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The Differentiation of Benign from Malignant Soft Tissue Lesions using
FDG-PET: Comparison between Semi—-quantitative Indices.

Joon Young Choi, M.D., Kyung Han Lee, M.D., Yearn Seong Choe; Ph. D.
Yong Choi, Ph. D, Sang Eun Kim, M.D., Byung-Tae Kim, M.D.
and Jai-Gon Seo, M.D."

Departments of Nuclear Medicine and Orthopedic Surgery f,
Samsung Medical Center, Seoul, Korea

The purpose of this study is to evaluate the diagnostic accuracy of various
quantitative indices for the differentiation of benign from malignant primary soft
tissue tumors by FDG-PET.

A series of 32 patients with a variety of histologically or clinically confirmed
benign (20) or malignant (12) soft tissue lesions were evaluated with emission whole
body (5min/bed position) PET after injection of [®FIJFDG. Regional 20min
transmission scan for the attenuation correction and calculation of SUV was
performed in 16 patients (10 benign, 6malignant) followed by dynamic acquisition for
56min. Postinjection transmission scan for the attenuation correction and calculation
of SUV was executed in the other 16 patients (10 benign, 6 malignant). The
following indices were obtained:the peak and average SUV (pSUV, aSUV) of
lesions, tumor-to-background ratio acquired at images of 51 min pi. (TBRs,
tumor-to-background ratio of areas under time-activity curves (TBRae.) and the
ratio between the activities of tumor ROI at 51 min pi. and at the time which
background ROI reaches maximum activity on the time-activity curves (Ts51/Tmax).

The pSUV, aSUV, TBRs, and TBRae. in malignant lesions. .were significantly
higher than those in benign lesions. We set the cut-off values of pSUV, aSUV,
TBRs;, TBRaea and Ts/Tmax for the differentiation of benign and malignant lesions
at 35, 28, 51, 43 and 155, respectively. The sensitivity, specificity and accuracy
were 91.7%, 80.0%, 84.4% by pSUV and aSUV, 83.3%, 85.0%, 844% by TBRs,
83.3%, 100%, 93.8% by TBRaea and 66.7%, 70.0%, 68.8% by Tsy/Tmex. The
time-activity curves did not give additional information compared to SUV or TBR.

The one false negative was a case with low-grade fibrosarcoma and all four false
positives were cases with inflammatory change on histology. The visual
analysisof FDG-PET also detected the metastatic lesions in malignant cases with
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comparable accuracy.

In conclusion, all pSUV,

aSUV, TBR51,

and TBRarea are useful metabolic

semi-quantitative indices with good accuracy for the differentiation of benign from

malignant soft-tissue lesions.
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Fig. 1. (a) FDG-PET imaging protocol using con-
ventional transmission-emission scanning
method for attenuation correction.

(b) FDG-PET imaging protocol using pos-
tinjection transmission scanning method for
attenuation correction.
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Table 1. Clinical Characteristics and PET Results of the Patients

Case  Diagnosis Size(mm) Location pSUV aSUV TBRsi TBRaea Ts/Twmax  TAC
1 Lipoma 35X55 Shoulder 0.8 05 13 02 1.13 P
2 Lipoma’ 20%25  Elbow 11 03 04 NA NA NA
3 Hemangioma 25x17 Thigh 1.2 05 1.3 14 1.35 D
4 Hemangioma' 15%X35  Leg 1.2 1.1 16 13 2.74 I
5 Fibrolipoma 30%X15 Neck 14 1.1 1.3 NA NA NA
6  Fibromatosis 25X 25 Buttock 15 1.0 1.9 35 0.97 D
7  Lymphangioma 45X 25 Leg 15 1.3 1.6 1.9 1.27 D
8  Ganglion 3BX3H Thigh 1.7 1.1 1.3 NA NA NA
9 Hemangioma 20% 35 Leg 2.0 1.1 2.0 NA NA NA

10 Hemangiopericytoma 15%x35 Forearm 22 16 24 NA NA NA
11 Ganglion 45X 30 Shoulder 25 2. 1.9 NA NA NA
12 Fibromatosis 15%X30 Shoulder 26 22 3.0 2.6 0.77 D
14  Neurilemoma 55X 40 Leg 26 21 22. NA NA NA
14 Hemangioma 50x 25 Thigh 2.7 2.3 24 29 1.14 P
15  Neurilemoma 18x 20 Leg 2.8 1.7 2.6 NA NA NA
16 Myxoma 32X 44 Knee 34 27 24 2.8 1.36 P
17  Fat necrosis 25X15 Buttock 51 3.8 8.0 NA NA NA
18 PVNS 25X 32 Elbow 75 5.0 7.8 4.2 3.28 1
19 Nodular synovitis 25X 22 Foot 8.0 52 5.0 3.8 2.48 I
20  Epithelial cyst 20% 20 Back 83 52 7.1 NA NA NA
21 Fibrosarcoma 20X 40 Knee 2.3 1.9 15 1.3 0.89 D
22  Malignant schwanoma’ 383x 40 Upper arm 39 32 6.0 44 1.94 I
23 MFH 25%20 Forearm 5.1 29 2.1 NA NA NA
24 MFH' 20%35 Elbow 5.6 37 9.7 102 3.17 I
25  Leiomyosarcoma 18x20 Thigh 6.5 38 53 5.8 1.07 I
26 MFH 95X 95 Thigh 6.7 44 6.8 5.4 157 I
27 DFS 43x35 Foot 8.1 59 88 NA NA NA
28  Leiomyosarcoma 40X 55 Thigh 84 58 8.1 NA NA NA
29  Synovial sarcoma 60x78 Knee 94 73 125 NA NA NA
30  Synoyial sarcoma 80X 75 Thigh 10.1 6.8 24.6 NA NA NA
31 NHL? 45X50 Elbow 13.8 98 16.7 9.0 10.65 1
32 NHL 130x 8 Chest 239 14.1 49.7 NA NA NA

TThese cases were clinically diagnosed without hisgological confirmation.

Metastasis was detected by whole~body FDG-PET
PVNS = pigmented villonodular synovitis
MFH = malignant fibrous histiocytoma
NA = not applicable
D= decreasing pattern

DFS = dermatofibrosarcoma protuberans
NHL = non-Hodgkin’s lymphoma

= Increasing pattern
P= plateau pattern
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Table 2. Correlation Coefficients Between pSUV, aSUV, TBRs), TBRarca and Tsy/Tmax

pSUV aSuUv TBRs; TBRarea Ts1/ Trmax.

pSUV 1.000% 0.9891 0.926" 0.7637 0.803"
aSUV 09897 1.000% 0.900" 0.7437 083"
TBRs; 09267 09007 1ooo’ -0.8837 08727
TBRares 0.763" 0.743" 0.883" 1000t 0.624%
Ts1/Tonax. 0.803" 0.838" 08721 0.624% 1.000f

¥ p<0.0001

¥ p<0.001

§ p<0.01

Table 3. The Summary of PET Data Between Benign and Malignant Soft Tissue Tumor Groups

pSuv’ asuv’ TBRs; T TBRurea® Tt/ Trmax.
Benign 30 + 23 21 * 15 29 + 22 26 * 11 16 = 086
Malignant 86 * 57 58 * 34 127 + 133 60 * 32 32 + 37

¥ p<0.0005 5<0.005 ¥ p<0.01 *b=n.s.

Note : The TBRarea and Tsy/Tmax. ratio were acquired in 16 cases with dynamic PET scanning.
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Table 4. The Diagnostic Results of Various FDG-PET Indices for the Differentiation of Benign from
Malignant Soft Tissue Lesions

pSUV aSuv TBRs1 TBRarea Ts1/Tmax. TAC
Sensitivity 91.6% 91.6% 83.3% 83.3% 66.7% 83.3%
Specificity 80.0% 80.0% 85.0% 100% 70.0% 70.0%
Accuracy 84.4% 84.4% 84.4% 93.8% 68.8% 75.0%

TThe cut-off values of pSUV, aSUV, TBRs;, TBRae and Te/Tmax are 35, 2.8, 51, 43 and 155

respectively.
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Fig. 2. Tumor and background time-activity cu-
rves of the benign (a) and maliganant (b)
soft tissue lesions. The curves are pre-
sented as meantstandard errors. Note that
the time-activity curve of malignant lesions
shows increasing pattern as time goes and
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Fig. 3. False negative case with a mass in the left popliteal fossa, which was proven to a low-grade
fibrosarcoma with low mitotic count and high cystic portion by histological confirmation. (a) Tumor
shows low FDG uptake with 23 of pSUV by PET. (b) T2-weighted transverse MRI shows a
homogeneous low attenuated mass with cystic portion in the left popliteal fossa. (c) The time-activity
curve also shows a decreasing pattern, which do not give additional information for the evaluation of
soft tissue lesions.
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Fig. 4. (a) Transaxial FDG-PET image of case 18 with a pigmented villonodular synovitis shows high FDG
uptake with 7.5 of pSUV in the right elbow. (b) Gd-enhanced T1-weighted sagittal MRI shows well
enhanced heterogeneous mass in the right elbow area. (¢) Time-activity curve also shows an
increasing pattern.
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Fig. 5. Whole-body PET image (a) of case 29
having a synovial sarcoma in the right
knee with 94 of pSUV. Note the
increased FDG uptake lesions in the
both lungs (arrows), which were con-
firmed as metastatic lesions by chest
CT (b).
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