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Tumor Margin Infiltration
in Soft Tissue Sarcomas:

Prediction Using 3T MRI
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Purpose To determine the value of 3 Tesla (T) MRI texture analysis for predicting tumor margin
infiltration in soft tissue sarcomas.

Materials and Methods Thirty-one patients who underwent 3T MRI and had a pathologically
confirmed diagnosis of soft tissue sarcoma were included in this study. Margin infiltration on
pathology was used as the gold standard. Texture analysis of soft tissue sarcomas was per-
formed on axial T1-weighted images (WI) and T2WI, fat-suppressed contrast-enhanced (CE)
T1wl, diffusion-weighted images (DWI) with b-value of 800 s/mm?, and apparent diffusion coef-
ficient (ADC) was mapped. Quantitative parameters were compared between sarcomas with
infiltrative margins and those with circumscribed margins.

Results Among the 31 patients with soft tissue sarcomas, 23 showed tumor margin infiltration
on pathology. There were significant differences in kurtosis with the spatial scaling factor (SSF)
of 0 and 6 on T1WI, kurtosis (SSF, 0) on CE-T1WI, skewness (SSF, 0) on DWI, and skewness (SSF,
2,4) on ADC between sarcomas with infiltrative margins and those with circumscribed margins
(p < 0.046). The area under the receiver operating characteristic curve based on MR texture
features for identification of infiltrative tumor margins was 0.951 (p <0.001).

Conclusion MR texture analysis is reliable and accurate for the prediction of infiltrative margins
of soft tissue sarcomas.

Index terms Sarcoma; Magnetic Resonance Imaging; Computer; Software;
Diffusion Magnetic Resonance Imaging
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292 d4 T wet ATk, FEYF AWl T2 42 E R AV (turbo spin-

echo) 94, T1 B2 ElHATO|T O, AWelAlE kvt o}Xl ge AV T2UEYY, 33
L 2 Aol 2937 TLZEG 0] TFRch T WA Table 191 Lok 9ick.

=

o]7] 3o = o ZHH(single-shot spin-echo echoplanar) A F NS 2=}
@ . GeneRalized Autocalibrating Partially Parallel Acquisitions (GRAP-
PA)E AHESh= HEQA7IHE 715 A4 22 AR EIQIT QIF Q-2 3719) Au % oz 4
Y= Qict Al 7)Hk g &AlA| 4 (apparent diffusion coefficient, ADC) A Ei= /3-8 AT EQ]
o] 2 93 AH|o]H(Leonardo MR Workplace, Siemens Medical Solution, Erlangen, Ger-
many)< A8t 0 2 800 sec/mm? b-4te] DWIZRE T 2|4 ALRE Foto] A=At
(4,18, 19)

S

=4 ol 1299 AP 7H & o] G ett HEQ(SY.L)7H S U2l AL
(necrosis), 284 ¥WsHhemorrhagic change), 413|3}(calcification)of] thete] 2AJ513IcH &
& 7HgAE] o] Bk We|eha] Auks 4R Zohes AEiolM &3 o7 Hrlsigiot MA=T2 7
Z2ZelM AN HZEE HolHA Al 2HSH T1 FE2F/olM 24540l HA &=
8%, 28/ WIgh= T1 42Y730lA 14873 e S Bo|HA] ThE 2738 JA4 Al 2004 7]
A 5ol B3lelA] o A2 A JstlTH20). sk T B7HS s 2ol Algsh At
FSE Y (PET/CT) v A4tetd3Z9(CT)ollM A2let Bols 39z olsigith. 9 &

oF 9 ZA|3le] AL HAie HAlh BHYT A F A2 Blskic 2R A
FAP, AT, B AIRS FEH 02 Wokstel AL ZEH o] dt 592 Hojst

Table 1. MRI Parameters

Parameters Conventional Sequences DWiI

Matrix size 512 X 256 98 X 84-128 X 128
T1WI, 600-857/10-20

TR/TE, msec 3400-10800/49-90
T2WI, 4000-5310/62-88

Field of view, mm 100-400 100-400

Fat suppression CHESS pulse CHESS pulse

Section thickness, mm 3-10 3-10

Intersection gap No No
TiWI, 3

Turbo factor or EPI factor 56
T2WI, 13

Number of excitation 1 3-5

CHESS = chemical shift selective, DWI = diffusion-weighted image, EPI = echoplanar imaging, TE = echo
time, TR = repetition time, TIWI = T1-weighted MR image, T2WI = T2-weighted MR image
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Fig. 1. Texture analysis using MRI of a malignant peripheral nerve sheath tumor with circumscribed tumor margin in a 29-year old male.

A-H. Texture analysis was performed within the region of interest (blue circle) on TIWI (A), T2WI (B), contrast-enhanced-T1WI (C), diffusion-
weighted MR image with high b-value (b =800 sec/mm?) (D), and ADC from b-value of 0 and 800 s/mm? (E). MR texture parameters after filtra-
tion using SSFs of 2 (fine-texture features), 4 (medium-texture features), and 6 (coarse-texture features) were also obtained for each MR se-
quence. Filtered ADC image using SSFs of 2 (F), 4 (G) and 6 (H).

ADC = apparent diffusion coefficient, SSF = spatial scaling factor, TIWI = T1-weighted MR image, T2WI = T2-weighted MR image

g 2lARAS st A7 |38 AR E o 839 e TF MR AT Y
£ H7Fsl7] $I5tod receiver operating characteristic (15} ROC) 5445+ g 4% (area un-
der the ROC curve)E 231, Youden index (24)5 AR50l 2|Z|o] Zle & ZHS A4S &
Al B 48 AT EQof(MedCalc Statistical Software version 19.3.1, MedCalc Software
Ltd., Ostend, Belgium)= <~345}2ct. 0.05 1|TH] pghs SAX 0= f-ol5t A o = 513t
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3172] 29| Lpol= 17A00A] 844 aL 3 ATJ-2 57AIATE. FRF= 149 (W g 6141,
A cH 17-86M)2F =} 1778 (38 604, ATITh 28-84Al)0] At A=A] 8- 22t 319 F 2374
e A 0 2 8/ 7Pt E B 87 Rl =shd 7PgAtE & Balnh e
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g
914, 53.5-71.5A) At R/ SF 3 73] 85 Afolo]l A, A, TY 24T g L =
254 Fgolli= §2J8h &Ho] 7} 3L UTHp > 0.050) (Table 2).

H &3, Aslsh= 284 82 9] 789%(18/23), 65%(15/23), 30%(7/23)0l1A] H.
AL, FBHY 8= 2] 88%(7/8), 75%(6/8), 38%(3/8)2] Wl e} H|W3lo] G053t 2ol Qi
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o8
=
T
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Table 2. Characteristics of Patients with Soft Tissue Sarcomas

Infiltrative Margin  Circumscribed Margin
(n=23)* (n=8)*
Age, years " 61 (17-86) 60 (28-84) 0.668
Sex 0.668
Male 9
Female 14

Characteristics p-Value

Tumor histologic type 0.243
Undifferentiated sarcoma
Myxofibrosarcoma
Synovial sarcoma
MPNST
Myxoid liposarcoma
Malignant melanoma
Angiosarcoma
Dedifferentied liposarcoma
Well differentiated liposarcoma
Low grade fibromyxoid sarcoma
Extraskeletal mesenchymal chondrosarcoma

O O O © O +FH H N N W o1
N T T = = T =T = S o S S

Leiomyosarcoma
Histologic grade 0.274

|

I 2

M 18 4

*Values are numbers of patients.
Numbers are median (range).
MPNST = malignant peripheral nerve sheath tumor

w
w
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120709] 2 A7 3H Y gax] B4 7Fed oA 7] Eo] Aa/d S5 A9 &
& Zboll 725t 2ol 5 EATH(p < 0.046) (Table 4). T1 F29/S SSF7FH0Q W == =7Hd &
Foll Hls) Y278 &FolA B £380m(0.89 vs. 0.16, p =0.017), SSF7F 6% ulf e 24 &
Table 3. Qualitative Analysis of MRI

Characteristics Infiltrative Margin (n=23)* Circumscribed Margin (n=8)*  p-Value

Intratumoral characteristics

Necrosis 18 6 0.799

Hemorrhage 15 6 0.936

Calcification 7 3 0.936
Peritumoral chracteristics

Indistinct border 12 6 0.541

Peritumoral enhancement 18 7 0.799

*Values are numbers of patients.

Table 4. p Values for Comparison of MR Texture Parameters between Circumscribed vs. Infiltrative Margin

Parameter SSF Tiwi T2WI CE-T1WI DWI ADC
Mean 0 0.877 0.354 0.764 0.237 0.469
2 0.678 0.746 0.806 0.862 0.165
4 0.568 0.784 0.978 0.941 0.217
6 0.756 0.784 0.935 0.823 0.409
SD 0 0.756 0.354 0.236 0.122 0.122
2 0.405 0.862 0.427 0.328 0.258
4 0.836 0.941 0.682 0.258 0.070
6 0.916 1.000 0.682 0.328 0.409
MPP 0 0.877 0.354 0.764 0.237 0.469
2 0.228 0.601 0.460 0.381 0.110
4 0.435 0.709 0.682 0.304 0.321
6 0.916 0.524 0.978 0.354 0.062
Entropy 0 0.733 0.542 0.429 0.384 0.091
2 0.435 0.770 0.415 0.396 0.111
4 0.884 0.633 0.575 0.317 0.122
6 1.000 0.652 0.508 0.327 0.122
Skewness 0 0.407 0.411 0.139 0.024* 0.815
2 0.232 0.194 0.980 0.879 0.019*
4 0.172 0.233 0.491 0.433 0.046*
6 0.172 0.243 0.320 0.421 0.270
Kurtosis 0 0.017* 0.958 0.020* 0.128 0.760
2 0.845 0.326 0.273 0.117 0.223
4 0.435 0.542 0.296 0.090 0.656
6 0.011* 0.301 0.308 0.192 0.606

Data are p values.

*Statistically significant.

ADC = apparent diffusion coefficient, CE = contrast-enhanced, DWI = diffusion-weighted image, MPP = mean
positive pixel, SD = standard deviation, SSF = spatial scaling factor, TLIWI = T1-weighted MR image, T2WI =
T2-weighted MR image
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ZollA © Wtth0.79 vs. 3.11, p = 0.011). 2HZ7FY4H(SSF, 0)0llA HE(-0.07 vs. 1.46, p =
0.020), EAEFZFGAHSSE, 0)0llA12] (0 vs. 0.66, p = 0.024) D FAJSHAA|422] = (SSF 2, 4)°l]
A1) Q= (:0.01vs. 0.7, p=0.019 X 0.07 vs. 0.61, p = 0.046)= H-o4 S50l =eHd 8FHct
FoJ51A Eteh(Fig. 2). ZF ¥4=2] ROC 4151 Y 2 42] = 0.741-0.810 HI ATHTable 5).
UG ZAAE 37 BAolA &/ TY 7P = T1 B2 H/HSSE, 6)ollx1e] M=, et
FEG/(SSF, 0)2] e, AJEAAAI = (SSF, 2)9] et -F-of5h A Lerl k(4
0.026, p=0.035 % p =0.050). ¥FH T1 7&503%(881? 0)ollA &, =PSB F(SSF, 0)ell
A A=, FAZAAS| £ (SSF, 4)0ll4] el eel= [-o)5t A7 ¢l E]'(p > 0.070). THHEF
ZAAE 3] HPEA N AR E(SSF, 2) ol == oA 25 7HdAE(p =
0.032)2 EH o2 Folah| ATIS B tHTable 6). 27|53 H G4 HlAHE o]-835F chizf

Z
nde lz; 100.0%2} E0] = 87.5%% 211, ROC 415|942+ 0.951 (p < 0.001)°]

3
E

o] Q1T 3T 47| 3G Blax] Bido] Az §50) Yo FgtelE oS 4 9ee

Fig. 2. Box plots of MR texture parameters including kurtosis (SSF, 0) on T1WI (A), kurtosis (SSF, 6) on T1WI (B), kurtosis (SSF, 0) on CE-T1IWI (C),
skewness (SSF, 0) on DWI (D), skewness (SSF, 2) on ADC (E), and skewness (SSF, 4) on ADC (F) in soft tissue sarcomas with infiltrative and cir-
cumscribed margins.

In the box plots, the bottom of the box indicates the 25th percentile. A horizontal line within the box marks the median. The top of the box in-
dicates the 75th percentile. Whiskers above and below the box mark the 10th and 90th percentiles, respectively. Red dots above and below
the whiskers indicate outliers beyond the 10th and 90th percentiles, respectively.

ADC = apparent diffusion coefficient, CE = contrast-enhanced, DWI = diffusion-weighted image, SSF = spatial scaling factor, TIWI = T1-weight-
ed MRimage
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Table 5. Diagnostic Performance of Each Parameter for Diagnosis of Infiltrative Tumor Margin

Sequence  Parameter SSF AUC Sensitivity (%) Specificity (%) Cut-Off p-Value
T1iWI Kurtosis 0 0.792 (0.601-0.919) 71.43 (47.8-88.7) 87.50 (47.3-99.7) >0.43 <0.001
T1WI Kurtosis 6 0.810(0.617-0.932) 76.19 (52.8-91.8) 85.71 (42.1-99.6) <1.80 <0.001
CE-T1WI Kurtosis 0 0.795 (0.605-0.922) 86.36 (65.1-97.1) 71.43(29.0-96.3) < 1.40 0.002
DwI Skewness 0 0.763 (0.576-0.896) 59.09 (36.4-79.3) 88.89 (51.8-99.7) <0.05 0.005
ADC Skewness 2 0.784 (0.596-0.912) 72.73 (49.8-89.3) 87.50 (47.3-99.7) <0.59 0.002
ADC Skewness 4 0.741 (0.550-0.883) 68.18 (45.1-86.1)  87.50 (47.3-99.7) <022 0.010

95% confidence interval in the parentheses.
ADC = apparent diffusion coefficient, AUC = area under the receiver operating characteristic curve, CE = contrast-enhanced, DWI = diffusion-
weighted image, SSF = spatial scaling factor, TIWI = T1-weighted MR image

Table 6. Univariable and Multivariable Logistic Regression Analysis for Predicting Infiltrative Tumor Margin

Variable Univariable Multivariable

OR 95% ClI p-Value OR 95% ClI p-Value
Age 1.01 0.97-1.07 0.494
Histologic grade 2.39 0.95-6.00 0.063
T1WI kurtosis SSF 0 3.74 0.90-15.48 0.069
T1WI kurtosis SSF 6 0.66 0.44-0.99 0.049* 0.69 0.29-1.63 0.398
CE-T1IWI kurtosisSSFO  0.84 0.57-1.23 0.373
DWI skewness SSF 0 0.19 0.04-0.89 0.035* 0.02 0.00-1.35 0.069
ADC skewness SSF 2 0.12 0.02-0.78 0.026* 0.01 0.00-0.65 0.032*
ADC skewness SSF 4 0.18 0.03-1.19 0.075

*Statistically significant.
ADC = apparent diffusion coefficient, CE = contrast-enhanced, DWI = diffusion-weighted image, OR = odds
ratio, SSF = spatial scaling factor, TIWI = T1-weighted MR image

Ho|Z]lt}. o] Aolli= B 71A] 14} S| AR 7|9k 27| 3 QA B ARESto] w2 AT
g5& UHEHIH Y M8-2 dSshe 212 AP H U 2 & AlIES Ale= Tloll =80 2
4 e, AxZ] SF2] F4 2JZK(proliferation contour)S FAH AJ=(disease-free survival),
7o) A= (metastasis-free survival) B =4~ A} 4s] o] 91 7] ufEolch(25).
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Fig. 3. A61-year-old female with an infiltrative myxofibrosarcoma in the right paraspinal muscle.

A-H. The myxofibrosarcoma (arrows) appears to have a circumscribed tumor border on axial TIWI (A), T2WI (B), CE-T1WI (C), DWI with high b-
value (b =800 s/mm?) (D), ADC from b-value of 0 and 800 s/mm? (E), and coronal fat-suppressed T2WI (F). MR texture parameters suggested
infiltrative tumor growth: kurtosis (SSF 0, 6) on T1IWI, kurtosis (SSF, 0) on CE-T1WI, skewness (SSF, 0) on DWI, and skewness (SSF 2, 4) on ADC
were -0.13, 1.8,-0.94, -0.52, -0.55, and 0.68, respectively. The cut surface of the myxofibrosarcoma (G) shows a glistening, GA and a FA. The tu-
mor has an ill-defined border and is infiltrating the adjacent skeletal muscle (arrows, hematoxylin & eosin stain, X 40) (H).

ADC = apparent diffusion coefficient, CE = contrast-enhanced, DWI = diffusion-weighted image, FA = firmer and gray-white area, GA = gelati-
nous area, SSF = spatial scaling factor, TIWI = T1-weighted MR image, T2WI = T2-weighted MR image
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Fig. 4. An 84-year-old male with a well-defined de-differentiated liposarcoma in the left thigh.

A-G. The de-differentiated liposarcoma (arrows) appears to have a focally infiltrative tumor border (arrowheads) on axial TIWI (A), T2WI (B),
CE-T1WI (C), DWI with high b-value (b = 800 s/mm?) (D), and ADC from b-value of 0 and 800 s/mm? (E). MR texture parameters suggest a cir-
cumscribed tumor margin: kurtosis (SSF 0, 6) on TIWI, kurtosis (SSF, 0) on CE-T1WI, skewness (SSF, 0) on DWI, and skewness (SSF 2, 4) on ADC
were 0.02, 10.91, 1.89, 0.94, 0.75, and 0.61, respectively. A gross image (F) of a well-circumscribed de-differentiated liposarcoma shows a mul-
tinodular appearance with LI and NL components. The tumor is well-demarcated from the adjacent non-tumor tissues by a fibrous capsule
(arrows, hematoxylin & eosin stain, X 40) (G).

ADC = apparent diffusion coefficient, CE = contrast-enhanced, DWI = diffusion-weighted image, LI = lipogenic, NL = nonlipogenic, SSF = spatial
scaling factor, TIWI = T1-weighted MR image, T2WI = T2-weighted MR image
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