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Background: 18F-flutemetamol positron emission tomography (PET) is used to assess cortical amyloid-β 
burden in patients with cognitive impairment to support a clinical diagnosis. Visual classification is the most 
widely used method in clinical practice although semi-quantification is beneficial to obtain an objective 
and continuous measure of the Aβ burden. The aims were: first to evaluate the correspondence between 
standardized uptake value ratios (SUVRs) from three different software, Centiloids and visual classification, 
second to estimate thresholds for supporting visual classification and last to assess differences in semi-
quantitative measures between clinical diagnoses. 
Methods: This observational study included 195 patients with cognitive impairment who underwent 
18F-flutemetamol PET. PET images were semi-quantified with SyngoVia, CortexID suite, and PMOD. 
Receiver operating characteristics curves were used to compare visual classification with composite SUVR 
normalized to pons (SUVRpons) and cerebellar cortex (SUVRcer), and Centiloids. We explored correlations 
and differences between semi-quantitative measures as well as differences in SUVR between two clinical 
diagnosis groups: Alzheimer’s disease-group and non-Alzheimer’s disease-group.
Results: PET images from 191 patients were semi-quantified with SyngoVia and CortexID and 86 PET-
magnetic resonance imaging pairs with PMOD. All receiver operating characteristics curves showed a high 
area under the curve (>0.98). Thresholds for a visually positive PET was for SUVRcer: 1.87 (SyngoVia) and 
1.64 (CortexID) and for SUVRpons: 0.54 (SyngoVia) and 0.55 (CortexID). The threshold on the Centiloid 
scale was 39.6 Centiloids. All semi-quantitative measures showed a very high correlation between different 
software and normalization methods. Composite SUVRcer was significantly different between SyngoVia 
and PMOD, SyngoVia and CortexID but not between PMOD and CortexID. Composite SUVRpons were 
significantly different between all three software. There were significant differences in the mean rank of 
SUVRpons, SUVRcer, and Centiloid between Alzheimer’s disease-group and non-Alzheimer’s disease-group. 
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Introduction

Positron emission tomography (PET) with amyloid-
beta (Aβ) tracers, such as 18F-flutemetamol, is useful to 
evaluate cortical Aβ burden in patients with cognitive 
impairment (1,2). Aβ-PET is acknowledged as a biomarker 
for Alzheimer’s disease (AD), used together with other 
biomarkers to support a clinical diagnosis (3,4) and to 
classify patients in the AD continuum (5). 18F-flutemetamol 
PET is validated for binary visual classification (6) which is 
used in the clinical setting for diagnostic purposes. Semi-
quantification of tracer uptake is frequently used in research 
(5,7) and may be used to support a visual classification in 
clinical practice, which is particularly helpful in equivocal 
cases. The clinical usefulness of thresholds is still under 
evaluation. Other strengths of semi-quantification are that it 
offers a more objective image evaluation compared to visual 
classification, and it functions as a continuous measure of the 
Aβ burden. This might facilitate the detection of changes 
in Aβ burden over time or in response to an intervention. 
However, different Aβ tracers, imaging protocols, PET 
scanners, and software for semi-quantification are used 
between centers. These factors represent a challenge when 
results are compared across centers and when thresholds 
are applied. Different commercially available software are 
used to semi-quantify Aβ-PET images and many centers 
have additionally developed their own semi-quantification 
methods. SyngoVia (Siemens Healthineers) has been 
validated for the semi-quantification of 18F-florbetapir (8). 
CortexID suite (GE Healthcare), hereafter referred to as 
CortexID, has been validated for clinical use to support the 
visual classification of 18F-flutemetamol PET images (9-12). 
SyngoVia and CortexID do not enable magnetic resonance 
imaging (MRI) to be used and utilize only PET or PET 
together with a low dose computed tomography (CT). 
PMOD (PMOD Technologies LLC) is a research software 
comprising a tool for post-processing brain PET images 

(PNEURO). PNEURO facilitates the use of MRI during 
post-processing of PET to enable the segmentation of MRI 
images into grey and white matter. This is beneficial for a 
subsequent correct assessment of cortical 18F-flutemetamol 
and partial volume correction (PVC), to correct errors due 
to limited spatial resolution of PET images. “The Centiloid 
Project” was recently published with the purpose to 
standardize the semi-quantification of Aβ-PET (7). To our 
knowledge, no studies have compared standardized uptake 
value ratios (SUVR) from commercially available software 
for semi-quantification of 18F-flutemetamol PET, although 
methods of semi-quantification have been explored quite 
extensively (9,13-16). Hence, it is of interest to explore 
differences in SUVR obtained from different software 
and compare SUVR and Centiloid (CL) with validated 
visual classification to facilitate appropriate use of semi-
quantification and thresholds in both research and clinical 
practice. 

We compare 18F-flutemetamol SUVRs obtained 
with two commonly used PET-only software (SyngoVia 
and CortexID) and PMOD using two different atlases 
(Automatic anatomical labeling (AAL)-merged atlas and 
CL atlas). The aims are: (I) to evaluate how SUVRpons 
and SUVRcer from CortexID, SyngoVia, and PMOD 
correspond to each other and visual classification, as well as 
how CL corresponds to visual classification; (II) to estimate 
semi-quantitative thresholds that may be applied to support 
visual classification in a memory clinic population; (III) to 
assess differences in SUVR between patients with AD and 
non-AD diagnoses. 

Methods

Study population

This observational cross-sectional study includes 
195 patients  with cognit ive complaints ,  who had 

Conclusions: SUVR from different software performed equally well in discriminating visually positive and 
negative 18F-flutemetamol PET images. Thresholds should be considered software-specific and cautiously be 
applied across software without preceding validation to categorize scans as positive or negative. SUVR and 
Centiloid may be used alongside a thorough clinical evaluation to support a clinical diagnosis. 
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18F-flutemetamol PET performed between February 
2015 and October 2018. All patients were referred from 
the Memory Clinic at Oslo University Hospital (OUH), 
Ullevål. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). Informed 
consent was obtained from all participants in the study by 
inclusion in the Norwegian registry of persons assessed for 
cognitive symptoms (NorCog). At the time of inclusion 
in NorCog, all patients were deemed to have sufficient 
cognitive capacity to consent. The Regional Ethics 
Committee for medical research in the South-East of 
Norway (REC 2017/1929) and the Data Protection Officer 
at our institution approved the study.

18F-flutemetamol PET and MRI acquisition 

All patients were examined using the same PET/
CT scanner,  Siemens Biograph40 mCT (Siemens 
Healthineers, Erlangen, Germany). A standard protocol 
for 18F-flutemetamol PET/CT was used for all patients. 
Image acquisition started approximately 90 minutes 
(mean 91.2, SD 6.6) after a bolus injection of 185 
MBq (mean 187.4, SD 7.9) 18F-flutemetamol. Low-
dose CT was performed for attenuation correction and 
anatomic information, without contrast enhancement  
(120 kV, 70 mAs, and with a slice thickness of 3 mm). PET 
data were acquired for 20 minutes (four frames of 5 minutes 
each). 3D dynamic emission data were reconstructed using 
a resolution recovery algorithm with time of flight (TrueX 
with 2 iterations, 21 subsets, and a Gaussian filter with a full 
width half maximum (FWHM) of 2 mm and a matrix size 

of 400×400). The slice thickness of the reconstructed image 
series was 2 mm. 

Most patients had MRI performed within 1 year of PET, 
where 101 patients had volumetric T1-weighted images 
available. MRI was performed as part of the diagnostic 
evaluation in the clinical routine on scanners at different 
referring hospitals and clinics.

Semi-quantification of 18F-flutemetamol uptake

Image selection for the different software is shown in 
Figure 1. All PET images were semi-quantified using the 
“Ratio” function (in later versions named “cortex”) in MI-
neurology application from SyngoVia (version VB20) and 
CortexID (AW server, version 3.2). In SyngoVia the PET 
volume is spatially normalized to a template built on MNI 
space, using the AAL-atlas and a VOI set that has been 
adopted from Fleisher et al. (8). CortexID uses an adaptive 
template method as described by Lundqvist et al. (12)  
to spatially normalize the PET volume to a template 
similar to “the narrow VOI set” previously described 
(9,12). SyngoVia provides six regions (anterior cingulate, 
frontal, parietal, posterior cingulate, precuneus, temporal) 
covering both hemispheres while CortexID provides eight 
cortical regions (prefrontal, anterior cingulate, precuneus/
posterior cingulate, parietal, lateral temporal, occipital, 
sensorimotor, temporal mesial) in each hemisphere. Both 
SyngoVia and CortexID allow pons and cerebellar cortex 
to be used as reference region. Volumes for each region are 
not provided, consequently, the composite SUVRs are not 
volume-weighted but represent the mean of SUVR across 

Figure 1 Flowchart displaying number of patients with PET and MRI images eligible for semi-quantification with the different software. 
PET, positron emission tomography; n, number of patients; 3D T1 MRI, volumetric T1-weighted magnetic resonance imaging. 

18F-flutemetamol PET
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Failure to semi-quantify with PMOD
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all regions. All PET images with volumetric T1-weighted 
MRI available within 1 year were semi-quantified with 
PMOD (17). PMOD uses a co-registration of the PET 
volume to the patients’ MRI. Two atlases were applied in 
two separate processing pipelines, namely the AAL-merged 
atlas and Centiloid atlas. All images in the AAL pipeline 
were processed manually, each volume of interest (VOI) 
was based on the segmented grey matter from the MRI, 
and region-based voxel-wise PVC was applied (18). Smaller 
VOIs were combined to create larger volume-weighted 
VOIs. For further details of volume merging please refer to 
the Appendix 1. All segmented grey matter was included in 
the composite VOI, except for regions covering subcortical 
grey matter (caudate, putamen, thalamus). The settings 
for the Centiloid pipeline were applied as described by the 
manufacturer (19). Visual inspection of VOI placement was 
used for quality control. SUVR normalized to the whole 
cerebellum was converted to CL using the equation from 
the recently published research article validating PMOD 
for obtaining CL (14). 

 ( )115.24 107.86FlutCL SUVR= × − 	 [1]

Details of the PMOD processing steps that were 
performed for this study are outlined in Appendix 1 and are 
based on previous experience as well as the user manuals 
(17,19). An overview of differences between software may 
be inspected in Appendix 1.

Visual classification of 18F-flutemetamol uptake

All 18F-flutemetamol PET images were visually classified, 
blinded from all clinical information, by one nuclear 
medicine physician (EGM) with more than seven years 
of experience with PET neuroimaging. This visual 
classification was compared to the image report in the 
patient’s medical record, which was a consensus read 
performed by at least two nuclear medicine physicians 
with experience interpreting 18F-flutemetamol PET. 
If there was discrepancy between the study-specific 
classification and the classification in the image report 
another reader (MER) classified the images, and the 
majority read was used for further analyses. SyngoVia was 
used for image interpretation and all nuclear medicine 
physicians interpreting 18F-flutemetamol PET had 
completed the electronic image reader training program (6).  
With this validated method, an 18F-flutemetamol PET 
scan is regarded as positive when at least one of the 5 

bilateral regions (frontal, lateral temporal, lateral parietal, 
posterior cingulate/precuneus, and striatum) show increased 
cortical uptake, using pons as reference. If no regions show 
increased cortical uptake the image is regarded as negative. 
The regional visual classification was performed by assessing 
each of the five regions separately.

Clinical evaluation

As described previously (20), all patients were assessed 
according to a standardized and comprehensive protocol 
including detailed information from the patients and 
the caregivers about symptoms, previous disorders, use 
of medication, and demographic information (21). The 
cognitive function was assessed by several cognitive tests, 
including the Mini-Mental State Examination (MMSE) (22),  
the Consortium to Establish a Registry of Alzheimer’s 
Disease (CERAD) 10-item word list and constructional 
praxis exercise (23), the Clock Drawing Test (CDT) (24), 
the Trail Making Tests A and B (TMT A and B) (25), the 
animal-naming test, the Controlled Oral Word Association 
Test (COWAT-FAS test) (26-28) and the 15-word short 
form of the Boston Naming Test (BNT) (29). For this 
study, the severity of the cognitive impairment was scored 
by an experienced rater (THE) using the Clinical Dementia 
Rating scale (CDR) (30). Diagnosis and staging of cognitive 
impairment were made by two experienced memory 
clinic physicians (THE and ABK). Diagnoses were made 
retrospectively based on all available information in medical 
records, in time-proximity to the PET examination. A third 
experienced physician was consulted in equivocal cases. 
All patients were assessed for clinical etiology, hereafter 
referred to as clinical diagnosis, and stage (subjective 
cognitive decline (SCD), mild cognitive impairment (MCI), 
or dementia). SCD was diagnosed using the criteria from 
the Subjective Cognitive Decline Initiative (31). MCI or 
dementia, as well as clinical AD diagnoses, were based 
on the National Institute of Aging and the Alzheimer’s 
Association (NIA-AA)-criteria from 2011 (3,4). According 
to the NIA-AA 2011 criteria (3), AD mixed is used as a 
clinical diagnosis when a patient meets all core clinical 
criteria of AD but has evidence of concomitant disease 
(cerebrovascular disease, dementia with Lewy bodies, 
neurological disease, etc.). AD mixed was diagnosed, when 
appropriate, to all stages of cognitive impairment and not 
limited to diagnose dementia patients. All other diagnoses 
were made using the diagnostic criteria as follows: vascular 
dementia (32), frontotemporal dementia (33), primary 

https://cdn.amegroups.cn/static/public/QIMS-21-188-Appendix 1.pdf
https://cdn.amegroups.cn/static/public/QIMS-21-188-Appendix 1.pdf
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progressive aphasia (34), Parkinson’s disease dementia (35),  
dementia with Lewy bodies (36) and other Parkinson plus 
disorders (37-40). Patients that did not fit the criteria 
for any of the above-mentioned disorders or had clear 
evidence of other diagnoses, were classified as having a non-
neurodegenerative disease. 

Statistical analyses 

Statistical analyses were performed with IBM SPSS®, 
version 26 (IBM Corp., Armonk, NY, USA), STATA 
(version 16.1, StataCorp LLC, Texas, USA), and selected 
plots were created using Python version 3.6.8 (Python 
Software Foundation, Beaverton, OR, USA) using the 
following packages: Jupyter Notebook (v6.0.3), Pandas 
(v1.0.3), Matplotlib (v3.2.1) and Seaborn (v0.10.1). Excel 
2016, version 16.34 (Microsoft Corp., Redmond, WA, 
USA) was used to calculate Youden’s indices. 

Descriptive statistics were performed on all variables 
to assess mean, standard deviation (SD), and confidence 
interval. The distribution of parameters was assessed with 
histograms, QQ-plots, and Shapiro-Wilk tests. Cohen’s 
κ was calculated for assessing interrater agreement of 
visual 18F-flutemetamol classifications. Receiver operating 
characteristics (ROC) curves were used to compare 
composite SUVRs and CL to visual classification and to 
compare regional SUVRs to regional visual classifications. 
Wilcoxon signed-rank test was performed to assess 
differences between composite SUVRpons and SUVRcer 
from SyngoVia, CortexID, and PMOD. Related samples 
sign test was performed to assess differences between 
regional SUVRpons and SUVRcer from SyngoVia, 
CortexID, and PMOD. Youden’s indices were calculated 
and used to inspect optimal thresholds. Correlations 
between CL, SUVRpons, and SUVRcer across software 
were assessed with Pearson correlation coefficients. 

False negatives (FN) were used to describe patients 
with visually positive PET and SUVR below the derived 
thresholds and false positives (FP) were used to describe 
patients with visually negative PET and SUVR above the 
derived thresholds. Patients with clinical diagnoses with 
expected amyloid pathology, such as in AD, AD mixed, 
and logopenic variant of primary progressive aphasia were 
included in the AD group (41,42). The remaining patients 
were included in the non-AD-group. Mann-Whitney U 
test was performed to assess for differences in median 
SUVRcer, SUVRpons, and CL between the AD-group 
and the non-AD-group. Binomial logistic regression was 

performed to assess the likelihood of AD diagnosis from 
the different semi-quantitative measures, with adjustment 
for age and sex. 

All analyses performed with CL, SUVRpons, and 
SUVRcer from PMOD were performed on the subgroup 
of 86 patients. All analyses performed with SUVRpons and 
SUVRcer from CortexID and SyngoVia were performed on 
the whole group of 191 patients. Results were considered 
significant if P<0.05. 

Results

Patient characteristics are summarized in Table 1. There 
was a mean of 67.1 days (SD 151.9) between PET and 
MRI. Interrater agreement between the visual classification 
performed for this study and the visual classification from 
the clinical report (n=191) gave a Cohen’s κ of 0.94 (SE 
0.26) with disagreement in image classification in six 
patients. The SUVRpons ranged from 0.31 to 1.09 in 
SyngoVia (n=191), from 0.32 to 1.09 in CortexID (n=191) 
and from 0.42 to 1.08 in PMOD (n=86). The SUVRcer 
ranged from 1.11 to 3.69 in SyngoVia (n=191), from 
1.04 to 2.9 in CortexID (n=191) and from 1.11 to 3.04 in 
PMOD (n=86). CL ranged from -16.30 to 153.26 (n=86). 
Distribution of SUVRs and CL for patients eligible for 
semi-quantification with all three software (n=86) are 
displayed in Figure 2. 

SUVR against visual classification

ROC curves with composite SUVRpons, composite 
SUVRcer, and CL against visual classification showed high 
AUC (>0.98) for all software (Table 2). ROC curves with 
regional SUVRpons and SUVRcer (frontal, temporal, 
parietal, and posterior cingulate/precuneus) from SyngoVia, 
Cortex ID, and PMOD against regional visual classification 
showed high AUC (>0.96) for all software. Please refer to 
the Appendix 1 for further details of AUCs from regional 
classifications. 

Thresholds from different software

Thresholds corresponding to the highest Youden’s index 
showed different values for each software and each 
normalization region, although SyngoVia and CortexID 
showed similar numerical SUVRpons thresholds (Table 2). 
Only PMOD with SUVRpons and CL was able to maintain 
specificities above 80% (PMOD 91% and CL 88%) with a 

https://cdn.amegroups.cn/static/public/QIMS-21-188-Appendix 1.pdf


498 Müller et al. Semi-quantification of Flutemetamol PET for clinical use

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2022;12(1):493-509 | https://dx.doi.org/10.21037/qims-21-188

fixed 100% sensitivity. 

Comparison of SUVR between software

Wilcoxon signed-rank test showed no significant median 
differences between composite SUVRcer from CortexID 
and PMOD. For all other composite SUVR, there were 
significant median differences between the software  
(Table 3). SUVRs and CL were not normally distributed. 
The correlation was assessed with scatterplots and there 
were linear relationships between SUVRpons and SUVRcer 
between the three software as well as between CL and 
SUVRs from SyngoVia and CortexID (Figures 3,4). Pearson 
correlation coefficients (r) showed a very strong correlation 

(P<0.001) between SUVRpons and SUVRcer from all three 
software, and between CL and the SUVRs from SyngoVia 
and CortexID. 

Sign tests for exploring differences in regional SUVR 
showed no significant median differences in SUVRcer for 
the anterior cingulate region (P=0.332) and frontal region 
(P=0.332) between SyngoVia and PMOD and no significant 
differences in SUVRcer for the parietal region (P=0.332) 
and the temporal region (P=0.914) between CortexID and 
PMOD. SUVRcer for the posterior cingulate/precorneal 
region as well as SUVRpons for all regions showed 
significant differences (P<0.001) between the three software. 
For complete results of the related samples sign tests please 
refer to the Appendix 1. Figure 5 gives an overview of the 

Table 1 Patient characteristics for all 191 patients

Patient characteristics Values
Stage of disease

SCI, n MCI, n Dementia, n

Females, n 84 – – –

Males, n 107 – – –

Age (years), mean (min–max, SD) 67.2 (42–82, 7.9) – – –

Age (years) females, mean (SD) 67.0 (7.9) – – –

Age (years) males, mean (SD) 67.3 (8.0) – – –

Visual classification 18F-flutemetamol PET

Positive, n 108 – – –

Negative, n 83 – – –

Cognitive tests

MMSE, mean (SD)† 25 (4.5) – – –

CDR-SOB, mean (SD)‡ 3.5 (2.7) – – –

Clinical diagnoses, n (%)

Alzheimer’s disease 105 (55.0) 1 25 79

Vascular dementia 13 (6.8) 0 3 10

Frontotemporal lobar degeneration 4 (2.1) 0 0 4

Primary progressive aphasia 9 (4.7) 0 3 6

Lewy body dementia 7 (3.7) 0 0 7

Parkinson disease dementia 1 (0.5) 0 0 1

Other Parkinson plus neurodegeneration 3 (1.6) 0 1 2

Non-neurodegenerative disease 49 (25.6) 17 26 6
†, missing in 24 patients within 1 year from PET; ‡, missing in 7 patients within 1 year from PET; §, including Alzheimer’s disease and mixed 
Alzheimer’s disease. n, number of patients; y, years; SD, standard deviation; MMSE, mini mental status examination; CDR-SOB, clinical 
dementia rating - sum of boxes; SCI, subjective cognitive impairment; MCI, mild cognitive impairment. 

https://cdn.amegroups.cn/static/public/QIMS-21-188-Appendix 1.pdf
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Table 2 Thresholds for each software

Semi-quantitative measure Software n Threshold Sensitivity Specificity FN/FP AUC

SUVRpons SyngoVia 191 0.537 98% 100% 2/0 0.992

0.418 100% 43%

CortexID 191 0.550 96% 100% 4/0 0.990

0.425 100% 37%

PMOD 86 0.637 96% 98% 2/1 0.995

0.583 100% 91%

SUVRcer SyngoVia 191 1.869 94% 100% 6/0 0.989

1.513 100% 69%

CortexID 191 1.640 93% 100% 8/0 0.992

1.395 100% 78%

PMOD 86 1.556 93% 98% 3/1 0.986

1.366 100% 71%

Centiloids PMOD 86 39.578 93% 100% 3/0 0.995

23.332 100% 88%

n, number of patients; FN, false negatives; FP, false positives; AUC, area under the curve; SUVRpons, standardized uptake value ratio  
normalized to pons; SUVRcer, standardized uptake value ratio normalized to cerebellar cortex.

Figure 2 Distribution of semi-quantitative measures (n=86). Composite SUV ratios normalized to pons for each software (A). Composite 
SUV ratios normalized to cerebellar cortex for each software (B). Centiloids obtained with PMOD (C). SUV, standardized uptake value ratio. 
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Table 3 Differences in composite standardized uptake value ratios (SUVR) from each software

Composite ratios Software compared n Negative diff. Positive diff. Ties P value

SUVRpons SyngoVia - PMOD 86 84 2 0 <0.001

CortexID - PMOD 86 81 5 0 <0.001

SyngoVia - CortexID 86 52 34 0 0.024

191 111 80 0 0.006

SUVRcer SyngoVia - PMOD 86 8 78 0 <0.001

CortexID - PMOD 86 48 38 0 0.933

SyngoVia - CortexID 86 6 80 0 <0.001

191 16 175 0 <0.001

P values were obtained through Wilcoxon signed rank tests. n, number of patients; diff, difference; SUVRpons, SUVR normalized to pons; 
SUVRcer, SUVR normalized to cerebellar cortex. 

distribution of regional SUVRs from the different software. 

Differences in SUVR and CL between clinical diagnoses

Mann Whitney U tests were run to determine if there 
were differences in SUVR and CL between patients with 
expected amyloid pathology (AD-group) and patients 
without expected amyloid pathology (non-AD-group). The 
distribution of SUVR and CL was different, as assessed 
by visual inspection. The mean rank of SUVRcer and 
SUVRpons from all three software and CL from PMOD 
was significantly different between the AD-group and 
the non-AD-group (P<0.001) (Figure 6). Multivariate 
binomial logistic regression models showed that higher 
SUVRpons and SUVRcer from all software, and CL, were 
significantly associated with AD diagnosis (P>0.001), also 
after adjustment for age and sex. An overview of mean 
SUVRs and CL across each diagnosis groups is included in 
the Appendix 1. 

Discussion

Our study demonstrates that SUVR derived from SyngoVia, 
CortexID, and PMOD, as well as CL, were equally 
good for discriminating visually positive and negative 
18F-flutemetamol PET images. There were significant 
median differences in composite SUVRs obtained from the 
different software, except for SUVRcer from CortexID and 
PMOD which showed no significant differences. CortexID 
gave slightly higher SUVRpons compared to SyngoVia, and 
SyngoVia gave higher SUVRcer compared to CortexID. 
PMOD gave higher SUVRpons compared to CortexID 

and SyngoVia, and slightly higher SUVRcer compared to 
SyngoVia. 

We found a strong correlation between SUVR from all 
software as well as CL, demonstrated by the high Pearson 
correlation coefficients. Thresholds from each software 
are provided and may be used to aid visual classification 
in equivocal cases. The mean rank of SUVR and CL was 
significantly different between patients with expected 
amyloid pathology and patients without expected amyloid 
pathology. Logistic regression analyses showed that higher 
SUVRs and CL were significantly associated with AD-
diagnosis, also after adjusting for age and sex. 

We used default settings for obtaining SUVR from 
SyngoVia and CortexID, and a recently validated method 
for obtaining Centiloid from PMOD (14). The PMOD 
processing with MRI using the AAL-merged atlas is not 
a standardized method. Different choices during the 
image processing might give different results, which is 
undesirable in clinical routine. PMOD semi-quantification 
was consequently included for comparison as this software 
offers a more detailed delineation of cortical structures 
as well as facilitating PVC. The present study indicates, 
however, that this detailed semi-quantification is not 
necessary for supporting the visual classification of positive 
or negative 18F-flutemetamol PET. On the contrary, when 
monitoring the amyloid burden over time or in response 
to an intervention, it is desirable with a more precise and 
detailed approach. 

Our results support previous notions that SUVR 
thresholds are specific for each software and tracer used 
(43,44). Using a threshold derived from software A to 
classify images semi-quantified with software B, is generally 

https://cdn.amegroups.cn/static/public/QIMS-21-188-Appendix 1.pdf
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Figure 3 Scatterplots showing the correlation between SUVRpons and SUVRcer. Top row: CortexID and SyngoVia. Middle row: CortexID 
and PMOD. Bottom row: SyngoVia and PMOD. Dashed lines (light blue) represent the thresholds derived from visual classification for 
each software, for each normalization method. Dashed line (yellow) represents the linear regression line. SUVRpons, standardized uptake 
value ratios with normalization to pons; SUVRcer, standardized uptake value ratios with normalization to cerebellar cortex; n, number of 
patients. 

inappropriate. This is an important issue to be aware 
of. If thresholds are applied across software a preceding 
validation is important. The CL scale, however, is meant 
to represent a common quantitative output value across 
different tracers (13). Different staging systems based on 

amyloid PET have been proposed to obtain an estimate 
of the stage of histopathological changes. Staging systems 
based on SUVR including striatal regions (45-47) and not 
including striatal regions (48) as well as staging based on 
the number of positive regions by visual classification (49)  
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have been evaluated. Subcortical structures are not included 
in SyngoVia or CortexID, however, the anterior striatum 
is included in the CL atlas. Visual classification, which 
includes striatum, is still the gold standard for evaluating 
amyloid PET. One may argue that inclusion of striatum 
in semi-quantification would be valuable, however, this is 
still under investigation. Striatum’s role in AD has been 
suggested to provide a more accurate clinicopathological 
diagnosis (50) as well as serving as the earliest localization 
for Aβ deposition in individuals with autosomal dominant 
AD mutations (51). Nevertheless, a standardized approach 
for semi-quantification, preferably including striatum, and 
implemented in commonly used software, would facilitate 
further exploration of optimal staging systems.

Previously published SUVRpons thresholds from CortexID 
by Thurfjell et al. varies from 0.56 to 0.62, depending 
on the thickness of VOIs applied in the software (9).  

The narrow VOI set, which corresponds to the template 
applied in CortexID, gave a threshold of 0.58 (9,12), very 
close to the CortexID threshold of 0.55 in the current 
study. Interestingly, our CortexID threshold is very similar 
to the derived SyngoVia SUVRpons threshold of 0.54. 
In the study by Thurfjell et al. (9), the histopathological 
assessment postmortem was used as the standard of truth as 
opposed to visual classification in the present study. Cortical 
18F-flutemetamol PET signal has shown to be highly 
correlated to neuritic plaque burden assessed postmortem 
(1,6,52,53), making thresholds based on visual classification 
a reliable approach in a memory clinic population. 

Our threshold of 39.6 CL is higher than previously 
published, ranging from CL 12.2 to 24.4 (54-57), where 
histopathology postmortem was used as the standard of 
truth. In a recent study by Collij et al. a threshold of CL 17 
was found to be optimal compared to visual classification 

Figure 4 Scatterplots showing the correlation between Centiloid, SUVRpons and SUVRcer. Top row: Centiloid from PMOD, SUVRpons 
and SUVRcer from SyngoVia. Bottom row: Centiloid from PMOD, SUVRpons and SUVRcer from CortexID. Dashed lines (light blue) 
represent the thresholds derived from visual classification for each software, for each normalization method. Dashed line (yellow) represents 
the linear regression line. SUVRpons, standardized uptake value ratios with normalization to pons; SUVRcer, standardized uptake value 
ratios with normalization to cerebellar cortex; n, number of patients. 
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in a group of 497 patients, in which 352 patients were 
cognitively unimpaired individuals with increased risk 
of AD (49). We believe the difference in CL thresholds 
between this study and ours is mainly due to different 
populations. However, the presented CL threshold is 
similar to a recently published threshold of 40 CL with 
visual classification as the standard of truth (58). 

No strict consensus has been reached regarding which 
region to use for reference when calculating SUVRs. The 
choice of reference region impacts the numerical value of 
SUVRs due to different degrees of white and grey matter in 

different reference regions. 18F-flutemetamol has high non-
specific binding to white matter. Using pons as a reference 
will give the lowest SUVR, in our material, ranging from 
0.3 to 1.1. Using the whole cerebellum will give a SUVR 
somewhat higher, due to the mix of white and grey matter. 
Using cerebellar cortex will give the highest SUVR due to 
low 18F-flutemetamol uptake, ranging in our dataset from 
1.0 to 3.7. Both pons and cerebellar cortex may exhibit 
amyloid plaques, however, normally not until the latest 
phases of amyloid deposition (47,59).

The variation in SUVR between software is likely 

Figure 5 Distribution of regional semi-quantitative measures (n=86). Distribution of regional standardized uptake value ratios with 
normalization to pons for each software (A) and regional standardized uptake value ratios with normalization to cerebellar cortex for each 
software (B). SUV, standardized uptake value.
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Figure 6 Dot plots showing the distribution of SUVRpons, SUVRcer and Centiloid in the AD-group and the non-AD-group. The long-
dashed line represents the median of SUVR and CL in the AD-group and the short-dashed line represent the median of SUVR and CL in 
the non-AD-group. SUVRpons, standardized uptake value ratios with normalization to pons; SUVRcer, standardized uptake value ratios 
with normalization to cerebellar cortex; AD-group, Alzheimer’s disease group; non-AD group, non-Alzheimer’s disease group; n; number of 
patients. 

multifactorial. The atlases and VOIs applied in the three 
software are different (Figure 7), as described in the 
methods. SyngoVia uses the AAL-atlas and applies a VOI 
set that has been adopted from Fleisher et al. (8). CortexID 
uses an adaptive template method using a VOI template 
previously described (9,12). SUVRs from SyngoVia and 
CortexID are not volume weighted. In PMOD we used the 
AAL atlas and each VOI is based on the segmented grey 
matter from the MRI. We applied both normalization to 
the cerebellar cortex and pons in SyngoVia, CortexID, and 
PMOD. To obtain SUVRs for subsequent calculation of 
CL, another atlas is used, with obligatory normalization 
against the whole cerebellum. The composite SUVRs are 
consequently based on different volumes for each software. 

In PMOD, only the segmented grey matter is included 
in the VOI set. For the other software, some degree of 
white matter will occasionally be included in the VOIs, due 
to individual differences in gyral pattern. Furthermore, 
PVC was only applied in the AAL pipeline in PMOD. 
Nevertheless, the explored software were equally good in 
discriminating visually positive from negative images in a 
memory clinic population. As many centers exhibit more 
than one software for semi-quantification, this finding 
may be useful. Whether this statement is true also for 
individuals in the earliest pre-symptomatic stages of the 
AD continuum should be further explored. Asymptomatic 
patients are rarely encountered in memory clinics and are 
thus not referred for amyloid imaging in clinical routine (60), 
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Figure 7 Overview of volumes of interest from: CortexID (A), PMOD with automatic anatomical labelling atlas (AAL) merged atlas (B), 
SyngoVia (C), PMOD with the Centiloid atlas (D). Images are taken from different patients with default angling of images according to 
each software. 

which makes these study questions difficult to answer when 
investigating a naturalistic memory clinic cohort. 

We found significant differences in the mean rank of 
SUVRpons, SUVRcer, and CL between the AD-group 
and the non-AD group. Problems of circularity may 
be suspected when considering that the results of the 
18F-flutemetamol PET may have influenced the clinical 
diagnosis, however, the 2011 diagnostic criteria applied 
in the present study advise that biomarkers are used for 
support only. 

Limitations of this study are the lack of a control group 
and the lack of histopathology as the standard of truth 
for PET, to ensure that the thresholds reliably reflect 
amyloid deposition. The deviation in image delay time is 
acknowledged as a limitation, possibly violating equilibrium 
conditions. All patients were imaged with the same scanner 
during clinical routine, with a relatively low variation in 
the remaining examination parameters. The MRIs were 
performed on different MRI scanners, reflecting the 
clinical situation with images obtained at different referring 
hospitals. The quality of MRI was manually assessed 
by visual inspection and post-processing in PMOD was 
canceled if the segmentation results appeared distorted. We 

acknowledge this as a weakness although we emphasize that 
MRI was used only for segmentation in PMOD.

Conclusions

SUVR from different software performed equally 
well in discriminating visually positive from negative 
18F-flutemetamol PET images. Although semi-quantitative 
measures from different software showed a very high 
correlation, there were statistically significant differences 
in SUVR between them, and thresholds should be 
considered software specific. Thresholds may be useful 
for supporting visual classification in clinical routine when 
semi-quantification is performed with the same software as 
the threshold is derived from. We demonstrate significant 
differences in the mean rank of SUVRs and CL between 
clinical diagnoses further supporting the usefulness of 
amyloid PET in a memory clinic setting. 
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Overview of region merging in PMOD (AAL-merged)

Frontal region: Precentral_l, Precentral_r, Rolandic_Oper_l, Rolandic_Oper_r, Supp_Motor_Area_l, Supp_Motor_Area_r, 
Olfactory_l, Olfactory_r, Frontal_Sup_l, Frontal_Sup_r, Frontal_Mid_l, Frontal_Mid_r, Frontal_Inf_l, Frontal_Inf_r, Rectus_
l, Rectus_r, Paracentral_Lobule_l, Paracentral_Lobule_r
Insular region:  Insula_l, Insula_r
Anterior cingulate region: Cingulum_Ant_l, Cingulum_Ant_r
Posterior cingulate region: Cingulum_Post_l, Cingulum_Post_r
Temporal region: Hippo_Parahippo_l, Hippo_Parahippo_r, Amygdala_l, Amygdala_r, Fusiform_l, Fusiform_r, Heschl_l, 
Heschl_r, Temporal_l, Temporal_r
Parietal region: Postcentral_l, Postcentral_r, SupraMarginal_l, SupraMarginal_r, Angular_l, Angular_r, Parietal_l, Parietal_r
Precuneal region: Precuneus_l, Precuneus_r
Occipital region: Calcarine_l, Calcarine_r, Cuneus_l, Cuneus_r, Lingual_l, Lingual_r, Occipital_l, Occipital_r
Pons: Pons
Cerebellar cortex: Vermis, Cerebellum_Crus_l, Cerebellum_Crus_r, Cerebellum_l, Cerebellum_r
Composite region: all of the above in addition to Cingulum_Mid_l and Cingulum_Mid_r
Regions not included: CaudateNucl_l, CaudateNucl_r, Putamen_l, Putamen_r, Pallidum_l, Pallidum_r, Thalamus_l, 
Thalamus_r, Medulla, Midbrain. 

Overview of region merging in CortexID

1.	 Prefrontal left + prefrontal right/2 = frontal region
2.	 Anterior cingulate left + anterior cingulate right /2 = anterior cingulate region
3.	 Precuneus/Posterior cingulate left + Precuneus/Posterior cingulate right/2 = Prec.PCC region
4.	 Parietal left + parietal right / 2 = parietal region
5.	 Temporal lateral left + temporal lateral right + temporal mesial left + temporal mesial right /4 = temporal region

The occipital and sensorimotor regions from CortexID was included in the composite score but not included in regional 
analyses.

Overview of region merging in SyngoVia

1.	 Posterior cingulate + precuneus / 2 = Precuneus / Posterior cingulate cortex region. 
All other SyngoVia regions were used as they are displayed in the software. 

PMOD, PNEURO v. 4.0 processing steps for AAL-merged pipeline 

Subheadings follow the user manual for PNEURO version 4.0 from PMOD (page 64–83) (17). 

PET image loading and time averaging

Crop PET. No motion correction or image denoising was applied.

MR image loading and segmentation:

Crop MR. Varied between autocrop and manual crop, depending on the results from segmentation. Default settings were 
applied: Denoising: low, Segmentation: 3 probability maps, sampling: 3 pix, bias regularization: light 60, cleanup: light, Affine 
regularization: European brains. 

Appendix 1
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PET to MR matching

Segmentation was manually inspected. “PET-MR Matching required” was chosen. Matching sampling 3 mm was applied. 

MR-based normalization

Matching was manually verified. Probability Maps transformation was applied. Split brain was chosen. 

Brain segments calculation

Normalization was verified manually. AAL-merged atlas was chosen if not already selected.  Inspection of «validate split» was 
performed, although not relevant for this study. White matter parcellation was not performed.

Outlining of brain structures

In Result space – “Input”: “MR” was chosen and «Mask by» «Probability». “Individual” was used with the following 
thresholds: GM → 0.3 and CSF → 0.5. “Mask non-cortical regions” was not applied. 

Brain VOI editing and statistics calculation

If VOIs included non-brain structures (most often meninges) the eraser function was used to correct the VOIs. Otherwise, no 
changes were applied. PVC was applied using the “Region based voxel-wise, using a resolution of 2 mm×2 mm×2 mm (based 
on measurements from the scanner used). 

All edited VOIs were saved after editing. All protocols were saved. 

PMOD, PNEURO v.4.0 processing steps for Centiloid pipeline

All processing steps were applied according to the PMOD Application note version 3.9 for Centiloid Analysis (19). 
PET: CROP 20×30×20 as autocrop size.
MR: CROP 20×30×20 as autocrop size.
Denoising: medium, Segmentation: 3 prob maps, Sampling: 3 mm, Bias regularization: Medium, 60 kernel, Cleanup: light, 
Affine registration: European brains
→Segment MR
PET-MR matching required, PET: 4.0 x 4.0 x 4.0, Matching sample: 2 mm
→ Match PET to MR
Inspect, No split brain, Inspect
→Segment brain
Result space: Atlas, Mask by: Probability – Individual, Mask by GM: 0.0, No CSF mask, Mask non-cortical regions
→Outline
No partial volume correction was applied, QC (quality control) (yes)
→Statistics
Relative to WC (whole cerebellum). Save protocol. Inspect images from quality control
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Table S1 Overview of differences in software

SyngoVia CortexID PMOD AAL-merged PMOD Centiloid

Reference region/s Pons, cerebellum whole, 
cerebellar cortex

Pons, cerebellum whole, 
cerebellar cortex

Optional Cerebellum whole

Number of regions 6 cortical 16 cortical 71 cortical and white matter 1 cortical composite

Uni/bilateral regions Bilateral Unilateral Unilateral Bilateral

3D MRI obligatory No No Yes Yes

PVC applied No No Yes No

SUV for each region Yes No Yes Optional

Volume for each region No No Yes Optional

SUVR displayed Yes Yes No Optional

3D MRI, volumetric magnetic resonance imaging; PVC, partial volume correction; SUV, standardized uptake value; SUVR, standardized 
uptake value ratio. 

Table S2 Results from ROC curves of regional uptake against regional visual classification

Region
Area under the curve

PMOD, n=86 CortexID, n=191 SyngoVia, n=191

Frontal SUVRpons 0.990 0.997 0.996

Frontal SUVRcer 0.986 0.988 0.990

Temporal SUVRpons 0.988 0.995 0.989

Temporal SUVRcer 0.978 0.972 0.966

Parietal SUVRpons 0.980 0.982 0.976

Parietal SUVRcer 0.979 0.974 0.984

Posterior cingulate/Precuneus SUVRpons 0.994 0.996 0.993

Posterior cingulate/Precuneus SUVRcer 0.988 0.984 0.970

ROC, receiver operating characteristic; SUVR, Standardized uptake value ratio; SUVRpons, SUVR normalized to pons; SUVRcer, SUVR 
normalized to cerebellar cortex. 
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Table S3 Related samples sign test of regional SUVRpons (n=86)

Regional SUVR Software tested Negative diff. Positive diff. Ties P value

Frontal SUVRpons SyngoVia – PMOD 86 0 0 <0.001

CortexID – PMOD 84 2 0 <0.001

SyngoVia – CortexID 75 11 0 <0.001

Ant.cing SUVRpons SyngoVia – PMOD 86 0 0 <0.001

CortexID – PMOD 85 1 0 <0.001

SyngoVia – CortexID 58 26 2 0.001

Temporal SUVRpons SyngoVia – PMOD 76 10 0 <0.001

CortexID – PMOD 79 7 0 <0.001

SyngoVia – CortexID 22 64 0 <0.001

Parietal SUVRpons SyngoVia – PMOD 86 0 0 <0.001

CortexID – PMOD 77 9 0 <0.001

SyngoVia – CortexID 85 1 0 <0.001

Post.cing/precuneus SUVRpons SyngoVia – PMOD 79 7 0 <0.001

CortexID – PMOD 86 0 0 <0.001

SyngoVia – CortexID 16 70 0 <0.001

SUVR, standardized uptake value ratio; SUVRpons, SUVR normalized to pons; diff, difference; Ant.cing, anterior cingulate cortex; Post.
cing, posterior cingulate cortex.

Table S4 Related samples sign test of regional SUVRcer (n=86)

Regional SUVR Software tested Negative diff. Positive diff. Ties P value

Frontal SUVRcer SyngoVia - PMOD 38 48 0 0.332

CortexID - PMOD 64 22 0 <0.001

SyngoVia - CortexID 13 73 0 <0.001

Ant.cing SUVRcer SyngoVia - PMOD 48 38 0 0.332

CortexID - PMOD 78 8 0 <0.001

SyngoVia - CortexID 5 81 0 <0.001

Temporal SUVRcer SyngoVia - PMOD 86 0 0 <0.001

CortexID - PMOD 42 44 0 0.914

SyngoVia - CortexID 2 84 0 <0.001

Parietal SUVRcer SyngoVia - PMOD 58 28 0 0.002

CortexID - PMOD 48 38 0 0.332

SyngoVia - CortexID 67 19 0 <0.001

Post.cing/precuneus SUVRcer SyngoVia - PMOD 12 74 0 <0.001

CortexID - PMOD 63 23 0 <0.001

SyngoVia - CortexID 1 85 0 <0.001

SUVR, standardized uptake value ratio; SUVRcer, SUVR normalized to cerebellar grey matter; diff, difference; Ant.cing, anterior cingulate 
cortex; Post.cing, posterior cingulate cortex.
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Table S5 Semi-quantitative measures per diagnosis group

n
SyngoVia CortexID

n
PMOD

SUVRpons SUVRcer SUVRpons SUVRcer SUVRpons SUVRcer CL

AD 76 0.75 (0.15) 2.46 (0.48) 0.75 (0.14) 2.17 (0.41) 32 0.83 (0.18) 2.08 (0.47) 79 (40.0)

AD mixed 29 0.63 (0.17) 2.19 (0.65) 0.64 (0.16) 1.86 (0.49) 11 0.79 (0.21) 1.96 (0.64) 65 (53.0)

VaD 13 0.45 (0.09) 1.55 (0.24) 0.47 (0.10) 1.38 (0.27) 3 0.66 (0.24) 1.68 (0.56) 40 (43.0)

FTD 4 0.42 (0.06) 1.36 (0.18) 0.43 (0.04) 1.22 (0.12) 2 0.55 (0.03) 1.38 (0.00) 14 (5.0)

PPA† 9 0.63 (0.19) 2.09 (0.65) 0.63 (0.19) 1.79 (0.51) 5 0.73 (0.25) 1.84 (0.69) 52 (57.0)

DLB 7 0.58 (0.12) 1.96 (0.46) 0.58 (0.94) 1.72 (0.32) 4 0.63 (0.11) 1.52 (0.26) 35 (25.0)

PDD 1 0.41 (0.00) 1.35 (0.00) 0.42 (0.00) 1.22 (0.00) 0 – – –

Park plus 3 0.50 (0.15) 1.84 (0.17) 0.51 (0.16) 1.60 (0.22) 1 0.64 (0.00) 1.61 (0.00) 42 (0.0)

Other 49 0.45 (0.09) 1.47 (0.31) 0.46 (0.09) 1.22 (0.26) 28 0.52 (0.09) 1.29 (0.18) 12 (17.0)

†, including patients with logopenic variant of primary progressive aphasia. Values are displayed as mean (standard deviation). n, number  
of patients; SUVRpons, standardized uptake value ratio with normalization to pons; SUVRcer, standardized uptake value ratio with  
normalization to cerebellar cortex; CL, centiloids; AD, Alzheimer´s disease; VaD, Vascular dementia; FTD, Frontotemporal lobar  
degeneration; PPA, Primary progressive aphasia; DLB, Dementia with Lewy Bodies; PDD, Parkinson disease dementia; Park plus, Parkinson  
plus disorders.


