
ISBN 978-84-09-16707-4 Actas del XXXVII Congreso Anual de la Sociedad Española de Ingeniería Biomédica, pages 183–186
Santander, España, 27 al 29 de noviembre, 2019

 

Quantitative analysis of early-phase 18F-flutemetamol PET 

brain images  

W. Dghoughi1, A.P. Seiffert1, A. Gómez-Grande2, A. Villarejo-Galende3, H. Bueno4,5, E.J. Gómez1,6, 

P. Sánchez-González1,6 

1 Grupo de Bioingeniería y Telemedicina, ETSI Telecomunicación, Centro de Tecnología Biomédica, Universidad  

Politécnica de Madrid, Madrid, España; w.dghoughi@alumnos.upm.es, {aseiffert, egomez, psanchez}@gbt.tfo.upm.es 

2 Servicio de Medicina Nuclear, Hospital Universitario 12 de Octubre, Madrid, España; adolfogomez@gmail.com 

3 Servicio de Neurología, Hospital Universitario 12 de Octubre, Madrid, España; avgalende@yahoo.es 

4 Centro Nacional de Investigaciones Cardiovasculares, Madrid, España; h.bueno@cnic.es 

5 Instituto de Investigación i+12, Hospital Universitario 12 de Octubre, Madrid, España 

6 Centro de Investigación Biomédica en Red en Bioingeniería, Biomateriales y Nanomedicina, Madrid, España 

 

Abstract 

PET imaging techniques can be used to visualise the two major 

biomarkers of Alzheimer’s disease (AD). A series of radiotrac-

ers bind to amyloid-beta (Aβ) plaques in the brain while cere-

bral metabolism is assessed on 18F-fluorodeoxyglucose (FDG) 

PET images. It is demonstrated that acquiring a PET image up 

to 10 minutes after the injection of an Aβ-binding tracer yields 

images that resemble PET images acquired with FDG. There-

fore, these early-phase PET-amyloid images are suggested to be 

a surrogate to PET-FDG images and offer information about 

the cerebral perfusion, which is closely linked to the cerebral 

metabolism. In this work, early-phase PET images acquired 

with 18F-flutemetamol (FMM) are analysed and the correlation 

with FDG images is quantitatively assessed. Moreover, the 

results are compared to studies that used two different Aβ-

binding tracers, namely 18F-florbetapir (FBP) and 18F-

florbetaben (FBB). The Pearson’s correlation coefficient (r) is 

used to analyse how the standard uptake value ratios (SUVR) of 

different regions of interest of early-phase FMM and FDG 

images are related. An average correlation (± standard devia-

tion) of r = 0.76 ± 0.07 is obtained. ROI-based analysis showed 

that the highest correlation between both images is present in 

the right temporal lobe (r = 0.85). These values are comparable 

to the two selected studies that are based on early-phase FBP 

and FBB images. Therefore, the results suggest that early-phase 

PET-FMM acquisitions offer similar information to PET-FDG 

images. 

1. Introduction 

PET imaging with different radiotracers is widely used for 

the diagnosis of neurodegenerative diseases. It is especial-

ly useful for understanding and diagnosing Alzheimer’s 

disease (AD) [1]. AD is characterized by two main bi-

omarkers that can be visualized by PET imaging [2]: (1) 

amyloid-beta (Aβ) plaques, and (2) neurodegeneration. 

Different radiotracers are needed in order to acquire the 

images. In the first case, radiotracers like 11C-Pittsburgh 

compund B (PiB), 18F-florbetapir (FBP), 18F-florbetaben 

(FBB) or 18F-flutemetamol (FMM) bind to the fibrillar 

amyloid plaques [1]. The neurodegeneration is assessed 

by analysing the cerebral metabolism with 18F-

fluorodeoxyglucose (FDG) images, which is directly 

linked to the cerebral perfusion [2]. 

The goal of the dual-phase amyloid PET imaging protocol 

is to unify the information of both biomarkers obtained 

with PET-amyloid and PET-FDG images [3]. Two images 

are acquired, both using an amyloid-binding tracer. At 

first, an early PET image 1-6 minutes after the intrave-

nous injection of the tracer is obtained [4]. Later, the 

standard PET amyloid image is acquired. It has been 

shown that the information of cerebral perfusion present-

ed by the early PET amyloid acquisition is very similar to 

that of PET-FDG images. Therefore, only one PET exam-

ination could provide information about both biomarkers 

[3]. 

The similarity between the early-phase PET-amyloid 

acquisitions and PET-FDG images has been studied pre-

viously [4–6]. Usually, both images are quantified using 

the standardized uptake value (SUV) and the regional 

correlation in cortical regions is calculated. Such correla-

tion studies have been carried out using FBP [4, 5] and 

FBB [6]. Even though early-phase PiB images were also 

analysed in different studies, the low half-life of 11C 

means that the radiotracer is usually not used in routine 

clinical practice. 

In 2012, Hsiao et al. [4] analysed different time intervals 

for the acquisition of the early-phase FBP (eFBP) images 

and their correlation to FDG images. The authors ob-

tained a regional Person’s correlation coefficient (r) of up 

to 0.93 in the temporal region (superior and middle for 0-

2 and 1-6 minutes after the radiotracer injection, respec-

tively). A study by Devous et al. [5] from 2014 resulted in 

an average correlation of 0.91 between both images. On 

the other hand, early-phase FBB (eFBB) images have 

been studied more recently. In 2017, Daerr et al. [6] ana-

lysed reported a Pearson’s correlation coefficient of up to 

0.86 ± 0.05 between early-phase FBB and FDG images. 

Moreover, a high visual correlation between three readers 

was observed. In every study, the usefulness of early-

phase PET-amyloid images as a surrogate for PET-FDG 

images was confirmed. 

In this work the similarity between early-phase PET-

FMM (eFMM) and PET-FDG images is studied. A corre-
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lation analysis is performed using SUV ratios (SUVR) 

extracted from both images. For the analysis, Pearson’s 

correlation coefficient is calculated, and the results are 

compared to the studies based on eFBP and eFBB acqui-

sitions. 

2. Material and Methods 

2.1. Materials 

For this retrospective study, eFMM and FDG images are 

provided by the department of nuclear medicine of the 

Hospital Universitario 12 de Octubre, Madrid, Spain. The 

images correspond to 19 cases that are suspected of pre-

sent a neurodegenerative disease and are registered at said 

hospital. The mean age (± standard deviation) of the pa-

tients is 66.05 ± 8.34 years. Of the 19 patients, 4 are male 

and 15 are female. 

The images were acquired at the hospital with a Siemens 

Biograph 6 True Point PET/CT scanner (Siemens AG, 

Munich, Germany). Patients fasted for 6 hours before the 

intravenous injection of the radiotracer. In the case of 

FMM, the dose was 198 ± 23 MBq and static PET images 

were acquired 1 minute after the injection. A dose of 257 

± 94 MBq was used for the FDG images, which were 

obtained 30-70 minutes after its administration. A low-

dose CT scan was used for attenuation correction. 

MATLAB version R2019a (The MathWorkds, Inc., Na-

tick, Massachussetts, US) is used to process the images, 

extract the SUVRs and perform the statistical analysis. 

The images are preprocessed in Statistical Parametric 

Mapping 12 (SPM12) (Wellcome Centre for Human Neu-

roimaging, University College London, London United 

Kingdom) [7]. Moreover, for a regional analysis of the 

results, the brain segmentation of the Automatic Anatom-

ical Labelling (AAL2) atlas is used [8, 9]. The 116 re-

gions defined by the atlas are grouped into 7 regions of 

interest (ROI) per brain hemisphere and one reference 

region. The ROIs are the frontal, parietal, temporal and 

occipital lobes, the anterior and posterior cingulate corti-

ces, and the precuneus. The cerebellum is used as the 

reference region because it is usually not affected in AD. 

2.2. Methods 

The methodology of this work is divided into three steps: 

(1) preprocessing, (2) quantification, and (3) statistical 

analysis. 

Preprocessing. All images are preprocessed using 

SPM12. First, the origin of the native space is manually 

set to the anterior commissure and is horizontally aligned 

to the posterior commissure. Then, the images are spatial-

ly normalized to the Montreal Neurological Institute 

(MNI) space based on a tissue probability map provided 

by SPM12. The final image volumes have matrix dimen-

sions of 91×109×91 and a voxel size of 2×2×2 mm3. This 

normalisation compensates for anatomical differences 

between patients and different orientations between 

eFMM and FDG images of the same patient. 

Quantification. After the spatial normalization of the 

images, they are converted to SUV maps. The activity 

concentration [Bq/mL] in each voxel is converted to up-

take values [g/mL] based on the patient’s body weight 

and using the equation in [10].  

After that conversion, the different ROIs are defined us-

ing the AAL2 segmentation as is explained in the previ-

ous section. Binary masks are computed and the eFMM 

and FDG images are segmented. Average SUV values of 

each region are calculated and normalised to the average 

SUV of the cerebellum, resulting in SUVRs. Each image 

(eFMM and FDG) is defined by a total of 14 SUVRs, one 

for each region and hemisphere. 

Statistical analysis. Pearson’s correlation analysis is used 

to compare eFMM and FDG images. Concretely, r values 

for each ROI are calculated based on the SUVRs of the 

eFMM and FDG images. Moreover, intrapatient correla-

tion is calculated using the same SUVRs. 

3. Results and Discussion 

A total of 38 images were preprocessed, one eFMM and 

one FDG image for each of the 19 patients. An example is 

shown in Figure 1. The images correspond to a 66-year-

old female patient suspected of suffering AD. 

  

Figure 1: Examples of eFMM (left) and FDG (right) images. 

Then, SUVRs are computed for all images based on the 7 

ROIs defined in the previous section. The intrapatient 

correlation is calculated using Pearson’s correlation anal-

ysis and is based on these SUVRs for each of the 19 pa-

tients of the study group. The average intrapatient correla-

tion (± standard deviation) of the study group is r = 0.88 ± 

0.06. It is calculated as the mean of the individual Pear-

son’s correlation coefficients from the 19 individual tests. 

The regional correlation coefficients are shown in Table 

1. They are calculated based on the SUVRs of the eFMM 

and FDG images of the patients of the study group. 
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Region Brain hemisphere Pearson’s r 

Frontal 
L 0.83 

R 0.73 

Parietal 
L 0.84 

R 0.52* 

Temporal 
L 0.76 

R 0.85 

Occipital 
L 0.73 

R 0.50* 

Anterior Cingulate 

Cortex 

L 0.76 

R 0.74 

Posterior Cingulate 

Cortex 

L 0.87 

R 0.70 

Precuneus 
L 0.70 

R 0.64 

Table 1: Pearson’s correlation coefficients (p < 0.01); L: Left, 

R: Right; *p < 0.06. 

The obtained results show high correlation values in most 

regions. High correlation values between early-phase 

PET-amyloid and PET-FDG images were reported in 

previous publications as is described in the first section 

[4–6]. As is stated in the introduction, three radiotracers 

that bind to Aβ plaques are labeled with fluorine-18. 

Those previous studies analysed eFBP and eFBB acquisi-

tions and concluded that the images were similar to PET-

FDG images. However, this work is centered on the third 

radiotracer, 18F-flutemetamol. Generally, the obtained 

correlation values between eFMM and FDG images are 

comparable to those reported by studies analysing one of 

the other Aβ-binding 18F-labeled radiotracers. It needs to 

be noted that the time window of 0-2 minutes in the study 

by Hsiao et al. is used for the comparisons, as it is closer 

to the first minute static eFMM images used in this work. 

Devous et al. used the first five minutes after the radio-

tracer injection but the authors only report the average 

correlation between eFBP and FDG images without ana-

lysing different ROIs. In the case of the results of the 

study by Daerr et al., the correlation values for cerebellar 

normalisation and a time frame of 0-5 minutes are used. 

The average correlation (± standard deviation) value of all 

ROIs is r = 0.76 ± 0.07. In contrast, the studies based on 

FBP obtained average ROI correlation values of r = 0.77 

± 0.15 [4] and 0.91 [5]. Daerr et al. [6], based on eFBB 

images, obtain an average ROI correlation of r = 0.75 ± 

0.1. With the exception of the study by Devous et al., the 

correlation between eFMM and FDG images is compara-

ble to the values obtained with eFBP or eFBB images. 

Another difference to the studies that compare eFBP and 

eFBB to FDG images is the size and composition of the 

study group. In this work, 19 patients form the study 

group that are suspected of have a neurodegenerative 

disease. In the case of eFBP images, it is comparable to 

the number of subjects of the study by Hsiao et al. (14 

subjects), however the authors use normal control sub-

jects.  Devous et al. base their study on 77 subjects in-

cluding 21 cognitively normal subjects. On the other 

hand, Daerr et al. compare 33 eFBB images to FDG im-

ages of recruited patients. 

Analysing the individual ROIs, it can be observed that the 

correlation values for the left hemisphere are higher than 

for the right, with the exception of the temporal lobe. 

Interestingly, this distribution is not seen in the study by 

Daerr et al., which also divides the ROIs according to the 

brain hemisphere. On the other hand, the study by Hsiao 

et al. does not differentiate by brain hemisphere. 

Firstly, the left and right anterior cingulate cortices pre-

sent correlation values of r = 0.76 (p < 0.01) and r = 0.74 

(p < 0.01), respectively. These values are to the average 

correlation of all the analysed ROIs. However, it is a 

region that is not analysed in the studies by Hsiao et al. or 

Daerr et al. Therefore, the performance of eFMM images 

in this region cannot be compared to eFBP or eFBB im-

ages. 

The overall lowest correlation value is observed in the 

right occipital lobe with r = 0.50 (p < 0.06). In addition to 

a correlation value in the left hemisphere of r = 0.73 (p < 

0.01) the correlation between eFMM and FDG images is 

on the lower end of the presented values. The obtained 

value for the left hemisphere is comparable to that report-

ed in the study by Hsiao et al. with eFBP images (ranging 

from r = 0.65 in the inferior occipital lobe to r = 0.87 in 

the superior occipital lobe). Comparing the results with 

FMM to eFBB images, the correlation value in the left 

hemisphere is slightly lower than the value reported by 

Daerr et al. (r = 0.78, p < 0.01). The difference is more 

apparent for the right hemisphere (r = 0.70, p < 0.01). 

However, the occipital lobe is not a region of high interest 

in the diagnostic process of AD during the visual analysis 

by the physicians. The constant visual stimuli during the 

PET scanning provoke high metabolic activity in the 

occipital lobe as it includes the visual cortex. 

Another region of comparably low correlation values is 

the precuneus. The obtained values are r = 0.70 (p < 0.01) 

and r = 0.64 (p < 0.01) for the left and right hemispheres, 

respectively. The precuneus is usually not analysed sepa-

rately in the mentioned studies however it is part of the 

superior parietal lobe. Therefore, the results are compared 

to those reported for the parietal lobe in previous studies. 

Using eFBP images, Hsiao et al. obtain a correlation with 

FDG images of r = 0.80 in the superior parietal lobe. The 

correlation coefficient in the study by Daerr et al. is r = 

0.83 (p < 0.01) and r = 0.82 (p < 0.01) for the right and 

left hemisphere, respectively. As can be observed, these 

values are higher than the correlation shown for eFMM 

images. However, it has to be noted that the precuneus is 

only a small part of the parietal lobe. 

The parietal lobe, excluding the precuneus, is also ana-

lysed in this work. The left parietal lobe presents a high 

correlation between eFMM and FDG images (r = 0.84, p 

< 0.01). Meanwhile, the right parietal lobe presents a low 

correlation of r = 0.52 (p < 0.06). The parietal lobe is an 

important area in the diagnosis of AD as it is character-

ised by a hypometabolic pattern on FDG images. There-

fore, high correlation values between eFMM and FDG 
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images are needed in such areas to use eFMM images in 

its diagnosis. As is shown in the previous passage, eFBP 

and eFBB images correlate highly with FDG images. The 

correlation coefficients are comparable to the result for 

eFMM images but only in the left hemisphere. 

Two other regions of high interest in the diagnosis of AD 

are the posterior cingulate cortex (PCC) and the temporal 

lobe. While the PCC shows correlation values of r = 0.70 

(p < 0.01), these are slightly higher for the temporal lobe 

(r = 0.76 and r = 0.85 for the left and right hemispheres, 

respectively; p < 0.01). In addition, the right temporal 

lobe is the ROI with the highest correlation between 

eFMM and FDG images when compared to the other 

regions. In contrast, Hsiao et al. obtain r = 0.93 and r = 

0.87 for the superior and middle temporal lobe, respec-

tively. However, the authors do not analyse the PCC. 

Comparing eFBB to FDG images, Daerr et al. report 

higher correlation values for both regions (r = 0.76 (left) 

and r = 0.86 (right) for the PCC, and r = 0.85 for the tem-

poro-lateral lobe; p < 0.01). Thus, the correlation between 

eFMM and FDG images in the PCC and temporal lobe is 

similar to the values obtained for eFBP and eFBB images. 

Lastly, the frontal lobe is also a region of interest in the 

diagnosis of neurodegenerative diseases based on images 

of cerebral metabolism or perfusion. Frontotemporal 

dementia is characterized by hypometabolism in the 

frontal lobe. Moreover, the differentiation to AD is im-

portant and can be achieved by the analysis of the me-

tabolism in said region as both diseases present an altera-

tion of the temporal lobe. Correlation values of r = 0.83 (p 

< 0.01) and r = 0.73 (p < 0.01) are obtained for the left 

and right frontal lobes, respectively. Hsiao et al. report 

correlation values ranging from r = 0.41 to r = 0.76 for 

the frontal lobe. Therefore, the correlation between eFBP 

and FDG is lower in that specific study than between 

eFMM and FDG images. Similarly, Daerr et al. obtain 

correlation values of r = 0.59 (p < 0.01) and r = 0.65 (p < 

0.01). These values are also lower than the ones presented 

in this study. 

Generally, it can be seen that the correlation values ob-

tained in this study are similar to those reported by previ-

ous studies. While those studies used FBP and FBB for 

the acquisition of early-phase PET-amyloid images, this 

work is based on the analysis of eFMM images. There-

fore, it can be stated that FMM could be a viable radio-

tracer for the acquisition of early-phase PET-amyloid 

images. The results presented in this work pave the way 

for further investigations to study the usefulness and via-

bility of eFMM images as a surrogate for brain FDG 

images. 

4. Conclusions 

AD is a serious neurodegenerative disease characterised 

by specific hypometabolic patterns in brain FDG images. 

Early-phase PET images acquired up to 10 minutes after 

the injection of an Aβ-binding radiotracer are shown to 

resemble the information of FDG images. Previous stud-

ies used FBP and FBB for the acquisition of the early-

phase PET images. In this work, eFMM images are ana-

lysed and their correlation to FDG images is quantitative-

ly assessed. The obtained results are comparable to those 

of studies with other Aβ-binding radiotracers and show 

the viability of FMM for early-phase acquisitions. 
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