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According to the international societies’ recommendations, the 2-deoxy-2-[18F]fluoro-D-glucose positron emission

tomography/computed tomography ([18F]FDG PET/CT) technique should not be used as the method of choice in brain

tumour diagnosis. Therefore, the brain region can be omitted during standard [18F]FDG PET/CT scanning. We performed

comprehensive literature research and analysed results from 14,222 brain and torso [18F]FDG PET/CT studies collected

in 2010–2020 to discuss whether the [18F]FDG PET/CT method may be useful in brain tumours detection.
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1. Introduction

Brain tumours are relatively rare malignancies, approximating 2% of all oncologic diseases. Currently, the incidence of

primary and metastatic brain tumours seems to be especially increasing in highly developed countries, and

oligometastatic brain disease seems to be especially concerning . Malignant brain tumours are often deadly and

involve several neurological and locomotory health ailments. Thus, both primary and metastatic brain tumour patients

undergo treatment. Most often, therapy involves chemotherapy or chemoradiation rather than surgery. Histologic

examination is not always available, due to the tumour location and the high post-surgical mortality risk among brain

tumour patients. Therefore, prompt and complex diagnosis seems essential .

Central nervous system (CNS) disease diagnostic management involves mainly magnetic resonance imaging (MRI).

However, the 2-deoxy-2-[ F]fluoro-D-glucose positron emission tomography/computed tomography ([ F]FDG PET/CT)

study remains one of the most used imaging techniques in oncology. According to the international societies’

recommendations, the non-tumour-specific properties of the radiotracer [ F]FDG limit the specificity of the method in

brain tumour detection and the CNS benign versus (vs.) malignant lesion differentiation. Therefore, the brain region is

often omitted in the standard [ F]FDG PET/CT scanning protocol .

2. The Role of the [ F]FDG PET/CT Study in CNS Evaluation—
Recommendations

Commonly used [ F]FDG PET/CT acquisition protocol ranges from the skull-base to mid-thigh .

Boellard et al. described the brain and torso [ F]FDG PET/CT  study protocol as a modification of the standard

examination. The authors  discussed the potential utilities of [ F]FDG PET/CT imaging in brain

disease diagnosis, including non-invasive staging for therapy planning. The main limitation of the [ F]FDG PET/CT study

is the non-tumour-specific properties of the radiotracer [ F]FDG. According to the IAEA, EANM, and SNMMI

recommendations , a high glucose uptake within the grey matter significantly decreases the specificity

of the study in detecting small lesions within the CNS and distinguishing benign (i.e., inflammation) and malignant

tumours. Nevertheless, IAEA  mentions the delayed PET/CT imaging at 4–6 h p.i. of [ F]FDG as improving the

specificity of the method by increasing the tumour-to-background ratio. However, we did not mention delayed protocol in

this study (Table 1).

Table 1. [ F]FDG PET/CT in brain tumour diagnosis—international societies’ recommendations.

Source of
Recommendations

Applications Limitations 

EANM Non-invasive tumour grading Low specificity in metastatic brain tumour evaluation

SNMMI Benign and malignant brain tumour
detection Limited ability to assess small brain tumours
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Source of
Recommendations Applications Limitations 

IAEA Primary and metastatic brain tumour
detection

Low specificity in distinguishing benign and malignant
brain lesions

According to the authors , the PET-dedicated radiopharmaceuticals of choice in brain lesion diagnosis

are [ C]-methionine ([ C]MET), [ F]-fluoroethyltyrosine ([ F]FET), [ F]-3′-deoxy-3′-fluorothymidine ([ F]FLT), and

[ F]-dihydroxyphenylalanine ([ F]DOPA). Jung et al.  recommend using [ C]MET, [ F]FLT, [ F]DOPA to improve the

sensitivity and specificity of the PET/CT method in low-grade glioma imaging. Moreover, [ F]DOPA has been recognised

as particularly useful in remnant brain tumour diagnosis in patients who underwent surgery or both tumour resection and

radiotherapy . Authors  mention a high [ F]FDG uptake within the grey matter, as well as the

limited ability of the [ F]FDG PET/CT method in benign vs. malignant CNS lesion differential diagnosis. According to the

literature , the most suitable radiopharmaceuticals for brain tumour diagnosis are cell proliferation markers.

3. Original Database—Brain and Torso [ F]FDG PET/CT Study
3.1. Epidemiology

We examined 14,222 patients using the brain and torso [ F]FDG PET/CT. We found suspicious brain lesions in 155

patients. The group consisted of 96 women and 59 men; mean age ± standard deviation (S.D.) was 60 ± 12 years old

(y.o.), age range: 26–84 y.o. Among women, the mean age ± S.D. was 60 ± 12 y.o., range: 26–84 y.o.; men: 61 ± 13 y.o.,

range: 26–84 y.o.

The benign lesion group consisted of 15 women (mean age ± S.D.: 63 ± 13 y.o., range: 35–84 y.o.) and 9 men (mean age

± S.D.: 60 ± 13 y.o., range: 40–83 y.o.). The primary brain tumour group consisted of 16 women (mean age ± S.D.: 64 ±

11 y.o., range: 46–81 y.o.) and 12 men (mean age ± S.D.: 63 ± 17 y.o., range: 26–84 y.o.). The metastatic foci group

consisted of 65 women (mean age ± S.D.: 58 ± 12 y.o., range: 30–78 y.o.) and 38 men (mean age ± S.D.: 61 ± 11 y.o.,

range: 39–81 y.o.). In our study, we observed the highest brain finding incidence among women over the age of 60 y.o.

3.2. Benign Lesions

We evaluated 24 benign lesions in the brain region: 22 arachnoid cysts, 1 adenoma, and 1 unspecified vascular

malformation. In one patient, the arachnoid cyst was one of a few brain foci (renal cancer metastasis). Arachnoid cysts

determined 87.5% of all detected benign lesions and occurred in 13.5% of the examined 155 patients.

We detected benign brain lesions in patients diagnosed with breast cancer (five patients), as well as colorectal (four),

cervical (three), ovarian (two), adrenal (one), adrenal (one) and renal (one), prostate (one), testicular (one), liver (one;

hepatocellular cancer; HCC), and lung (one) cancer. In two subjects, the indications to perform the brain and torso

[ F]FDG PET/CT scanning included malignant melanoma staging.

In this study, we observed a relatively low glucose metabolism activity within the benign brain lesions. The mean SUVmax

± S.D. was 1.0 ± 0.2, the median (M ) was 1.0, range: 1.0–2.0 (CI  (1.1; 1.3)). The variables were normally distributed

(p = 0.8). Thus, the benign lesions group was homogenous, considering the metabolic activity of the observed lesions.

Figure 3 shows the arachnoid cyst.

Figure 3. Incidental finding of a hypodense and photopaenic area in the posterior part of the brain in the middle cranial

fossa, consistent with arachnoid cyst, in a patient with cervical cancer (source: original figure). Description: axial view of

the brain and torso [ F]FDG PET/CT over the middle cranial fossa—low-dose CT (left-hand side image), PET (middle

image), and PET/CT fusion (right-hand side image).
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3.3. Primary Brain Tumours

We incidentally detected 28 primary brain tumours (18% of primary tumours and 21% of all malignant lesions). In this

group, we found 10 gliomas, 8 pituitary gland tumours, 4 malignant meningiomas, 4 cerebelli primaries, 1 brain

lymphoma, and 1 base of the skull tumour. In some of the examined patients, we observed multiple lesions (up to six foci).

Gliomas determined nearly 36% of all brain primaries.

The primary brain lesions occurred in patients [ F]FDG PET/CT diagnosed with cancer of unknown primary (CUP

syndrome; 18 patients), as well as colorectal (three patients), breast (one), cervical (one), oesophagal (one), lung (one),

prostate (one), and uterine (one) cancer. In one patient, the primary disease was malignant melanoma.

We observed widely ranged glucose metabolism activity levels within the primary brain tumour group due to the presence

of both non-[ F]FDG-avid and low- and high-grade tumours in the datasets. The mean SUVmax ± S.D. was 9.2 ± 4.7, the

M  was 9.0, range: 1.2–25.0 (CI  = (7.3; 11.0)). Figure 4 and Figure 5 show the primary brain tumours.

Figure 4. Incidental finding of a hypodense and photopaenic area in the right parietal lobe, consistent with a primary brain

tumour, in a patient with larynx cancer (source: original figure). Description: axial view of the brain and torso [ F]FDG

PET/CT over the middle cranial fossa—low-dose CT (left-hand side image), PET (middle image), and PET/CT fusion

(right-hand side image).

Figure 5. A hyperdense and hypermetabolic mass in the right thalamus region, consistent with a primary brain tumour

(glioblastoma), in a patient with breast cancer (source: original figure). Description: axial view of the brain and torso

[ F]FDG PET/CT over the middle cranial fossa—low-dose CT (left-hand side image), PET (middle image), and PET/CT

fusion (right-hand side image).

3.4. Metastatic Foci

We detected 103 metastatic brain foci in 27 breast cancer patients (in one case, simultaneous breast and lung cancer), 20

lung cancer subjects (in one case, concurrent lung and colorectal cancer), malignant melanoma (25), colorectal cancer

(nine), ovarian (four), renal (three), gastric (three), prostate (two), uterine (two), urinary bladder cancer (one), thyroid

(two), and pancreas tumour (one), as well as Hodgkin’s (one) and non-Hodgkin’s lymphoma (three).

The oligometastatic brain disease (up to eight foci) occurred in nearly 70% of the metastatic foci database. Accordingly,

with the patients’ medical records, in 45% of the group (46 among 103 cases), none other than brain lesions were

detected. In approximately 10%, brain foci were one of the few observed lesions. In 35%, we found significant primary

disease spread with multiple distant tumours with advanced lymph node involvement.

The metastatic foci group consisted of the most metabolically active malignant brain lesions. The mean SUVmax ± S.D.

was 12.4 ± 5.6, the M  was 12.0, and the SUVmax range was 4.0–33.0 (CI  = (11.3; 13.5)). The SUVmax distribution

significantly differed from Gaussian, with p < 0.001. We observed the highest SUVmax levels within the lung cancer and
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the malignant melanoma metastases. In this study, we observed the highest glucose metabolism activity in the metastatic

foci group. Figure 6 shows the metastatic brain lesion.

Figure 6. Incidental finding of a left lobe cerebellum abnormal mass, consistent with unknown and clinically silent lung

cancer solitary metastatic lesion (source: original figure). Description: axial view of the brain and torso [ F]FDG PET/CT

over the cerebellum—low-dose CT (left-hand side image), PET (middle image), and PET/CT fusion (right-hand side

image).

4. Summary

Performing brain and torso [ F]FDG PET/CT examination resulted in detecting clinically silent malignant brain lesions in

155 patients diagnosed with different oncological diseases. The most numerous group was the metastatic foci,

characterised by the highest mean SUVmax levels. When compared with the primary brain lesions, the distant tumour’s

SUVmax level was significantly higher, with p = 0.003 (Mann–Whitney’s U-test). However, the differences in sample size

limit the reliability of this comparison and do not allow the performing of benign and malignant tumour differential

diagnosis analysis. Table 2 shows the SUVmax measurements.

Table 2. SUVmax: benign lesions, primary brain tumours, metastatic foci (source: original data).

Group/Parameter SUVmax  ± S.D. SUVmax Median SUVmax Range CI  

Benign lesions 1.0 ± 0.2 1.0 1.0–2.0 [1.1; 1.3]

Primary brain tumours 9.2 ± 4.7 9.0 1.2–25.0 [7.3; 11.0]

Metastatic foci 12.4 ± 5.6 12.0 4.0–33.0 [11.3; 13.5]
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