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Configuration of soft-tissue sarcoma on MRI
correlates with grade of malignancy
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Background. The aim of the study was to assess whether the configuration of primary soft-fissue sarcoma (STS) on
MRI correlates with the grade of malignancy.

Patients and methods. 71 patients with histologically proven STS were included. Primary STS were examined for
configuration, borders, and volume on MRI. The tumors were divided into high-grade (G3), intermediate-grade (G2)
and low-grade (G1) STS according fo the grading system of the French Federation of Cancer Centers Sarcoma Group
(FNCLCC).

Results. 30 high-grade, 22 intermediate-grade and 19 low-grade primary STS lesions were identified. High- and
intermediate-grade (G3/2) STS significantly most often appeared as polycyclic/multilobulated tumors (p < 0.001 and
p = 0.002, respectively). Low-grade (G1) STS mainly showed an ovoid/nodular or streaky configuration (p = 0.008), and
well-defined borders. The appearance of high-, intermediate- and low-grade STS with an ovoid/nodular configura-
tion were mainly the same on MRI. All streaky G3/2 sarcoma and 17 of 20 patients with polycyclic/multilobulated
G3 sarcoma showed infilfrative borders. High-grade streaky and polycyclic/multilobulated STS are larger in volume,
compared to infermediate- and low-grade STS.

Conclusions. Configuration of STS on MRI can indicate the grade of malignancy. Higher-grade (G2/3) STS most often
show a polycyclic/multilobulated configuration, while low-grade STS are mainly ovoid/nodular or streaky. Infiltrative
behavior might suggest higher-grade STS in streaky and polycyclic/multilobulated STS.
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Introduction

for screening of STS®, MRI has become the most im-
portant imaging modality these days for pre- and

Soft-tissue sarcomas (STS) comprise a heterogene-
ous group of malignancies, accounting for only
about 1% of all cancers.! More than 50 histologic
subtypes of STS have been identified, with pleo-
morphic sarcoma, liposarcoma, leiomyosarcoma,
synovial sarcoma, and malignant peripheral nerve
sheath tumors being the most common.?® STS
mostly originate in the extremities but can occur at
any site in the body.® Different risk factors for the
development of STS have been reported, for exam-
ple, radiation therapy and radiation-induced sar-
coma.*> While sonography is still sometimes used
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post-operative evaluation of STS, as it can evalu-
ate tumoral characteristics and extent of disease
very well37? The two most common systems for
grading STS are those of the French Federation of
Cancer Centers Sarcoma Group (FNCLCC) and the
National Cancer Institute in the U.S. Of the two,
the FNCLCC system is superior in predicting dis-
tant metastasis and tumor mortality.>!® According
to this system, STS are divided into three grades
of malignancy: G1 (low-grade), G2 (intermediate-
grade), and G3 (high-grade). Knowledge of the
STS grade is very relevant because it influences the
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therapy options and helps determine which treat-
ment should be implemented.!*!? Furthermore, the
STS grade is reported to be a valuable predictor
of STS recurrence and of the benefit of adjuvant
chemotherapy.’* A relatively new morphological
aspect on MRI is to characterize STS by their con-
figurations.!4!* Therefore, the purpose of this study
was to determine whether the grade of malignancy
can be predicted by the configuration of primary
STS on MRI and whether low-, intermediate and
high-grade STS can be distinguished by tumor con-
figuration on MRL

Patients and methods
Patients

Altogether 163 patients with STS were identified in
whom pre- and/or post-therapeutic imaging had
been performed between 2008 and 2020. Patients
with other examination than MRI were excluded (n
= 21), as were patients with lack of pre-therapeutic
MRI (n = 42) and patients with lipo-, angio- and re-
troperitoneal sarcomas (n = 29). Finally, 71 primary
STS were included in this study. Information on the
histological subtypes of STS were deliberately not
included in our study in order to prevent any as-
sessments of the degree of malignancy by knowing
the subtype. However, histological STS grades were
derived from all available pathological reports and
all included STS were classified by their grade of
malignancy. Consecutively, primary STS were di-
vided into three groups according to the FNCLCC
grading system: G1 (low-grade), G2 (intermediate)

TABLE 1. Overview of configuration of high-grade (G3), intermediate-grade (G2) and low-grade (G1) soft-fissue sarcomas (STS). Additional information

and G3 (high-grade). G3 and G2 sarcoma were both
regarded as higher-grade tumors. Nevertheless, the
two grades were examined separately.

Imaging

The configuration of the tumors was divided into
polycyclic/multilobulated, fascicular, ovoid/nodu-
lar, streaky, and fusiform. Furthermore, the tumors
were examined for contrast enhancement (homo-
geneous or heterogeneous), borders (infiltrative or
well-defined), and volume on MRI. The volume
was measured from length, width, and height.

For imaging, a 1.5-Tesla MRI system
(MAGNETOM Symphony, Siemens Healthineers)
was employed. The MRI protocol included the
following sequences: axial T2-weighted (TE: 64—
114ms, TR: 3010-5840ms, FOV: 22-44 cm?), axial
T1-weighted (TE: 10-14 ms, TR: 587-868 ms, FOV:
22-44 cm?), axial proton density-weighted (PDw)
(TE: 26-36ms, TR: 2740-4610ms, FOV: 22-40 cm?),
coronal Turbo-Inversion Recovery Magnitude
(TIRM) (TE: 68-77ms, TR: 4410-6980 ms, FOV:
37-45 cm?), axial (10-12 ms, TR: 645-865ms, FOV:
22-44 ¢cm?), coronal (TE: 10 13ms, TR: 533-1440ms,
FOV: 37-45 cm?2), and sagittal (TE: 10-13ms, TR:
577-866ms, FOV: 22-37 cm?) Tl-weighted after
administering a contrast agent intravenously.
Additionally, in some recent examinations diffu-
sion-weighted-images (DWI) were available.

Two musculoskeletal radiologists, with a mini-
mum of five years of experience in diagnosing sar-
coma reviewed each MRI, with findings reached
by consensus.
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on tumor infiltration (infiltrative or well-defined), contrast enhancement (homogeneous or heterogeneous), and volume in “cm?" is shown

G3
Configuration (number, contrast wg.;\e
of TS enhancement, (cmd)
infiltration)
20 Median: 765.9""
Polycyclic/ 19 heterogeneous (Min. 15.6, Max.
multilobulated reroger 4572.5, SD:
17 infilirative 1176.5)
Fascicular 1
4 Median: 9
Ovoid/nodular all homogeneous (g/\éné 35% ';Agf
3 well-defined e
4 Median: 49.4
Streaky all homogeneous 1(?5”9 533 '\7/\8;)
all infiltrative e
Fusiform 1
Total 30

= Volume =
(number, contrast G2 (number, contrast
enhancement, (cmd) enhancement,
infiltration) infiltration)
13~ Median: 114.8 3
11 heterogeneous  (Min. 6, Max. 334, all homogeneous
7 well-defined SD: 94.6) all well-defined
- 2
5 Median: 26.5 8™
all homogeneous (Min. 2.6, Max. all homogeneous
all well-defined 41.4,5D:17.7) all well-defined
2 Median 7.9 5
all homogeneous (Min. 7.1, Max. all homogeneous
all infiltrative 8.6, SD: 1.1) 4 well-defined
2 1
22 19

Volume
G1
(cm?)

Median: 198.1
(Min. 15.8, Max.
447.2, SD: 223.3)

Median: 11.2
(Min. 1.6, Max.
25.4,SD: 7.7)

Median: 4.4
(Min. 2.6, Max.
6.5, SD: 1.4)

p-values are marked with “*"; tsoft tissue sarcoma; *p<0.001, *p=0.002, ***p=0.008, ****p=0.051
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FIGURE 1. Overview of most common localizations of primary soft-tissue sarcoma
(STS), shown as number of cases “n".

FIGURE 2. 1.5-T MRI of the arm (proton density [PD] fat saturation [FS]: 6 consecutive
slices of 3 mm) of a 54-year-old patient. The higher-grade polycyclic/multilobulated
sarcoma in the upper arms shows solid (white arrow) and cystic (white arrowhead)
components.

FIGURE 3. 1.5-T MRI of the pelvis (A) proton density [PD] axial, (B) contrast-enhanced
T1 fat saturation [FS] axial, (C) PD sagittal) of a 4%9-year-old patient. The higher-
grade polycyclic/multilobulated sarcoma in the right pelvis (white arrow) shows
heterogeneous contrast enhancement (black arrow), infiltrative behavior (black
arrowhead), and solid components within cystic tissue (white arrowhead).
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Statistical data

Data are given as median values with range (mini-
mum to maximum) or mean and standard devia-
tion (SD). Parametric and nonparametric tests to
compare group values (x2-test, Mann-Whitney
U-test, ANOVA) were performed as indicated.
Statistical significance for all tests was set at a level
of p < 0.05. Statistical analysis was done using the
IBM-SPSS version 22.0 software package (IBM,
Armonk, NY, USA).

Ethics approval

The study was conducted in accordance with
and was approved by the responsible IRB/Ethics
Committee.

Results

Patient’s mean age was 55.7 years (SD: 18.2, Min.:
10, Max.: 88). In all, 71 primary STS were includ-
ed, and 30 high-grade, 22 intermediate-grade and
19 low-grade primary STS lesions were identified
(Table 1). Primary STS significantly most often oc-
curred in the extremities (p <0.001), while the thigh
represented the predominant localization of STS
(Figure 1). Most of the high-grade (G3) and inter-
mediate-grade (G2) primary STS showed a polycy-
clic/multilobulated configuration (p <0.001 and p =
0.002, respectively; Table 1; Figure 2 and 3), while
low-grade primary STS (G1) were mostly ovoid/
nodular (Figure4 and 5) or streaky (Figure 6; p
= 0.008). G3 polycyclic/multilobulated STS were
significantly more often infiltrative, compared to
G2 polycyclic/multilobulated STS (p = 0.014). For
ovoid/nodular primary STS, no significant differ-
ence was observed between high-, intermediate
and low-grade STS regarding contrast enhance-
ment and borders. Streaky G3 and G2 sarcoma
were all infiltrative, while streaky Gl sarcoma
mostly showed well-defined borders. High-grade
streaky and polycyclic/multilobulated STS are
larger (not significant) in volume, compared to in-
termediate- and low-grade STS.

Discussion

In this study we wanted to assess whether low-
, intermediate and high-grade STS can be dis-
tinguished by tumor configuration on MRI and
whether one or the other configuration might
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already suggest the grade of malignancy. STS
comprise a group of rare malignancies of the soft
tissue that may occur anywhere in the body! but
mainly develop in the extremities and especially
in adults.’*'” In our study the most prominent
site of primary STS is the extremities, where STS
mainly occurred in the thigh, followed by the arm.
The FNCLCC uses a scoring system to grade STS.
Accordingly, this scoring system includes informa-
tion on tumor differentiation, mitotic count, and
tumor necrosis and then classifies STS into three
grades: G1 (low-grade), G2 (intermediate) and G3
(high-grade).!31° As the distinction between G2 and
G3 STS is not always clear in the routine clinical
setting, both sarcoma grades are often considered
as “higher-grade”. The grade of STS is a highly val-
uable parameter for assessing therapy. In patients
with higher-grade STS, neoadjuvant chemotherapy
is often considered, while it is not administered for
low-grade STS. In contrast, surgery alone is often
selected as the first therapeutic option in low-grade
STS.182! As a standard diagnostic procedure, needle
biopsy is performed before initiating treatment.??
However, percutaneous biopsy sometimes misses
the grade of STS, which in turn can be represent a
missed opportunity for neoadjuvant chemothera-
py or radiation therapy.!® This shows the impor-
tance of imaging in the diagnostic workup and for
STS grading, especially by using MRI.

MRI represents a valuable imaging modality in
pre- and postoperative screening of STS, the ad-
vantages of which lie in the absence of ionizing ra-
diation and its relatively high contrast resolution
compared to PET-CT or CT.’® Only few previous
studies have investigated the issue of distinguish-
ing between low-, intermediate- and high-grade
STS by tumor characteristics on MRI. However,
there have been reports of a correlation between
tumor margins or contrast enhancement with the
STS grade, for example.?* In the literature, MRI
signal characteristics of low- and high-grade STS
were also examined; however, they lacked specific
descriptions of the imaging and signal characteris-
tics of most STS.2>% Additionally, MRI signal char-
acteristics of STS are often misleading.” Therefore,
we did not focus on the signal characteristics of STS
in this study. Notably, no previous investigations
have focused on the configuration of low- and
higher-grade STS on MRI for grading STS. Our
data suggest that by focusing on the configuration
of STS it is possible to distinguish between G1 and
G2/3 STS, especially when they show a polycyclic
configuration. It becomes more difficult with other
configurations, such as ovoid/nodular or streaky.

FIGURE 4. 1.5-T MRI of the pelvis (A) proton density [PD] fat saturation [FS]: coronal,
(B) PD FS axial, (C) contrast-enhanced T1 FS axial) of a 51-year-old patient. The low-
grade sarcoma in the right gluteal region (white arrow) shows an ovoid/nodular
configuration and well-defined borders.

FIGURE 5. 1.5-T MRI of the abdomen (A) contrast-enhanced T1 axial, (B) contrast-
enhanced T1 sagittal) of a 41-year-old patient. The low-grade sarcoma in the right
abdominal wall (white arrow) presents with a ovoid/nodular configuration.

FIGURE 6. 1.5-T MRI of the upper arm (A) contrast-enhanced T1 axial, (B) contrast-
enhanced T1 sagittal) of a 48-year-old patient. The higher-grade sarcoma in the
subcutaneous tissue (white arrow) has a streaky configuration and shows slight
infilfration of the surrounding subcutaneous tissue.
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Primary STS with an ovoid/nodular configuration
usually shows the same appearance in low-, inter-
mediate and high-grade STS.

Previous authors mainly associated higher-
grade STS to an infiltration of the tumor-surround-
ing tissue. Our findings show that higher-grade
STS may show well-defined borders as well, es-
pecially in ovoid/nodular STS.2? In the case of
streaky STS, infiltration of the surrounding tissue
can be used as a characteristic for differentiating
between G3/2 and G1 STS, as all higher-grade STS
show infiltrative borders, while the borders of low-
grade STS are mostly well-defined. Furthermore,
our data shows that in polycyclic/multilobulated
STS the proportion of infiltrative sarcomas increas-
es with the grade of malignancy (G1 to G3). While
in G1 polycyclic/multilobulated STS all tumors are
well-defined, G3 sarcomas with the same configu-
ration are mainly infiltrative.

For the evaluation of STS, contrast material is
routinely administered.? In our study contrast-en-
hanced MRI was performed in all patients as well.
As radiologists have been aiming to restrict the use
of contrast media for some time, especially due to
reported adverse events after gadolinium-based
contrast agent administration?, the question arises
as to whether a contrast medium is needed for the
diagnosis of STS. As mentioned, it is possible to
distinguish between higher- and low-grade STS on
MR, especially when they show a polycyclic/mul-
tilobulated configuration. In these cases, the use
of a contrast agent is questionable and this issue
should be investigated in further studies.

Contrary to previous data, the size of STS cannot
determine the grade of STS, as in our study no sig-
nificant differences in the volumes of higher- and
low-grade STS were found, even if polycyclic/mul-
tilobulated G3 STS show a not significant larger
volume, compared to G2/1 sarcoma.3!

We cannot guarantee that a polycyclic/multi-
lobulated configuration will always verify a high-
er-grade STS, but we were able to show that the
configuration of STS can give an indication of STS
grade, which ultimately leads to more targeted di-
agnostic tests and earlier therapy. Our study has
some limitations. The main limitations are the ret-
rospective design and the single-center approach.
As STS is a rare tumor, the inclusion of almost
similar numbers of patients in a prospective study
would take a long time. In addition, the benefit
would be disproportionate to the additional time
that would be spent. A multicenter study approach
could improve this study, as the comparison of
non-polycyclic/-multilobulated STS configurations
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could be better investigated. Therefore, further
studies on this topic should be multicenter in de-
sign. Another limitation of this study is the lack of
diffusion weighted images (DWI), which were only
available in a few and mainly recent examinations.

Conclusions

Configuration of STS on MRI can indicate the
grade of malignancy, as higher-grade (G2/3) STS
significantly most often show a polycyclic/multi-
lobulated configuration, while low-grade STS (G1)
are mainly ovoid/nodular or streaky. Furthermore,
infiltrative behavior might suggest higher-grade
STS in streaky and polycyclic/multilobulated STS.
For ovoid/nodular configurations, high-, interme-
diate and low-grade STS cannot be distinguished
on MRIL.
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