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Assessment of Bone Metastasis using Nuclear Medicine Imaging in Breast
Cancer : Comparison between PET/CT and Bone Scan

Dae Hyoun Cho, MD.", Byeong-Cheol Ahn, MD.', Sung Min Kang, MD.", Ji-Hyoung Seo, MD.,
iHo Bae, MD.", Sang Woo Lee, MD.", Jin Hyang Jeong, MD., Jeongsoo Yoo, PhD.,
Ho Young Park, M.D.z, and Jaetae lee, MD.

Department of "Nuclear Medicine and ’Surgery, Kyungpook National University Hospital, Kyungpook National
Unversity Medical School, Daegu, Korea.

Purpose: Bone metastasis in breast cancer patients are usually assessed by conventional Tc-99m methylene
diphosphonate whole-body bone scan, which has a high sensitivity but a poor specificity. However, positron
emission tomography with WBF-2-de0><yg|ucose (FDG-PET} can offer superior spatial resolution and improved
specificity. FDG-PET/CT can offer more information to assess bone metastasis than PET alone, by giving a
anatomical information of non-enhanced CT image. We attempted to evaluate the usefulness of FDG-PET/CT for
detecting bone metastasis in breast cancer and to compare FDC-PET/CT results with bone scan findings.
Materials and Methods: The study group comprised 157 women patients {range: 28~78 years old, mean+
SD=495485) with biopsy-proven breast cancer who underwent bone scan and FDG-PET/CT within 1 week interval.
The final diagnosis of bone metastasis was established by histopathological findings, radiological correlation, or clinical
follow-up. Bone scan was acquired over 4 hours after administration of 740 MBq Tc-99m MDP. Bone scan image was
interpreted as normal, low, intermediate or high probability for osseous metastasis. FDG PET/CT was performed after 6
hours fasting. 370 MBq F-18 FDG was administered intravenously 1 hour before imaging. PET data was obtained by 3D
mode and CT data, used as transmission correction database, was acquired during shallow respiration. PET images
were evaluated by visual interpretation, and quantification of FDG accumulation in bone lesion was performed by
maximal SUV(SUVmax) and relative SUV(SUVrel). Results: Six patientsi44%) showed metastatic bone lesions.
Four(66.6%) of 6 patients with osseous metastasis was detected by bone scan and all 6 patients(100%) were
detected by PET/CT. A total of 135 bone lesions found on either FDG-PET or bone scan were consist of 108
osseous metastatic lesion and 27 benign bone lesions. Osseous metastatic lesion had higher SUVmax and SUVrel
compared to benign bone lesion(d.7943.32 vs 145044, p=0000, 3.08+2.85 vs 0.30+043, p=0.000.. Among 108
osseous metastatic lesions, 76 lesions showed as abnormal uptake on bone scan, and 76 lesions also showed as
increased FDG uptake on PET/CT scan. There was good agreement between FDG uptake and abnormal bone scan
finding (Kendall tau-b : 0.689, p=0000). Lesion showed increased bone tracer uptake had higher SUVmax and
SUVrel compared to lesion showed no abnormal bone scan finding (6.03£3.12 vs 109149, p=0000, 476331
vs 1294092, p=0000). The order of frequency of osseous metastatic site was vertebra, pelvis, rib, skull, sternum,
scapula, femur, clavicle, and humerus. Metastatic lesion on skull had highest SUVmax and metastatic lesion on rib
had highest SUVrel. Osteosclerotic metastatic lesion had lowest SUVmax and SUVrel. Conclusion: These results
suggest that FDG-PET/CT is more sensitive to detect breast cancer patients with osseous metastasis. CT scan must
be reviewed cautiously skeleton with bone window, because osteosclerotic metastatic lesion did not showed
abnormal FDG accumulation frequently. (Nucl Med Mol Imaging 2007:41(1:30-41)
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Fig 1. Classification of bone scan finding for predicting osseous metastasis. (A) normal showing no remarkable
abnormal uptake, (B) low probability showing left 12th cosfochodral junction uptake, (C) intermediate probability
showing photon defect with peripheral increased uptake in sfernum, (D) high probability showing muliiple

asymmetric increased uptake in axial skeletons.
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3. F-18 FDG PET/CT
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Table 1. Incidence and Percentage of Osseous Metastasis according to Bone Scan Findings

Bone scan findings Caose No. Meta. No. Meta. %
Normal finding 126 2 1.6
Low probability 13 0 0
Infermediate probability 15 1 6.6
High probability 3 3 100

No: number, Meta: osseous metastasis
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Fig 2. Comparison of SUVmax between osseous metastasis and
benign bone lesion.
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Fig 4. Comparison of SUVmax between bone scan positive and
negative lesions.
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0.30+043, p=0.000, Fig 2, 3)
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Fig 3. Comparison of SUVrel between osseous metastasis ond
benign bone lesion.
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Fig 5. Comparison of SUVrel between bone scan positive and
negative lesions.

Table 2. Agreement between Results of Bone Scan and Those of PET

PET
sum
abnormal normal
abnormal 69 7 76
Bone scan
normal 7 25 32
sum 76 32 108
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Table 3. SUVmax according to Location of Metastatic Bone Lesion

Bone Metastases using Nuclear Medicine Imaging in Breast Cancer : Comparison between PET/CT and Bone Scan

location vertebra pelvis rib skull sternum scapula clavicle femur hurmerus
mean 4.97 4.06 4.84 8.43 2.47 493 5.35 485 2.4
SD 3.31 3.59 3.13 3.03 1,43 2.35 45 1.06 -
Table 4. Suvrel according to Location of Metastatic Bone Lesion
location vertebra pelvis rib skull sternum scapula clavicle femur humerus
mean 3.04 2.85 6.87 4,99 1.82 1.23 115 1.65 1.1
SD 30 212 4.19 1.85 0.73 0.47 0.07 0.64 -
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vertebra  pelvis rib skull sternum scaputa clavicle femur humerus

Fig 6. Comparison of SUVmax between locations of metastatic
bone lesion.

Table 5. SUvmax according to CT Finding of Bone Metastatic Lesion

SUVrel

verigbra  Pelvis rib skull  sternum scapula clavicle femur humerus

Fig 7. Comparison of SUVrel between locations of metastatic
bone lesion.

Table 6. SUvrel according to CT Finding of Bone Metastatic Lesion

CT finding lytic scleratic* mixed  no change CT finding Iytic sclerotic” mixed  no change
mean 7.2 246 6.7 5.58 mean 54 209 3.95 518
SD 2.59 6.7 3.68 24 SO 3.34 221 1.85 4.22

* means p<0.05
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lytic sclerotic mixed

no change

Fig 8. Comparison of SUVmox between CT findings of metastatic
bone lesion.

WAk (6031312 vs 1.09+1.49, p=0.000, 4.76+3.31 vs
1.29+0.92, p=0.000, Fig 4, 5)

THol Haol 9XE MM WA(407%)7F HFZel 9
A8t M4 wekow, ZwZo 2371(21.3%), 53l 1970
(176%), FAEAN TM(65%), T3 7H(65%), Azt=l
370(2.8%), thEZl| 270(2.8%). A=l 271 (2.8%), &<
o) 178(09%)7F A A Tk FolE Aol ael SUVmax
7t W B g denigoen], 529 SUVrelZl 718 =

3L
=

34

*means p<0.05

SUVrel

Iytic sclerotic mixed no change

Fig 9. Comparison of SUVrel between CT findings of metastatic
bone lesion.
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Fig 10. Sclerotic osseous metastasis without Tc-99m MDP and FDG uptake. (A) Bone scan shows no remarkable abnormal uptake. (B)
CT scan shows sclerotic metastatic lesion. (C) FDG PET/CT fusion image shows no remarkable FDG uptake in sclerotic lesions. (D) FDG

PET image shows no remarkable abnormal uptoke.

Fig 11. Osseous metastasis only visualized by FOG accumulation. This lesion do not shows abnormal finding on CT nor T¢-99m MDP bone
scan. (A) Bone scan shows no remarkable abnormal uptake. (B) CT scan shows no remarkable change on FDG accumulating bone
lesion. (C) FDG PET/CT fusion image shows remarkable FDG uptake in bone lesion with normal CT density. (D) FDG PET image shows
remarkable FDG uptake.
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Fig 12. Osteolytic osseous metastasis visualized on bone scan, CT scan, and FDG PET. (A) Bone scan shows remarkable abnormal
uptake in left parietal bone. (B) CT scan shows osteolytic lesion in left parietal bone. (C) FDG PET/CT fusion image shows remarkable
FDG uptake in the osteolytic lesion. (D) FDG PET image shows remarkable FDG uptake in the lesion.

Fig 13. Mixed (Osteolytic and sclerotic) osseous metastasis visualized on bone scan, CT scan, and FDG PET. (A) Bone scan shows
remarkable abnormal uptake in Tst lumbar vertebra. (B) CT scan shows mixed Osteolytic and sclerotic lesion in 1st lumbar verfebra.
(C) FDG PET/CT fusion image shows remarkable FDG uptake in the lesion. (D) FDG PET image shows remarkable FDG uptake in the lesion.
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