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SUMMARY
Objective. Soft Tissue Sarcoma (STS) is a rare form of cancer which includes a variety 
of malignant connective tissue neoplasms with high morbidity and mortality. Amongst 
these, undifferentiated pleomorphic sarcoma – accounting for up to 20% of all sarco-
ma – lacks a specifically identified line of cellular differentiation. Magnetic Resonance 
imaging (MR) have been used for local staging of STS, determining tumour extent, 
tumour characteristics, and neurovascular bundle infiltration. In addition to histologic 
evaluation following percutaneous biopsy, MR can possibly be used as a non-invasive 
investigation to determine tumour grade as it has been successfully used as a surrogate 
marker for other malignant tumours, for example: brain tumours. We evaluated simi-
lar MRI utility for undifferentiated pleomorphic sarcoma to assess necrosis as a possi-
ble predictor of histological grading. 
Methods. We evaluated 47 cases of histologically proven undifferentiated pleomor-
phic sarcoma. We hypothesized that there was a direct correlation between the degree 
of tumour necrosis on MR and histologic grade. Two experienced consultant muscu-
loskeletal radiologists blinded to histological grade of tumour evaluated MR images 
retrospectively. The extent of tumour necrosis was categorised as < 25% – MR grade 
I, 26-50% – MR grade II, 51-75% – MR grade III and > 76% – MR grade IV. Final 
pathologic grading using Fédération Nationale des Centres de Lutte le Cancer (FNCL-
CC) classification were obtained for all patients which divide tumour grades into low 
(grade I) and high (grade II and III) category and correlated with MRI results. 
Results. 17 (36.1%) patients with MR Necrosis grade I, 8 (17.02%) patients with MR 
necrosis grade II and 10 (21.27%) patients with MR necrosis grade III, were high-
grade STS (grade III significantly higher than grade II) histologically. Whereas, out 
of 12 (25.53%) patients with MR necrosis grade IV demonstrating more than 75% 
tumour necrosis, 1 (2.12%) patient was low-grade (FNCLCC grade I) and rest were 
high-grade STS including 1 (2.12%) patient of grade II and 10 (21.27%) patients of 
grade III. 
Conclusions. We were unable to establish positive or negative correlation between the 
degree of necrosis on MR and histological grade of STS on this cohort study.
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INTRODUCTION
Soft Tissue Sarcoma (STS) is a rare form of cancer which 
includes a variety of malignant connective tissue neoplasms 
with high morbidity and mortality. In the UK, in 2010, 3272, 
new cases of STS were diagnosed. Once diagnosed with 
these inherently aggressive neoplasms, the survival rate in 
STS patients steadily declines with time showing 10 years 
age-standardised relative survival rate for STS is 45% in the 
UK (1, 2). 
Soft tissue sarcoma are further classified into numerous 
categories depending upon predominant tissue. These 
include leiomyosarcoma, liposarcoma, fibroblastic sarco-
ma including undifferentiated pleomorphic sarcoma (previ-
ously known as Malignant Fibrous Histiocytoma (MFH)), 
rhabdomyosarcoma, soft tissue Ewing’s sarcoma, synovi-
al sarcoma, vascular sarcoma, malignant peripheral nerve 
sheath tumours and other rarer forms of sarcoma which are 
not otherwise specified (sarcoma NOS) (1).
MRI is usually the imaging investigation of choice for sarco-
ma, determining tumour extent, tumour characteristics 
(figure 1) and neurovascular bundle infiltration, character-
ising lesions and prognosticating them. Tumour necrosis has 
been successfully used as a surrogate marker for different 
malignant tumours, for example, brain tumours. Our effort 
was to evaluate similar MRI utility for undifferentiated pleo-
morphic sarcoma to assess necrosis as a possible predictor 
of pathological grading.

MATERIALS AND METHODS
After institutional board review approval, we created a 
retrospective search of prospectively maintained radiology 
database at our institution and found 47 cases of histologi-
cally proven undifferentiated pleomorphic sarcoma (3). We 
hypothesised that there was a correct direct relation between 
the degree of tumour necrosis on MR and histologic grade. 
Two experienced consultant musculoskeletal radiologists 
who were blinded to histological grade of tumour evaluat-
ed MR images retrospectively. The extent of tumour necro-
sis was categorised as < 25% – MR grade I, 26-50% – MR 
grade II, 51-75% – MR grade III and > 75% – MR grade 
IV. Final pathologic grading using Fédération Nationale des 
Centres de Lutte le Cancer (FNCLCC) classification (4) 
modified initially from Trojani classification, were obtained 
for all patients which divide tumour grades into low (grade 
I) and high (grade II and III) category. 

RESULTS
We have compiled a dataset for 47 patients comparing 
necrosis on MR imaging with histological grading (table I).
Amongst 17 (36.1%) patients with MR Necrosis grade 
I, 8 (17.02%) patients with MR necrosis grade II and 10 
(21.27%) patients with MR necrosis grade III, all turned 
out to be high-grade STS (grade III significantly high-
er than grade II) on histologic grading. Whereas, in 12 

Figure 1. STIR axial (a) and coronal (b) and T1 fat suppressed post contrast axial (c) images of the right hip demonstrates 
necrotic tumour with MR necrosis grade 1 which was histologically grade III.
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(25.53%) patients with MR necrosis grade IV demonstrat-
ing more than 75% tumour necrosis, 1 (2.12%) patient 
was low-grade (FNCLCC grade I) and rest were high-
grade STS including 1 (2.12%) patient of grade II and 10 
(21.27%) patients of grade III (figure 1-3). We concluded 
that percentage of MR necrosis does not follow histolog-
ical grading and in turn aggressiveness of the soft tissue 
sarcoma and we were unable to find correlation between 
percentage of MR tumour necrosis and histological grad-
ing, whether positive or negative.

DISCUSSION
STS tumours are inherently heterogeneous consisting of 
multiple tissue components that include cellular compart-
ments, fat, cystic changes, and necrosis. MRI is an imag-
ing investigation of choice for prognostication of STS 
tumours whereas histological tumour grading remains the 
most widely accepted prognostic biomarker, as it serves 
as the proxy marker of the relative risk of tumour metas-
tasis and survival. Additionally, the histological grade of 
the tumour is used as a key factor to decide whether the 

Table I. Demonstrates the grade of tumour and degree of necrosis. (# Tumour necrosis on MR imaging evaluated 
by two blinded musculoskeletal radiologists, percentage of necrosis is calculated against whole-tumour volume in a 
semi-quantitative manner; * Histologic grading using Fédération Nationale des Centres de Lutte le Cancer (FNCLCC) 
classification).

Figure 2. (a) T2, (b) STIR and (c) post-contrast T1 fat-suppressed axial images demonstrating irregular medial thigh compart-
ment intramuscular neoplastic lesion showing less than 25% of the tumour necrosis in keeping with MR necrosis grade I. Histo-
logically, the lesion was grade III demonstrating no direct positive correlation between MR necrosis and histological grading.
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Figure 3. (a) T2 axial, (b) STIR coronal and (c) post contrast T1 fat-suppressed coronal images demonstrating irregular medial 
thigh compartment intramuscular neoplastic lesion showing approximately 75% of the tumour necrosis in keeping with MR 
necrosis grade III. Histologically, the lesion was grade III.
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patient will need neoadjuvant chemotherapy in addition to 
surgery (5, 6).
Amongst these, undifferentiated pleomorphic sarcoma – 
accounting for up to 20% of all sarcoma – is a particular 
category of STS, which lacks a specifically identified line of 
cellular differentiation when analysed by histological exam-
ination and immunohistochemical staining. Analysis of 70 
cases of undifferentiated pleomorphic sarcoma showed 
highly complex with no specific recurrent aberration, 
making them impossible to categorise into more known 
sarcoma even at a genetic level (7). Similarly, it is not possi-
ble to characterise undifferentiated pleomorphic sarcoma 
solely on imaging as they do not demonstrate pathogno-
monic imaging characteristics.
Magnetic Resonance (MR) imaging, owing to its excellent 
contrast resolution, is the cornerstone imaging method for 
local staging (8). Several papers are looking at various MR 
imaging features and histological grading of the STS, but 
none is specifically looking at the extent of necrosis (9). 
According to Zhao et al., high-grade STS differs signifi-
cantly from low-grade STS in terms of tumour size, tumour 
margin, heterogeneous signal intensity on T2-weighted 
images, and peritumoural high signal intensity. Presence 
of peritumoural contrast enhancement may act as a sole 
predictor of high-grade STS. Overall, in addition to histo-
logic evaluation following percutaneous biopsy, MRI can be 
used as a supportive non-invasive investigation to determine 
tumour grade (10).
For brain tumours, tumour necrosis on MRI is poor prog-
nostic factor and demonstrates direct positive correlation 

with histological grading and aggressiveness of the tumour. 
We used to exploit possibility of similar correlation for 
undifferentiated pleomorphic sarcoma. Contrary to the 
brain tumours, STS with less than 25% tumour necrosis 
could be high-grade histologically (figure 2) whereas it is 
also possible for STS with more than 75% tumour necro-
sis to be histologically low-grade or high-grade (figure 3). 
Hence, we were unable to establish correlation between 
MRI and histology, whether positive or negative. 
We have searched multiple databases for similar studies and 
our study is, by far, the largest study evaluating correlation 
between MR necrosis and histological grading for prov-
en cases of undifferentiated pleomorphic sarcoma. Possi-
ble limitations of this study may include small sample size, 
single centre experience and including only undifferentiat-
ed pleomorphic sarcoma. It is also possible that soft tissue 
sarcomas demonstrate completely different cellular lineage 
than brain tumours which may alter its growth characteris-
tics including neoangiogenesis and their effect on tumour 
necrosis. However, we recommend multicentric study with 
a large sample size and involvement of more histological 
subtypes of soft tissue sarcomas to provide more robust 
statistical analysis.

CONCLUSIONS
In conclusion, we could not establish positive or negative 
correlation between the degree of necrosis on MR and histo-
logical grade of STS. Limitations of study were single centre 
pilot study, inclusion of only undifferentiated pleomorphic 
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sarcoma and small sample size. We recommend further 
multicentric study with a larger sample size and other vari-
ety of soft tissue sarcoma.
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