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ABSTRACT 

 
A common quantitative output value for β-amyloid (Aβ) imaging across tracers and 

methods will allow better comparison of data across sites and application of 

universal diagnostic and prognostic values. A method has recently been developed 

that generates a unit of measurement called the Centiloid (Klunk et al, Alzheimers 

Dement, 2015). We applied this method on 18F-NAV4694 (NAV4694) and 11C-PiB 

(PiB) Aβ images to derive the scaling factor required to express tracer binding in 

Centiloids (CL).   

Methods: Fifty-five participants, including 10 healthy young controls (33±7 yo), 

underwent both PiB and NAV4694 imaging with less than 3 months between scans.  

Images were acquired from 50 to 70 min post injection.  Spatially normalized 

images were analyzed using the standard Centiloid method and regions (cortex and 

whole cerebellum reference) downloaded from the Global Alzheimer's Association 

Interactive Network website (http://www.gaain.org).  

Results: Tracer binding was highly correlated (SUVRNAV4694 = 1.09 x SUVRPiB – 

0.08, R2 = 0.99). The equation to convert NAV4694 (CL = 100 x (SUVRNAV4694 – 

1.028)/1.174) was similar to the published equation for PiB (CL = 100 x (SUVRPIB – 

1.009)/1.067). NAV4694 variance in the young controls compared to PiB was 0.85 

(SDNAV4694/SDPiB).  

Conclusions: Both PiB and NAV4694 results can now be expressed in Centiloids, 

an important step that should allow better clinical and research use of Aβ imaging. 

The standard Centiloid method also showed that NAV4694 has slightly higher Aβ 
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binding and lower variance than PiB, important properties for detecting early Aβ 

deposition and change over time. 
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Introduction 
 
There is wide variability in the numbers and methods used to report quantitative 

measures of beta-amyloid (Aβ) tracer binding in the brain measured with positron 

emission tomography (PET) (1). Results vary for each of the available tracers due to 

differences in both their specific and non-specific binding properties and 

recommended reference regions (2-5). Results are also influenced by the timing of 

scan acquisition after administration of the Aβ tracer, duration of the acquisition, 

image reconstruction algorithms, partial volume correction if applied, choice and 

extent of cortical regions, and the quantitative method employed such as 

Standardized Uptake Value Ratio, Distribution Volume Ratio, Binding Potential, 

etc. (6-16). Consequently most imaging labs have had to derive a normal range for 

their method and tracers or rely on subjective visual reading . 

 

This lack of consistency in image analysis methods and highly variable expression 

of the results impedes the pooling of data across sites and comparison of studies 

(17).  Lack of standardization prevents the application of universal cut points for 

diagnostic and prognostic purposes (18).  It also limits comparison of the relative 

effectiveness of therapies that claim to reduce Aβ burden (17). 

 

An international working party of Aβ imaging researchers has developed a method 

to standardize quantitative Aβ imaging measures by scaling the outcome to the 

Centiloid (CL) scale (18). This scale has a zero CL point that corresponds to the 

mean result obtained from scans in young adults who, based on age, are reasonably 
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assumed to be free of Aβ plaques. The 100 CL point corresponds to the mean result 

of scans performed in a group of patients with typical Alzheimer’s disease (AD) of 

mild severity, the time when Aβ burden peaks in the course of AD (19, 20). 

Consequently, the measurement units for this scale have been named to reflect the 

100-point scale and the application to amyloid, hence the term “Centi-loid”.  

 

The data required to convert 11C-PiB (PiB) Aβ PET to Centiloid units (CL) is 

available from the Global Alzheimer’s Association Interactive Network (GAAIN) 

website (http://www.gaain.org). The website provides free access to a standard 

cortical volume of interest (VOI) that covers the areas of significant 11C-PiB Aβ 

tracer binding in AD (Figure 1a) and a whole cerebellum VOI (Figure 1b) to use as 

the reference region. The standard cortical template was derived from subtraction of 

the mean PIB image normalized in MNI-152 space with SPM8 from older healthy 

subjects from the mean image of a group of patients with Alzheimer’s disease. The 

resultant subtraction VOI was smoothed and then thresholded to only include voxels 

with a difference of >1.05 SUVR units. This data-driven VOI includes frontal, 

temporal, parietal (including precuneus), cingulate, insular and anterior striatum grey 

matter. (Figure 1a) The linear equation required to convert the PiB SUVR obtained 

by the standard Centiloid method on any PiB scan acquired from 50-70 minutes post 

injection is supplied. Importantly a validation set of PiB scans and MRI is also 

supplied so that the user can confirm correct application of the method by 

comparison to the results supplied with the validation scans before analysing their 

own scans. It is then possible to derive an additional linear equation to convert the 
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results obtained from any preferred in-house analysis method to CL units by analysis 

of PiB images that have been converted to parametric CL images by the standard 

Centiloid method (18).   

 

To perform the conversion from SUVR to CL for tracers other than PiB (e.g. 18F-

NAV4694), one site must first obtain matching PiB and 18F-NAV4694 (NAV4694) 

PET scans from the same individuals according to the standard Centiloid method as 

described by Klunk and colleagues (18). This data is then made available through 

GAAIN so that other sites can convert their own NAV4694 PET results to CL units 

without the need to perform matching PiB scans. The matched PiB and NAV4694 

scans must cover the spectrum of Aβ tracer binding from young healthy controls 

across the range of Aβ burden up to and including patients with mild AD.  By 

applying the standard Centiloid methods to these scans, a linear conversion equation 

(scaling factor) is derived that can then be used to express NAV4694 results in CL 

units. Other sites can then use the standard Centiloid method and regions of interest 

from the GAAIN site on their scans, and apply the scaling factor described in this 

manuscript to their NAV4694 scans to express their results in CL units. 

Furthermore, the site can then display a range of their scans as parametric images in 

CL units, apply their local analysis method and derive a second scaling factor that 

permits their usual in-house analysis method to transform their results into CL units 

(18).  
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18F-NAV4694 (formerly known as AZ4694) is an Aβ imaging radiopharmaceutical 

that has nearly identical imaging characteristics to 11C-PiB but with the convenience 

of fluorine-18 labelling (21, 22). The steric structure is very similar to PiB (Figure 

2), and the time activity curves and blood clearance rates are similar (23). A head-to-

head study in a range of normal older individuals and patients with mild cognitive 

impairment and AD, demonstrated near identical image appearance and neocortical 

SUVR to PiB (24). Like PiB, NAV4694 has higher specific cortical binding and 

lower non-specific white matter binding than has been reported with other F-18 

labelled Aβ radiopharmaceuticals (3, 23, 25, 26). 

 

In this manuscript we describe the acquisition of the data and the derived scaling 

factor required to convert NAV4694 Standardized Uptake Value Ratios to Centiloid 

units. 
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Materials and Methods 
 
The study has been approved by the institutional review board of Austin Health, and 

all subjects signed an informed consent form. 

Subjects: 

Paired 11C-PiB and 18F-NAV4694 PET scans were obtained in 55 subjects. The 

cohort comprised 10 healthy young controls acquired specifically for this study, and 

a previously published cohort of 25 healthy elderly controls, 10 patients with mild 

cognitive impairment, 7 patients with mild Alzheimer’s disease and 3 patients with 

frontotemporal dementia (24). All subjects from the previously published cohort 

were included in this analysis. Demographics of the cohort are shown in Table 1. 

 

Scanning: 

The paired PiB and NAV4694 PET scans for each individual were obtained within 3 

months of each other and with a minimum of 2 hours between scans if 11C-PiB PET 

was done first or 24 hours if 18F-NAV4694 PET was done first.  All scans were 

acquired on a Philips Allegro PET camera in 3D mode and processed with rotating 

Cs-137 point source attenuation correction. Image reconstruction used a 3D-

RAMLA (row-action maximum likelihood algorithm) algorithm. 

 

Participants were injected with 370 MBq of 11C-PiB and 250 MBq of 18F-NAV4694. 

As per the Centiloid standard protocol, the PiB acquisition was from 50-70 minutes 

post injection. This is also the optimal and recommended time for deriving SUVR 

with NAV4694 PET (23, 24) so the same imaging window was used for both tracers. 
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Examples of matched images with both tracers in a young healthy subject and a 

patient with mild AD are shown in Figure 3.  

 

All subjects had MRI performed on a Siemens 3T Trio camera. The T1 MP-RAGE 

sequence with 1x1x1.2 mm voxels was used for image registration. Partial volume 

correction was not performed. 

  

Image Analysis: 

Each subject’s MRI image was co-registered to the MNI-152 template with SPM8 

and then each subjects PET was co-registered via the derived MRI transformation 

parameters using the SPM8 unified segmentation method, as described in detail in 

the Centiloid methodology paper (18). The standard Centiloid cortical and whole 

cerebellum reference VOI were downloaded from the GAAIN website (Figure 1) 

and applied to each scan.  

 

The local processing pipeline was firstly validated on the standard PiB image set 

provided from the GAAIN website. Then the paired PiB and NAV4694 images were 

analysed with the standard method and Centiloid templates from GAAIN to derive 

SUVR measures that were plotted against each other. This produced the linear 

equation required to convert the standard NAV4694 SUVR to the equivalent or 

“calculated” PiB SUVR. (PiB-CalcSUVR) i.e. NAV4694 SUVR = m × (PiBSUVR) + b; 

so that by rearrangement of the equation PiB-CalcSUVR = (NAV4694 SUVR - b) / m.      
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As per the published standard Centiloid method, the conversion to Centiloid units 

was then accomplished by first converting the NAV4694 SUVR values into “PiB 

calculated” SUVR values as explained above, and then converting this result to CL.  

 

Finally the equation to directly convert NAV4694 SUVR to CL was derived by 

plotting NAV4694 SUVR against the CL derived via conversion to PiB-CalcSUVR. 

 

The mean and variance of PiB and NAV4694 CL were compared in the young 

normal adults and the variance ratio was expressed as NAV4694 CL standard 

deviation (SD) divided by the PiB CL SD.  
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Results 
 
The validation of local implementation of the standard Centiloid method on the PiB 

scans supplied from the Centiloid GAAIN website gave a linear fit of CLAustin = 

1.00*CLGAAIN – 0.07, with R2 = 0.9999. The fit exceeded the minimum specified 

acceptance criteria (i.e. R2 > 0.98, slope 0.98-1.02, intercept between -2 and +2) 

(18) confirming that local implementation of the standard Centiloid method was 

accurate.    

 

The locally acquired paired PiB and NAV4694 images were then analysed with the 

standard Centiloid templates and method and demonstrated a close linear correlation 

expressed by: SUVRNAV4694 = 1.09 x SUVRPiB – 0.08, R2 = 0.99 (Figure 4). The 

strong correlation satisfied the Centiloid method criteria of a correlation between 

tracers of R2 > 0.70 to be valid for the CL process. 

 

Conversion of the SUVRNAV4694 to the equivalent SUVRPiB was performed using the 

above equation and those results were then transformed to CL (Figure 5). From this 

data the linear equation required to directly convert NAV4694 binding to CL was 

CL NAV4694 = 100 x (SUVRNAV4694 – 1.028)/1.174. 

 

The mean and variance of the NAV4694 CL in the young adult normal subjects was 

-3.8 ± 3.7 CL compared to that found with PiB of -3.4 ± 4.34 yielding a variance 

ratio of 0.85 (SDNAV /SDPiB). 
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Discussion 
 
The study demonstrated that the Aβ imaging tracer NAV4694 has binding properties 

that allow conversion of SUVR output to Centiloids by linear transformation. The 

equation CL NAV4694 = 100 x (SUVRNAV4694 – 1.028)/1.174 enables NAV4694 scans 

acquired from 50 to 70 minutes post injection of tracer and analysed by the standard 

Centiloid method to be converted to CL without the need to collect paired PiB scans. 

Other sites may now apply this linear equation to their NAV4694 scans to derive CL 

values when NAV4694 SUVR has been calculated by the standard Centiloid 

method.  The Centiloid method uses widely available, public domain programs to 

facilitate this process and makes available a standard data set for method validation. 

The NAV4694 and matched PiB scans used in this analysis have been uploaded to 

the Centiloid site on GAAIN to serve as a validation data set for other users. 

 

An additional value of the standard Centiloid method is that it provides a mechanism 

to compare Aβ tracers against PiB in a standard manner.  The tight correlation of 

NAV4694 and PiB binding (R2 = 0.99) and the slope of this plot (SUVRNAV4694 = 

1.09 x SUVRPiB – 0.08) reveals that NAV4694 binding to Aβ is very similar to PiB, 

even slightly higher.  The variation in NAV4694 binding was also lower than PiB in 

young individuals with no Aβ. This may be due to the higher count rate yielding 

better images during the scanning window given the longer physical decay half-life 

of 109 minutes for the 18F radiolabel on NAV4694 compared to the 20 minute 

physical half-life of the 11C radiolabel on PiB. These findings suggest that the longer 

half -life F-18 labelled NAV4694 may have not only advantages for efficient 
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production and use, but also may be better able to detect early Aβ accumulation and 

small changes over time.  

 

This study has not addressed the issue of regional tracer binding. However it is 

expected that regional CL values can be derived by creating CL parametric images 

using the global CL transformation before applying regions of interest. The value 

obtained from the voxels in a region of interest would then be in Centiloid units.  

 

Ideally a site will reprocess their NAV4694 images using the standard Centiloid 

method and apply the conversion equation provided in this report to quantify their 

studies in Centiloid units. However, it may be possible to directly convert a local 

method global SUVR to CL by undertaking analysis of the standard NAV4694 data 

set that we have placed on the GAAIN website where, provided there is good 

correlation with the standard CL for these images (R2 > 0.7) (18), CL parametric 

images generated by the standard Centilod method and regions can be used to derive 

a further linear transformation for locally preferred analysis methods to permit 

expression in CL. 

 

In this study population, the mean PiB CL in young normal subjects was – 3.4 CL, 

so slightly below the anticipated mean of zero. This may be due to random variation 

in the study population but could be due to variation in the imaging equipment or 

image reconstruction methods used at the local site. In either case, it should not 

affect calculation of the conversion equation for NAV4694 SUVR to CL as the 
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effect was common to both the PiB and NAV4694 images. However, it may be that 

differences between PET systems and reconstruction methods might have a slight 

effect on use of the conversion equation when applied to other sites. Further work is 

needed to identify if this could be an issue for the Centiloid method and whether 

equipment specific equations may be needed. 

Conclusions 
 
In summary, implementation of the Centiloid method for quantification of Aβ PET 

output is an important step that should support better clinical and research use of Aβ 

imaging. It will allow the use of multiple Aβ tracers in studies such as multicenter, 

anti-Aβ therapeutic trials and provide better diagnostic and prognostic data to 

clinicians by application of cut-points that are applicable to all Aβ scans. Both PiB 

and NAV4694 measures of Aβ burden can now be expressed in Centiloid units and 

the conversion equations for other tracers are expected to become available in the 

near future.  
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Table 1. Demographics 
 

            Group n Age (years) MMSE 

Young Healthy Controls 10 33±7* >28 

Elderly Healthy Controls 25 74±8 29±1 

Mild Cognitive Impairment 10 75±9 27±3* 

Alzheimer’s Disease 7 73±11 24±2* 

Fronto-Temporal Dementia 3 68±5* 27±1* 

 
 
* Significantly different from Elderly Healthy Controls (p<0.05) 
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FIGURES and LEGENDS 
 
 
 
 

 
 
 
Figure 1a. The standard Centiloid method cortical volume of interest 

normalized to MNI-152 space. The whole cerebellum reference region is 

shown in figure 2b superimposed on the MNI-152 MRI template. Figure 

adapted from Klunk W, et al. Alzheimer’s and Dementia, 2014. 
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Figure 1b. Standard Centiloid method whole cerebellum reference region. 
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Figure 2. Chemical structures of 11C-PiB and 18F-NAV4694 (formerly 18F-

AZD4694). 
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Figure 3. Same subject 11C-PiB and 18F-NAV4694 images in a patient with 

mild AD (top row) and a healthy young control (bottom row). The color scale 

is set to SUVR units using the Centiloid method with whole cerebellum 

reference region and to the matching Centiloid units. 
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Figure 4. Plot of the paired 11C-PiB SUVR (X-axis) and 18F-NAV4694 SUVR 

for each subject. SUVR were calculated by the standard Centiloid method 

with the standard large single cortical region of interest and whole 

cerebellum reference region.  
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Figure 5. NAV4694 SUVR after conversion to the equivalent PiB SUVR X-

axis) plotted against the Centiloid value for each PiB SUVR demonstrating 

good spread of the data points across the Centiloid range.  

 
 


