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Case Report 
Dual-time points 18F-FDG PET/CT imaging in detection 
of bone metastases from hepatocellular carcinoma
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Abstract: Bone scan is a well-established imaging modality in detection of osseous metastasis. However, its sensi-
tivity decreases at evaluating lytic osseous metastasis in such entity as hepatocellular carcinoma (HCC). Increas-
ingly, Fluorine-18 fluorodeoxyglucose positron emission tomography (18F-FDG PET) with dual-time points imaging is 
utilized in detection of osseous metastasis from hepatocellular carcinoma. We report a case of HCC presenting with 
a focal increased activity on bone scan corresponding to left distal humeral fracture seen on an X-ray. Subsequent 
dual-time points 18F FDG PET/CT scan demonstrated interval increase in FDG activity involving the left distal humer-
al fracture, favoring neoplastic, rather than post fracture inflammatory process, later biopsy proven to be metastatic 
hepatocellular carcinoma. Several other FDG avid lesions were also found with interval increase in FDG activity on 
delayed images, helping to narrow the differential diagnosis to osseous metastases as a cause. 
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Case report

Patient information

53 year old male with history of stage II hepato-
cellular carcinoma since October 2010 was 
treated with Sorafinib on April 7, 2011. The 
medication was stopped on April 3, 2012 due 
to disease progression. He reported sudden 
left arm pain on March 3, 2012 after carrying 
heavy water. The patient was found to have a 
spiral fracture through the distal left humeral 
diaphysis on an X-ray exam which also showed 
cortical thining in the distal left humerus. 
Pathologic fracture was suspected. Whole body 
bone scan with 23 mCi Tc-99m hydroxymeth-
ylene diphosphate (HDP) was performed using 
Siemens T6 SPECT scanner 3 hours later and 
found a large solitary focus of intense radioac-
tivity in the fracture site.

Non-contrast-enhanced 18F-FDG PET/CT imag-
es were obtained subsequently using Biograph 
Molecular PET/CT, Siemens. The patient was 
instructed to fast for 8 hours except for glu-
cose-free oral hydration before the PET/CT 
examination. Blood glucose level prior to 18F- 

FDG injection was 90 mg/dl. Intravenous injec-
tion of 474 MBq (12.8 mCi) of 18F-FDG was sub-
sequently administered. The initial non- 
enhanced CT scan was performed from the 
skull base through the mid-thigh on 64-slice CT 
scanner using the following parameters: 120 
kVp; 35 mA, with radiation exposure CTDI vol-
ume 9.7 mGy and DLP 982 mGycm. The delayed 
scan was only obtained of the chest and of the 
left elbow with CTDI volume 11.3 mGy and 430 
mGycm. PET imaging was acquired in three 
dimensional mode at 2 minutes per bed posi-
tion with the same scan range as the CT scan. 
SUV max was used to measure the FDG inten-
sity. Dual-time points imaging technique with 2 
hours separation was used to differentiate 
malignant uptake from post traumatic inflam-
matory uptake. 

Result 

Bone scan revealed a large focus of intense 
radioactivity involving the left distal humeral 
fracture. No other osteoblastic metastatic 
lesions were identified (Figure 1).

18F-FDG PET/CT images revealed 8 FDG avid 
foci while bone scan demonstrated only one 
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HDP avid focus in the left distal humeral frac-
ture site. Of the 8 FDG avid foci, dual-time 
points SUV measurements were obtained in 4 

specific locations: left humeral pathologic frac-
ture, C7, T9 and T12 vertebral bodies. The left 
humeral fracture, T9 and T12 vertebral bodies 

Figure 1. Whole body bone scan (A and B) 
was obtained using Siemens T6 SPECT scan-
ner 3 hours after intra-venous administration 
of with 23 mCi Tc-99m hydroxymethylene 
diphosphate (HDP) and demonstrated in-
creased radioactivity the left distal humerus. 
Radiograph of left elbow (C) demonstrated 
the fracture site at the left distal humerus. 

Figure 2. Initial PET image (A) shows increased FDG activity at left distal humeral fracture site with SUV max of 7. 
Delayed image (B) reveals SUV max of 8.9 with an interval increase in FDG activity by 27%.
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with associated lytic changes demonstrated 
more than 25% interval increase in FDG activi-
ty. The C7 vertebral bodies with associated soft 
tissue mass demonstrated only 5% interval 
increase in FDG activity on delayed imaging 
(Figure 2). Of other four FDG avid lesions in 
which dual-time points imaging were not 
obtained, one lesion (L5) demonstrated lytic 
change and three revealed no discernible osse-
ous abnormality on the CT imaging of the study 
(false negative) (Figure 3, 4 and Table 1). Biopsy 
of left humeral 18F-FDG avid lesion was per-
formed on March 14, 2012 and confirmed 
moderately differentiated carcinoma positive 
for HepPar1, supporting osseous metastasis 
from hepatocellular primary carcinoma. 

Discussion

Hepatocelluar carcinoma (HCC) is the most 
common primary malignancy of the liver in 
adults and the third most common cause of 
cancer death worldwide. The incidence of HCC 
in the United States is rising steadily because 
of the prevalence of hepatitis C viral infection 

and other causes of hepatic cirrhosis. It is cur-
rently the fifth most common solid tumor world-
wide and the third leading cause of cancer-
related death [1, 2]. The primary risk factor for 
HCC is liver injury from diverse causes that 
leads to hepatic cirrhosis in most patients. An 
estimated 78% of HCC cases and 57% of cases 
of liver cirrhosis are caused by chronic infection 
with hepatitis B virus (HBV) or hepatitis C virus 
(HCV) [3, 4]. Computed tomography (CT) and 
magnetic resonance imaging (MRI) are the cur-
rent preferred modalities for imaging HCC [5, 
6]. HCC tumors are optimally imaged using four-
phase techniques, and these tumors typically 
demonstrate contrast enhancement in the 
arterial phase and washout of contrast media 
in the portal venous phase. 18F-FDG PET has 
limited sensitivity for well-differentiated HCC 
due to low FDG uptake. However, 18F-FDG PET 
has a relatively high detection rate (83%) for 
greater than 1 cm extra-hepatic metastases 
[7]. Delayed imaging at 2-3 hours after FDG 
injection may detect more metastatic lesion 
[8]. For instance, Sharma et al reported a study 

Figure 3. Non-contrast CT image (A) fails to show the osseous metastasis. Fused PET/CT image (B) shows a focus 
of increased FDG activity in the right inferior sacrum (SUV max 6.3). 

Figure 4. Non-contrast CT image of pelvis (A) fails to show the osseous metastasis in the left inferior ilium. Fused 
PET/CT (B) reveals a focus of increased FDG activity in the left inferior ilium (SUV max 4.6).
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of 48 pathologically confirmed HCC with extra-
hepatic metastases and found 18F-FDG PET/CT 
to be superior to conventional imaging (CT or 
MRI) in detection of metastatic lesions (37.5% 
versus 14.5%). The sensitivity, specificity, PPV 
and NPV of 18F-FDG PET/CT for detecting 
metastases were 89.4%, 96.5%, 94.4%, 93.3% 
and that of CT were 27.7%, 93.3%, 71.4% and 
68.2% respectively [9]. In a study of 4151 
patients with hepatocellular carcinoma, Hyo 
Jung Seo et al reported that incidence of bone 
metastases from hepatocellular carcinoma 
was 6.3% (263/4151 patients) and 18F-FDG 
PET/CT demonstrated higher detection rate of 
bone metastases than bone scan both in 
lesion-based analysis (sensitivity 98% vs 53%) 
and patient-based analysis (100% vs 80%) [10]. 
Delayed PET imaging may help to differentiate 
post traumatic inflammatory uptake from 
malignant lesion as malignant lesions usually 
demonstrate an increase in FDG uptake on 2-4 
hour delayed images. FDG uptake usually 
reaches the peak level in 30 minutes in inflam-
matory process, whereas the maximum uptake 
occurs in 2-4 hours in malignant process [11, 
12]. In our study, bone scan detected only one 
HDP avid lesion while FDG PET/CT identified 7 
additional FDG avid lesions. Non-contrast CT 
study revealed corresponding osseous abnor-
mality in 5 of 8 lesions (62.5%). Of the 4 FDG 
avid lesions with dual time points SUV mea-
surements, 3 of 4 lesions (75%) with lytic bone 
change demonstrated interval increase in FDG 
uptake of more than 25% and one such lesion, 
the left distal humeral lesion, was biopsy prov-
en to be bone metastasis from hepatocelluar 
carcinoma. Only 1 of 4 lesions with soft tissue 
component demonstrated initial SUV max of 
3.7 and interval FDG increase by 5% (SUV max 
3.9). In the other 4 FDG avid lesions without 

delayed imaging, CT imaging failed to detect 
abnormality in 3 of 8 lesions with 37.5% false 
negative detection rate. Our study suggests 
that 18F-FDG PET may be superior to bone scan 
and to CT study in detection of bone metasta-
ses from hepatocellular carcinoma. Dual-time 
points 18F FDG PET/CT imaging technique may 
be helpful in differentiating the metastatic 
lesion from post traumatic inflammatory 
uptake. 
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18F FDG PET/CT

Tc-99m HDP bone scan CT bone widow
Initial delayed change %

Lt. humerus 7.0 8.9 27% Intensely uptake Lytic chane
C7 3.7 3.9 5% negative Lytic change and soft 

tissue formation
T9 3.5 4.5 29% negative lytic change
T12 3.4 5.5 32% Negative Lytic change
L5 6.3 N/A N/A negative Lytic change
Lt. ilium 4.6 N/A N/A negative negative
Rt. sacrum 6.3 N/A N/A negative negative
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