the original 
Centiloid paper (Klunk et al., 2015), in which the pons also showed the highest 
variability. 

The following factor in order of importance was how the reference region was delineated 
(whether the ROI is refined with an individual tissue segmentation). In this case, the 
estimated bias of this design option was of approximately 3.5 CL which is close to the 
rest-retest variability (Table 9). 
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Table 9. Estimates based on Reference Region Type 

Estimates 

Reference Region Type Mean Std. Error 95% Wald Confidence Interval 

Lower Upper 

Tissue-based 37.299 1.479 34.398 40.200 

Cerebellum grey matter 40.875 1.481 37.972 43.778 

 

The following factors had decreasing impact on CL values. Using tissue segmentations 
in the target region provided average differences of approximately 2.5 CL and the 
quantification space (MNI) of 1.2 CL. 

Importantly, Tracer was the least important factor, with mean differences in the order of 
1 CL, irrespective of pipeline design options. Actually, this was the only factor that did 
not reach statistical significance (p=0.571). 

Conclusion 

Our results show that the Centiloid metric is robust against pipeline design options; the 
only exception being the use of the Pons as a reference region. The rest of factors 
resulted in mean marginal means in the order of the rest-retest variability of the CL 
metric. Of note, very similar CL values were obtained with the two amyloid PET tracers 
in the study, irrespective of pipeline design options, thus highlighting the robustness of 
the CL method to render comparable values across tracers. 
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A2. Impact of error propagation in the development of the Centiloid conversion equation 

Relevance:   

The CL equation for each tracer is derived from a linear regression fitted to SUVR 
values of that tracer and of [11C]PiB, obtained in a head-to head study [Battle et al 2018, 
Rowe et al 2017].  However, the estimation of this linear regression is affected by 
random noise, limited sample size, and distribution of SUVR values in the sample, 
leading to uncertainty in CL conversion equations, hampering the comparability of CL 
values across tracers. The objective of this analysis was to estimate the impact of error 
propagation in the initial generation of the CL conversion equations for [18F]florbetaben 
(FBB) and [18F]flutemetamol (FMM), using a simulation-based approach. 

Methods 

Linear regressions fitted to the head-to-head GAAIN datasets 
(http://www.gaain.org/centiloid-project) of [18F]FBB and [11C]PiB SUVRs, and of 
[18F]FMM and [11C]PiB SUVRs, were used to generate simulations (n=10000 
reproductions of the calibration dataset) by adding heteroscedastic gaussian noise 
(bootstrap simulations). The CL calibration equation was derived for each noise 
realization, and the error propagation to CL values with respect to the theoretical ones 
was evaluated. Then, the maximum expected difference due to error propagation when 
pooling data from both tracers was estimated. A Jackknife approach was used to 
confirm the obtained results. 

Results  

The errors (95% CI) in CL estimates with respect to the theoretical values were 
associated to the sample size of the dataset used to develop the CL calibration 
equation: ± 3 CL (CL=0), ± 7 CL  (CL=100), for N=35; ± 1 CL (CL=0), ± 5 CL (CL=100), 
for N=74. 

The maximum difference (95% CI) between [18F]FBB and [18F]FMM CL values due to 
error propagation in the CL equations was small for low CL values: ± 3.5 CL (CL=0 and 
25 CL), ± 4.5 CL (CL=40), and it grew at larger CL values: ± 10.5 CL (CL=100).  

 

 

 

 

about:blank
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Figure 13. Potential differences in CL values as estimated with the two different 
tracers, following the bootstrap-based estimation 

 

Conclusions 

The propagation of errors in the generation of [18F]FBB and [18F]FMM CL calibration 
equations is expected to have a small influence in the lower CL range (<3.5 CL) but it 
increases to approximately 10% at the top end of the Centiloid Scale. The use of large 
sample sizes in the development of the CL calibration equations would reduce the 
likelihood of errors due to propagation of uncertainties.  
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A3: Cross comparison of Centiloid values from analysis pipelines used in AMYPAD 

Relevance to BQO: To quantify amyloid PET images in Centiloids through different 
process pipelines used in the AMYPAD studies and compare the outcomes. By doing so 
the outcomes can be used to demonstrate the robustness of the CL metric to different 
pipelines as this is a likely future situation if quantification becomes more routine. 

Methods: The Centiloid atlas was applied to a cohort of 82 [18F]flutemetamol subjects, 
selected from the AMYPD DPMS and PNHS studies, using two independent Centiloid 
Pipelines; BBRC (c/o Barcelona) and AmyPype (c/o GE Healthcare).  Both pipelines had 
been validated following the methods described by Klunk et.al. (Klunk et al., 2015).  The 
Centiloid outputs from the pipelines was compared for variability and robustness. 

Results: Mean CL for subjects processed through the BBRC pipeline was 13.2±24.9 CL 
(range -11.8 to 114.4).  The AmyPype Centiloid output gave a mean of 11.9±26.7 CL 
(range -17.7 to 115.2).  Analysis of the data gave a mean absolute deviation of 5.4±4.0.  
Correlation of the data was good, with an R2 of 0.9369 (Figure 14).  The relationship 
between the data is also illustrated the Bland-Altman plot (Figure 15). 

Conclusions: The BBRC pipeline employs the GAAIN Whole cerebellum reference 
region, with the GAAIN Cortical mask VOI.  PET and MRI images are co-registered and 
processed in MNI space.  AmyPype employs the same GAAIN Whole cerebellum 
reference region and GAAIN Cortical mask VOI however the pipeline is PET-Only, with 
the images co-registered to the MNI152 T1-weighted average structural MRI template. 

From the data we see a strong correlation (R2 0.94) between the CL values generated 
from the BBRC and AmyPype Centiloid process pipelines.  The low mean absolute 
deviation (5.4±4.0) is consistent with the noise levels found for Centiloid 
longitudinal/test-retest conclusions (see C1 section in this chapter).  Therefore, from this 
analysis we can say that data generated from either pipeline is comparable and both 
pipelines are robust in their utility and output of Centiloid values for amyloid PET images. 
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Figure 14.  Correlation between BBRC Centiloid outputs and AmyPype Centiloid 
outputs in a cohort of AMYPAD subjects.  N=83 

 

Figure 15.  Bland-Altman plot showing the variation between CL outputs from 
BBRC and AmyPype process pipelines.  N=83. 
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     A4. CL stability using CSF measures as anchors: Identify factors affecting CL and 
their impact (in CL units)  

Background / aim: 

The Centiloid scale has been proposed to provide a universal metric to measure amyloid 
load, irrespective of the PET tracer. However, studies assessing the accuracy of the CL 
method for this purpose are lacking. In this work, we examined the accuracy of the CL 
method to render comparable CL values when using two different amyloid PET tracers. 
CSF measures were used as an independent measure of brain amyloid burden. This 
analysis was performed as an alternative to direct head-to-head comparison between 
tracers. 

Methods 

This analysis included 153 participants of the AMYPAD PNHS study with available CSF 
Aβ42 and pTau determinations (Roche Elecsys) and amyloid PET scans performed 
within 1 years’ time (average difference 62±94 days). Amyloid PET scans were acquired 
with flutemetamol (n=125) and florbetaben (n=28) and quantified with a validated CL 
pipeline (IXICO LEAP method). Cerebral amyloid load was estimated using the CSF 
pTau/Aβ42 ratio as a proxy, as this ratio is a better predictor of Amyloid PET positivity 
and has a more linear association with CL values than CSF Aβ42 (Fig 16) 
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CSF Aβ42 CSF Aβ42 

 
 

 
 

  
Fig 16: Top: Capacity of CSF Aβ42 (left) and CSF pTau/Aβ42 (right) to predict a 
positive visual read. It can be observed how CSF pTau/Aβ42 achives a significantly 
better predictive capacity (AUC = 0.945) than CSF Aβ42 (AUC = 0.870). Bottom: 
Associations between CSF Aβ42 and CSF pTau/Aβ42 with CL values. It can be 
observed that CSF pTau/Aβ42 has a more linear association with CL values. 

Figure 16. Comparison of CSF pTau/Aβ42 and CSF Aβ42 for Measurement 
Cerebral Amyloid Load 

In Figure 16, it can also be observed that the variance of the CSF pTau/Aβ42 ratio 
increases with CL values. In order to stabilize the variability and avoiding 
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heteroscedasticity issues with linear models, both the CSF pTau/Aβ42 and CL values 
were log10 transformed for statistical analysis.  

  

  
 

Fig 17: In the scatterplot in the top-left, it can be observed that the variability of the association of CSF 
pTau/Aβ42 is higher with higher CL values (bottom-left). In order to avoid heteroscedasticity in the 
linear models, the statistical analysis has been conducted with log10-transformed variables. The top-
right figure shows the scatterplot of the log10-transformed variables and its residuals at the bottom-
right. It can now be observed that the variability is kept constant through the full range of CL values.  

Figure 17 Association between CSF pTau/Aβ42 and CL Values 

A linear model was set up with log10(CL) values as the outcome and tracer and the 
log10 of CSF pTau/Abeta42 ratio and Tracer as predictors:  

log10(CL) ~ 1 + log10(CSF p-tau/Ab) + Tracer 

The difference in CL of the estimated marginal means associated with the two tracers 
was used a measure of the accuracy of the CL transformation between tracers. To this 
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end, the estimated marginal mean rendered by the statistical model was untransformed 
to render CL units. 

Results 

The difference in the estimated marginal means with flutemetamol and florbetaben was 
of 1.09 CL (95% Confidence Interval: [0.84, 1.42]), after accounting for the amyloid load 
with the CSF p-Tau/Abeta42 ratio. All tests for heteroscedasticity were negative 
(p>0.05). 

Conclusions 

Differences in CL values associated with the tracer are within the tolerance limits of the 
Centiloid transform (-2, 2) and within the range of the test-retest variability (2.5 CL) of 
amyloid PET imaging. This result confirms that the CL transformation accurately render 
comparable quantitative estimates of amyloid load irrespective of the PET tracer used. 
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A5. Validation of centiloids as an adjunct to visual assessment of [18F]florbetaben PET - 
a multi-software analysis (Source: LMI – data on file, abstract submitted) 

Background 

Amyloid positron emission tomography (PET) with [18F]florbetaben is an established 
tool for detecting Aβ deposition in the brain in vivo and has been approved for routine 
clinical use based on visual assessment (VA) of PET scans since 2014. Quantitative 
measures are however commonly used in the research context, with several available 
PET software packages capable of calculating amyloid burden both on a global or 
regional level, allowing continuous measurement of amyloid burden in addition to the 
approved dichotomous VA. 

Objectives 

This study aimed to provide scientific evidence of the robustness and additional value of 
florbetaben PET quantification using centiloids. The diagnostic performance (i.e., 
sensitivity and specificity) of quantification against the histopathological confirmation of 
Aβ load was estimated and compared to the effectiveness of the approved VA method. 
Additionally, the concordance between visual and quantitative evaluation of florbetaben 
PET scans was assessed. The reliability and comparability of the different analytical 
pipelines was further tested. 

Methods  

This is a retrospective analysis of florbetaben PET images that had been acquired in 
previous clinical trials. The study population consisted of 589 subjects with at least one 
available florbetaben PET scan from previously completed clinical studies. Florbetaben 
PET scans were quantified with five analytical methods reporting centiloids (MiMneuro 
(Piper et al., 2014), standard centiloid pipeline (Klunk et al., 2015, Rowe et al., 2017), 
neurology toolkit, SPM8 (PET-only), CapAIBL (Bourgeat et al., 2018), non-negative 
matrix factorization (Bourgeat et al. 2021). All the scans were quantified in batch mode 
to minimize operator intervention. The operators were different for each software 
package and blinded to the diagnosis of subjects, demographics, visual PET 
assessment, histopathology results and all other clinical data. All the results were quality 
controlled.  

Results  

The mean sensitivity, specificity and accuracy for all the quantitative methods was 
96.1±1.6%, 97.4±1.2% and 96.7±1.2%, respectively. The mean percentage of 
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agreement between binary quantitative assessment and visual majority assessment was 
93.2±0.4%. Substantial agreement was observed across software packages.  

Conclusion 

Results from this retrospective analysis demonstrate that centiloid values can 
complement visual assessment of florbetaben PET images. Such robust, validated 
methods could enable readers to augment their visual analysis with optional quantitative 
tools. Adjunct use of quantification software tools could be beneficial when images are 
assessed with relatively low confidence based on visual assessment alone, or when 
amyloid levels of patients are close to "pathology" thresholds. 

 

Overall conclusion section A 

The five pieces of work in this first section of results demonstrate in a variety of ways the 
robustness of the Centiloid metric as a tracer-independent measure of amyloid burden in 
the brain. AMYPAD has shown that pipeline design options do not markedly influence the 
CL measure nor did the propagation of error in development of the initial CL calibration 
equations (particularly in the low CL range). Additionally, when using CSF p-Tau/Abeta42 
as a central anchor there was minimum differences in the CL levels between tracers too. 
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6.3 B) Cross-Sectional Applications 

This section includes 5 pieces of work to illustrate the utility of the Centiloid measure in 
clinical populations across the AD disease continuum, and importantly the robust 
identification of a CL cut-off in high agreement with visual read positivity.  

 

B1. The Centiloid scale applied to [18F]florbetaben and [18F]flutemetamol PET renders 
comparable estimates of amyloid burden in both memory clinic patients and those in the 
natural history study. 

Relevance: Amyloid burden in Centiloid units for DPMS and PNHS 

The goals of AMYPAD rely on the assumption that amyloid burden can be accurately 
quantified irrespective of the radiotracer that was used for the acquisition of the PET 
scans. In this regard, the Centiloid scale (CL) has been proposed to provide an absolute 
scale to quantify amyloid burden which can be compared across tracers and 
quantification pipelines. This scale assigns a CL value of zero to the lack of amyloid 
burden in a young control group and a CL value of 100 to the typical amyloid load of 
mild-moderate AD patients.  

Methodology 

In order to verify the assumption that CL values are comparable across the 2 tracers 
used in AMYPAD, we have conducted a Gaussian Mixture Modeling (GMM) exercise on 
the distribution of CL values in the DPMS and the PNHS. GMM is a data-driven 
statistical technique that is capable of estimating the parameters of a finite number of 
Gaussian distributions that underlie the observed distribution of values. GMM has been 
widely used to model global estimates of amyloid burden as measured by PET (Farrell 
et. al., 2021). It is well established in the literature that the distributions of amyloid load 
values, when recruiting memory clinic patients, show a bimodal distribution with one 
Gaussian modelling the distribution of ‘negative’ scans and another one that of the 
‘positive’ ones (Klunk 2011, Nordberg et. al., 2012). Such a bimodal distribution fits well 
with the clinical use of the amyloid tracers that are typically rated visually as positive or 
negative. On the other hand, when scanning cognitively unimpaired individuals at high 
risk of AD, the distribution of values is dominated by a negative Gaussian that is skewed 
towards higher values (Farrell et. al., 2021). Such a distribution violates the assumption 
of the GMM that the data points are follow a finite number of Gaussian distributions. In 
addition, GMM presents another limitation such as it being sensitive to the initialization 
parameters. Another limitation of GMM is that it only provides point estimates of the 
Gaussian parameters (relative proportion, mean and standard deviation) but not spread 
estimates (i.e., the 95% confidence interval [95%CI] of such parameters). 
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In order overcome such limitations and robustly model the distribution of CL values even 
in challenging distributions such as that of the PNHS, we have introduced several 
methodological innovations to the modelling. First, in order to overcome the dependency 
of initial estimates and in order to provide spread estimates of the Gaussian parameters, 
we have implemented a bootstrapped version of the GMM. This method performs a 
GMM with random initial parameters in 100,000 ‘bootstrap’ samples from the original 
distribution. Bootstrapping is a technique that randomly resamples a given distribution 
with replacement a high number of times. By doing so, it mimics the sampling of the 
recruited population in the study and is therefore capable of providing measures of 
accuracy to the sample estimates. Using this method, we are able to overcome the lack 
of spread estimates to the Gaussian parameters and by randomly initialization each of 
the bootstrap samples, we compensate the dependency of the GMM to the initial 
parameters. 

In order to overcome the limitation of some the distributions not resulting from a finite 
number of ‘pure’ Gaussian distributions, a non-Gaussian distribution has been added to 
the GMM to model the intermediate CL values in the so-called ‘gray-zone’. Such 
distributions were originally proposed to model the intensities of partial volume voxels in 
magnetic resonance imaging (Santago and Gage 1993; Santago and Gage 1995; 
Laidlaw 1998; Ruan 2000; Grabowski 2000). The distribution of the gray-zone values is 
linked to the positive and negative Gaussians, as it shares with them their mean and 
standard deviation values. Only the relative proportion of the ‘gray-zone’ values is 
estimated by the GMM. 

Results and Conclusions of GMM for DPMS and PNHS by overall and tracer 
distribution. 

Using this procedure, we modelled the distribution of the DPMS study as well as those 
after stratifying by tracer (Figure 18). 
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Figure 18 GMM: Distribution of CL Values in DPMS 

Ref: Data from Amypad c/o BBRC presented at EANM October 2022. 

 

Of note, our version of the GMM could estimate a negative Gaussian with 95%CI of the 
mean including the zero, as expected. Also as expected, the mean of the positive 
Gaussians was close to 100, albeit a bit lower as the amyloid positive participants of the 
DPMS might harbour slightly lower amyloid load than those used to calibrate the CL 
scale. Of note, when stratifying by tracer, the 95%CI of all parameters overlapped 
between the 2 tracers, thus confirming that the CL scale provides comparable estimates 
of amyloid burden across the 2 tracers in the DPMS. 

Regarding the PNHS, the developed GMM method could also adapt to the expected 
distribution that was dominated by a negative Gaussian that was skewed towards higher 
values, as expected from a recruited population of primarily preclinical cases. In this 
case, it can be observed that the relative proportion of the ‘gray-zone’ distribution is 
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significantly higher than that of the positive one. In this more challenging scenario, the 
95%CI of mean value of the negative Gaussian also included the zero, as expected. 
However, when the distribution was split by tracer, minor differences appeared in the 
estimated negative means (-2.57 CL for 18F-Florbetaben and 2.25 CL for 18F-
Flutemetamol) (Figure 19). Still, these differences are in the range of the test-retest 
variability of CL values (Battle et. al., 2018) and have a negligible impact on CL 
quantification. 

 

Figure 19. GMM: Distribution of CL Values in PNHS 

Ref: Data from AMYPAD consortium c/o BBRC 
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B2. Quantitative Analysis of 6150 Real world amyloid PET scans from IDEAS (Data 
presented at AAIC 2022 by UCSF group). 

Relevance: Centiloid Quantification was performed in an independent Clinical Cohort 
(IDEAS). Use of the tracer independent Centiloid metric to harmonise the quantitative 
measure of brain amyloid PET burden to assess the validity of amyloid PET in clinical 
setting with real world heterogeneity of patients and interpreting clinicians. 

Methods. 

Amyloid PET scans (n=6150) from all 3 approved tracers (florbetapir, florbetaben and 
flutemetamol) were collected from the IDEAs real world study and processed centrally at 
USCF. Centiloids were measured using the MRI-free pipeline rPOP (Laccarino et al., 
2022) and compared to local visual reads using a pathology-based CL threshold of 
24.4CL units (La Joie et. al., 2019) to define positivity independent of the visual read 
results 

Results: 

Centiloids presented in the violin plot below showed a bimodal distribution with a 
minority surrounding the 24.4 CL threshold. There was an 86.5% agreement between 
the local readers and quantification-based positivity. 53.3% of the visual reads were 
positive by both quantification and visual inspection whilst 33.2% were both negative. 
From a discordance perspective there were approximately equal amounts of visual 
negative/quantification positive (6%) and 7.5% being visual positive/quantification 
negative. The average CL value of the visually negative scans was approaching the zero 
CL value as expected (3 CL+27) whilst the CL value of the positive scans was 72 +41). 

Conclusion: The Centiloid Metric was used in a large real-world study to provide a 
harmonized metric across 3 tracers to compare to local visual image interpretation and 
demonstrate the consistency of the image interpretation to a high degree. 
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Figure 20. Centiloid distribution for IDEAs (all three tracers) showed a bimodal 
distribution. The CL threshold for visual positivity was 24.4 CL 

Ref: Data from AAIC 2022 presentation, poster presented by Zeltzer et al  
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B3. Centiloid Quantification from a second independent Clinical Cohort (ABIDE) 

Relevance 

Centiloid (CL) quantification provides a more fine-grained picture of pathological burden 
and could hold complementary information to visual assessments in the clinical routine 
for diagnosis. However, little is known on CL measures in a heterogeneous memory 
clinical population, as most previous studies were performed in highly controlled 
research populations. 

Methods  

To assess the value of CL quantification in clinical routine, Collij et al., performed visual 
read (VR) and CL quantification of [18F]florbetaben amyloid-PET images from an 
unselected memory cohort (i.e., ABIDE study), reflecting a heterogeneous clinical 
population including patients with AD and non-AD dementia, mild cognitive impairment 
(MCI) and subjective cognitive decline (SCD). First, they investigated the agreement 
between the 2 measures. Next, they determined the association of amyloid positivity and 
level of pathology with clinical stage and primary etiological diagnosis.  

In total, 348 patients had a PET acquisition of sufficient quality for quantification 
purposes and were included in the current study. The final sample included 130 (37.4%) 
patients with SCD, 63 (18.1%) with MCI, and 155 (44.5%) with dementia. PET images 
were intensity normalized using the whole cerebellum as the reference region using the 
mask provided by the CL method (Klunk et al., 2015)(http://www.gaain.org/centiloid-
project). Global cortical CL values were calculated using the standard GAAIN target 
region.  

Results  

Amyloid positivity based on VR was associated with a higher CL burden compared to 
visually negative patients images (VR-: 3.0±14.2; VR+: 61.7±27.9, F=624.3, p<0.001, 
Figure 16). Within VR+ patients, CL burden increased with disease severity (SCD: 
51.5±27.2; MCI: 54.8±29.7 dementia: 66.6±26.5, F=4.42, p=.014). The optimal CL cut-
off as indicated by the Youden index (VR reference) was CL=21 (J=0.86, AUC=.958, 
95%CI:.935-.981; sensitivity=92.4%, specificity=93.7%). Utilizing this cut-off, 24 (6.9%) 
patients were considered discordant between VR and CL, with 12 (50%) patients 
assessed as VR+ but with a CL below 21 (i.e., CL-) and 12 (50%) patients assessed as 
VR- and a CL value above 21 (i.e., CL+).  

The amount of amyloid pathology as expressed in CL units was associated with the 
primary etiological diagnosis after correcting for age, sex, APOE-ε4 carriership, and 
clinical stage, with AD patients showing the highest amyloid burden (62.9±27.5), 
followed by DLB (25.3±35.5) and CVD (16.7±24.5), and finally FTLD (5.0±17.22, t=-
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12.66, p<0.001, Figure 17). Importantly, CL remained predictive of etiological diagnosis 
(t=-2.41, p=0.017) within the VR+ population (N=157), with mean CL burden being 64.1 
(±26.5) for AD patients, 44.3 (±30.3) for CVD, and 49.9 (±35.9) for DLB.  

 

Figure 21 Centiloid Distribution Against Visual Assessment 

Histogram displaying the frequency of Centiloid values colour-coded for visual read (VR) status. A bimodal 
distribution can be appreciated. Dashed line illustrates the optimal CL cut-off compared to VR as 
determined by the ROC analyses (i.e., CL=21). Below some illustrative [18F]florbetaben scans are shown 
across the continuum. 
     Ref: Data under review in Alzheimer’s & Dementia 
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Figure 22 Centiloid Burden Across Etiological Diagnoses 

Violin plot displaying the distribution of amyloid burden as measured in Centiloid units per primary 
etiological diagnosis. The AD population is further stratified based on clinical stage, showing a step-wise 
increase in amyloid burden. For the other diagnoses, data of only MCI and dementia patients are shown. 
The dotted line illustrate the optimal Youden index based cut-off against visual read (CL=21). Majority of 
patients with a non-AD primary etiological diagnosis fall below this latter cut-off.  Visually positive patients 
are shown as triangles, while visually negative patients are illustrated as circles. 
AD=Alzheimer’s disease, CVD=Cerebrovascular disease, FTLD=Frontotemporal Lobar Degeneration, 
DLB=Dementia with Lewy Bodies, ND=Neurodegeneration, SCD=Subjective Cognitive Decline, MCI=Mild 
Cognitive Impairment. 
 

Conclusions 

CL quantification was in high agreement with VR status, with an optimal cut-off for 
positivity defined at CL=21. In addition, in visually amyloid positive subjects, the amount 
of pathology as expressed in CL units was associated with clinical stage and with 
primary etiological diagnosis, with AD patients showing the highest amyloid burden, 
followed by patients with DLB. In patients with dementia, CL could support assignment 
of a primary diagnosis of AD or non-AD. In this unselected heterogeneous memory 
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clinical population, the utility of CL quantification to complement VR of amyloid-PET is 
illustrated. Continuous CL measures could further increase diagnostic confidence, 
support differential diagnosis in clinically advanced cases, and provide improved 
prognostic information in preclinical subjects. 
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B4. Visual assessment of [18F]flutemetamol PET images can detect early amyloid 
pathology and grade its extent 

Relevance 

This work illustrates the agreement between Centiloid quantification and consensus read 
of 3 expert readers in a population with emerging amyloid burden.  

Methods 

[18F]Flutemetamol PET images of 497 subjects (ALFA+ N = 352; ADC N = 145) were 
included. Scans were visually assessed according to product guidelines by 3 expert 
readers. Scans were quantified using the standard and regional CL method. The 
agreement between VR-based classification and published CL-based cut-offs for early 
(CL = 12) and established (CL = 30) pathology was determined. An optimal CL cut-off 
maximizing Youden’s index was derived. Results were confirmed using 28 post-mortem 
cases from the [18F]flutemetamol phase III study. 

Results 

VR showed excellent agreement against CL = 12 (κ = .89, 95.2%) and CL = 30 (κ = .88, 
95.4%) cut-offs. ROC analysis resulted in an optimal CL = 17 cut-off against VR 
(sensitivity = 97.9%, specificity = 97.8%) (Figure 23), with consistent positivity across 
readers at CL=25.  

Conclusion  

Centiloid quantification could support the identification of very early amyloid pathology. 
Consistent positivity was observed at CL=25, which could be considered an optimal cut-
off for clinical use.  
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Figure 23  Example [18F]flutemetamol Images 

A series of 10 [18F]flutemetamol scans form the ALFA+ cohort ordered based on Centiloid values are 
shown. Upper panel illustrates which regions were visually assessed as positive. From top to bottom, 
axial, coronal, and sagittal images are provided. White arrows highlight specific regional amyloid uptake. 
Note, that the main differences between VR- (left panel) and early amyloid accumulation (second to fourth 
panel) can be observed basal frontally on the axial image and in the orbitofrontal and precuneal regions 
on the sagittal images. 
PC/PCC: precuneus/posterior cingulate cortex; VR: visual read  

Ref: Collij et. al., 2021 
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     B5. Visual and Quantitative amyloid-PET measures in the AMYPAD DPMS Study 

Relevance: 

In clinical practice, visual assessment of amyloid-PET images results in a binary 
classification (negative or positive) of amyloid status. While this approach has shown 
high clinical utility, the expected approval of disease-modifying treatments warrants the 
need for objective amyloid burden quantification, to further support a high-confidence 
diagnosis of AD and treatment decisions. Two widely available quantification methods, 
i.e., CL and z-scores to optimize clinical use of amyloid-PET were investigated in 
AMYPAD DPMS.  

Methods: 

Patients with subjective cognitive decline plus (SCD+; N=220), mild cognitive impairment 
(MCI; N=293) or dementia (N=216) enrolled in the AMYPAD-DPMS that have 
undergone amyloid-PET imaging and passed quality control were included in the study. 
Acquired static (i.e., 90 to 110 minutes post-injection) [18F]flutemetamol (N=380) or 
[18F]florbetaben (N=349) PET images were processed using GE Healthcare’s 
AMYPYPE PET-only pipeline, providing global CL and z-scores, and z-scores for 7 
cortical ROIs. Local readers provided visual read (VR) status and regional assessments.  

Results: 

Demographics for our DPMS study are shown in Table 9. In total, 364 (49.9%) patients 
were assessed as amyloid VR-positive and showed significantly higher CL (U=3954, 
p<0.001) and global z-score (U=4197, p<0.001) values across clinical stages compared 
to VR-negative patients (Figure 24A). The proportion of VR-positive patients increased 
with clinical stage (SCD+: 30.0%, MCI: 48.8%, dementia: 71.8%) and global amyloid 
burden (CL: H=24.97, p<0.001; z-score: H=24.43, p<0.001) was also associated with 
disease severity (Figure 24B). VR-positive patients with a primary etiological diagnosis 
of AD showed higher overall higher amyloid burden (CL: H=6.93, p=0.008; z-score: 
H=5.54, p=0.019) and specifically in the pre-frontal cortex (H=8.18, p=0.004) compared 
to patients with a non-AD primary etiological diagnosis, though percentage of frontal VR-
positivity was highly similar between groups (AD: 97.2% vs. non-AD: 96.6%). Global CL 
and z-scores were highly correlated (ρ=.987, p<0.001), by a factor of 10 (Figure 24C).  

Conclusion: 

Our results demonstrate high agreement between CL and z-scoring quantitative 
measures in a clinical population. While initial results do not indicate differences in 
patterns of regional positivity between AD and non-AD subjects, differences in global 
amyloid burden seem to be driven by known AD-related early accumulating regions.  
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Figure 24 Quantification Against Visual Read Status Within the AMYPAD 
Diagnostic and Patient Management Study 

A) Bar graphs showing the distribution of Centiloid (top) and global z-scores (bottom) for patients with 
SCD+, MCI, and dementia, color coded for visual read status (blue: negative; red: positive). As expected, 
the proportion of VR-positive cases increases with clinical stage. In addition, a bimodal distribution of both 
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Centiloid and z-score quantification can be appreciated across the cohort, though more clearly for MCI 
and dementia patients. B) Boxplot illustrating that the amount of amyloid burden in visually-positive cases 
increases depending on clinical stage. C) Scatterplot between Centiloid and z-score quantification, 
showing excellent correlation and a factor 10 relationship. 
     Ref: Data taken from AAIC 2022 Featured research session (manuscript in preparation). 
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Table 9 Overview of Participant Demographics and Clinical Features 

 Study 
population 

 
N=729 
(100%) 

SCD+ 
n=220 (30.2%) 

MCI 
n=252 (40.2%) 

Dementia 
n=257 (29.6%) 

p-value 

VR– 
n = 154 
(70.0%) 

VR+ 
n = 66 

(30.0%) 

VR– 
n = 150 
(51.2%) 

VR+ 
n = 143 
(48.8%) 

VR– 
n = 61 

(28.2%) 

VR + 
n = 155 
(71.8%) 

 

Age, years 72 [65-77] 67 [63-72.75] 71 [67-75] 70 [62-76.75] 74 [69-78] 73 [70-76] 75 [67.5-79] p <0.001a,c,d,  
p <0.05b 

Sex, female (%) 325 (44.6) 67 (43.5) 27 (40.9) 59 (39.3) 66 (46.2) 20 (32.8) 86 (55.5) p <0.05a 
Education, years 13 [10-16] 15 [12-17] 13 [11-15.75] 12 [10-15] 13 [10-16] 12 [9-14] 12 [9-15] p <0.001a,c,  

p <0.05b 
MMSE 27 [23-29] 29 [28-30] 29 [27-30] 27 [25-29] 26 [23-28] 24 [21.75-

26.25] 
21 [18-24.75] p <0.001a,b,c,d 

Etiological 
diagnosis* 
    AD (%) 
    Non-AD (%) 
    NA (%) 

 
346 (47.5) 
245 (33.6) 
138 (18.9) 

 
0 (0.0) 

88 (57.1) 
66 (42.9) 

 
43 (65.2) 
14 (21.2) 
9 (13.6) 

 
15 (10.0) 
92 (61.3) 
43 (28.7) 

 
125 (87.4) 

13 (9.1) 
5 (3.5) 

 
13 (21.3) 
36 (59.0) 
12 (19.7) 

 
150 (96.8) 

2 (1.3) 
3 (1.9) 

 
p <0.001a,c,d 
p <0.001b,c,d 

p <0.05a, p < 
0.001b,c,d 

Centiloid value 33.8 [0.727-
84.9] 

1.79 [–4.93-
9.05] 

71.1 [47.0-
92.7] 

1.22 [–7.04-
15.3] 

77.4 [60.7-
107.2] 

–2.71 [–11.4-
12.0] 

93.2 [73.9-
117.5] 

p <0.001a,b,c,d 

Global Z-score  2.70 [0.038-
7.86] 

0.078 [–0.537-
.843] 

6.88 [4.60-
8.39] 

0.174 [–0.800-
.972] 

7.44 [5.55-
9.73] 

–0.373 [–
1.23-.918] 

8.85 [6.92-
10.9] 

p <0.001a,b,c,d 

SCD+: subjective cognitive decline plus; MCI: mild cognitive impairment; VR–: negative visual read status; VR+: positive visual read status; AD: Alzheimer’s disease; non-AD: non-
Alzheimer’s disease; NA: etiological diagnosis not yet achieved. Data is shown as the median value [interquartile range]. P-values are derived from either a binomial or Mann-Whitney 
U test. Only significant p-values are shown (i.e., p<0.05).  
acomparing SCD+ and MCI groups 
bcomparing MCI and dementia groups 
ccomparing SCD+ and dementia groups 
dcomparing VR status (i.e., negative and positive) across clinical stages 
*Final etiological diagnosis. 

Ref:  AMYPAD data from VUMC. Publication in Preparation 
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Summary Conclusion for Section B 

Section B contains 5 pieces of strong evidence to demonstrate the utility of the Centiloid 
measure in both clinical and research (ie earlier) populations across the AD continuum. 
We present data from 4 independent cohorts (AMYPAD DPMS and PNHS as well as 
IDEAS and ABIDE) which show the negative scans are anchored at the CL=0 point, and 
the positive scans range from 40 to 80+ CL depending upon the clinical-subtype 
examined. Data from IDEAs used the CL measure to harmonise quantitative values 
across the three approved tracers to measure the consistency of local visual inspection 
results relative to quantitation. 

The threshold of positivity for routine scans is approximately 21-24 for routine readers, 
with evidence that more experienced readers can be more sensitive for early depositing 
amyloid and read down to 17 Centiloids. Work from the AMYPAD DPMS study also shows 
the utility of the Z-score metric (which some users may have access to in lieu of the CL 
measure) as being approximately comparable to the CL measure (although requiring a 
normal data base to anchor the calculation). 
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6.4 Section C: Measuring longitudinal change in amyloid using the Centiloid 
Metric 

This section describes two linked analyses regarding the longitudinal behaviour of 

Centiloid quantification as measured from both DPMS and PNHS and its possible use in 

clinical settings.  

C1. Estimation of longitudinal within-subject variability 

Relevance  

Longitudinal PET-based imaging endpoints are commonly integrated in clinical trials of 
disease-modifying drugs for Alzheimer’s disease (AD) and could become a key 
component of therapy response monitoring. We assessed the within-subject variability 
of Centiloid (CL) in the context of longitudinal studies acquired with either 18F-
flutemetamol (FMM) or 18F-florbetaben (FBB).   

Methods  

Longitudinal amyloid-PET imaging from two cohorts was used. 107 participants from the 
Diagnostic and Patient Management Study (DPMS), which are representative of a 
memory clinic population were included (participants with subjective cognitive decline 
(SCD+, N=35), mild cognitive impairment (MCI, N=44) and dementia (N=28)). PET 
scans were performed at two time points using either FMM (N=49) or FBB (N=58) with 
an average scan time interval of 1.3 years. The second cohort consisted of a selection 
of cognitively unimpaired individuals with at least two PET scans from the Prognostic 
and Natural History Study (PNHS, N=680). This sample would be representative of an 
at-risk population which may benefit from prevention trials. PET scans were acquired 
with FMM (N=424) or FBB (N=256) and average scan time interval in this cohort was 
2.1±0.3 year (follow-up 1) and 4.8±1.0 years (follow-up 2). Global CL quantification was 
performed using a PET-only pipeline for the DPMS while the PNHS used an MR-based 
pipeline. To capture the inherent measurement variability over time, a subset of 
individuals expected to be stable across the follow-up time was selected as a means to 
estimate test retest (DPMS inclusion criteria: SCD+ at both time points, baseline CL < 
10; PNHS inclusion criteria: CL <10 and VR negative at both time points, CSF aβ42/40 
or aβ42 and CSF ptau negative, ApoE ε4 non carrier). Estimates of the within- and 
between-subject variability were obtained through an Intraclass Correlation Coefficient 
(ICC) analysis. In addition, the expected change in the predicted stable subsets was 
estimated using the 95th percentile of the annualised rate of change (ARC).  
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Results  

The subset expected to be stable comprised of 22 subjects from the DPMS and 46 
subjects from the PNHS (Table 10). The within-subject variability was approximately ~3 
CL for both cohorts (Table11). Moreover, the reliability analysis revealed that both the 
DPMS and PNHS have an ICC close to 1, indicating that the variability observed 
between the two scans is mostly attributable to an underlying difference in protein 
deposition across individuals rather than measurement error. The 95th percentile of ARC 
was below 5 CL/year across studies (4.8 CL/year in the DPMS; 3.9 CL/year in the 
PNHS). No significant difference was found across tracers. 

Conclusion  

The CL was found stable and robust across tracers with a longitudinal (i.e., test retest) 
variability estimated around ~3 CL/year, and very low likelihood of it surpassing 5 CL. 
Of relevance, no differences were detected in annualised rates of change of CL 
between tracers.  

Table 10 Demographic characteristics of the DPMS and PNHS longitudinal 
cohorts 

 

 DPMS PNHS 

 All ‘Stable’ subset All 
‘Stable’ 
subset 

N 107 22 680 46 

Gender (% female) 44.9% 36.4% 60% 61% 

Age 

(y (median (Q1-Q3))) 
70 (64 - 76) 65 (61 - 70) 65 (60 - 70) 67 (63 - 69) 

Education (y) 13.0 ± 3.9 15.0 ± 2.9 14.8 ± 4.1 15.0 ± 4.2 

MMSE 
at BL 25.8 ± 3.8 28.6 ± 1.3 

29.2 ± 1.0 29.3 ± 0.9 
at FU 25.1 ± 4.8 28.3 ± 2.2 

Centiloid at BL 41.7 ± 47.7 -0.8 ± 4.7 12.9 ± 23.4 -1.2 ± 6.4 

ARC (CL/year) 1.4 ± 6.4 -0.2 ± 3.3 1.2 ± 4.0 -0.3 ± 2.3 

FU time (y) 1.3 ± 0.2 1.3 ± 0.3 2.1 to 4.8 ± 1.0 2.1 ± 0.1 

Values are provided as mean ± SD, unless otherwise specified. Annualised rate of 
change (ARC) was computed as (CLfollow-up – CLbaseline)/dt with dt the time interval in 
between timepoints in years.   
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Abb - y = years, MMSE = Mini Mental State Examination, BL = baseline, FU = follow-up 

 

Table 11 Repeatability and reliability of the Centiloid scale (CL), estimated with 
subjects expected to be stable over the follow-up time interval 
 

 DMPS PNHS 

N 22 46 

Sample Mean (CL) -0.7 1.5 

Sample SD (CL) 4.9 6.3 

 

RMS between subjects (CL) 7.0 8.9 

RMS within subjects (CL) 3.0 3.3 

RMSD 4.2 4.7 

ICC 
0.82 

[0.57, 0.92] 

0.86 

[0.75, 0.92] 

Abb - ICC = intraclass correlation coefficient, RMS= root mean squares, RMSD= root-
mean-square deviation 
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C2. A Centiloid window to help predict true amyloid accumulation 

 

Relevance  

Serial amyloid PET acquisitions enable the close monitoring of AD pathophysiology, in 
particular in the pre-symptomatic phase of the disease targeted in recent clinical trials. 
We assessed the ability of global Centiloid (CL) quantification to predict amyloid 
accumulation based on PET visual read (VR) and rates of amyloid accumulation in a 
cognitively unimpaired (CU) population.  

Methods  

Longitudinal amyloid-PET was performed on 686 healthy participants of the PNHS, 
using either 18F-flutemetamol (FMM, N=427) or 18F-florbetaben (FBB, N=259). Scans 
were acquired at 2 or 3 timepoints, with average follow-up times of 2.1 ± 0.3 and 4.8 ± 
1.0 years respectively (Table 12). Quantification of scans was performed using an MR-
based CL pipeline. Longitudinal change in CL was modelled using generalized 
estimating equations (corrected for age, sex, and ApoE ε4 carriership) based on 
categorizing subjects with different approaches. The first was based on visual read 
(VR), with subjects classified as Stable VR-, Converters or Stable VR+. The second 
approach was based on categorising subjects based on their baseline CL load, either 
Negative (CL<12), in a Grey-zone (12≤CL≤50) or Positive (CL>50). The third 
classification was based on whether subjects showed evidence of amyloid 
accumulation, based on their annualised rates of change (ARC) being above the within-
subject variability of the projected stable negative subjects. Differences in trajectories 
between tracers was also investigated. 

Results  

First, we found three distinct longitudinal CL trajectories according to the VR groups. At 
baseline, 86% of cases were considered VR-, out of which 10% converted to VR+.  
Individuals in the Stable VR+ displayed the highest baseline CL load, followed by 
Converters and Stable VR- (Figure 25 A). Converters and Stable VR+ group showed a 
greater ARC than Stable VR- (ARCStable VR-= 0.3±3.1CL/year, ARCConverters= 
5.4±5.1CL/year, ARCStable VR+= 3.4±7.6CL/year, p<.001). When restricted to individuals 
with a baseline CL in the Grey-zone (12≤CL≤50), the patterns were similar (βStable VR-

=0.3; βConverters=4.9, p<.005) (Figure 25 B). Subjects considered Converters and 
subjects with CL in Grey-zone category showed a higher proportion ApoE ε4 carriers 
compared to the whole dataset. Furthermore, individuals considered ‘accumulators’ 
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displayed a higher baseline CL value (36.3±28.8 CL versus 11.8±19.4 for ‘Non 
accumulators’, p<.001, Figure 25 C). Considering individuals with baseline VR- and CL 
in the Grey-zone, 30% will convert to amyloid positivity, while this number increases to 
65% for subjects also found to be ‘accumulators’. Finally, no significant differences in 
baseline CL value or in ARC was found between FBB and FMM (Figure 25 D). 

Conclusion  

The CL methodology is robust across tracers in a longitudinal setting. Baseline CL can 
help identify subjects more likely to accumulate pathology and could therefore assist 
subject selection and therapy response monitoring in clinical trials. 

Table 12 Demographics characteristics of the PNHS 

 PNHS 

 All 18F-florbetaben 18F-flutemetamol 

N 686 259 427 

Age (y (median (Q1-Q3))) 65 (60 - 70) 67 (61 - 71) 64 (60 - 69) 

Gender (% female) 60 61 60 

ApoE ε4 (% carriers) 41 33 46 

Education (y) 14.8 ± 4.1 15.5 ± 4.2 14.4 ± 3.8 

MMSE at BL 29.2 ± 1.0 29.2 ± 1.1 29.2 ± 1.0 

N Timepoints 
2 (N=583) 

3 (N=103) 

2 (N=156) 

3 (N=103) 
2 

Centiloid at BL 12.9 ± 23.4 14.1 (24.2) 15.5 (21.0) 

ARC 1.2 ± 4.0 1.3 (4.6) 1.2 (3.7) 

FU time (y) 
FU1: 2.1 ± 0.3 

FU2: 4.8 ± 1.0 

FU1: 2.1 ± 0.2 

FU2: 4.8 ± 1.0 
2.0 ± 0.4 years 

Values are provided as mean ± SD, unless otherwise specified. Annualised rate of 
change (ARC) was computed as (CLfollow-up – CLbaseline)/dt with dt the time interval in 
between timepoints in years.   
Abb - y = years, MMSE = Mini Mental State Examination, BL = baseline, FU = follow-up 
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Figure 25  Longitudinal Trajectories of Amyloid Accumulation 

A) Trajectories based on visual assessment, subjects were classified as Stable VR- 
(N=332, VR-🡪VR-), Converter (N=42, VR- to VR+) or Stable VR+ (N=61, VR+ to VR+); 
B) Trajectories based on baseline CL category, established with the following cut-offs: 
CL negative (CL<12), grey-zone (12≤CL≤50) and positive (CL>50); C) Trajectories 
based on the annualised rate of change (ARC) above expected measurement 
variability, ’accumulators’ are defined as individuals with an ARC ≥ 3.3 CL/year; D) 
Trajectories per tracer 

Overall Conclusions Section C 

Longitudinal analysis of DPMS and PNHS data has indicated several important factors 
which are relevant for understanding the behaviour of PET tracers over time. The CL 
was found stable and robust across tracers with a within-subject (i.e., test retest) 
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variability estimated around ~3 CL/year, and very low likelihood of it surpassing 5 CL. 
Analysis has also shown there is a Centiloid window of approximately 12-50 CL units 
which is predictive of those subjects where a significant rise in amyloid load might be 
expected (compared to those in the 10 CL region where the amyloid load is 
unchanged). Importantly, results were consistent irrespective of tracer and pipeline 
used, thus confirming that the estimation of the rates of change of amyloid load as 
measured with the CL method are independent of the tracer used.  
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7 IMAGING METHODOLOGY FOR ASSESSMENT OF CENTILOID 
MEASURES 

Section 7 in this BQO is a reference to the general guidelines for the use (camera set 
up, image acquisition, image reconstruction etc) of the amyloid PET tracers. 

7.1  Amyloid PET tracers 

Two amyloid PET tracers Vizamyl [18F]flutemetamol (c/o GE Healthcare, Amersham UK) 
and Neuraceq [18F]florbetaben (c/o Life Radiopharma Berlin GmbH, Berlin, Germany) 
have been employed in the AMYPAD studies. Both tracers have been routinely 
available in Europe since their marketing authorization in 2014. 

Further details on the Vizamyl product can be found in the current EU SmPC. 

https://www.ema.europa.eu/en/documents/product-information/vizamyl-epar-product-
information_en.pdf 

Further details on the NeuraCeq product can be found in the current EU SmPC. 

https://www.ema.europa.eu/en/documents/product-information/neuraceq-epar-product-
information_en.pdf 

Notably, both tracers, as well as Amyvid [18F]florbetapir, have language in the SmPC 
that allows quantitation as an adjunct to visual reads.  This language was accepted after 
data was submitted to EMA validating the robustness of quantitation by various 
methodologies and supports the use of quantitation as a adjunct to visual reading.  

7.2  Imaging Guidelines 

A summary of the Imaging Guidelines for Vizamyl and NeuraCeq can be found in 
Appendices D and E. 

7.3  RSNA QIBA Profile for Amyloid PET as an Imaging Biomarker for Cerebral 
Amyloid Quantification  

This document (Smith et al 2022) is a very recent and comprehensive overview which 
aims to facilitate a standardised approach to the use of F-18 labelled amyloid PET 
tracers across PET centres. The paper focuses on the SUVr unit as the central metric of 
choice although acknowledges that the approach is applicable to the Centiloid Unit too. 

https://www.ema.europa.eu/en/documents/product-information/vizamyl-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/vizamyl-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/neuraceq-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/neuraceq-epar-product-information_en.pdf
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The context of use is similar to that covered in this BQO dossier (ie the objective 
measure of longitudinal change, staging and prediction of cognitive changes). The 
paper highlights the importance of the choice of reference region. The key message in 
this QIBA profile relates to a justification of a within-subject coefficient of variation (wCV) 
of <1.94% when measuring brain amyloid load when paying attention to tracer, scanner, 
acquisition and analysis protocols. 

 

7.4 Tips from AMYPAD for optimal image acquisition/image 
processing/reconstruction 

The standard CL method is highly robust against difference in image resolution when 
using the Whole Cerebellum and the Global Cortical Target VOI provided in the GAAIN 
website. As long as this reference region and target regions are being used in the CL 
method, a wide range of clinical reconstruction parameters are not expected to render 
significantly different CL values. Nevertheless, best practice for optimal accuracy is to 
use a quantitative methodology based on Hoffmann phantom acquisitions (e.g. 
https://pubmed.ncbi.nlm.nih.gov/26249138/). 

Similar considerations apply to multicentre studies. The CL method provides very robust 
values irrespective of reconstruction parameters in multi-centre studies in which the 
image resolution has not been prospectively harmonized, as long as the standard target 
and Whole Cerebellum VOIs are used. Best practice for optimal quantitative results 
involves the prospective harmonization of reconstruction parameters across sites to 
obtain comparable image quality, using existing methods for this purpose 
(https://pubmed.ncbi.nlm.nih.gov/33517517/). 

 

7.5 Training for Image Interpretation  

Training for Image Interpretation can be found at the following sites 

https://www.readvizamyl.com/ 

http://www.neuraceqreadertraining.com/learn 

7.6 Software Tools where the Centiloid Unit is/will be available 

- MIM Neuro MIM Software’s MIMneuro 
(https://www.mimsoftware.com/nuclear_medicine/mim_neuro) 

https://pubmed.ncbi.nlm.nih.gov/26249138/
https://pubmed.ncbi.nlm.nih.gov/33517517/
https://www.readvizamyl.com/
http://www.neuraceqreadertraining.com/learn
https://www.mimsoftware.com/nuclear_medicine/mim_neuro


  

 

Page 78 of 99 

 

- Syntermed NeuroQ (https://syntermed.com/neuroq). Release including Centiloids 
planned for SNMMI 2023 

- cPET (part of cNeuro suite) c/o Combinostics (https://www.combinostics.com/) 
Centiloid/SUVr/Z-scores. Software CE approvals aimed for end 4Q22 and 510(k) 
clearance in 1Q23. 

- rPOP (https://github.com/leoiacca/rPOP) c/o the UCSF Neurology group 
- NiftyPET/AmyPET (https://github.com/AMYPAD/AmyPET) – available but still 

being refined for research use 

7.7 Technical information on the Centiloid Unit 

The use of [11C]PiB is accepted as the “Gold Standard” for amyloid imaging.  PiB utility 
in routine clinical application however is limited by the short half-life of the Carbon-11 
radioisotope and the requirement for an on-site cyclotron. 

F-18 Tracers have longer radioactive half-life (110 minutes) compared to PiB and offer 
greater clinical utility in amyloid imaging.  Three tracers; [18F]florbetapir (Amyvid), 
[18F]florbetaben (NeuraCeq) and [18F]flutemetamol (Vizamyl) have all been validated 
through post-mortem studies and are approved by regulatory authorities. 

These tracers all show increased cortical retention in AD subjects.  However, each 
tracer has its own unique set of cortical and reference regions, methods for visual 
evaluation and positive PET cut-off points associated with quantitative use.  
Furthermore, differences in their dynamic ranges, kinetics and non-amyloid white matter 
binding all add up to make comparing data sets across studies, and across groups 
scanned with more than one of these tracers, challenging. 

As such, there has been an unmet need to standardise quantitative amyloid imaging.  
Standardized units would also allow better interpretation of longitudinal changes, 
improving how sites monitor disease progression, and any potential therapeutic effects. 

The Centiloid Scale, conceived by Prof. WE Klunk and colleagues, was proposed as a 
means of comparing different β-amyloid imaging tracers with different kinetics in AD 
imaging1.  They developed the Centiloid Atlas for PET image quantification, based on 
PiB uptake in young healthy controls (YC) and typical AD patients.  Essentially, VOIs 
templates are applied to co-registered PET and MR images using the software package 
SPM8. SUVRs can then be derived for the cortical structures and other key regions, 
using the whole cerebellum as the refence region.  These SUVR values are then 
converted to Centiloid values (CL).  On the scale YC Subjects have a mean value 0 CL, 
and AD Subjects have a mean value of 100 CL. 

https://syntermed.com/neuroq
https://www.combinostics.com/
https://github.com/leoiacca/rPOP
https://github.com/AMYPAD/AmyPET
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The Centiloid methodology is a multi-step process, essentially split in to 2 parts: 
Validation of Pipeline (Figure 26, Left) and Application to tracers (Figure 26, Right).  There 
are a number of “Stop / GO” points along the process ensure that Centiloid scaling is 
being correctly applied. 

Firstly, in order to validate their pipelines, each Site must obtain the PiB PET and MR 
images and Centiloid VOIs from the Global Alzheimer’s Association Information 
Network (GAAIN, www.gaain.org/centiloid-project) and follow the steps described by 
Klunk et al. to apply the VOI atlas.  Site must ensure their PiB SUVRs correlate well 
(Slope = 0.98-1.02, R2 >0.98) with the published values, and the mean SUVR are within 
tolerance (±2%) for the YC-0 and AD-100 groups. 

PiB SUVRs are then converted to Centiloids using the following equation: 

CL=100X (PiBSUVRIND - PiBSUVRYC-0) / (PiBSUVRAD-100 - PiBSUVRYC-0) 

Where: 
PiBSUVRIND = individual's PiB SUVR value 
PiBSUVRYC-0 = MEAN YC-0 PiB SUVR value  
PiBSUVRAD-100 = MEAN AD-100 PiB SUVR value 
 

http://www.gaain.org/centiloid-project
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Figure 26 Centiloid Process for the Validation of Process Pipeline (left) and 
Application to Tracer (right) Ref: Klunk et al. 2015 

The second part of the process is the application of the methods to other tracers.  Site-
derived PET and MR images for both PiB and other 18F-labeled tracers obtained in the 
same subject can be analysed using same concept of VOI application, with the added 
step of scaling the tracer SUVR values to PiB-equivalent SUVRs for conversion to 
Centiloid.  The correlation between the PiB and tracer SUVRs is used to calculate the 
following equations: 
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PiB-Calculated SUVRs: PiB-CalcSUVRIND = (TracerSUVRIND - TracerbStd) / TracermStd 

Where: 
TracerSUVRIND = individual's TRACER SUVr value 
TracerbStd = intercept value (AD & HC subjects) 
TracermStd = slope value (AD & HC subjects) 
PiB-CalcSUVRIND = converted TracerSUVRIND value into PiB value 
 

Centiloids are then calculated using the following equation: 

Centiloid Calculation: TracerCLStd = 100X (PiB-CalcSUVRIND - PiBSUVRYC-0) / 
(PiBSUVRAD-100 - PiBSUVRYC-0) 

Where: 
TracerClStd = TRACER Centiloid value 
Following these methods groups have published Centiloid equations for 3 tracers: 

Flutemetamol CL2 = (121.42*SUVR-Flute) - 121.16 

Florbetapir Centiloids3 = 183 × SUVrAvid – 177 

Florbetaben Centiloids4: CL units = 153.4 × SUVRFBB − 154.9 
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8 OVERALL CONCLUSIONS 

AMYPAD has presented in this document a wealth of data to demonstrate that the 
Centiloid metric is a credible, versatile and robust measure of brain amyloid burden. As 
the use of amyloid PET becomes more omnipresent in the Alzheimers field it is important 
that methodologies that are well utilised in both clinical development and academic 
research are fully characterised prior to their use in clinical routine. We present here three 
distinct categories of work where the Centiloid measure is:  

a) tested for performance robustness  

b) assessed cross sectionally different clinical scenarios as an initial measure of 
brain amyloid burden and  

c) measured for longitudinal follow up where our AMYPAD studies have provided 
us with the opportunity to perform the both the baseline and follow up scans.  

In addition to support this application we have reviewed in detail and produced our own 
state of the art review (published in the European Journal of Nuclear Medicine and 
Molecular Imaging) to cover the ever-increasing literature in the Centiloid field (now over 
90 papers as of September 2022) which demonstrate the universality of the methodology 
across multiple clinical cohorts and clinical development programs. We have worked 
closely with software vendors to support their own implementation of the Centiloid 
measure in quantitative amyloid tools which aim to support the routine physician in his 
measurement of brain amyloid burden. The Centiloid measure provides a consistent and 
accurate means to assess brain amyloid across tracers, sites, pipelines etc with the 
ultimate aim to better serve AD patients with consistent decision making around 
diagnostic and management decisions. AMYPAD has also been invited to contribute it’s 
findings to further the understanding of the use of the Centiloid metric in a meeting 
convened by FDA in November 2022 which is dedicated to the assessment of quantitative 
amyloid PET methodology. 
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9 QUESTIONS FOR SAWP 

Question 1 

Does EMA agree it valuable to have a single universal metric that is tracer 
independent to measure amyloid burden in the brain? 

Q1: AMYPAD Position: 

Determination of brain amyloid load by determining SUVr in specific brain regions is 
currently the most widely used and established metric (Kinahan & Fletcher, 2010), 
having been implemented in several recent trials to assess treatment efficacy (Doody et 
al., 2013, Doody et al.,2014; Honig et al., 2018; Liu et al., 2015; Ostrowitzki et al., 2017; 
Relkin et al., 2017; Salloway et al., 2014). However, accurate measurement and cut-off 
values are highly dependent on the chosen tracer, reference region and delineation 
method (Klunk et al., 2015; S. M. Landau et al., 2014; Tryputsen et al., 2015), which 
challenges the pooling of multi-centre SUVr data across tracers (Kolinger et al., 2021). 
In addition, there is high variability in longitudinal results (Susan M. Landau et al., 2015; 
Tryputsen et al., 2015), which limits the power in detecting genuine biological 
differences. Therefore, as the use of different amyloid PET tracers has grown in both 
clinical and research settings, there has been a concurrent need for inter-tracer 
standardization of the SUVr metric in both multi-centre collaborations as well as for the 
general understanding of measures of amyloid burden in routine settings where 
potentially diagnostic use may increase with the introduction of novel therapies. 

 

Question 2 

Does EMA agree that the Centiloid metric is suitable for measuring amyloid 
burden in the brain? 

Q2: AMYPAD Position: 

In order to address the limitations mentioned above in Question 1, the CL scale was 
developed by Klunk et al 2015. The main aims of the CL scale were to: (i) simplify and 
expedite direct comparison of Aβ PET results across sites and studies; (ii) outline the 
earliest thresholds for amyloid positivity and define the range of positivity in AD; (iii) 
robustly quantify longitudinal change; and (iv) facilitate inter-tracer comparisons (Klunk 
et al., 2015). Since then, several studies have tested the scale’s validity and used it to 
improve the harmonisation and standardisation of Aβ PET quantification across tracers, 
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scanners, and analytical implementations (Battle et al., 2018; Bourgeat et al., 2021, 
Bourgeat et al.,2018; Cho, Choe, Kim, et al., 2020; Cho, Choe, Park, et al., 2020; Leuzy 
et al., 2016; Navitsky et al., 2018; Rowe et al., 2017, Rowe et al., 2016; Schwarz et al., 
2018; Su et al., 2018, Su et al., 2019; Tudorascu et al., 2018; Yun et al., 2017). 

One of the key advantages of a ‘universal’ metric of amyloid burden is generalisation of 
quantitative thresholds across tracers and pipeline implementations. Universal cut-off or 
threshold values to denote amyloid status can be applied alongside visual reads and in 
longitudinal multi-centre studies to facilitate inter-centre and inter-tracer comparisons. 
Various cut-offs established in the literature are summarised in the figure below.  

 

Figure 27  Summary of the various CL thresholds established in the literature and 
in use for clinical trial inclusion  
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Question 3 

Does EMA concur that the Centiloid measure has been sufficiently characterised 
for use in both research and clinical applications?  

Q3: AMYPAD Position 

AMYPAD considers that the Centiloid metric is a robust methodology for the 
measurement of both early and established amyloid in the brain and AMYPAD has 
generated significant evidence to demonstrate the robustness of the methodology by 
multiple means highlighted in Chapter 6 of this BQO dossier. 

AMYPAD believes it has adequately demonstrated that the Centiloid measure can be 
considered as a valid tracer independent means to assess amyloid burden in the brain 
across the full dynamic range of the measure and in longitudinal settings. We have 
shown in multiple cohorts that the anchor point in the negative scans is repeatedly 
observed at CL zero as predicted when the methodology was originally developed. 
Additionally, we have demonstrated that the Centiloid metric can be assessed in 
multiple pipeline analysis variants where different volumes of interest/reference 
regions/native vs standard space etc. The CL outcome measure remains steady 
indicating that during use across multiple sites and reconstruction settings the value 
(and hence utility) will remain constant. The test-retest variability of the Cl measure is 
low and the minor variations (<5CL units) that are seen across pipeline designs are 
approximately similar to this variability. 

 

Question 4: 

Does EMA concur that the body of evidence provided by AMYPAD supports the 
diverse utility of the Centiloid metric as a means for example to (i) support the 
current visual inspection of tracers as an adjunctive tool, (ii) for the consistent 
inclusion of patients for AD targeted therapies and (iii) to provide a potential 
baseline measure for future therapy monitoring/follow up scanning as indicated 
in the context of use summary? 

 

 



  

 

Page 86 of 99 

 

 

Q4: AMYPAD Position. 

AMYPAD has presented strong evidence to demonstrate the value and wide utility of the 
Centiloid measure in both clinical and research (ie earlier) populations across the AD 
continuum. We show data from 4 independent cohorts (AMYPAD DPMS and PNHS as 
well as IDEAS and ABIDE) which confirm that the negative scans are anchored at the 
CL=0 point and the positive scans range from 40 to 80+ depending upon the clinical-
subtype examined. Data from IDEAs (including a large population of florbetapir scans) 
used the CL measure to harmonise quantitative values across the three approved tracers 
so as to measure the consistency of local visual inspection results relative to quantitation. 

Hence, we consider the CL metric is a valuable means to supplement visual read 
methodology and it has the added value of being a continuous measure with the potential 
for further applications beyond supporting an initial dichotomous decision of diagnosis. 
The potential for future therapy monitoring of any possible approved amyloid targeted 
therapies relies upon both the baseline and follow up scans being performed in a 
consistent and reliable way to ensure optimal patient outcome. 
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In combination with the current body of literature AMYPAD has demonstrated the utility 
of the CL measure to go beyond the ability to support an initial confirmation of the 
amyloid status of a patient seeking therapy or a subject being included into a clinical 
trial. 

The CL can measure earlier deposition of pathological amyloid in the CERAD ‘sparse’ 
band and therefore could be a valuable tool for targeting preclinical AD individuals who 
are clinically normal but have pathological signs indicating that the disease process is 
underway. Multiple secondary prevention studies are now underway to examine this 
concept. 

To support this premise,the CL approach has been validated against neuropathology 
(Amadoru et al., 2020; La Joie et al., 2019) where CL<10 correlates with absence of 
neuritic plaques, CL>20 specified at least moderate plaque density, and >50 CL best 
confirmed both neuropathological and clinicopathological evidence of AD. 

Predictive models using the CL scale have also been developed for calculating rate of 
cognitive decline in cognitively normal subjects (Farrell et al., 2018, Farrell et al., 2021; 
van der Kall et al., 2021). In addition, Hanseeuw et al., 2021 found that a CL threshold 
of 26 in memory clinic patients optimally predicts progression to dementia 6 years after 
PET (Hanseeuw et al., 2021). Work continues in various global cohorts (including 
AMYPAD) to consolidate these observations relating to prognostic value. 

In clinical trial settings, quantification may also be used to identify the optimal window 
for therapeutic intervention (Bischof & Jacobs, 2019). This is illustrated by the AHEAD 
3-45 Study, which requires participants to have specific levels of amyloid pathology, 
either ‘intermediate’ (20-40 CL) or ‘elevated’ (>40 CL), signifying the added value 
beyond binary classifications (Aisen et al., 2020).  As widely reported the CL scale has 
been used in clinical trial settings to track therapy response measure (Bateman et al., 
2020; Klein et al., 2021, ; Klein et al., 2019; Mintun et al., 2021; Roberts et al., 2021; 
Salloway et al., 2021), determine strategies for reducing AD prevention trial sample 
sizes (Lopes Alves et al., 2021) and improve patient selection for trials (Knopman et al., 
2021; Weiner et al., 2017) and could assist in treatment endpoint decisions (Lopes 
Alves et al., 2020). 
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