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Diagnosis of Soft Tissue Tumors :
10 checkpoints

Hiroshi Nishimura

This review, presents 10 checkpoints for the diagnosis of
soft tissue tumors and the MRI reporting method for the
general radiologists. The 10 checkpoints consist of the fol-
lowing, (1) clinical information, (2) calcification, (3) char-
acteristic shape, (4) multiplicity, (5) lymph node enlarge-
ment, (6) characteristic sign and appearance, (7) internal
morphology (fatty component, myxoid matrix, collagenous
tissue), (8) flow void, (9) early, strong enhancement, and
(10) malignant lymphoma and inflammatory masses for dif-
ferential diagnosis. A combination of these individual points
yields higher sensitivity and specificity for tissue-specific
diagnosis and differentiation between benign and malignant
lesions. Although pathology will always remain the gold
standard in the diagnosis of soft tissue tumors, prediction
of a specific histologic diagnosis remains one of the ultimate
goals of each imaging technique. Moreover, dicisions regard-
ing biopsy and treatment could be simplified if a specific
diagnosis or a limited differential diagnosis could be pro-
vided on the basis of imaging.
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Clinical findings MRI T1WI, T2WI, Fat-suppression,
Plain radiography+US : Dynamic contrast-enhanced MRI

R

Tumor detection + Tumor extent

\

-y

High frequent tumors Low frequent tumors
Tissue-specific diagnosis Differentiation between
(narrowing down the benign and malignant tumor
differential diagnosis)
I .
Information Information | .
: Information
! - !
Other examinations g

(CT/Nuclear medicine) ."‘%‘ Operation
Biopsy Radiation
Chemotherapy

Follow-up / Stop |&°

Fig. 1 Decision tree for diagnosis of soft tissue tumors

Table 1 The necessary information for diagnosis of soft tissue tumors

1. Detection ( except: lipoma )  :Fat-suppression T2 weighted techniques
2. Extent : Multiple imaging planes

Intra-/ Extra-compartment

Differentiation between tumor

and peritumoral edema : + Vascularity
3. Tissue-specific diagnosis : Gross morphology, Vascularity
4. Response to therapy : Size, Internal morphology, Vascularity

5. Differentiation between residual : Signal intensity, Vascularity
tumor tissue and inflammatory
changes

Table 2 Clinical MR imaging protocols for soft tissue tumors

Imaging planes : at least 2 planes (axial plane and longitudinal plane)

1. T1 weighted image

2. T2 weighted image (spin echo sequence)

3. Fat-suppression T2 weighted techniques : STIR* / ChemSat™**

4. Dynamic contrast-enhanced MRI

5. Post contrast T1 weighted image

6. If need : MR Angiography (Essential vascular anatomical information)
# . 3D dynamic contrast-enhanced MRA = 4+6

#*STIR : short inversion time inversion recovery sequence
#*ChemSat : chemical saturation technique
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D72 OV ITHHEE D W IESE (Table 3A), F54EH, IF5H
fir (Fig. 2, Table 3B)IZFLfE L TH { L¥D B 52422,
2. HfXIE TOARKL (Fig. 3)
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b 5N 5192 (Table 3D).

4. BRTBZEDHBEE (Fig. 5)
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(Table 3E).
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6. YOV E Y1 > EBD 1215E (Fig. 7)
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Table 3 (A) High frequent soft tissue tumors

Benign Malignant
m Lipoma MFH*
% Hemangioma Liposarcoma
% Schwannoma Rhabdomyosarcoma
—  Hematoma Malignant lymphoma
T Lymphangioma Leiomyosarcoma
g Neurofibroma MPNST**
&  Ganglioneuroma
=  Paraganglioma
5 GCT of TS*** Synovial sarcoma
g Ganglion Malignant melanoma
& Desmoid ASPGHHH
a

Epidermoid cyst Hemangiopericytoma

*MFH : malignant fibrous histiocytoma

#% MPNST : malignant peripheral nerve sheath tumor
##% GCT of TS : giant cell tumor of tendon sheath
##%% ASPS : alveolar soft part sarcoma

v SfER, AU ARERL R ANE 2 & OS2 Vi
Bl ENZBWTDAFBD 515 (Table 3G).
7. REIBEAEED 51ES

Fehk (Fig. 8), iSRS (Fig. 9), IBEHMER S, ~
EY 7 ¥ (Fig. 10) % EQOFEAMRIFT RSB TE 5
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LTWwWhRWAERFzy 7 LTHRERZED TV LLEND
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NERRS % A3 5 REDIER 3 % Table 31IZ/RT.

8. Flow void 238% /=354 (Fig. 11)
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9. BHICE<ER SN 3154 (Fig. 12)
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Table 3 (B) Preferential locations of soft tissue tumors

Benign Malignant
m )
@ Elastofibroma : subscapular
©  Glomus tumor : subungual
& Fibromatosis : plantar, palmar
5 Lymphangioma  :neck, axilla (infants) Synovial sarcoma : para-articular (calcification)
g Schwannoma : along the nerve Rhabdomyosarcoma : head and neck (children)
& Ganglioneuroma : paraspinal gutter genitourinary (children)
= Paraganglioma : paraspinal gutter Epithelioid sarcoma : forearm, hand (skin ulcer)
| GCT of TS : attached to tendon sheath (hand, foot)  Infantile fibrosarcoma : distal lower limb

5 Ganglion :attached to tendon sheath (hand, foot) Angiosarcoma : scalp and face (older persons)
©  Desmoid :rectus abdominis muscle Lymphangiosarcoma : upper limb (postmastectomy)
& (postpuerperal women)
& Xanthoma : Achilles tendon

Aggressive angiomyxoma : pelvis (women)

Morton’s neuroma : intermetatarsal space (2nd, 3rd)

(B)

Fig. 2 Preferential locations of soft tissue tumors

A: Elastofibroma in a 72-year-old woman. Axial T1-weighted spin-echo MR image shows bilateral low signal intensity
tumors at the subscapular region with a slightly high intensity area.

B: Glomus tumor in a 54-year-old woman. Coronal T1-weighted spin-echo MR image shows low signal intensity tumor at
the forth subungual region.The tumor has early, strong enhancement at early phase on MR angiography (arrow).

C: Plantar fibromatosis in a 56-year-old man. Sagittal T2-weighted spin-echo MR image shows low signal intensity tumor
(arrow) in the plantar aponeurosis.

D: Achilles tendon xanthoma in a 36-year-old man with familial hyperlipidemia. Sagittal T1-weighted spin-echo and STIR
image show the enlarged tendon with slightly high signal intensity area(arrow).

14 HARERSE Hel1 % Fe
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Table 3 (C) Calcification in soft tissue tumors

Benign Malignant
m Myositis ossificans : zoning Synovial sarcoma  : para-articular
[ cE Hemangioma : phlebolith poorly defined
b amorphous
Extraskeletal chondroma :rings and arcs Extraskeletal chondrosarcoma: rings and arcs
g Tumoral calcinosis : near joints Extraskeletal osteosarcoma : cloudlike
e multinodular MFH
g. Leiomyoma Leiomyosarcoma
Teratoma MPNST
Calcifying aponeurotic fioroma (children, hands, feet) ~Metastatic tumor (colon cancer)
Ossifying fibromyxoid tumor Hemangiopericytoma
;3._; Schwannoma Liposarcoma (well, dedifferentiated)
é Desmoid Dermatofibrosarcoma protuberans
| g Glomus tumor
| Lipoma
Old hematoma

(B)

(c)

(D)

Fig. 3 Calcification in soft tissue tumors on plain X ray or CT

A: Hemangioma in a 50-year-old woman. There are multiple phlebolithes at the forearm.

B: Myositis ossificans in a 17-year-old girl. There is a calcified mass with zoning phenomenon.

C: Tumoral calcinosis in a 47-year-old man. There is a multinodular calcified mass near the elbow joint.

D: Synovial sarcoma in a 64-year-old woman. There is a round mass near the elbow joint with peripheral amorphous calcification.

PHE134E5H 25 H 15
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Table 3 (D) Characteristic shape of soft tissue tumors

m  Fusiform (along the nerve) : Schwannoma, Neurofibroma

e Plexiform : Neurofibroma, Hemangioma,

§  (hederiform) (Malignant lymphoma)
(racemosum, pampiniform)

-§ Serpiginous : Hemangioma

§ Botryoid : Botryoid rhabdomyosarcoma

5

@  Dumbbell : Schwannoma, Neurofibroma, Desmoid

@

& Protuberance (sausage like) : Dermatofibrosarcoma protuberans

(=5

(B)

(c)
Fig. 4 Characteristic shape of soft tissue tumors

A: Fusiform in two different patients with schwannoma (left: 37-year-old man, T1WI; right: 45-year-old man, T2WI). These fusiform tu-
mors are along the nerve (arrow).

B: Plexiform in two different patients with neurofibroma (left: 3-year-old girl, T2WI; right: 11-year-old girl, T2WI).

C: Serpiginous form (arrow)in two different patients with hemangioma (left: Intramuscular type, 16-year-old girl, STIR, MRA, photograph;
right: venous type, 15-year-old girl, photograph, T1WI, STIR).

16 HARERSE H61% F6w
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Table 3 (E) Multiplicity in soft tissue tumors

Benign Malignant
& Hemangioma Metastasis
@  Fibromatosis (soft tissue, lymphnode)
& Neurofibroma Malignant lymphoma
— Schwannoma Kaposi's sarcoma
é Lipoma Angiosarcoma
| S Desmoid
5 Elastofibroma (bilateral)
[ Extramedullary plasmacytoma
_ Castleman’s disease Dermatofibrosarcoma protuberans
=  Glomus tumor Epithelioid sarcoma
[1°]
o Xanthoma
2  Myxoma
2  Leiomyoma
Angioleiomyoma

© (D)

Fig. 5 Multiplicity in soft tissue tumors

A: Schwannomas in a 40-year-old woman with neurofibromatosis type |. There are multiple tumors with target sign at the left thigh
(left: T1WI, right: T2WI).

B: Neurofibromas in a 24-year-old woman with neurofibromatosis type I. There are multiple tumors with target sign.

C: Cervical symmetrical lipomatosis in a 57-year-old man.

D: Castleman’s disease in a 66-year-old woman. Multiple lymph nodes are present(left: TIWI , right: T2W1).

PR 134E5H25H 17
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Table 3 (F) Soft tissue tumors with lymphnode enlargements

Benign Malignant
m Castleman’s disease Malignant lymphoma
4}
o Rhabdomyosarcoma
E__;‘,
3 Cat scratch disease MFH
2
S  (abscess like) Epithelioid sarcoma
o]
2 Lymphadenitis Synovial sarcoma
— Malignant melanoma
=
@ Clear cell sarcoma
@
% Angiosarcoma
[=5

Dermatofibrosarcoma protuberans

# Differential diagnosis . Lymphnode metastasis from carcinoma

right: Gd-enhanced T1WI).

(c)

(=)

Fig. 6 Soft tissue tumors with lymph node enlargements
A: Malignant lymphoma presenting as a soft tissue mass
in a 60-year-old woman with lymphnode metastasis (left:
T1WI, center: T2WI, right: Gd-enhanced T1WI).

B: Cat scratch disease in a 26-year-old woman. There is
a partial abscess-like appearance (left: TIWI, center: T2WI,

C: Lymphadenitis (tuberculosis)in a 68-year-old woman (left:
T1WI, center: T2WI, right: Gd-enhanced T1WI).

HAER S 6145 H6T
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(A) (B)

(c) (D)

(E) (F)
Fig. 7 Characteristic signs and appearances of soft tissue tumors

A: Target sign (left: neurofibroma in a 24-year-old woman, T2WI|. Same case as in Fig.5(B), right: schwannoma in a 57-year-old man,
T2WI).

B: Bowl-of-fruits appearance. MFH in a 40-year-old woman.

C: Salt-and-pepper appearance. Glomus jugulare tumor in a 34-year-old man (left: TIWI, right: T2WI).

D: Serpiginous pattern. Hemangioma in a 10-month-old baby with Kasabach-Merritt syndrome (T2WI, STIR, MRA and photo).

E: Peripheral myxoid halo sign in two different patients with schwannoma (upper: 61-year-old man, Gd-enhanced T1WI, T2WI, gross
specimen, lower: 37-year-old man, Gd-enhanced T1WI, T2WI).

F: Speckle enhancement (upper: leiomyosarcoma in a 64-year-old man, T1WI, Gd-enhanced T1WI, gross specimen, Lower-left: rhab-
domyosarcoma in a 15-year-old girl, TIWI, Gd-enhanced T1WI, Lower-right: malignant lymphoma in a 60-year-old woman. Same case
as Fig. 6(A), TIWI, Gd-enhanced T1WI).

Fk 1345 H25H 19
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Table 3 (G) Characteristic signs and appearances of soft tissue tumors

m |
§ Target sign Neurofibroma |
%. (T2WI : peripheral high, central low) Schwannoma
g Bowl of fruits appearance MFH
S (alot of nodules and signals) Extraskeletal Ewing’s sarcoma
o
2 Synovial sarcoma
Serpiginous pattern Hemangioma
= Salt and pepper appearance Paragangliom (Glomus jugulare tumor)
% Peripheral myxoid halo sign Schwannoma
g Speckle enhancement Malignant lymphoma

Rhabdomyosarcoma
Leiomyosarcoma

H AR 2

4=
o

fel% H6

aqo




g Ff i 285

(D)

Fig. 8 Soft tissue tumors with fatty components

A: Lipoma in a 56-year-old woman (left: TIWI, center: T2WI, right: STIR).

B: Myxoid liposarcoma in a 59-year-old woman with lacy, linear, or amorphous hyperintense foci on T1WI near the cap-
sule and septum (left: TIWI, center: T2WI, right: Gd-enhanced T1WI).

C: Well-differentiated liposarcoma with a faint enhancement in a 62-year-old man (upper-left: TIWI , upper-center: T2WI, up-
per-right: STIR lower: dynamic MRA).

D: Dedifferentiated liposarcoma with remarkable calcification and fatty component in a 60-year-old man(left: plain X- ray,
center TIWI, right: Gd-enhanced T1WI). Note the fatty component (arrow)in the tumor margin, which simulates the retro-
peritoneal fat and may be missed. T1-weighted MR image shows that the tumor is composed of three components, which
are histologically proved to be MFH, myxoid liposarcoma, and well-differentiated liposarcoma.

(B)

Fig. 9 Soft tissue tumors with myxomatous components

A: Intramuscular myxoma with very gradually enhancement in a 57-year-old woman (upper-left: TIWI, upper-center: T2WI, upper-
right: Gd-enhanced T1WI, delayed phase, lower: Gd-dynamic MRI).

B: Myxoid liposarcoma with gradually and heterogeneous enhancement in a 63-year-old woman (upper-left: TIWI, upper-center: T2WI,
upper-right: Gd-enhanced T1W!I, delayed phase, lower: Gd-dynamic MRI).

C: Myxoid MFH with very early and well enhancement in a 19-year-old man (upper-left: T1WI, upper-center: T2WI, upper-right: Gd-
enhanced T1WI/delayed phase, lower: Gd-dynamic MRI).

D: Extraskeletal myxoid chondrosarcoma with rings and arcs enhancement in a 39-year-old man (left: T1WI, center: T2WI, right: Gd-
enhanced T1WI).

ERE134E5 A 25 H 21
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Table 3 (H) Soft tissue tumors with fatty components

Benign Malignant
%r)n Lipoma Liposarcoma
@ Hibernoma (brown fat)
g Lipoblastoma
g Lipomatosis MPNST
T Hemangioma
& Angiolipoma
= Elastofibroma
_—  PVNS*
Z GCTofTS
§ Schwannoma
@ Neurofibroma
S Fatty infiltration due to muscle atrophy

#* PVNS: pigmented villonodular synovitis

Table 3 (I) Soft tissue tumors with myxomatous components

Benign Malignant ‘
M Intramuscular myxoma Myxoid liposarcoma ‘
3 Myxoid MFH |
5 Extraskeletal myxoid chondrosarcoma |
S Aggressive angiomyxoma Myxoid leiomyosarcoma
B Nodular fasciitis MPNST
& Schwannoma
= Neurofibroma |
|
i |
3 Neurothekeoma Botryoid rhabdomyosarcoma
% Ganglioneuroma Tumors with myxomatous changes
% Lipoblastoma
o  Tumors with myxomatous changes

(A)

Fig. 10 Soft tissue tumors with low intensity area on T2WI

A: Hemosiderin: PVNS of the knee in a 58-year-old man with the massive low intensity area due to local changes in suscep-
tibility in the vicinity of hemosiderin deposits on T2WI(left: T2WI, right: Gd-enhanced T1WI).

B: Collagenous component : Desmoid tumor of the abdominal wall in a 32-year-old man with the peripheral very low inten-
sity area due to dense collagen on T2WI(upper: T2WI, lower: Gd-enhanced T1WI).

AAERSEE #6lE H
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Table 3 (J) Early and well enhanced soft tissue tumors

Benign Malignant

m Hemangioma (capillary, arteriovenous*) Most cases of malignant tumors
| & Paraganglioma* (especially)
| 2 Castleman’s disease MFH

~ Glomus tumor Synovial sarcoma

Epithelioid sarcoma

= GCT of TS Rhabdomyosarcoma

B PVNS Alveolar soft part sarcoma*

é Active inflammation Hemangiopericytoma*

™ Rheumatoid nodule Mesenchymal chondrosarcoma

# Malignant tumors without early enhancement
Myxoid liposarcoma
Well differentiated liposarcoma
Leiomyosarcoma (1/2)
Malignant lymphoma (1/3)

* : Flow signal void (+)

1(A)

Fig. 11 Soft tissue tumors with flow void appearances
A: Hemangiopericytoma of the pelvis in a 30-year-old woman (upper: T2WI, lower: angiography).

B: Hemangiopericytoma of the leg in a 36-year-old man (left: TIWI, center: T2WI, right: Gd-enhanced T1WI).
C: Alveolar soft part sarcoma of the buttocks in a 23-year-old woman (T2WI).

ERE 134E5 25 H 23
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©
(D)

(E) m iF
Fig. 12 Soft tissue tumors with early, strong enhancement

A: Glomus jugulare tumor(paraganglioma) in a 34-year-old man, strong with very early enhancement. Same case as Fig.7C(Gd-
dynamic MRI).

B: Capillary hemangioma in a 17-year-old boy, with early, strong enhancement(Gd-dynamic MRI).

C: Castleman’s disease of the right upper arm in a 66-year-old woman with very early enhancement and relatively early washout.
Same case as Fig.5D (MRA early phase, late phase).

D: Alveolar soft part sarcoma of the buttocks in a 23-year-old woman, with very early enhancement. Same case as Fig.11C (Gd-
dynamic MRI).

E: Hemangiopericytoma of the pelvis in a 30-year-old woman,

with very early enhancement. Same case as Fig.11A(Gd-dynamic MRI)

F: Soft tissue metastasis of renal cell carcinoma in a 55-year-old woman with early enhancement and relatively early washout
(Gd-dynamic MRI).

24 AAEREE H61% H65
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Table 4 Signal intensities on spin echo sequences

Hemorrhagic
necrosis | Melanin
Malignant melanoma

Fatty mass
Lipoma
Liposarcoma Fatty component
Hibernoma Hemangioma
Liposarcoma Schwannoma

Neurofibroma
Elastofibroma

TiWI T2WI
marked high slightly high low marked high
Methohemoglobin Proteinous No proton Watery
Hematoma Proteinous fluid Calcification (CT) Cystic tumor
Hemorrhage Abscess Fibrous component Lymphangioma

Collagenous tumor
Vascular lakes

Hemosiderin Hemangioma
Chronic hematoma
Coagulation Myxomatous
Deoxyhemoglobin Myxomatous tumor
Acute hematoma
Manganese Cartilaginous
Fungus ball Cartilaginous tumor
Proteinous
Proteinous fluid
Flow void

Table 5 Differentiation from benign and malignant soft tissue tumors

Benign exceptional tumors Malignant exceptional tumors
Size small Lipoma large
Schwannoma
Desmoid
Margins well-defined Hemangioma ill-defined Liposarcoma
aggressive extent* rare Desmoid often Malignant lymphoma
Fibromatosis Rhabdomyosarcoma
PVNS
Inflammation
Homogeneity homogeneous Hemangioma inhomogeneous Liposarcoma
hemorrhage, Schwannoma often Malignant lymphoma
cystic necrosis, rare Rhabdomyosarcoma
low SI** septations
Growth rate low Nodular fasciitis high Synovial sarcoma
Myositis ossificans Alveolar soft part sarcoma
Hematoma
Inflammation

* aggressive extent : bone involvement , neurovascular bundle encasement , extracompartmental distribution

#%* SI : signal intensity

ER13E5SH25H

25



290

26

TSR 455 T 52 5 1o

Table 6 Differential diagnosis for myxomatous soft tissue tumors

Homogeneity Fat Collagenous Vascularity
(Taw1) Tissue Dynamic enhanced pattern

Intramuscular myxoma
Myxoid liposarcoma
Myxoid MFH

Myxoid chondrosarcoma
Neurofibroma
Schwannoma

Ganglionneuroma

homo.* - few ——~t

slightly hete.** R few ettt

hete. - 4t e~

early enhancement
slightly hete. - few —~tt

rings and arcs pattern
homo.~slightly hete. —~t + —~+
T2WI: target sign central enhancement
homo.~hete. —~t ok o
peripheral myxoid halo gradually enhancement
homo.~slightly hete. - + —~+

very gradually enhancement

gadually enhancement

very gradually enhancement

* homo. : homogeneous, **hete. : heterogeneous
##% : lacy, linear, or amorphous hyperintense foci on TIWI nearby capsule and septum

Table 7

Ideal reports for tissue-specific diagnosis of soft tissue tumors
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