
Emerging role of PET/CT in osteosarcoma

Introduction:
FDG PET/CT has been used to evaluate 
various malignancies including those of the 
musculoskeletal system. It is an imaging 
technique that provides information about 
the metabolic changes associated with 
cancer. PET imaging uses molecules that are 
labelled with radio nuclides. In clinical PET 
practice the principal radio-isotope used is 
the positron emitting 18 F-FDG which is a 
glucose analogue labelled with radionuclide 
18 F. FDG is injected intravenously and is 
transported from the plasma to the cells by 
glucose transporters (GLUT 1 & GLUT 4). 
It then undergoes phosphorylation within 
the cell by the enzyme hexokinase and is 
converted to FDG-6-phosphate. FDG-6-
phosphate does not get further metabolised 
and gets trapped in the cell. Cancer cells 
demonstrate increased anaerobic glycolysis 
(Warburg effect) which is believed to be due 
to upregulation of glucose transporters and 
hexokinase and reduced levels of glucose-6-
phosphatase thus limiting further 
metabolism of the tracer in cancer cells [1]. 
Thus FDG PET provides unique functional 
information by taking advantage of the 
propensity of malignant tumors to 
demonstrate increased glucose utilization 
(metabolism) as compared with normal 

tissue.
A semiquantitative measure of the 
metabolic activity (corrected for the amount 
of radiotracer injected per kilogram of body 
weight and for blood glucose level) is 
known as the standard uptake value (SUV) . 
Although the degree to which both benign 
and malignant tumors accumulate FDG can 
be quite variable, malignant tumors tend to 
have higher SUV values. In general 
significant difference is noted in the SUV of 
benign and malignant primary bone tumors. 
It should be noted that the interpretation of 
absolute SUV values can be misleading. No 
cutoff value of SUV can be established in 
clinical practice to reliably differentiate 
benign from malignant primary bone 
tumors. Osteosarcomas (OGS) and Ewings 
sarcomas tend to be FDG avid whereas 
chondrosarcomas and soft tissue sarcomas 
showing a wide range of uptake depending 
on the histology and grade of the tumor. 
Since OGS is FDG concentrating tumor, 
FDG PET can be used for staging and 
restaging. FDG PET can also be used to 
monitor response to neo-adjuvant 
chemotherapy and as a prognostic and 
predictive marker.

Use of  FDG PET in staging: 

Effective treatment stratification in patients 
with musculoskeletal malignancies requires 
accurate assessment of the extent of primary 
tumor and evaluation for the presence of 
metastatic disease.
MRI is the modality of choice in assessing 
the local extent of the primary lesion for 
surgical planning and PET plays a limited 
role. However PET may allow the 
noninvasive estimation of the histologic 
grade of tumors. The SUV of bone and soft 
tissue sarcomas has been used as a 
prognostic marker to predict patient 
outcomes. It has been shown that the 
baseline SUVmax is an independent 
predictor of overall survival [2]. Also FDG 
accumulation within a large heterogeneous 
tumor allows identification of the areas with 
the highest biologic activity. This can allow 
targeted biopsy from the most metabolically 
viable portion of the tumor, which can help 
in ascertaining the accurate histological 
grade [3].
Since OGS metastasizes to multiple skeletal 
sites an accurate whole body bone imaging 
modality is important for accurate staging. 
Bone scanning using 99m Tc- methylene 
diphosphonate(MDP) has been for several 
years the work horse for detection of 
skeletal metastases in several cancers 
including OGS. MDP bone scan seems to 
be well suited to detect skeletal involvement 
because of the osteoblastic nature of skeletal 
metastases in OGS which can be detected 
by a conventional MDP bone scintigraphy 
with a high degree of sensitivity. However 
MDP bone scanning can suffer from  limited 
spatial resolution due to planar imaging. In 
addition the high tracer uptake in the region 
of the growth plates can also conceal 
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metastatic lesions. Another limitation of 
bone scanning is the high number of false 
positives and indeterminate findings which 
need further confirmation with anatomical 
imaging. Recent studies have shown a better 
sensitivity of FDG PET/CT than MDP 
bone scan primarily due to its greater ability 
to detect metastases in the region of the 
growth plate which are often masked on 
bone scans [4]. Addition of CT information 
in an integrated PET/CT scan also reduce 
the  number of false positives leading to 
better accuracy compared to bone 
scintigraphy.
Volker et al  in their study in paediatric 
sarcomas (Ewings, OGS & RMS) showed a 
higher sensitivity of FDG PET (88%) over 
conventional imaging (37%) for skeletal 
metastases from Ewings sarcoma [5]. The 
sensitivity however was not much different 
(90% for PET Vs 81% for conventional 
imaging) for skeletal metastases in OGS. 
PET was superior to conventional imaging 
in the correct detection of lymph node 
involvement (sensitivity, 95% v 25% 
respectively). With the availability of 
integrated PET/CT machines, pulmonary 
metastases can be diagnosed using the CT 
component of the PET/CT study with 
same accuracy as that of a chest CT 
obviating the need for a separate CT 
examination of the chest. Thus an integrated 
FDG PET/CT can serve as a single stop 

shop modality for metastatic work up of 
OGS patients (figure 1).
Various metabolic parameters can be 
obtained from the FDG PET/CT study that 
provide valuable prognostic information. 
Metabolic tumor volume (MTV) and total 
lesion glycolysis (TLG) are indicators of 
tumor metabolism which are independent 
prognostic markers and can predict 
metastases and survival in OGS [6].

Role of FDG PET as a surrogate marker 
in assessing response to neoadjuvant 
therapy:
Since functional and biochemical changes in 
a tumor in response to therapy occur much 
earlier than morphologic changes, FDG 
PET has proven to be very useful in looking 
at tumor viability before the changes are 
evident on standard morphological imaging 
techniques. Various studies have found a 
strong correlation between the degree of 
tumor necrosis on histology following neo-
adjucvant chemotherapy and reduction in 
FDG concentration in  Osteosarcomas 
[7,8]. In patients classified as having a good 
response to chemotherapy there is 
significant reduction in tumor FDG 
concentration (figure 2). Thus PET using 
FDG can be potentially used as a non-
invasive surrogate to predict response as 
well for prognostication [9]. A 
multiparameter analysis technique based on 

kinetic 18F-FDG data (dynamic PET) of a 
baseline study and after 2 cycles is helpful 
for the very early prediction of 
chemosensitivity in patients with soft-tissue 
sarcomas receiving neoadjuvant 
chemotherapy. This can have potential 
implications on management in the form of 
whether to change or intensify 
chemotherapy or to decide whether to 
salvage or ampute the limb in chemo non-
responsive tumors.

Role of FDG PET in detection of disease 
recurrence:
Conventional imaging modalities such as 
CT and MR imaging are limited in their 
ability to differentiate treatment related 
changes from recurrent tumor. Distortion of 
normal anatomy, symmetry and tissue 
planes following surgery or radiation 
therapy makes detection of tumor 
recurrence difficult. Also degradation of 
image quality due to artifiacts produced by 
metallic prosthesis limits evaluation of local 
tumor recurrence. The whole body imaging 
capabilities of FDG PET allow detection of 
local as well as distant tumor recurrence. 
FDG PET/CT is useful in detecting 
recurrence at the primary site and is often 
complementary to other imaging modalities 
[9]. It is fairly accurate in detecting sites of 
distant failure as well. Its potential benefits 
and limitations compared to conventional 

Figure 1: Coronal PET (1a) and fusion PET/CT (1b) scans in a 24 year old man with 
osteosarcoma of the left femur shows intense metabolic uptake in the primary tumor (arrows). 
Extensive metastatic disease is seen in opposite femur (arrowhead in 1a).

Figure 2: Pre (2a) and post (2b) neo-adjuvant chemotherapy FDG PET scans in 21 year old man 
with osteosarcoma of the lower end of right femur show significant reduction in metabolic activity 
of the primary tumor (arrows) suggesting good response to chemotherapy.
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imaging modalities will have be studied in larger homogenous patient 
groups.

18F Sodium fluoride (NaF) PET scan:
18F NaF is a bone seeking radiotracer which was introduced way back in 
1962 for skeletal imaging [10]. The availability of  integrated PET/CT 
systems has led to a renewed interest in the use of 18F-NaF for imaging 
skeletal metastases (Fig. 3). PET/CT imaging allows high-resolution 
functional imaging of the skeleton with greater sensitivity than that of 
planar scintigraphy/MDP bone scans. Integrated PET and CT system 
allows the interpretation of 18FNaF in conjunction with CT images. This 
enables better morphologic characterization and improved differentiation 
between benign and malignant lesions reducing the number if false 
positives and the indeterminate lesions. Studies have shown better accuracy 
and lesions detectability for 18F NaF PET scans as compared to MDP bone 
scans in several cancers.(11,12).  18F NaF PET/CT scan can image skeletal 
as well as lung metastases in a single examination and can be used for 
metastatic work up of OGS patients. Comparison of  the diagnostic 
accuracy and cost effectiveness of FDG PET/CT and NaF PET/CT in 
OGS patients has not been investigated in detail and studies addressing the 
same need to be carried out.

Figure 3: A 16 year old boy with osteosarcoma of the left tibia. Coronal CT scan (3a) 
shows a sclerotic lesion in the left tibia and fusion NaF PET-CT scan (3b) shows intense 
NaF uptake at the primary site.
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