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ABSTRACT 

18F FDG PET is useful in differentiating benign from many kinds of malignant tumors including 

bone tumors. Many reporters found significant difference of SUV (standardized uptake value) 

between benign and malignant primary bone tumors. However, some benign bone tumors specially 

histolytic and Giant cell containing lesions show high accumulation of FDG, which increases false 

positive rates in FDG-PET.  So, consideration of histologic subtypes should be included in analysis 

of SUV at FDG PET of primary bone tumors. Furthermore, high accumulation of FDG in 

inflammatory lesions like chronic osteomyelitis and rheumatoid arthritis should also be considered. 

Dual time-point imaging and determination of retention index provide more help in the 

differentiation of malignant from benign tumors and is recommended for unclear bone lesions. To 

differentiate benign from malignant vertebral compression fractures PET showed slightly higher 

sensitivity over MRI and provide better specificity when both modalities are combined. PET 

provides opportunity of whole body screening to pick up new lesions and also guide FNAC in case 

of indeterminate results. 
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INTRODUCTION 

The differentiation of benign and malignant intraosseous lesions can open be accomplished by 

means of radiographs, computed tomography (CT) and magnetic resonance imaging (MRI). 

Radiographs including CT and X-ray provide important information about the appearance, 

intraosseous extent and internal characteristics of bone tumors. MRI is highly sensitive for the 

detection of bone marrow abnormalities, cortical destruction or soft tissue tumors adjacent to or 

infiltrating adjacent bones. (1) However, these modalities cannot assess tumor activity and 
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metabolism, which are crucial to differentiate malignancy from benignancy and to plan the first 

operative procedures. (2) 

Positron emission tomography (PET) with 2-[fluorine-2-deoxy-d-glucose (FDG) has been used 

extensively to differentiate malignant tumors from benign lesions in many organ systems (3-5) 

Its usefulness has also been reported in distinction of benign from malignant bone tumors and in 

the assessment of grade of musculoskeletal sarcomas. (6-9) 

Intravenously injected FDG is first transported into cells by glucose transporters and then 

phosphorylated into FDG-6-phosphate by hexokinase in same way as glucose is phosphorylated 

into glucose-6-phosphate. While glucose-6-phosphate is further catalyzed in a normal glucose 

metabolism pathway, FDG-6-phosphate is not transformed by phosphoglucose isomerase and 

therefore remains trapped in cells.(10) The accumulated 18F-FDG-6 phosphate reflects glucose 

uptake & metabolism in cells. Detecting photons generated via beta decay of 18F,PET can show 

the distribution of glucose metabolism in human body. (11) 

Accumulation of FDG is generally quantified by the standardized uptake value (SUV). 

Quantification of glucose metabolism by FDG PET has enabled physicians to differentiate 

malignancy from benignancy, identify the primary site of carcinoma of unknown origin, decide 

stages of malignant tumors and evaluate chemotherapy responses in various cancers.(2)              

This review reveals role of FDG PET in differentiating benign and malignant primary bone 

tumors, cut off point of SUV in this differentiation, role of histologic types of tumors cells, 

importance of considering benign bone lesions showing relatively high FDG uptake as well as 

the role of dual-time point imaging.  

DIFFERENTIATION OF MALIGNANT FROM BENIGN BONE TUMORS 

Since Warburg reported in 1956 that a cell line that had produced sarcoma in CH3/He mice 

showed higher glucose metabolism than acell line had not (12), malignant tumors, such as 

hepatoma (13,14), leukemia (15), colon cancer, melanoma, carcinoma of urinary bladder (14), 

and so on, have been known to show high glucose metabolism. 

 Some authors have reported higher glucose uptake in malignant musculoskeletal tumors than in 

benign tumors and tried to differentiate malignant from benign tumors using an SUV cut off of 
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1.9-3.9. (2) Earlier reports indicate the excellent ability of 18F-FDG PET to differentiate 

malignant from benign musculoskeletal tumors (6,9,16) and compression fractures. (17) 

However several authors have revealed some benign tumors with high SUV causing high false 

positive rate in trials to differentiate malignancy from benignancy with FDG-PET.(18,19) 

In a study by Akoi et al. (19), there was statistically significant difference between benign 

(2.18+1.52) and malignant (4.34+3.19) lesions though a considerable overlap was observed in 

SUV between some benign and malignant tumors. Malignant lymphomas and Ewing sarcomas 

showed extremely high SUVs. Osteosarcomas and chondrosarcomas demonstrated relatively 

high SUVs. The types of benign lesions that showed a high accumulation of FDG were Giant 

cell tumor, chondroblastoma, Langerhans cell histocytes, fibrous dysplasia and sarcoidosis. Giant 

cell tumors (n=5; SUV 4.64 1.05) showed significantly higher accumulation of FDG than 

chondrosarcomas (n=7; SUV 2.23 0.74). There was no statistically significant difference in SUV 

between fibrous dysplasias and osteosarcomas (P=0.127) or between fibrous dysplasias and 

chondrosarcomas (P==0.667). Furthermore, high accumulation of FDG has been reported in 

many kinds of inflammatory calls, including chronic osteomyelitis and rheumatoid arthritis.(20-

22) Histocytes and Giant cells in a tissue are in monocyte-macrophase lineage (23, 24). Macro 

phases play a central role in the host response to injury and infection and their energy is 

predominantly supplied by means of intracellular glucose metabolism, which may be attributed 

to high FDG uptake. (25,26) 

ROLE OF DUAL-TIME POINT IMAGING 

18F FDG PET usually is performed one hour after 18FFDG administration. Some studies have 

shown that delayed PET (2-3 hours post injection) might help in differentiating malignant lesions 

from benign ones (27-32). Sahlmann et al (33) investigated glucose metabolism in 17 patients 

with chronic osteomyelitis and four patients with malignant bone lesions by using a dual time 

point 18F FDG PET (30 and 90 min after injection). They concluded that dual time point 18F FDG 

PET may be of value in differentiation between chronic osteomyelitis and malignant bone 

lesions. 

Tian R et al (34) studied 67 patients with bone lesions detected by computed tomography (CT) 

and magnetic resonance imaging. Whole body PET-CT imaging was performed at 1 hour (early 
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after the 18F FDG injection and delayed imaging at 2 hours post injection was performed only in 

the abnormal region. The final diagnosis revealed 53 malignant bone lesions in 37 patients and 

45 benign bone lesions in 30 patients. There were statistically significant differences in the SUV 

maxE between the malignant and benign lesions (p=0.03). The mean SUVmaxE was 6.8+ 4.7 for 

malignant lesions and 4.5 + 3.3 for benign lesions. With a cut off value of 2.5 for the SUVmaxE, 

the sensitivity, specificity and accuracy were 96.0%, 44.0% and 72.4% respectively.  The 

retention index (RI) was calculated according to the equation: RI= (SUVmaxD-SUVmaxE) x 

100/SUVmaxE. There were significant differences in the RI between the malignant and benign 

lesions (p=0.004). But there was overlap between the two groups. This study indicated that dual-

time point18 F FDG PET may provide more help in differentiating malignant tumors from benign 

ones. 

Bredella et al. (17) reported the usefulness of 18F FDG PET for the differentiation of benign and 

malignant fractures and indicated that dual-time point imaging may provide more help in this 

differentiation. 

Xiu et al. (32) analyzed the retention index (RI) of 46 patients with pulmonary nodules with 

borderline levels of increased18 F FDG activity on the initial PET scan. They found that the dual-

time point imaging yielded most accurate result when the RI threshold of 10% was used. Mavi et 

al. (31) investigated 152 patients with newly diagnosed breast cancer who underwent dual-time 

point imaging for preoperative staging. They found that the sensitivity and accuracy was 

improved in dual-time point imaging.  

Whereas Hamada et al. (35) found no significant difference in the RI between malignant and 

benign soft tissue lesions. However, there was bias in their case selection. 

 

COMPARISON OF PET-CT WITH MRIIN DISTINGUISING BENIGN VS 

MALIGNANT VERTIBRAL BONE DISEASE 

A recent prospective study by Aggarwal A et al. (36) comparing MRI and 18F FDG PET-CT in 

24 patients with nontraumatic spontaneous vertebral compression fractures concluded that FDG 

PET-CT can be considered as adjunctive method for diagnosing and differentiating malignant 

from benign vertebral compression fractures. In comparison with MRI, FDGPET-CT showed 
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slightly higher sensitivity and lower specificity. (17,37) PET-CT missed one patient in each of 

the groups. When both the modalities were combined, the specificity for diagnosing a benign 

lesion was 100%. 

A major problem in selecting mean SUV max as the sole criteria for differentiating benign and 

malignant lesions is that no single cut off can be suggested. According to Laufer et al, the mean 

SUV values of lesions active with cancer were 7.1 and 2.1 in benign lesions.(38) However, 

Harkiratet al, reported SUV max values of 21 in tuberculosis.(39) Despite these limitations, PET-

CT has multiple advantages. First, whole body screening picks up sites other than the involved 

spine, thereby giving a broader picture of disease. Second, in cases of indeterminate FNAC 

results, the site of FNAC can be guided by involvement of more accessible sites such as 

subcutaneous lymph nodes, other bones, thyroid gland etc. Finally in cases where empirical 

therapy is started, repeating PET-CT can monitor the disease progress and response to therapy. 

CONCLUSION 

Positron emission tomography (PET) using 18F FDG is being used along with computed 

tomography (CT) and magnetic resonance imaging (MRI) in differentiation of benign and 

malignant intraosseous lesions. Nuclear medicine physicians should be aware of a high 

accumulation of FDG in some benign bone tumors and tumor like lesions, specially histocytic 

and Giant cell containing lesions. Dual-time point 18F FDG PET may provide more help in this 

differentiation and is specially recommended for the unclear bone lesions.  
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