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Abstract: 
Objective: The staging and treatment of soft tissue sarcoma depend on the histologic grades, which predicts overall 

survival. This study aimed to assess magnetic resonance imaging (MRI) characteristics to differentiate between low- and 

high-grade soft tissue sarcomas of the extremities and trunk.

Material and Methods: This retrospective study included patients with soft tissue sarcomas who underwent preoperative 

MRI between October 2006 and December 2020. The data obtained included qualitative information (size, depth, MRI 

signal intensity, hemorrhage signal, margin, fascial tail sign, peritumoral edema/enhancement, and organ involvement) 

and quantitative information (apparent diffusion coefficient value). Logistic regression was performed to identify the MRI 

characteristics associated with histologic grades. 

Results: A total of 101 patients were included; 76 were diagnosed with histologically high-grade tumors. The final 

multivariate regression model showed a combination of 4 MRI characteristics: a large area of intratumoral heterogeneity 

on T2-weighted images (T2W), a large area of non-enhancing hyperintensity on T2W, a fascial tail sign, and peritumoral 

edema. These characteristics collectively predicted high-grade soft tissue sarcoma with 81% accuracy. The 2 strongest 

indicators were intratumoral heterogeneity on T2W (adjusted odds ratio (aOR) 3.96, 95% confidence interval (95% CI) 

1.16-13.55, p-value=0.028) and a fascial tail sign (aOR 3.34, 95%CI 1.09-10.22, p-value=0.035). 

Conclusion: The 2 strongest MRI predictors of high-grade soft tissue sarcoma are marked intratumoral heterogeneity 

on T2W and a fascial tail sign. Furthermore, the combination of 4 MRI characteristics, including marked intratumoral 

heterogeneity on T2W, a fascial tail sign, non-enhancing hyperintensity on T2W, and peritumoral edema, can increase 

the accuracy of histologic grade prediction.
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		  A palpable mass and compressive symptoms drive 

patients to seek medical treatment, so the size of the lesion 

tends to be quite large by the time it is investigated. Large 

tumors usually exhibit inhomogeneity with scattered necrotic 

and hemorrhagic content; thus, the biopsied tissue and its 

corresponding grade may not necessarily represent the 

most invasive part of the lesion. The purpose of this study 

was to investigate significant characteristics on MRI that 

may predict or correlate with the histologic grade of soft 

tissue sarcoma.

Material and Methods
	 	 Study design

		  This retrospective, cohort study was conducted 

at a single center. It was performed in accordance with 

the Declaration of Helsinki and approved by the Human 

Research Ethics Committee (HREC) of the Faculty of 

Medicine, Prince of Songkla University (Approval number 

REC 63-115-7-4). Informed consent was waived due to 

the retrospective nature of the study.

		  The list of patients with soft tissue sarcoma of the 

trunk and extremities who had available histology and 

underwent MRI between October 2006 and December 2020 

was retrieved from the database. MR imaging was available 

for interpretation using Synapse. Two musculoskeletal 

radiologists (13 and 20 years of experience in musculoskeletal 

expertise) interpreted the images independently.

		

		  Patients

		  The patients were selected from the hospital 

database according to the following inclusion and exclusion 

criteria.

		  The inclusion criteria were (1) first diagnosis of soft 

tissue sarcoma in the extremities or trunk in patients aged 

Introduction
		  Soft tissue sarcomas originate from mesenchymal 

cells, which can differentiate into adipose tissue, muscle, 

vessels, and other connective tissues1. Sarcomas are 

rare, with an incidence of approximately 1% of all adult 

malignancies. More than 50 types of soft tissue sarcomas 

occur in the extremities (43%), trunk (10%), viscera (19%), 

retroperitoneum (15%), and head and neck (9%)2. The 

etiology of sarcomas remains unknown; however, the 

risk factors for soft tissue sarcoma include genetics (e.g., 

neurofibromatosis type I and Le Fraumeni syndrome), 

exposure to chemical substances (e.g., arsenic and vinyl 

chloride), and radiotherapy.

		  The diagnostic process for soft tissue sarcoma 

consists of history-taking, physical examination, magnetic 

resonance imaging (MRI), and histology from tissue biopsy. 

Histology is the gold standard for diagnosis and treatment 

planning3. The histologic grading system by Federation 

Nationale des Centres de Lutte Contre le Cancer (FNCLCC) 

consists of 3 grades according to histologic type, tumor 

necrosis, and mitotic activity4. The histologic grade is an 

essential indicator of prognosis and metastatic risk, with a 

lower grade predictive of a lower rate of metastasis and 

recurrence than a higher grade5.

		  Treatment planning depends on Tumor-Node-

Metastasis (TNM) classification staging, which is developed 

and maintained by the American Joint Committee on 

Cancer (AJCC) and Union for International Cancer Control 

(UICC), as well as histologic grading6. High-grade soft 

tissue sarcoma, which is categorized by TNM staging as 

histologic grades 2 and 3, requires surgery combined with 

pre-/or post-operative radiotherapy and/or chemotherapy 

because of the high recurrence rate. The tumor recurrence 

rate, ranging from approximately 25% to 50%, depends on 

the tumor size.
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15 years or older; (2) no history of previous soft tissue 

sarcoma; (3) non-metastatic stage; (4) available histologic 

grading by the FNCLCC system; and (5) MRI performed 

before tissue biopsy. The exclusion criteria were (1) soft 

tissue sarcoma of the head, neck, or retroperitoneum 

because of the different treatments and outcomes for these 

conditions, (2) insufficient imaging data, and (3) preoperative 

MRI performed more than 3 months before the surgery.

		  Of the 109 patients with available histology and MRI 

data, we excluded 4 patients with head and neck soft tissue 

sarcomas and 4 patients with insufficient imaging data. The 

information of the included patients was reviewed, including 

patient characteristics (sex and age), and histologic type 

and grade (FNCLCC). In our study, the FNCLCC histologic 

grade was classified as low (grade 1) or high (grade 2-3)6. 

All the soft tissue sarcomas were graded as high or low 

by 5 pathologists.

		

		  Magnetic resonance imaging

		  As this study was conducted at a referral center, 

2 different MR system strengths (1.5 Tesla and 3 Tesla) 

were used for imaging. Adequate MRI protocols included 

the following pulse sequences: T1-weighted, T2-weighted, 

fluid-sensitive sequences, and T1-weighted after gadolinium 

injection with fat suppression. The ranges of repetition and 

echo time were 500–800 msec and 10–15 msec for T1-

weighted sequences, and 2,400–4,600 msec and 70–130 

msec for T2-weighted sequences, respectively. The field 

of view covered the entire tumor.

		  All images were independently reviewed by 2 

experienced musculoskeletal radiologists. A consensus was 

reached through discussion in the event of disagreement. 

Several MRI characteristics were investigated, including 

tumor size (greatest dimension measuring less than 5 cm, 

5–10 cm, or more than 10 cm), depth of tumor (location 

superficial or deep to muscle fascia), heterogeneous signal 

intensity on T1-weighted images, T2- weighted images, and 

T1-weighted images after gadolinium injection (less than 

50% and more than 50%), non-enhancing hyperintensity 

on T2-weighted images (absent, less than 50%, and more 

than 50%), hemorrhage (absent, less than 50%, and more 

than 50%), tumor margin (well-defined more than 90%, 

50–90%, and less than 50% on T2- weighted images), 

presence or absence of a fascial tail sign (presence of 

extensive abnormal signal around soft tissue tumor along 

the fascial, neurovascular bundle or musculature plane 

on fluid sensitive sequence or T1-weighted images after 

gadolinium injection), peritumoral edema (on fluid-sensitive 

sequence), peritumoral enhancement (on T1-weighted 

images after gadolinium injection), bone invasion (presence 

of the contact between tumor with bone and cortical and/

or medullary changes on T1- weighted images or T1-

weighted images after gadolinium injection), vessel/nerve 

involvement (the contact between tumor and vessel/nerve 

circumference exceeds 180 degree on T2- weighted 

images or T1-weighted images after gadolinium injection). 

For the evaluation of heterogeneous signal intensity on 

T1-weighted, T2-weighted, and T1-weighted images 

following gadolinium injection, the radiologists were allowed 

to scroll through the entire set of images and used visual 

estimation to determine if the heterogeneity of the signal 

was less than or greater than 50%. The quantitative value 

was the apparent diffusion coefficient (ADC). The ADC 

value was quantitatively measured in both small and large 

areas using diffusion-weighted imaging (DWI). The large 

area was designated by the radiologist by manually drawing 

the region of interest (ROI) covering the entire tumor on 

a single axial slice where the tumor seemed to have the 

most DWI restriction. For the small area, an ROI measuring 

approximately 50 mm2 was created in the region of the 

greatest tumoral DWI restriction, regardless of its relation to 

the large area of measurement. The DWI protocol included 

low (~ 50 s/mm2) and high (~ 800 s/mm2) b values.
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		  Data were recorded using EpiData3.1. Statistical 

analyses were performed with R software version 4.4.1. 

Normally distributed data are presented as mean+/- S.D., 

and non-normally distributed data as median (interquartile 

range). Nonparametric tests were used for categorical 

variables. Continuous variables were compared using the 

Wilcoxon or Student t-test, depending on the Shapiro-Wilk 

normality test. The chi-square or Fisher test was used to 

examine any significant difference in the MRI features of 

high- and low-grade sarcomas. The bivariate analysis was 

calculated for each feature. A multivariable binary logistic 

regression was used to identify independent predictors of 

high-grade soft tissue sarcoma. The receiver operating 

characteristics (ROC) curves were constructed for the 

statistically significant MRI features. The area under the 

curve (AUC) was calculated. Sensitivity and specificity were 

reported. The kappa statistics were used to test interrater 

reliability (less than 0.2 poor, 0.2-0.4 fair, 0.41-0.6 moderate, 

0.61-0.8 substantial, greater than 0.8 almost perfect).

Results
		  Of 101 patients, there were 54 males and 46 females. 

The average age of the patients was 51.8±28.8 years. The 

detailed histological types and grades of the soft tissue 

sarcomas are shown in Table 1.  The average time between 

the MRI and surgery was 41±31 days.

		  There were 25 patients with grade 1 soft tissue 

sarcoma, 31 with grade 2 soft tissue sarcoma, and 45 with 

grade 3 soft tissue sarcoma. The grade 2 and 3 histologic 

types were grouped as high-grade soft tissue sarcomas 

(N=76), while the grade 1 histologic type was classified as 

a low-grade soft tissue sarcoma (N=25). There was no 

significant difference among the different histologic grade 

groups for age (p-value=0.763) or sex (p-value=0.104) 

(Table 2).

		  Table 3 summarizes the descriptive statistics for 

MRI characteristics, detailed by tumor grade. In bivariate 

analysis, 6 MRI characteristics had strong associations 

(p-value<0.05) with high-grade soft tissue sarcoma, 

including a large area of intratumoral heterogeneity 

on T2-weighted images (p-value=0.001), intratumoral 

hemorrhage (p-value=0.007), poorly defined margin 

(p-value=0.03), fascial tail sign (p-value=0.004), peritumoral 

edema (p-value<0.001), and peritumoral enhancement 

(p-value=0.008).

		  A crude selection of MRI characteristics from the 

bivariate analysis (p-value<0.2) was exported for stepwise 

regression analysis. The final multivariate regression model 

(Table 4) consisted of 4 MRI characteristics associated with 

high-grade soft tissue sarcoma, i.e., marked intratumoral 

heterogeneity on T2-weighted images, a large area of 

non-enhancing hyperintensity on T2-weighted images, a 

fascial tail sign, and peritumoral edema. The 2 strongest 

indicators were intratumoral heterogeneity on T2-weighted 

images (adjusted odds ratio [OR] 3.96, 95% CI 1.16-13.55, 

p [Wald’s test] 0.028) and the fascial tail sign (adjusted 

odds ratio [OR] 3.34, 95% CI 1.09-10.22, p [Wald’s test] 

0.035) (Figures 1.1, 1.2 and 1.3).

		  To improve the diagnostic accuracy and applicability 

of MRI in predicting high-grade soft tissue sarcoma, a 

combination of these 4 MRI features was found to have 

an accuracy of approximately 81% (AUC=0.814) (Figure 

2). If only 2 significant MRI features (heterogeneous signal 

intensity on T2WI and presence of fascial tail sign) from 

multivariate analysis were combined, the sensitivity and the 

specificity were 70% and 76%, respectively.

		  For quantitative analysis of the ADC values, only 23 

of 101 cases (7 cases of grade 1, 6 cases of grade 2, and 10 

cases of grade 3) included DWI in the protocol. The average 

ADC values measured in the large areas of low- and high-

grade soft tissue sarcomas were 1637.1±726.7 x10-6 mm2/s 
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Table 1 Descriptive statistics of histologic type according to tumor grade

Histologic type Frequency (%) Low grade (%) High grade (%)

Liposarcoma
Well-differentiated liposarcoma
Dedifferentiated liposarcoma
Pleomorphic liposarcoma
Myxoid liposarcoma

Leiomyosarcoma
Malignant spindle cell sarcoma
Undifferentiated pleomorphic sarcoma
Malignant nerve sheath tumor
Myxofibrosarcoma
Myxoid sarcoma
Myxoid inflammatory fibrosarcoma
Pleomorphic rhabdomyosarcoma
Pleomorphic spindle cell sarcoma
Pleomorphic sarcoma
Synovial sarcoma
Undifferentiated spindle cell sarcoma
Alveolar part of sarcoma
Dermatofibrosarcoma
Fibromyxoid sarcoma
Epithelioid sarcoma
Fibrosarcoma

28 (27.7)
9
7
6
6
6 (5.9)
12 (11.9)
13 (12.9)
10 (9.9)
4 (4.0)
2 (2.0)
1 (1.0)
1 (1.0)
1 (1.0)
4 (4.0)
11 (10.9)
1 (1.0)
1 (1.0)
1 (1.0)
3 (3.0)
1 (1.0)
1 (1.0)

12 (48)

0 (0)
2 (8)
1 (4)
1 (4)
2 (8)
1 (4)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
1 (4)
1 (4)
3 (12)
0 (0)
1 (4)

16 (21)

6 (7.9)
10 (13.2)
12 (15.8)
9 (11.8)
2 (2.6)
1 (1.3)
1 (1.3)
1(1.3)
1 (1.3)
4 (5.3)
11 (14.5)
1 (1.3)
0 (0.0)
0 (0.0)
0 (0.0)
1 (1.3)
0 (0.0)

Histologic grade Frequency (%) Low grade (%) High grade (%)

Grade 1
Grade 2
Grade 3

25 (24.8)
31 (30.7)
45 (44.6)

25 (24.8)
76 (75.2)

Table 2 Descriptive statistics of age and sex according to 

tumor grade

Low grade (%) High grade (%) p-value

Age (years)* 52.2 (17.6) 51 (16.3) 0.763
Sex 0.104

Male 9 (36.0) 45 (59.2)
Female 16 (64.0) 31 (40.8)

*Data are presented as means with standard deviations in parentheses

and 1602.2±543.7 x10-6 mm2/s, respectively. Furthermore, 

the average ADC values measured in the small areas were 

1357.4±752.7 x10-6 mm2/s and 1052.5±399.6 x10-6 mm2/s 

in low- and high-grade soft tissue sarcomas, respectively 

(Figure 1.4). There were no significant differences in ADC 

values between low-grade and high-grade soft tissue 

sarcomas measured by large (p-value=0.89) or small 

(p-value=0.21) areas. 

		  The interobserver agreements of the MRI 

characteristics were slight to substantial, with the range 

of kappa values varying from 0.10–0.78. The best kappa 

coefficient corresponded with the location of the soft tissue 

tumor, and the lowest kappa coefficient was seen for 

heterogeneous signals on the T1-weighted image after 

gadolinium injection. Statistical analysis was based on the 

interpretation of images agreed upon by both radiologists. 
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Table 3 Bivariate analysis of MRI characteristics of low- and high-grade soft tissue sarcoma

  Low grade (%) High grade (%) p-value Kappa value

Total 25 76  
Size   0.422 0.785
   Less than 5 cm 1 (4) 9 (11.8)  
   5–10 cm 10 (40) 23 (30.3)  
   More than 5 cm 14 (56) 44 (57.9)  
Depth   0.425 0.812
   Superficial 2 (8) 7 (9.2)  
   Deep 20 (80) 51 (67.1)  
   Superficial and deep 3 (12) 18 (23.7)  
Heterogeneous signal on T1WI   0.072 0.585
   Less than 50% 18 (72) 37 (48.7)  
   More than 50% 7 (28) 39 (51.3)  
Heterogeneous signal on T2WI   0.001* 0.557
   Less than 50% 11 (44) 9 (11.8)  
   More than 50% 14 (56) 67 (88.2)  
Heterogeneous signal on T1WI post gadolinium     0.706 0.193
   Less than 50% 3 (12) 7 (9.2)  
   More than 50% 22 (88) 69 (90.8)  
Non-enhancing hyperintensity on T2-weighted image   0.057 0.462
   Absent 14 (56) 31 (40.8)  
   Less than 50% 6 (24) 38 (50)  
   More than 50% 5 (20) 7 (9.2)  
Hemorrhage   0.007 0.449
   Absent 16 (64) 24 (31.6)  
   Less than 50% 9 (36) 40 (52.6)  
   More than 50% 0 (0) 12 (15.8)  
Well-defined margin   0.030 0.315
   More than 90% 16 (64) 26 (34.2)  
   50–90% 8 (32) 45 (59.2)  
   Less than 50% 1 (4) 5 (6.6)  
Tail sign   0.004 0.375
   Absent 14 (56) 17 (22.4)  
   Present 11 (44) 59 (77.6)  
Peritumoral edema   <0.001* 0.556
   Absent 10 (40) 6 (7.9)  
   Present 15 (60) 70 (92.1)  
Peritumoral enhancement   0.008 0.667
   Absent 11 (44) 12 (15.8)  
   Present 14 (56) 64 (84.2)  
Bone invasion   0.727 0.467
   Absent 23 (92) 67 (88.2)  
   Present 2 (8) 9 (11.8)  
Vessel and nerve involvement   1 0.457
   Absent 15 (60) 47 (62.7)  
   Present 10 (40) 28 (37.3)  
ADC (large area)   0.899 NA
  Mean (S.D.) 1637.1 (726.7) 1602.2 (543.7)  
ADC (small area)   0.214 NA
  Mean (S.D.) 1357.4 (752.7) 1052.5 (399.6)  

*Presence of significant difference, S.D.=standard deviation
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was liposarcoma, similar to that reported by Crombe et al.7.

		  Our study comprehensively assessed all available 

qualitative and quantitative MRI features to identify factors 

that may help distinguish between low- and high-grade 

soft tissue sarcomas. We ultimately developed a model 

that combined 4 MRI characteristics (marked intratumoral 

heterogeneity on T2-weighted images, a large area of 

non-enhancing hyperintensity on T2-weighted images, 

the presence of a fascial tail sign, and peritumoral edema) 

that best predicted high-grade soft tissue sarcoma, with an 

accuracy of 81%. The two strongest indicators in this model 

were marked intratumoral heterogeneity on T2-weighted 

images and the presence of a fascial tail sign. 

		  According to the most recent studies7,8,10, which 

included a variety of histologic grading groups, the MRI 

feature reportedly associated with histologic high grades in 

all studies was intratumoral heterogeneity on T2-weighted 

images. Importantly, this was the strongest predictor in the 

present study as well. The heterogeneity of soft tissue can 

be explained by the presence of histologic and cell type 

variations7,8,11. In addition to the solid component of the 

tumor, necrosis and hemorrhage are responsible for the 

macroscopic heterogeneity observed on MRI. The rapid 

growth of malignant tumors outpaces the blood supply, 

resulting in hypoxia and nutrient imbalance, which leads 

to central necrosis12. Increased necrosis is pathologically 

proven in high-grade soft tissue sarcoma13. Instead 

of necrosis, our study used the term “non-enhancing 

hyperintensity on the T2-weighted component” to recognize 

the limited ability to differentiate tumoral necrosis from 

cystic or myxoid components without delayed enhanced 

images. Xiang et al.9. quantitatively evaluated intratumoral 

heterogeneity using an MRI histogram and found different 

histogram parameters in post-contrast enhancement 

images (necrosis) corresponding to different soft tissue 

sarcoma grades. Therefore, quantitative evaluation may 

provide further information.

Table 4 Multivariate logistic regression analysis of MRI 
characteristics of low- and high-grade soft tissue 
sarcoma

  adj. OR 
(95% CI)

p-value 
(Wald’s 
test)

Heterogeneous signal on T2WI 
: More than 50% vs. less than 
50% 3.96 (1.16, 13.55) 0.028

Non-enhancing hyperintensity on 
T2-weighted image

: Absent vs. less than 50% 1.9 (0.56, 6.38) 0.3
: Absent vs. more than 50% 0.29 (0.06, 1.38) 0.122

Tail sign 
Present vs. absent 3.34 (1.09, 10.22) 0.035

Peritumoral edema
Present vs. absent 3.48 (0.9, 13.44) 0.07

adj. OR=adjusted odds ratio, 95% CI=95% confidence interval

Discussion
		  The present study assessed the MRI characteristics 

of soft tissue sarcomas of the extremities and trunk that 

correlate with, and may potentially predict, histologic 

grade based on the FNCLCC system. Histologic grade is 

not only essential for staging soft tissue sarcoma, but it 

also predicts the risk of metastasis and overall survival, 

leading to appropriate treatment planning. The AJCC 

recommendations bifurcate the 3 grades of soft tissue 

sarcoma in FNCLCC into low- (grade 1) and high-grade 

(grades 2 and 3). The primary treatment for low-grade soft 

tissue sarcoma is wide surgical resection because the risk 

of metastasis is considered low enough that chemotherapy 

can be avoided. In contrast, the treatment for high-grade 

soft tissue sarcoma is surgery with an appropriate margin 

in conjunction with pre- or post-operative radiation therapy 

with or without adjuvant chemotherapy6.

		  The majority of patients in our study had high-grade 

soft tissue sarcoma, which is a trend also seen in previous 

studies in the literature (ranging from 83–88%)7–9. The most 

common histological type of soft tissue sarcoma in our study 
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Figure 1 Figure 1.1 MRI of high-grade soft tissue sarcoma. Images from a 57-year-old man with grade 3 deep 
intramuscular sarcoma proven to be leiomyosarcoma. (A) Axial T2-weighted image at the mid-aspect of 
the tumor shows heterogeneous signal intensity on T2-weighted images of more than 50%. (B) Axial STIR 
image of the inferior aspect of the tumor showing peritumoral edema (asterisk). (C) Coronal contrast-
enhanced T1-weighted image with fat suppression showing fascial tail sign (arrow) and central area of non-
enhancing hyperintensity on T2-weighted image, possibly indicating necrosis.; Figure 1.2 MRI of high-grade 
soft tissue sarcoma. Images of a 66-year-old female with grade 3 deep intramuscular sarcoma proven as 
myxofibrosarcoma. These images show rather well-defined heterogeneous signal intensity on T1- and T2-
weighted images more than 50%, with internal hemorrhage, necrosis, heterogeneous enhancement, peritumoral 
edema-enhancement, and fascial tail sign. (A) Axial T1-weighted image (B) Axial T2-weighted image and 
(C) Axial GRE show a heterogeneous hypo-hypersignal intensity mass with rather circumscribed margin in 
adductor muscles with internal hemorrhage (thin arrow). (D) Coronal STIR and (E) Coronal contrast-enhanced 
T1-weighted image with fat suppression shows area of non-enhanced hypersignal intensity on T2-weighted 
image; possibly necrosis (thick arrow). Peritumoral edema-enhancement is noted at the superior aspect of 
the mass (asterisk).  (F) Sagittal contrast-enhanced T1-weighted image with fat suppression shows fascial 
tail sign (dash arrow).; Figure 1.3 MRI of low-grade soft tissue sarcoma. Images from a 66-year-old woman 
with grade 1 deep intramuscular myxofibrosarcoma. (A) Axial T2-weighted image showing a heterogeneous 
hyperintensity of less than 50%. (B) Axial T2-weighted image showing fat suppression and no peritumoral 
edema. (C) Axial GRE showing the area of hemorrhage at the periphery of the tumor (arrow). (D) Axial 
contrast-enhanced T1-weighted image showing heterogeneous enhancement with fat suppression.; Figure 1.4 
MRI of high-grade soft tissue sarcoma (DWI and ADC). Images from a 54-year-old woman with grade 3 
deep intramuscular sarcoma in the right vastus muscles, proven as undifferentiated pleomorphic sarcoma. (A) 
Axial T2-weighted image showing heterogeneous hyperintensity of >50%. (B) ADC values measured using 
small and large ROI. (C) Low b-value and (D) high b-value DWI images showing tumor restriction.
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		  Another notable MRI feature in our study was the 

fascial tail sign, which was also reported by Crombe et 

al.7. The fascial tail sign, characterized by a thick fascial 

enhancement extending from the tumor, is histologically 

proven to represent extensive tumor cell infiltration14,15. 

The fascial tail sign can be found in superficial and deep-

seated soft tissue sarcomas, and is usually associated 

with myxofibrosarcoma and undifferentiated pleomorphic 

sarcoma. However, it has also been associated with other 

types of sarcoma15. The presence of a fascial tail sign is 

also important in surgical planning because it is associated 

with a higher risk of local recurrence10.

		  In our study, the final model of MRI characteristics 

related to high-grade soft tissue sarcomas included 

peritumoral edema. Peritumoral edema was also associated 

with high-grade soft tissue sarcoma in a univariate analysis 

by Zhao et al.8. Notably, however, Zhao et al. reported 

that the strongest indicator in their study was peritumoral 

enhancement, which was found to be significant in the 

bivariate analysis, but not in the multivariate analysis, 

in our study. Changes in the peritumoral signal intensity 

reflect an infiltrative peripheral growth pattern of the tumor16. 

We hypothesize that changes to peritumoral edema are 

observed before peritumoral enhancement takes place. 

One possible explanation for this is that the soft tissue 

mass may compress normal vascular drainage, resulting 

in regional fluid stasis or bland edema seen on MRI, which 

initially exhibits no vascular enhancement. However, as 

the tumor continues to enlarge and becomes vascularized, 

capillary permeability will be disturbed, inevitably resulting 

Figure 2 Area under the curve of multivariate logistic regression
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in peritumoral enhancement. Even though the majority of 

tumors in our study and the study by Zhao et al.8. were 

high-grade, the exact percentage of high-grade soft tissue 

sarcoma in our study was slightly lower than that reported by 

Zhao et al. (75% vs. 83%). Another potential explanation is 

based on a previous finding that two-thirds of histologically 

confirmed cases of peripheral tumor infiltration could not 

be identified by MRI17. Thus, some cases with peritumoral 

edema may have had tumoral infiltration that did not lead 

to enhancement on MRI.

		  Corino et al.18 showed the potential of radiomics 

analysis based on DWI to differentiate between intermediate- 

and high-grade soft tissue sarcomas. We tried to extract 

information on tumoral diffusivity by measuring the ADC 

value; however, there was no statistical difference between 

the low and high grades. The available MRI information 

on the ADC value comprised only 20% of the cases in our 

study cohort. Previously, the basic soft tissue tumor protocol 

did not routinely include DWI.

		  A recent systematic review on the grading of soft 

tissue sarcoma using MRI by Schmitz and Sedaghat19 

also included several MRI features similar to ours. They 

found that various MRI characteristics, such as tumor 

size, necrosis, peritumoral edema/contrast enhancement, 

and multilobulated tumor configuration, may indicate the 

malignancy grade of soft tissue sarcoma.

		  Our study has several limitations. As this was a 

retrospective study, there was variation in the MRI protocol. 

Second, there was a relatively small proportion of low-grade 

soft tissue sarcomas (25% of all cases, and most of them 

were liposarcomas); however, previous studies showed 

similar proportions7–9, reflecting the usual epidemiology. 

Third, interobserver agreements on the MRI characteristics 

were slight, with the least agreement observed in interpreting 

heterogeneous tumoral enhancement. This discrepancy 

can be explained by the qualitative nature of these 

features. In the future, this limitation may be resolved by 

replacing quantitative measurements with machine-learning 

technology.

Conclusion
		  The 2 strongest predictors of high-grade soft tissue 

sarcoma are marked intratumoral heterogeneity on T2-

weighted images and the presence of a fascial tail sign. 

Furthermore, the combination of the 4 MRI characteristics, 

including marked intratumoral heterogeneity on T2-weighted 

images, a fascial tail sign, non-enhancing hyperintensity on 

T2-weighted images, and peritumoral edema, may improve 

the accurate prediction of histologic grading.
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