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ABSTRACT

Introduction. Soft tissue tumors, ranging from benign to highly malignant, pose diagnostic
challenges due to their histological diversity. MRI is the preferr@} imaging modality for these
tumors, but variability in interpretation affects consistency. The Soft Tissue Reporting and
Data System (ST-RADs), modeled after BI-RADS, offers a standardized approach for
classifying soft tissue lesions based on MRI features, potentially improving diagnostic
accuracy and reducing unnecessary biopsies. This study aims to validate the clinical utility of
ST-RADs by correlating MRI findings with histopathological examination (HPE), providing
evidence for its use in routine practice to enhance diagnostic confidence and optimize patient
management

Purpose. This study aims to evaluate the efficacy ?the Soft Tissue Reporting and Data
System (ST-RADS) in diagnosing soft tissue tumors using Magnetic Resonance Imaging
(MRI), correlating findings with histopathological examination (HPE) outcomes.

Knowledge generated. Diagnostic accuracy demonstrates high diagnostic accuracy with an

ROC AUC of 0.959. Epidemiological insights show that a significant portion of the affected

population is above 40 years with balanced gender distribution. Clinical utility highlights the
potential to reduce invasive diagnostic procedures through a reliable, non-invasive imaging-

based classification. Histopathological correlation confirms MRI findings are consistent with
HPE diagnoses, validating the reliability of ST-RADS.

Methods. A prospective observational study was conducted over 18 months at Saveﬁ:tlﬂ
Medical College and Hospital, involving 40 patients with suspected soft tissue tumors. MRI
scans were performed using a 1.5 Tesla MRI system and classified according to ST-RADS
guidelines. Histopathological examination was used as the gold standard for diagnosis.
Statistical analysis included frequency percentages and Receiver Operating Characteristic
(ROC) curves.

Results. The study comprised predominantly older adults, with 28 participants aged over 40
years (70%), including a significant portion aged 60-70 years (13 participants, 32.5%). The
gender distribution was balanced, with 18 males (45%) and 22 females (55%). Diagnoses
revealed 17 sarcomas (42.5%), 11 lipomas (27.5%), and 3 ganglion cysts (7.5%). Most
lesions were benign, found in 27 cases (67.5%), and the ST-RADS classification
demonstrated high diagnostic accuracy (ROC AUC = 0.959, P <0.0001). The optimal cutoff




at ST-RADS 0-3 versus 4-5 provided sensitivity of 92.31% and specificity of 85.19%,
essential for distinguishing benign from malignant tumors.

Conclusion: The ST-RADS system provides a structured approach to MRI assessment of soft
tissue tumors, facilitating accurate differentiation between benign and malignant lesions.
Correlation with histopathological findings supports its clinical utility, potentially reducing
the need for invasive procedures and guiding appropriate treatment strategies. Future
enhancements and integration with advanced diagnostic tools could further improve
diagnostic precision and patient care outcomes.

Keywords: tumor classification, MRI reporting standards, diagnostic accuracy, imaging
guidelines, histopathological correlation, benign vs malignant lesions, soft tissue neoplasms,
radiological evaluation, ROC analysis, ST-RADS System

Abbreviation:

AP — Anteroposterior

CC - Craniocaudal

CI - Confidence Interval

IHEC - Institutional Human Ethics Committee
HEEE - Histopathological examination diagnosis
+LR — Positive Likelihood Ratio

-LR — Negative Likelihood Ratio

MRI — Magnetic resonance imaging

EPIC — Receiver Operating Characteristic

SPAIR — Spectral Attenuated Inversion Recovery
STIR — Short Tau Inversion Recovery

ST-RADS — Soft Tissue Reporting and Data System Classification
T2WI - T2-Weighted Imaging

TR — Transverse

INTRODUCTION

Epidemiologically, soft tissue tumors of the extremities are relatively uncommon, with an
annual incidence of approximately 3 per 100,000 people for malignant variations classified as
soft tissue sarcomas [ 1]. Despite their rarity, they contribute significantly to morbidity and
mortality due to their aggressive behavior and potential for metastasis [2]. Clinical
presentations vary widely, with benign tumors often being asymptomatic and discovered
incidentally, whereas malignant tumors may manifest with rapid growth, discomfort, or
functional impairment. Accurate differentiation between these tumor types is essential for
avoiding unnecessary procedures and ensuring timely oncological intervention [3].

The diagnostic process for soft tissue tumors is inherently complex owing to their
heterogeneous nature and overlapping imaging characteristics. A conclusive diagnosis
typically involves a combination of clinical evaluation, advanced imaging techniques such as
MRI, and histological study. MRI is particularly favored for its superior soft tissue contrast,
multiplanar capabilities, and comprehensive assessment of lesion size, extent, and internal
structure [4]. However, interpreting MRI images can be subjective, leading to variability in
diagnosis and subsequent treatment planning [5].




To address these challenges, the ST-RADS system was developed as a standardized
framework for reporting soft tissue tumors on MRI model after the BI-RADS system for
breast imaging, ST-RADS classifies lesions into five categories based on their likelihood of
malignancy. This systematic approach aims to improve diagnostic consistency, enhance
communication among healthcare providers, and guide effective clinical management [6].
The categories range from ST-RADS 1 for benign lesions with well-defined features to ST-
RADS 5 for highly suspicious lesions exhibiting aggressive characteristics such as infiltrative
growth and necrosis [7].

Histopathological examination (HPE) remains the gold standard for definitively diagnosing
soft tissue tumors. This microscopic evaluation of biopsy or excision samples provides
critical information on the tumor’s histological type, grade, and margin status [8]. Integrating
MRI findings with HPE results is essential for validating the accuracy of imaging-based
systems like ST-RADS. This correlation ensures that MRI findings reliably predict the
histopathological nature of the tumor, thereby guiding appropriate treatment decisions
tailored to the specific characteristics of each lesion [15-23].

Soft tissue tumors in the extremities pose significant challenges in diagnosis and treatment
due to their diverse origins from mesenchymal tissues such as muscle, fat, fibrous tissue,
blood vessels, and nerves. This diversity results in a broad spectrum of histological types
ranging from benign entities like lipomas and hemangiomas to aggressive malignancies such
as sarcomas. Distinguishing between benign and malignant tumors is crucial in clinical
practice to guide appropriate therapeutic strategies. Our study focuses on correlating
Magnetic Resonance Imaging (MRI) findings using the ST-RADS system with
histopathological examination (HPE) results to enhance diagnostic accuracy and optimize
treatment outcomes.

METHODS
Study design and patients

This prospective observational study was conducted at the Department of Radiodiagnosis,
Saveetha Medical College and Hospital. The study spanned 18 months from June 1, 2022, to
June 30, 2024, following approval from the Institutional Human Ethics Committee (IHEC)
(086/06/2023/IEC/SMCH) and obtaining informed written consent from all participants. The
study utilized the PHILIPS MULTIVA 1.5 TESLA MRI system.
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The study included 40 patients selected through purposive sampling, all clinically diagnosed
with soft tissue swelling and referred for MRI evaluation due to suspected or confirmed soft
tissue tumors. Patients of any age or gender who underwent histopathological examination
(HPE) for definitive diagnosis and provided informed consent were included. No specific
formula was used for sample size calculation.

Exclusion criteria included patients with prior treatment for soft tissue tumors,
contraindications for MRI, non-soft tissue tumors or tumors in non-anatomical locations, and
those unable to provide informed consent or participate due to medical or cognitive reasons.

Study treatment

Patients underwent MR using a protocol specifically designed for ST-RADS lesion
characterization. The MRI findings were categorized based on the established ST-RADS
lexicon, which classifies soft tissue lesions according to their likelihood of malignancy. This
system, modeled after BI-RADS, provides structured guidance for follow-up and
management decisions. Table 1 outlines the ST-RADS classification, ranging from ST-RADS




0 for incomplete imaging to ST-RADS VI for known, biopsy-proven malignancies. Each
category includes recommendations for further action, such as follow-up intervals or tissue
diagnosis, depending on the assessed malignancy risk (Table 1). The MRI findings were
scored and categorized based on established lexicons, and the risk of malignancy was
assessed and compared with HPE results.

Assessments

Clinical assessments included demographic information, clinical diagnosis, and imaging
findings from MRI. Histopathological examination (HPE) provided the gold standard for
definitive diagnosis.

Endpoints

The primary endpoint was to compare MRI findings categorized by the ST-RADS system
with histopathological results, evaluating diagnostic accuracy for soft tissue tumors.

Statistical analyses

Data analysis involved descriptive statistics using Excel and Dx software, presenting
socioeconomic characteristics and diagnostic modalities as frequencies and percentages.
Receiver Operator Characteristic (ROC) curves were employed to assess the diagnostic
accuracy of ST-RADS classifications compared to HPE diagnoses, with the Youden Index
determining optimal cut offs. Statistical significance was set at P < 0.05.

glassifi cation Category Management Likelihood
of malignancy
ST-RADS 0 Incomplete imaging Recall for additional | N/A
imaging and/or
await prior
examinations.
ST-RADS | No lesion identified No further imaging | Essentially 0%
follow-up
ST-RADS I Definitely benign Essentially 0%
Follow-up as per
clinical team
recommendations
ST-RADS Il Probably benign Follow-up in 3 Less than or equal

months, six months, | to 2%
one year, and two
years or
<2years/shorter-
term follow-up if the
lesion resolves or

significantly
regresses
ST-RADS IV Suspicious Tissue diagnosis or | Less than or equal
for malignancy or follow-up in 4-6 to 2%
indeterminate weeks interval, and

regular interval




tollow-up for up to

2years
ST-RADS V Highly suggestive Tissue diagnosis More than% and
of malignancy less than 50%
ST-RADS VI Known biopsy- Surgical excision or | N/A

proven malignancy or further treatment as
recurrent malignancy in | clinically
the tumor bed appropriate

Table1:ST-RADS classification and guideline.
REPRESENTATIVE CASES:

MRI of the right arm in a 37-year-old female with an 8-month history of arm swelling reveals
a well-defined, bi-lobed (blue arrow), fat-intensity lesion in the intramuscular compartment
of the distal half of the right arm, specifically in the lateral head of triceps brachii. The lesion
measures 4.5x 40x9.0cmand 3.4 x3.4x 7.1 em (AP x TR x CC), displaying T2-Weighted
Imaging (T2) hyperintensity with STIR(Short Tau Inversion Recovery) suppression
diagnosed as Intramuscular lipoma, Soft Tissue Reporting and Data System Classification
(ST RADS 1II). Histopathology confirms an intramuscular lipoma

FIG 1.A) MRI of the right arm and B) Histopathology

MRI of the right popliteal fossa in a 14year-old male shows a well-defined, vertically
oriented lesion, 1.5 x 1.7 x 9.9 cm, along the common fibular nerve. The lesion is
heterogeneously hyperintense on T2-Weighted Imaging (T2) STIR (Short Tau Inversion
Recovery) with no (GRE) blooming artifact, suggesting a peripheral nerve sheath tumor
(Blue arrow). It tracks medially along the lateral sural cutaneous nerve to the lateral
gastrocnemius muscle without skin involvement. Classified as Soft Tissue Reporting and
Data System Classification (STRADS-III) the diagnosis of Neurofibroma is confirmed by
histopathology.




FIG 2:MRI of the right popliteal fossa :A) SPAIR :B) T2W and C) Histopathology

"MRI of the right hand in a 36-year-old male reveals a well-defined, loculated lesion in the
deep subcutaneous plane of the palmar aspect of the proximal third interphalangeal joint,
measuring 1.8 x 1.5 cm (AP x TR). The lesion displays SPAIR hyperintensity and T2
isointensity (Blue arrow), closely abutting the flexor digitorumprofundus tendon. Classified
as ST-RADS II, the MRI findings are consistent with a Fibroma of the tendon sheath, which
was confirmed by histopathological examination."




FIG 3:MRI of right hand A) SPAIR B) T2W C)T2W and D) Histopathology

MRI of the left index finger in a 20-year-old female shows a lobulated, dumbbell-shaped
lesion at the middle phalanx region of the second digit. The lesion, which extends bilaterally
to the radial and ulnar aspects, is PD hyperintense and T2 iso -hyperintense compared to
muscle (Blue arrow). It causes mass effect on adjacent soft tissues and bone scalloping. MRI
findings are suggestive of a Giant cell tumor, classified as ST-RADS III, with
histopathological correlation confirming the diagnosis of a tenosynovial giant cell tumor

FIG 4:"MRI of the left index finger A) Proton density B) T2W C) T2W and D)
Histopathology.

MRI of a 21-year-old female reveals a well-defined, altered signal intensity arising from the
infraspinatus muscle, predominantly on the dorsal surface of the scapula, and extending to the
humeral attachment. The lesion measures 8.8 x 6.7 x 8 cm and appears predominantly




T2/STIR hyperintense (Blue arrow). There is no extension to the subcutaneous plane, as the
lesion is confined within the intramuscular plane, though it closely abuts the intermyotfascial
planes. No fat, solid components or internal calcifications are present. Additionally, there is
no evidence of adjacent bony erosion or infiltration, except for bony pressure remodeling of
the right scapula. These findings suggest a soft tissue sarcoma, classified as ST-RADS 35,
with histopathological examination confirming a diagnosis of extra osseous Ewing's sarcoma

FIG 5:MRI of right scapula A) STIR B) T2W and C) Histopathology.

MRI of a 56-year-old male reveals a well-defined, soft tissue dense lesion in the left lower
medial aspect of the distal thigh, measuring 7.3 x 5.5 x 6.1 cm .The lesion appears
heterogeneously hyperintense on T2-weighted images (Blue arrow and green arrow).The
lesion has smooth borders with erodes the medial cortex, invading the medullary cavity of the
distal femoral metaphysis. Posteriorly, it abuts and compresses the distal femoral artery
without causing intraluminal filling defects. These findings suggest an aggressive soft tissue
tumor, classified as ST-RADS 5, with histopathological examination confirming a diagnosis
of Malignant hemangioendothelioma.

A

FIG 5:MRI of Knee A)T2W B) T2W and C) Histopathology.




MRI of the right upper thigh in a 53 -year-old female reveals a well-defined, lobulated lesion
in the subcutaneous plane of the antero-lateral aspect, measuring approximately 4.5 x 3.8 cm
(AP x TR). The lesion is heterogeneously hyperintense on both T2 and STIR relative to
muscle (Blue arrow). These imaging features are indicative of a spindle cell sarcoma,
classified as ST-RADS IV/V. Histopathological analysis confirms the diagnosis of spindle
cell sarcoma.
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FIG 6:MRI of Knee A)T2W B) STIR and C) Histopathology.

RESULTS




61-70

Less than 20

21-30

51-60

31-40

41-50

FIG 7 .Distribution of study participants according to age

Eighteen participants (45%) were male, and 22 participants (55%) were female.

FIG 8.Distribution of study participants according to gender.

According to MRI findings, 17 participants (42.5%) were diagnosed with sarcoma, 11
participants (27.5%) with lipoma, and 3 participants (7.5%) with ganglion cyst. Based on
histopathological examination, 9 participants (22.5%) had sarcoma, 14 participants (35%)
had lipoma, and 3 participants (7.5%) had ganglion cyst.
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FIG 9.Distribution of study participants according to MRI diagnosis.

22.5% of the study participants were diagnosed a Sarcoma, another 35% as Lipoma and
Ganglion cyst in 7.5% of the study participants.
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FIG 10 Distribution of study participants according to histopathological examination

diagnosis (HPE)

67.5% of the study participants had benign lesion while the rest 32.5% had malignant lesion.

Table 3. Distribution of study participants as benign and malignant based on HPE

classification
Classification Frequency Percentage
Benign 27 67.5
Malignant 13 32.5
Total 40 100

35% were classified as Category 11.25% as category III, 17.5% as category IV and another

22.5% as Category V.

Table 2. Distribution of study participants according to STRADS classification

Classification Frequency Percentage
11 14 35

111 10 25

v 7 17.5

V 9 22.5

Total 40 100




FIG 11. Distribution of study participants according to STRADS

Table 3. Diagnostic accuracy of STRADS classification for different cut-off value

-griterion

Sensitivity | 95% CI Specificity | 95% CI +LR -LR
=2 100.00 753-1000 0.0 0.0-128 1.00
>2 100.00 753-1000 |5185 319-71.3 208 0.00
>3 9231 640 -998 85.19 66.3-95.8 623 0.090
>4 69.23 38.6-909 100.00 87.2-1000 | - 0.31
>5 0.00 00-247 100.00 87.2-1000 | - 1.00

gReceiver Operator Characteristic (ROC) curve was generated to determine the optimal cut
value for distinguishing benign and malignant cases using the ST-RADS classification.

The area under the curve was 0.959 with a P-value of <0.0001 indicating excellent diagnostic
accuracy and statistical significance.
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FIG 12. ROC Curve.

Soft tissue tumors encompass a spectrum of lesions, ranging from benign to highly
malignant, necessitating accurate differentiation for effective treatment planning. This study
leveraged the Soft Tissue Reporting and Data System (ST-RADS) guidelines to
systematically evaluate 40 patients with soft tissue tumors using MRI. The findings were
correlated with histopathological examination (HPE) to validate imaging accuracy.

The study population predominantly comprised individuals above 40 years (70%), with a
balanced gender distribution (45% males, 55% females). This demographic profile is
consistent with the age-related incidence trends observed in soft tissue tumors, where certain
types are more prevalent in older adults.

ST-RADS categorization provided a structured framework for classifying tumors based on
depth, size, and MRI signal characteristics. The majority of lesions fell into Category II
(35%), indicating benign characteristics with low suspicion for malignancy. Categories III,
IV, and V encompassed 25%, 17.5%, and 22.5% of cases, respectively, reflecting increasing
levels of suspicion for malignancy based on imaging features.

Histopathological correlation was essential to validate MRI findings. For instance, benign
tumors like lipomas exhibited characteristic MRI features such as hyperintensity on T1-
weighted images due to their fatty composition and minimal enhancement with gadolinium.




This concordance between imaging and histopathology reaffirmed the benign nature of
lipomas, observed in 27.5% of cases.

Conversely, malignant tumors like liposarcomas demonstrated heterogeneous signal
intensities on both T1- and T2-weighted images, reflecting their complex composition of fat,
fibrous tissue, and cellular elements. Significant enhancement with gadolinium contrast
underscored their vascularity and malignant potential, confirming their classification as ST-
RADS IV tumors. Histopathological analysis corroborated these findings with evidence of
cellular atypia and variable mitotic activity, hallmark features of liposarcomas.

Myxofibrosarcomas presented as heterogeneous masses on MRI, characterized by myxoid
and fibrous components. High signal intensity on T2-weighted imaging and heterogeneous
gadolinium enhancement aligned with their aggressive nature, as confirmed by
histopathology revealing spindle-shaped fibroblasts and pleomorphic cells within a myxoid
stroma.

The study also highlighted rare benign tumors like lipoma arborescens, characterized by
frond-like projections within the synovium. MRI features such as hyperintensity on T1-
weighted images and minimal enhancement with gadolinium aided in distinguishing these
benign proliferations from other intra-articular pathologies.

Overall, the integration of ST-RADS guidelines with histopathological correlation facilitated
comprehensive tumor characterization, enabling clinicians to make informed decisions
regarding treatment strategies. The study's findings underscore the importance of MRI as a
non-invasive imaging modality in the evaluation of soft tissue tumors, providing critical
insights into tumor morphology, vascularity, and tissue composition that are pivotal for
clinical management. Future studies could explore larger cohorts to validate these findings
across diverse patient populations and refine imaging protocols for improved diagnostic
accuracy and patient outcomes.

Limitations

This prospective observational study on soft tissue tumors using MRI imaging and
histopathological correlation identified several limitations. Firstly, the small sample size of
40 patients may restrict the generalizability of findings to a broader population, necessitating
larger studies with diverse demographics for validation. Secondly, being conducted in a
single center at Saveetha Medical College and Hospital, the study's findings may not
universally apply to other institutions or regions due to variations in patient demographics,
disease characteristics, and healthcare practices. Thirdly, the use of purposive sampling
introduced potential selection bias, limiting sample representativeness and external validity.
Additionally, disparities in MRI scanner accessibility and patient-related factors like
contraindications for MRI and the use of contrast agents could have influenced the study's
outcomes, impacting the feasibility and reproducibility of findings in different clinical




settings. These limitations underscore the need for cautious interpretation and highlight areas
for future research improvement.

CONCLUSION

In conclusion, the ST-RADS recommendations offer a systematic approach to MRI
examination of soft tissue tumors, effectively distinguishing between benign and malignant
lesions with findings that correlate well with histological analysis. The system shows promise
in enhancing diagnostic accuracy, potentially reducing the need for invasive biopsies and
ensuring timely treatment decisions. Future implications include integrating ST-RADS with
genetic markers and advanced imaging techniques for personalized treatment planning.
Standardized training for healthcare professionals could improve consistency in application,
while ongoing advancements in MRI technology are expected to further refine the system's
capabilities. Collaborative research efforts among radiologists, oncologists, and pathologists
will be crucial in optimizing and validating the ST-RADS system, ensuring its reliability
across diverse clinical settings and ultimately improving patient outcomes and healthcare
efficiency.
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