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Abstract 

 Glioblastoma multiforme (GBM) is the most aggressive primary brain tumor 

and its prognosis is significantly poorer than those of less malignant gliomas. 

Pathologically, necrosis is one of the most important characteristics that differentiate 

GBM from lower grade gliomas; therefore, we hypothesized that 
18

F 

fluoromisonidazole (FMISO), a radiotracer for hypoxia imaging, accumulates in GBM 

but not in lower grade gliomas. We aimed to evaluate the diagnostic value of FMISO 

PET for the differential diagnosis of GBM from lower grade gliomas. Methods: This 

prospective study included 23 patients with pathologically confirmed gliomas. All the 

patients underwent FMISO PET and FDG PET within a week. FMISO images were 

acquired 4 hours after intravenous administration of 400 MBq of FMISO. Tracer uptake 

in the tumor was visually assessed. Lesion-to-normal tissue ratios and FMISO uptake 

volume were calculated. Results: Thirteen of the 23 glioma patients were diagnosed as 

having GBM (grade IV glioma in WHO classification 2007), and the others were 

diagnosed as having non-GBM (5 grade III and 4 grade II). In visual assessment, all the 

GBM patients showed FMISO uptake in the tumor greater than that in the surrounding 

brain tissues, whereas all the non-GBM patients showed FMISO uptake in the tumor 

equal to that in the surrounding brain tissues (p<0.001). One GBM patient was excluded 
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from FDG PET study because of hyperglycemia. All the GBM patients and 3 of the 9 

(33 %) non-GBM patients showed FDG uptake greater than or equal to that in the gray 

matter. The sensitivity and specificity for diagnosing GBM were 100 % and 100 % for 

FMISO, and 100 % and 66 % for FDG, respectively. The lesion-to-cerebellum ratio of 

FMISO uptake was higher in GBM patients (2.74±0.60, range: 1.71 - 3.81) than in 

non-GBM patients (1.22±0.06, range: 1.09 - 1.29, p<0.001) with no overlap between the 

groups. The lesion-to-gray matter ratio of FDG was also higher in GBM patients 

(1.46±0.75, range: 0.91 – 3.79) than in non-GBM patients (1.07±0.62, range: 0.66 – 

2.95, p<0.05); however, overlap of the ranges did not allow clear differentiation 

between GBM and non-GBM. Uptake volume of FMISO was larger in GBM 

(27.18±10.46 %, range: 14.02 - 46.67 %) than in non-GBM (6.07±2.50 %, range: 2.12 - 

9.22 %, p<0.001). Conclusion: These preliminary data suggest that FMISO PET may 

distinguish GBM from lower grade gliomas. 

 

Key words: glioblastoma multiforme; hypoxia; fluoromisonidazole; fluorodeoxyglucose 

 

  



3 

 

Introduction 

 

 Glioblastoma multiforme (GBM) is the most aggressive astrocytic tumor of 

cerebral gliomas, which is categorized as grade IV in WHO classification [1]. Although 

surgery, radiotherapy, and chemotherapy can improve the prognosis [2], a recent 

comparative study showed that the one-year survival rate of GBM patients is 56 %, 

which is significantly poorer than those with grade III (78 %) or less malignant gliomas 

[3]. Therefore, grading of malignancy will provide accurate prognosis information and 

allow us to determine the best therapy [1, 4]. 

 Surgical biopsy or resection followed by pathological exploration is necessary 

to confirm the diagnosis of GBM [4]. However, craniotomy, particularly surgery of 

eloquent regions, can involve surrounding brain tissues, and can exacerbate prognosis 

by causing neurological morbidity [5]. In addition, the effect of tumor resection on 

prognosis remains controversial [2, 6, 7], whereas the universally accepted favorable 

prognosis factors are young age and good performance status only [2, 4]. 

 In vivo imaging modalities including magnetic resonance (MR) imaging and 

positron emission tomography (PET) using 
18

F fluorodeoxyglucose (FDG) play 

important roles in the diagnosis of GBM. A ring-like enhancement by gadolinium on 
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MR images and an intense uptake of FDG suggest GBM [4, 8-15]. However, not all 

GBM patients show a ring-like enhancement, resulting in false negative diagnosis [4]. 

In addition, FDG uptake frequently causes a false positive outcome owing to a 

significant number of patients of grade III glioma with high FDG uptake [13, 14]. The 

inaccuracy of these modalities restricts the omission of biopsy. Thus, the establishment 

of new, noninvasive, and more accurate imaging for glioma grading is required in 

clinical settings [11]. 

 Histopathologically, GBM tissue includes microvascular proliferation and 

necrosis as well as anaplasia and mitotic activity, while necrotic tissues do not exist in 

grade III or lower grade gliomas, as defined by WHO [1]. GBM is exposed to severe 

hypoxia and therefore necrotic tissues are developed, whereas grade III or lower grade 

gliomas survive in less hypoxic conditions [16-19]. Therefore, imaging of hypoxia in 

GBM may provide important information to distinguish GBM from less malignant 

gliomas. 

 18
F-fluoromisonidazole (FMISO) is a radiotracer that can be used to identify 

regional hypoxia in vivo [20-22]. Since Valk et al. introduced the use of FMISO for 

glioma imaging [23], it has been intensively investigated by many researchers [24-30]. 

While they agree that FMISO accumulates in GBM, few data are available about 
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FMISO accumulation in grade III or less malignant gliomas, although a paper showed 

no uptake of FMISO in grade II gliomas [26]. We hypothesized that FMISO 

accumulates in GBM but not in lower grade gliomas and that hypoxia imaging using 

FMISO can accurately discriminate GBM from lower grade gliomas. Thus, the purpose 

of this study was to evaluate the diagnostic value of FMISO PET in glioma grading in 

comparison with that of FDG PET in patients suspected of having GBM on MR images. 

 

 

Materials and Methods 

 

Patients 

 Twenty-seven patients with possible high-grade glioma were prospectively 

studied according to the criteria that the patient presents with cerebral parenchymal 

tumor surrounded by edematous tissues on MR images but without a known malignancy 

in other organs. No previous tumorectomy, chemotherapy, or radiotherapy for the lesion 

was performed except for a patient who showed tumor recurrence 6 years after she 

underwent tumorectomy followed by chemoradiotherapy for low grade glioma. Two 

patients were excluded because of contraindication of surgical operations. The 
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remaining 25 patients underwent tumoral resection (n=16) or biopsy (n=9) at most 2 

weeks after the PET scanning. Pathological diagnosis based on WHO classification was 

determined by two experienced neuropathologists by agreement. The images of MR 

imaging and PET were not given to the neuropathologists. Two patients, diagnosed as 

having metastatic adenocarcinoma and multiple sclerosis, respectively, were excluded 

from this study. Therefore, the final analyzed population consisted of 23 patients 

(M:F=10:13, age 57.0±15.2 years old) with pathologically confirmed gliomas. 

Maximum diameter of the tumor was measured on fluid attenuated inversion recovery 

(FLAIR) MR images for each patient. Intensity of gadolinium enhancement was 

determined by an experienced radiologist. Maximum diameter of gadolinium-enhanced 

area was measured when the patient showed positive enhancement. The Ethics 

Committee of Hokkaido University Hospital approved the study. Written informed 

consent was obtained from all the patients included in this study. 

 

PET protocol 

 All the patients underwent the same protocol of PET acquisition using FMISO 

and FDG within a week. FMISO was synthesized using the previously described 

protocol [31, 32]. Four hours after the intravenous injection of 400 MBq of FMISO, 
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static PET images of the brain were acquired. On another day, following blood glucose 

test, 400 MBq of FDG was intravenously injected and one hour later the brain was 

scanned. All the images were acquired using a high-resolution PET scanner (ECAT 

HR+ scanner; Asahi-Siemens Medical Technologies Ltd., Tokyo, Japan) operated in a 

three-dimensional mode, except that the FMISO images of patient No. 23 were acquired 

using an integrated PET-CT scanner (Biograph 64 PET-CT scanner; Asahi-Siemens 

Medical Technologies Ltd., Tokyo, Japan). The image acquisition using the ECAT HR+ 

scanner consisted of 10 minutes of emission scanning and 3 minutes of transmission 

scanning with a 
68

Ge/
68

Ga retractable line source. The same acquisition protocol was 

used for FMISO and FDG. For the Biograph 64 PET-CT scanner, 10 minutes of 

emission scanning was carried out and CT images were acquired for attenuation 

corrections. Attenuation-corrected radioactivity images for both scanners were 

reconstructed using a filtered backprojection with a Hann filter of 4 mm full width at 

half maximum. 

 

Visual assessment 

 In the visual assessment of FMISO PET results, first, FMISO uptake was 

visually divided into 3 categories. When the highest intratumoral uptake was less than 
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that in the surrounding brain tissue, the patient was considered as showing low FMISO 

uptake. When the highest intratumoral uptake was equal to that in the surrounding brain 

tissue, the patient was considered as showing intermediate FMISO uptake. When the 

highest intratumoral uptake was greater than that in the surrounding brain tissue, the 

patient was considered as showing high FMISO uptake. Next, patients showing low 

FMISO uptake and intermediate FMISO uptake were grouped together as 

FMISO-negative patients, whereas those showing high FMISO uptake were defined as 

FMISO-positive patients [26]. 

 In the visual assessment of FDG PET results, we evaluated FDG accumulation 

in the tumor on the basis of a previously reported assessment system [14]. First, FDG 

uptake was visually divided into 3 categories. When the highest intratumoral uptake was 

less than or equal to that in the contralateral white matter, the patient was considered as 

showing low FDG uptake. When the highest intratumoral uptake was greater than that 

in the contralateral white matter and less than that in the contralateral gray matter, the 

patient was considered as showing intermediate FDG uptake. When the highest 

intratumoral uptake was equal to or greater than that in the contralateral gray matter, the 

patient was considered as showing high FDG uptake. Next, patients showing low FDG 

uptake and intermediate FDG uptake were grouped together as FDG-negative patients, 
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whereas those showing high FDG uptake were defined as being FDG-positive patients. 

An experienced nuclear physician who did not know pathological diagnosis visually 

evaluated all the images. 

 

Standardized uptake values and lesion-to-normal tissue ratios 

 PET images were anatomically coregistered with individual FLAIR MR 

images using a mutual information algorithm implemented in NEUROSTAT software 

package [33, 34]. First, polygonal regions of interest (ROI) were manually drawn to 

enclose peritumoral edematous regions as well as tumoral regions on every slice. 

FLAIR and gadolinium enhanced images were both considered to determine ROI. The 

single voxel with highest radioactivity concentration in the tumor was automatically 

detected in the PET images. And then, the highest radioactivity was converted into 

standardized uptake value (SUV), and was defined as SUVmax. A circular ROI (10 mm 

in diameter) whose center was located on the maximum voxel was automatically created. 

The voxels in the circular ROI were averaged as SUV10mm. SUV was calculated as 

(tissue radioactivity [Bq/ml])*(body weight [g]) / (injected radioactivity [Bq]). Next, the 

following reference regions were identified on the FLAIR images on each patient: (1) 

cerebellar cortex, (2) contralateral frontoparietal cortex on the level of centrum 
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semiovale, and (3) contralateral frontoparietal white matter on the level of centrum 

semiovale. Multiple uniform ROIs, each with a circular shape and of 10 mm diameter, 

were placed in the manner described as follows; first, 15 ROIs (5 ROIs on each of the 3 

axial slices) were placed on both sides of the cerebellar cortex. FMISO counts of a total 

of 30 ROIs on the cerebellum were averaged. The lesion-to-cerebellum ratio of FMISO 

was calculated by dividing SUV10mm by cerebellar averaged SUV. Then, we placed 15 

ROIs (5 ROIs on each of the 3 axial slices) on the contralateral frontoparietal cortex, 

and 5 ROIs (5 ROIs on the one axial slice) on contralateral frontoparietal white matter. 

FDG counts of ROIs on the contralateral frontoparietal cortex and white matter were 

averaged. The lesion-to-gray matter and lesion-to-white matter ratios of FDG were 

calculated by dividing SUV10mm by gray matter and white matter averaged SUV, 

respectively [13]. An experienced nuclear physician placed all the ROIs. When a tumor 

occupied bilateral lobes, the hemisphere where the larger part of the tumor existed was 

defined as the side of the tumor. 

 

FMISO uptake volume 

 We measured the tissue volume showing significant FMISO uptake in the 

tumor compared to cerebellum. The voxels having higher SUV than 1.3-fold cerebellar 
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mean SUV were extracted in the tumoral ROI described above. The value of 1.3 was 

used for image segmentation in 
11

C methionine brain PET [30, 35, 36]. The FMISO 

uptake volume was expressed as a percentage of the extracted voxels in the whole 

tumoral ROI. 

 

Statistical analysis 

 All parametrical data were expressed as mean ± SD. All the patients with grade 

III or less malignant gliomas were grouped together as non-GBM patients to simplify 

the analysis. The association between histopathological diagnosis and visual assessment 

results was examined using Fisher's exact test. The differences in age, tumor size, SUVs, 

lesion-to-normal tissue ratios, and uptake volume between GBM and non-GBM patients 

were examined using Mann-Whitney U-test. P-values less than 0.05 were considered 

statistically significant. R 2.14.0 for Windows was used for statistical analysis and 

figure drawing. 
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Results 

 

Pathological diagnosis and MR imaging 

 Table 1 summarizes the patients’ characteristics, pathological diagnoses, and 

MR imaging results. Fourteen patients were diagnosed as having GBM and therefore 

categorized as grade IV in WHO classification. Five patients were diagnosed as having 

grade III gliomas, consisting of 1 anaplastic astrocytoma, 1 anaplastic 

oligodendroglioma, and 3 anaplastic oligoastrocytomas. The patient with recurrent 

glioma (n=1, No. 15) was diagnosed as anaplastic astrocytoma. Four patients were 

diagnosed as having grade II gliomas, consisting of 1 diffuse astrocytoma, 1 

oligodendroglioma, and 2 oligoastrocytoma. A total of 9 patients categorized as grade II 

or grade III were grouped together as non-GBM. Pathologically, regional necrosis was 

found in all the GBM patients, whereas none of non-GBM patients showed necrosis in 

the tumor. The average age of GBM patients was 65.5±9.9 years, which was 

significantly older than that of non-GBM patients (43.7±12.2 years, p<0.01). The 

maximum diameter measured on FLAIR MR images was not significantly different 

between GBM (64.4±17.5 mm) and non-GBM (77.6±22.5 mm, p=0.37) patients. Three 

of 9 non-GBM patients did not show gadolinium enhancement in the tumor, whereas all 
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the GBM patients showed gadolinium enhancement in the tumor. The maximum 

diameter of enhanced area was not significantly different between GBM (42.3±12.9 mm, 

n=14) and non-GBM (36.4±14.3 mm, n=6, p=0.44) patients. 

 

Visual assessment 

 PET results of each patient were shown in Table 2. In all the GBM patients 

(14/14), FMISO uptake in the tumor was greater than that in the surrounding brain 

tissues (high FMISO uptake, Fig. 1c). On the other hand, all the non-GBM patients (9/9) 

showed FMISO uptake equal to that in the surrounding brain tissues (intermediate 

FMISO uptake, Fig. 2c, 3c). No patient showed FMISO uptake less than that in the 

surrounding brain tissues (low FMISO uptake). As a result, 14 patients showed GBM 

and FMISO-positive, no patient showed GBM and FMISO-negative, no patient showed 

non-GBM and FMISO-positive, and 9 patients showed non-GBM and FMISO-negative. 

A significant association was observed between histology (GBM or non-GBM) and 

FMISO uptake (FMISO-positive or FMISO-negative) (p<0.001). Visual assessment of 

FMISO PET images predicted GBM with sensitivity, specificity, and accuracy of 100 %, 

100 %, and 100 %, respectively. 

 A patient (No. 13) showed hyperglycemia due to diabetes mellitus. No other 
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patients showed fasting blood sugar level higher than 150 mg/dl. Since FDG PET may 

be affected by hyperglycemia, we excluded the diabetic patient from all the analyses of 

FDG PET. All the GBM patients showed FDG uptake greater than that in the 

contralateral gray matter (high FDG uptake, Fig. 1d). High FDG uptake, intermediate 

FDG uptake, and low FDG uptake were observed in 3 (33 %, Fig. 2d), 3 (33 %, Fig. 3d), 

and 3 (33 %) of the 9 non-GBM patients, respectively. As a result, 13 patients showed 

GBM and FDG-positive, no patient showed GBM and FDG-negative, 3 patients showed 

non-GBM and FDG-positive, and 6 patients showed non-GBM and FDG-negative. The 

association between histology (GBM or non-GBM) and FDG uptake (FDG-positive or 

FDG-negative) reached statistical significance (p<0.01). Visual assessment of FDG PET 

images predicted GBM with sensitivity, specificity, and accuracy of 100 %, 66 %, and 

86 %, respectively. 

 

Standardized uptake values and lesion-to-normal tissue ratio analysis 

 SUVmax of FMISO was higher in GBM patients (3.09±0.62, range: 2.22 - 4.31) 

than in non-GBM patients (1.73±0.36, range: 1.36 - 2.39, p<0.001). SUV10mm of FMISO 

was higher in GBM patients (3.00±0.61, range: 2.15 - 4.18) than in non-GBM patients 

(1.64±0.38, range: 1.29 - 2.35, p<0.001). The lesion-to-cerebellum ratio of FMISO, 
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calculated by dividing SUV10mm by cerebellar averaged SUV, was higher in GBM 

patients (2.74±0.60, range: 1.71 - 3.81) in GBM patients than in non-GBM patients 

(1.22±0.06, range: 1.09 - 1.29, p<0.001, Fig. 4a). 

 The diabetic patient was excluded from SUV and lesion-to-normal tissue ratio 

analyses of FDG PET. SUVmax of FDG did not significantly differ between GBM 

(7.55±3.72, range: 4.34 - 16.38) and non-GBM (8.21±6.04, range: 4.75 - 23.49, p=0.95). 

SUV10mm of FDG did not significantly differ between GBM (7.41±3.63, range: 4.26 - 

15.90) and non-GBM (8.03±5.96, range: 4.64 - 23.12, p=0.95). On the other hand, the 

lesion-to-gray matter ratio of FDG, calculated by dividing SUV10mm by averaged SUV 

in the contralateral gray matter, was higher in GBM patients (1.46±0.75, range: 0.91 - 

3.79) than in non-GBM patients (1.07±0.62, range: 0.66 - 2.95, p<0.05, Fig. 4a). The 

lesion-to-white matter ratio of FDG, calculated by dividing SUV10mm by averaged SUV 

in the contralateral white matter, did not reach statistical significance between GBM 

(2.81±1.23, range: 1.87 - 6.44) and non-GBM (2.66±1.60, range: 1.71 - 6.51, p=0.16, 

Fig. 4b) patients. 

 

FMISO uptake volume 

 Uptake volume of FMISO was larger in GBM (27.18±10.46 %, range: 14.02 - 
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46.67 %) than in non-GBM (6.07±2.50 %, range: 2.12 - 9.22 %, p<0.001, Fig. 4b). The 

representative images of volume measurement process are shown in Fig. 6. 

 

 

Discussion 

 Our results indicated that FMISO highly accumulated in all the GBM but not in 

the non-GBM gliomas. On the other hand, FDG accumulated in both GBM (100 %) and 

non-GBM gliomas (33 %), showing superior performance of FMISO PET relative to 

that of FDG PET in differential diagnosis. These results of visual analysis were 

supported by the analyses of SUV, lesion-to-normal tissue ratio, and FMISO uptake 

volume. 

 In the WHO definition, grade IV gliomas show microvascular proliferation and 

necrosis as well as anaplasia and mitotic activity [1]. On the other hand, necrotic tissues 

are not observed in grade III or lower grade gliomas. Therefore, necrotic change is one 

of the most important histopathological landmarks that distinguish GBM from lower 

grade gliomas. Furthermore, the necrosis in GBM is considered to be associated with 

tissue hypoxia [16, 17], which can be visualized using FMISO PET. Injected FMISO is 

first taken up by viable cells, and then oxidized and excreted by normoxic cells but 
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retained in hypoxic cells [37]. Therefore, we consider that FMISO accumulates in 

peri-necrotic hypoxic tissues, but not in the necrotic region exactly. Interestingly, we 

observed that FMISO highly accumulated in GBM lesions showing homogenous 

enhancement by gadolinium without a necrotic core described on MR images (Fig. 1, 

arrowhead). This finding suggested the possibility that even a microscopic necrosis may 

be surrounded by a hypoxic area sufficiently large to be identified by FMISO PET. 

 In this study, FMISO did not highly accumulate in non-GBM patients. Previous 

studies measured oxygen partial pressure in human gliomas directly using needle 

electrodes [18, 19, 38]. These papers reported that not only GBM but also grade II and 

III gliomas survived under hypoxic conditions. However, lower grade gliomas, which 

do not develop necrosis, showed milder hypoxia than that in GBM [18, 19]. In addition, 

FMISO accumulation requires severe hypoxia usually with oxygen partial pressure less 

than 10 mmHg [39, 40]. Our results are consistent with these lines of evidence. 

 FMISO uptake in various tumors in correlation with histological findings was 

previously investigated by Cher et al [26]. They reported that, while all grade IV tumors 

showed high FMISO uptake, all grade I and II tumors showed FMISO uptake 

comparable to surrounding tissues. They also observed slightly elevated FMISO uptake 

in 1 of 3 grade III patients but not in remaining 2 grade III patients. Our results are 
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consistent with the previous data, except for grade III patients. Major difference in 

methodology between these studies is uptake time. They conducted FMISO scanning 2 

hours after injection, while we did 4 hours after. Although protocols with 2 hours as 

uptake time are often used for FMISO study, Thorwarth et al. expressed a concern about 

2 hours imaging of FMISO [41]. Using kinetic analysis for dynamic dataset of FMISO 

PET, they demonstrated that some hot spots detected at 2 hours were not actually 

hypoxic, but rather reflected high initial influx of the tracer due to increased blood flow. 

In the current study, no grade III patients showed high FMISO uptake, possibly because 

relatively long uptake time allowed the tracer to be excreted from tissues without severe 

hypoxia. PET scanning 4 hours after FMISO injection might be favorable to 

discrimination of grade III from grade IV, although this is still inconclusive in the 

current study where the number of grade III patients is limited. 

 Noninvasive discrimination using FMISO may directly contribute to diagnosis 

in clinical settings. The new technique may suggest the possibility of avoiding biopsy or 

resection followed by pathological investigation. It will be particularly advantageous for 

aged patients or patients with impaired performance status, preventing the unfavorable 

effects of surgery. 

 It is well known that FDG uptake reflects the histological aggressiveness of 
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glioma, and therefore, GBM shows the highest FDG uptake among the gliomas [12-14]. 

In this study, high FDG uptake was unexceptionally observed in GBM patients, but at 

the same time, 3 of 9 non-GBM patients also showed high FDG uptake. These findings 

are consistent with previously published data [13, 14]. FDG PET is undoubtedly useful 

for histological grading but inconclusive when the differential diagnosis of GBM is 

crucial. We suggest that FMISO PET may play an important role particularly when the 

tumor shows FDG uptake equal to or greater than that in the gray matter. 

 We evaluated FMISO PET images in the different manners consisting of visual 

assessment, SUV, lesion-to-normal tissue ratio, and uptake volume. These analyses 

produced consistent results concerning the relationship between FMISO uptake and 

glioma grade. In the clinical settings, because these semi-quantitative values did not 

have additional information, a straightforward method of visual inspection may be 

enough for differential diagnosis. Although SUVmax and SUV10mm of FMISO was higher 

in GBM patients than in non-GBM patients, the ranges of these values for each group 

showed overlapping. This may be explained by inter-subject variability of SUV as well 

as the different PET scanner used for 1 non-GBM patient (No. 23). In contrast, the 

lesion-to-cerebellum ratio clearly separated GBM patients from non-GBM patients. The 

usefulness of the lesion-to-cerebellum ratio was demonstrated by Bruehlmeier et al [25]. 
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They showed that lesion-to-cerebellum ratio was comparable with distribution volume 

of FMISO. Although cerebral glioma patients often show asymmetric blood flow of the 

cerebellum (so called crossed cerebellar diaschisis), FMISO accumulation of left and 

right cerebellar cortex did not show significant asymmetry in the current study (data not 

shown). Our results may support the use of the lesion-to-cerebellum ratio instead of 

simple values of SUVmax or SUV10mm. 

 To further confirm the findings, we measured uptake volume of FMISO in the 

tumor and compared it between GBM and non-GBM patients. GBM contained 

considerably larger uptake volume of FMISO than non-GBM did. The hypoxic volume 

is generally delineated according to a tissue/blood ratio ≥ 1.2 in the images acquired 2 

hours after FMISO injection [27-30]. Since we did not collect blood sample at the 

scanning time, we did not apply this method. In brain tumor segmentation for 
11

C 

methionine PET, a method of tumor/normal ratio ≥ 1.3 is frequently used [30, 35, 36]. 

Accordingly, we measured intratumoral volume showing higher accumulation than 

1.3-fold cerebellum mean. Although we understand that this method did not directly 

quantify hypoxic volume, the results of this analysis were consistent to the results of 

visual and other semi-quantitative analyses, and therefore can reinforce our findings. 

 There are limitations in this study. First, the number of patients included in this 
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study was limited. Further study with more patients is necessary to reinforce our 

findings. In particular, small GBM lesions and aggressive grade III tumors should be 

focused on. Second, the current study did not investigate immunohistochemical features 

regarding hypoxia, such as hypoxia-inducible factor-1α. Finally, metastatic tumors and 

malignant lymphomas also require differential diagnosis from GBM. Future studies 

have to include various types of brain tumor and further clarify the clinical role of 

FMISO PET. 

 

 

Conclusion 

 The preliminary study demonstrated that FMISO highly accumulated in GBM 

but not in non-GBM and that FMISO PET discriminated GBM from less malignant 

gliomas. FDG PET did not perfectly distinguish these entities in this study. Thus, 

although a larger study including more patients is necessary to support our findings, 

FMISO PET might be one of the useful tools for preoperative evaluation of cerebral 

glioma. 
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Figure Captions 

 

Fig. 1  A 64-year-old man (patient No. 2) presented with bilateral frontal lobe tumor 

on FLAIR MR imaging (a). Gadolinium-enhanced MR imaging revealed multiple 

lesions (b), one with ring-like enhancement (arrow) and another with homogenous 

enhancement (arrowhead). Both lesions showed FMISO uptake greater than that in 

surrounding brain tissues (c) (high FMISO uptake), and also FDG uptake greater than 

that in the cerebral cortex (d) (high FDG uptake). The histological diagnosis was 

glioblastoma multiforme 

 

Fig. 2  A 34-year-old woman (patient No. 16) presented a tumor in the left frontal lobe 

shown on FLAIR MR imaging (a). A part of the tumor was strongly enhanced with 

gadolinium (b, arrow). The tumor showed FMISO uptake equal to that in surrounding 

brain tissues (c) (intermediate FMISO uptake), but showed FDG uptake greater than 

that in the cerebral cortex (d, arrow) (high FDG uptake). The histological diagnosis was 

anaplastic oligodendroglioma (grade III) 

 

Fig. 3  A 44-year-old man (patient No. 23) presented a tumor in the left temporal lobe 
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revealed on FLAIR MR imaging (a). Weak gadolinium enhancement was observed in 

the tumor (b). The tumor showed FMISO uptake equal to surrounding brain tissues (c) 

(intermediate FMISO uptake), and showed FDG uptake greater than that in the white 

matter and less than that in the cerebral cortex (d) (intermediate FDG uptake). The 

histological diagnosis was oligodendroglioma (grade II) 

 

Fig. 4  The lesion-to-cerebellum ratio of FMISO (a) was higher for GBM patients than 

for non-GBM patients (p<0.001). The uptake volume of FMISO (b) was larger for 

GBM patients than for non-GBM patients (p<0.001) 

 

Fig. 5  The lesion-to-gray matter ratio of FDG (a) was higher for GBM patients than 

for non-GBM patients (p<0.05), whereas the lesion-to-white matter ratio of FDG (b) did 

not reach statistical significance (p=0.16). The diabetic patient (No. 13) was not plotted 

 

Fig. 6  Measurement of FMISO uptake volume (patient No. 2 (a), and No. 23 (b)). The 

polygonal ROIs were manually drawn on every slice. The number of voxels showing 

higher values than mean of cerebellum was counted (red voxles) 
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WHO Histological MRI

No.* Age Sex Grade Diagnosis Enhancement FLAIR Enhancement

1 66 F IV GBM strong 85.7 40.4

2 64 M IV GBM strong 66.8 43.6

3 75 F IV GBM strong 66.6 46.5

4 51 M IV GBM strong 69.1 46.0

5 79 F IV GBM strong 65.2 54.4

6 82 M IV GBM strong 74.4 44.4

7 59 F IV GBM strong 63.7 58.7

8 59 F IV GBM strong 26.8 16.4

9 63 M IV GBM strong 50.2 39.9

10 79 F IV GBM strong 47.5 16.7

11 55 F IV GBM strong 45.8 35.0

12 56 M IV GBM strong 96.1 59.4

13 60 F IV GBM strong 68.2 44.1

14 69 F IV GBM strong 74.8 46.9

15 43 F III AA weak 52.3 24.6

16 34 F III AO strong 68.8 26.6

17 40 M III AOA strong 62.6 48.9

18 31 M III AOA absent 107.5 NA

19 64 M III AOA strong 62.7 23.0

20 64 F II DA absent 118.3 NA

21 37 M II OA weak 85.8 37.9

22 36 F II OA absent 61.5 NA

23 44 M II OD weak 79.5 57.4

Table 1. Characteristics of 23 glioma patients

*Patient No. 15 was a recurrent case.  AO = anaplastic oligodendroglioma; AOA = anaplastic oligoastrocytoma;

GBM = glioblastoma multiforme; NA = not available; OA = oligoastrocytoma; OD = oligodendroglioma

Tumor Size (mm)



Lesion-to- Lesion-to- Lesion-to-

WHO Visual SUVmax SUV10mm cerebellum Uptake Visual SUVmax SUV10mm gray matter white matter

No.* Grade Assessment ratio Volume (%) Assessment ratio ratio

1 IV High 2.79 2.69 2.33 14.02 High 6.48 6.37 0.91 2.10

2 IV High 2.68 2.58 2.59 21.24 High 6.71 6.57 1.27 2.75

3 IV High 3.46 3.40 2.63 24.11 High 4.39 4.32 1.49 2.33

4 IV High 2.96 2.87 3.05 31.80 High 7.72 7.56 1.76 3.34

5 IV High 3.41 3.35 3.70 34.33 High 4.34 4.26 1.11 1.87

6 IV High 3.27 3.12 2.63 37.59 High 14.30 14.16 3.79 6.44

7 IV High 2.22 2.15 2.23 41.04 High 6.47 6.34 1.11 2.41

8 IV High 2.62 2.51 1.71 15.72 High 5.18 5.08 0.97 1.91

9 IV High 2.94 2.83 2.35 14.15 High 16.38 15.90 1.85 3.82

10 IV High 2.28 2.24 2.36 26.79 High 4.64 4.54 1.09 1.96

11 IV High 4.31 4.18 3.48 46.67 High 6.19 6.11 1.15 2.15

12 IV High 2.89 2.78 2.50 25.66 High 8.90 8.73 1.25 2.87

13 IV High 4.19 4.11 3.81 31.62 (High) (4.22) (4.12) (1.56) (2.68)

14 IV High 3.27 3.19 2.93 15.81 High 6.46 6.41 1.18 2.63

15 III Int 1.38 1.30 1.19 6.64 Int 5.39 5.22 0.66 1.73

16 III Int 2.02 1.91 1.29 7.72 High 23.49 23.12 2.59 6.51

17 III Int 1.62 1.52 1.27 7.62 High 9.36 9.18 1.29 3.37

18 III Int 1.42 1.29 1.09 7.31 Int 4.75 4.64 0.75 1.73

19 III Int 1.36 1.29 1.16 2.47 Low 5.40 5.24 0.88 2.02

20 II Int 1.87 1.76 1.26 4.30 Low 4.89 4.78 0.71 1.71

21 II Int 1.51 1.39 1.21 9.22 High 9.75 9.48 1.25 3.33

22 II Int 2.02 1.97 1.26 2.12 Low 5.59 5.44 0.69 1.72

23 II Int 2.39 2.35 1.25 7.21 Int 5.29 5.16 0.81 1.79

Table 2. FMISO and FDG PET results

*Patient No. 13 was excluded from the analysis of FDG PET because of hyperglycemia. FMISO images of patient No. 23 were acquired using Biograph 64 PET-CT. Int =

Intermediate

FMISO FDG


