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ABSTRACT

Although rare, uterine sarcoma is a diagnosis that no one wants to miss. Often benign leiomyomas (fibroids) and
uterine sarcomas can be differentiated due to the typical low T2 signal intensity contents and well-defined appear-
ances of benign leiomyomas compared to the suspicious appearances of sarcomas presenting as large uterine masses
with irregular outlines and intermediate T2 signal intensity together with possible features of secondary spread. The
problem is when these benign lesions are atypical causing suspicious imaging features. This article provides a review
of the current literature on imaging features of atypical fibroids and uterine sarcomas with an aide-memoire BET'T?ER

Check! to help identify key features more suggestive of a uterine sarcoma.

INTRODUCTION

Uterine leiomyosarcomas are rare compared to leiomy-
omas, but it can be very difficult to tell these two entities
apart. Clinical manifestations of uterine sarcomas and leio-
myomas are similar, with increased uterine size, abdom-
inal pain and per vaginal bleeding.' Imaging therefore is
crucial to be able to differentiate between these diagnoses as
benign leiomyomas are amenable to conservative or benign
intervention such as uterine fibroid embolisation or limited
surgical resections, whereas the malignant sarcomas have
a poor prognosis and early complete surgical removal
is the optimal treatment to reduce future morbidity and
mortality. Benign leiomyomas may have varied appear-
ances on MR imaging with a significant proportion under-
going cystic or haemorrhagic degeneration or being highly
cellular in appearance. The differing imaging features there-
fore provide a challenging imaging diagnostic environment
where the stakes are high.

Overcalling of atypical leiomyomas as malignant entities
will mean extensive surgery with uterine loss which may
otherwise have been treated with less extensive surgery or
a non-surgical approach. Conversely, undercalling a poten-
tial sarcoma results in delayed diagnosis and inappropriate
management with potentially devastating consequences

due to the aggressive nature of these lesions to metastasize,
and therefore loss of the opportunity for intervention at
the time of uterine limited disease. The subject is a topic
of extensive research into the distinguishing MR imaging
features which are discussed herein.

Imaging of leiomyomas vs uterine sarcomas
Ultrasound and CT do not have the soft tissue discrimi-
nation to aid diagnosis between uterine leiomyomas and
sarcomas. Features of metastatic spread allow for easy
distinction between benign and malignant lesions but are
not always present or imaged at the time of initial concern.
Metastatic disease is readily diagnosable on ultrasound and
CT depending upon the site such as ascites, liver, lung or
bone lesions or peritoneal deposits.

MRI is the best imaging modality for assessment of distin-
guishing features of leiomyomas from uterine sarcomas due
to its ability to assess signal intensity of tissue with typical
fibroid appearances of a whorled homogeneous low T,
weighted (T,WI) signal intensity (SI) lesion having a very
high negative predictive value for a benign fibroid.? The
European Society of Urogenital Radiology (ESUR)® guide-
lines provide a good rationale for basic and optional MRI
sequences (Table 1). These sequences allow for assessment of
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Table 1. MRI sequences - ESUR guidelines®

Sequence Plane Rationale
T2 Pelvis Axial, Sagittal, and Coronal (optional) and axial Anatomy and characterisation
oblique to uterus
T1 Pelvis Axial Lymph node assessment and identify fat or haemorrhage

within lesion

T1 Fat saturated pelvis Axial Identify fat or haemorrhage within lesion

T2 Fast axial of upper abdomen Assessment of upper abdominal viscera and lymph nodes
DWI Axial Characterise atypical leilomyomas/sarcomas

ADC Axial Characterise atypical leilomyomas/sarcomas

Post-gadolium T1 (optimally DCE)

Best plane for characterisation

Characterise of leiomyomas/sarcomas

ADC, apparent diffusion coefficient; DCE, dynamic contrast-enhanced; DWI, diffusion-weighted imaging.

SI, shape, outline of the lesion and disruption of boundaries such
as the serosal and endometrial interfaces which are all helpful in
characterising a suspicious lesion for malignancy compared to a
benign fibroid. We propose an aide memoire in this article to aid
the reading in assessing these features: BET'T?ER Check:

Key features to identify sarcomas - BET'T?ER
Check!

Given the low incidence of uterine sarcoma, there are limited
comparable large-scale studies which have evaluated MRI
features in leiomyomas and uterine sarcomas, such as leio-
myosarcoma (LMS). However, many small cohort studies have
repeatedly highlighted several key features which can aid uterine
sarcoma detection. The acronym BET'T?ER check can be used as
an aide-memoire. Summary (Table 2) demonstrates key imaging
features of uterine sarcomas and atypical leiomyomas.

B: Borders

An irregular or poorly defined border is a key suspicious feature
(Figure 1) with a high incidence in sarcomas (80.6%-100%)
compared to a very low incidence (3.8%) in atypical leiomy-
omas.* In one of the largest studies involving 19 LMS, this feature
on MRI gave a 74-84% sensitivity and 86-91% specificity for
LMS” (Figures 2 and 3).

E: Enhancement

The addition of intravenous contrast medium increases the diag-
nostic accuracy of uterine sarcomas.® Myometrially based uterine
sarcomas typically demonstrate heterogenous enhancement with
irregular, often central, areas lacking contrast enhancement due
to necrosis.””® This sign is seen in the majority of cases of LMS
(80%).” Lakhman et al’ reported that central unenhanced areas
on MRI gave a 95-100% sensitivity and 68-73% specificity for
LMS (Figure 4).

Table 2. Summary of typical MRl imaging features for leiomyomas and sarcoma: BET'T?ER Check!

Hyaline
Typical & cystic Red Cellular
leiomyoma degeneration degeneration Lipo-leiomyoma leiomyoma Sarcoma
Border Well defined Well defined Well defined Well defined Well defined Lobulated or
irregular
Enhancement Heterogeneous Heterogeneous Heterogeneous Heterogeneous Homogeneous Heterogeneous
with no with no - with irregular
enhancement in enhancement in outline/ invasion
degeneration degeneration
T1WI SI Low Low Haemorrhage high | Fat high with saturation Low Low with high
on fat saturated TIWI SIin areas of
haemorrhage
T2WI SI Low High in cystic areas | Variable depending Variable given the fat Intermediate Intermediate and
on age of containing component heterogenous
haemorrhage
Endometrial None None None None None Direct
thickening involvement/
irregular or
thickened
Restricted No No No No Yes Yes
diffusion
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Figure 1. Sagittal T,W MRI of a spindle cell leiomyosarcoma
demonstrating aggressive features such as a heterogenous
ToW intrauterine lesion, irregular border extending through
the uterine serosa (white arrows) and additional separate
extra uterine peritoneal deposit (*).

Smith et a/

Degenerating leiomyomas also show areas without enhancement
corresponding to the areas of degeneration. It is therefore vital
that the signal intensity within these areas is compared to the
standard T weighted imaging (T;WI) and T, weighted imaging
(T,WI) to characterise areas of hyaline, cystic or red cell degen-
eration which have typical signal intensities. In addition, uterine
sarcomas demonstrate different enhancement characteristics
to lelomyomas with sarcomas demonstrating increased mean
contrast enhancement and early enhancement ratios compared
to leiomyomas.* This is a helpful defining characteristic which
can be analysed using dynamic enhancement curves with an
enhancement curve Type III with increased mean contrast
enhancement and early contrast enhancement ratios in sarcomas
compared to leiomyomas.*

T1: 7; weighted imaging - presence of haemorrhage
Subacute haemorrhage produces methaemoglobin, which
demonstrates high TYWI SI (Figures 2b, e, 3 and 4). This
represents haemorrhagic necrosis and is seen in 18-94% of
uterine sarcomas '°, ' compared with 1.3-18% of leiomyomas.>'*
Intralesional haemorrhage has a high sensitivity (95-100%) and
specificity (82-95%) for LMS® (Figure 3). In a systematic review
of nine studies, intralesional haemorrhage carried a 7.38 times
increased risk of LMS compared to a benign lesion.'® Identifica-
tion of blood products within the lesion is therefore very helpful
for characterisation of sarcoma and is very unusual within a
fibroid. An additional factor that helps in characterisation is that
when haemorrhage does occur in a fibroid, it is usually due to a

Figure 2. Axial T2 (a) and T1 fat saturated image without (b) and with gadolinium contrast medium (c) MRI of a low grade ESS.
The ESS demonstrates myometrial invasion with irregular nodular borders (a, white arrows), heterogenous T2 signal, intralesional
haemorrhage (b, black *), and central poor enhancement (c, white *). Axial T,W (d), axial T1 fat saturated image (e) and DWI (f)
MRI of a uterine adenosarcoma. The adenosarcoma demonstrates myometrial invasion with irregular borders (d, white arrows),
heterogenous T2 signal, intralesional haemorrhage (e, black *), and restricted diffusion. (f). ADC maps not shown. ADC, apparent
diffusioncoefficient; DWI, diffusion-weighted imaging; ESS, endometrial stromal sarcoma.
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Figure 3. Comparison of imaging in LMS (a) and red cell degeneration of benign fibroid (b): Axial T;W fat saturated MRI of two
intrauterine lesions. Lesion (a) has diffuse hyperintense T;W fat saturated signal with and irregular intermediate T1 signal border
and soft tissue projecting into the lesion (open white arrow). Lesion (b) has an intermediate to high T{W fat saturated signal
intensity with a hyperintense smooth rim and clear distinction of the margin with no internal projections (closed white arrow) in a
40-year-old lady. Surgical histology of lesion (a) confirmed LMS. Lesion (b) had been imaged with MRI 12 months previously, when
it had low T,W signal. Between the two MRIs, the female had become pregnant and given birth and the follow-up MRI was for
further management of her benign leiomyoma, which had undergone red degeneration during pregnancy. LMS, leiomyosarcoma.

typical hormonal insult such as pregnancy or oral contraceptive
use and the patient typically presents with an expected history
of pain and systemic upset such as fever and leucocytosis. This
occurrence is called red cell or carneous degeneration. If imaging
is required in pregnancy to confirm diagnosis and exclude differ-
ential causes of fever and pain such as appendicitis, then the
diagnosis can be made on T;WI and T,WI alone without the
addition on intravenous contrast medium.

The presence of haemorrhage within a uterine mass in the absence
of the clinical scenario compatible with red cell degeneration of
a fibroid is therefore highly suggestive of a sarcoma. However,
acute or chronic haemorrhage may not always be identified.
Susceptibility-weighted imaging (SWI) or susceptibility weight
angiography (SWAN) can detect deoxyhaemoglobin and haemo-
siderin and detect areas of previous haemorrhage. In a recent,
but small study, low signal on SWAN sequences were detected in

Figure 4. Axial T{W fat saturated image without (a) and with (b) gadolinium contrast medium. (a) demonstrates high T1 fat sat
signal intensity in keeping with intralesional haemorrhage. Central unenhanced areas are seen in (b) in keeping with a high grade

sarcoma (confirmed on histology).
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Figure 5. Sagittal (a) and axial (b) T,W MRI of a high grade leiomyosarcoma demonstrating heterogenous T2 signal intensity with
focal hypointense T2 areas (*) in keeping with haemosiderin within the intrauterine lesion.

100% of uterine sarcomas compared to only 4% of leiomyomas
(sensitivity 100% specificity 96%).'* However, SWI may be too
sensitive to haemorrhage as other studies have produced similar
results in leiomyomas with red degeneration.'* Other benign
conditions such as adenomyosis can produce multiple small foci
of signal voids, which is a pitfall.

T2: T, weighted imaging - low T2 signal intensity
dark areas

Low T2 signal intensity dark areas can be caused by flow voids
or intralesion haemosiderin. Lakhman et al® demonstrated good
sensitivity (79-84%) and specificity (86%) for this feature in
the diagnosis of LMS (Figure 5). It is unclear if this is an unrec-
ognised or unreported feature," as a recent systematic review
identified only 4% reported incidence for LMS with low T2
signal areas. These features should not be confused with normal
low T2 signal seen in benign leiomyomas and, correlation with
TWI and enhancement is helpful.

High T2 signal intensity has been reported by many groups,®'>!>
but there can be considerable overlap with degenerating leiomy-
omas. A high T2 signal or T2 heterogeneity was not found to

be significant in Lakhman et al’s study.” In summary, the signal
intensity on T,WTI in sarcomas is variable as it depends upon the
areas of necrosis, soft tissue, flow voids and haemosiderin.

E: Endometrial involvement

Adenosarcomas and ESS have a high propensity for endometrial
involvement, the aggressive nature of LMS, means that although
it originates within the myometrium it can also involve the endo-
metrium in up to 35-50% of cases,'®!” resulting in loss or irreg-
ularity of the endometrial stripe (Figure 6). The outline of the
lesion with the endometrium is therefore vital to assess as is the
serosal surface for the same reason in cases suspicious for LMS.

R: Restricted diffusion

High diffusion-weighted imaging (DWI) SI (b = 800-1000s
mm ), greater than that of endometrium, and low ADC values
(cut-off value: 0.79-1.27 x 107> mm? s 1)*71820 have been
found in LMS (Figure 7). However, the routine use of ADC value
on its own is limited due to overlap with cellular leiomyoma
values>*!®*1-2* Figure 7. Different cut-off values have been
suggested. These cut-off values range between 0.79 and 1.27 x

Figure 6. Axial T,W (a) and axial T1 fat saturated gadolinium contrast medium enhanced (b) MRI of a high grade leiomyosarcoma
demonstrating endometrial invasion (*) by a leiomyosarcoma (arrows).
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Figure 7. Comparison of DWI imaging in benign (a, b) and
malignant (c, d) lesions: axial DWI (a) and ADC (b) of a highly
cellular leiomyoma and axial DWI (c) and ADC (d) of a leio-
myosarcoma. The DWI outline is helpful in demonstrating the
irregular outline in the malignant lesion (c, d). ADC, apparent
diffusioncoefficient; DWI, diffusion-weighted imaging.

| e

1073 mm? 57”1820 and may be due to different MRI machines,

field strengths and study design.

In terms of benign lesions, Wahab et al'® found that in cases
where the DWI SI of the lesion was less than that of myome-
trium or greater than myometrium but less than that of endo-
metrium or lymph nodes, then the lesion was almost certainly
benign and conversely a DWT SI greater than endometrium and
an ADC value less than or equal to 0.905 x 10> mm? s had a
high prediction for malignancy.

An important pitfall to be aware of is the misinterpretation of
restricted DWT in areas of blood products and therefore the
misinterpretation of benign red cell degeneration. Correlation of
restricted DWT areas on both T, and T} WI is therefore manda-
tory in interpretation of DWI findings.

Leiomyomas

Leiomyomas, or fibroids, are the most common benign uterine
tumour with 20-80% of pre-menopausal females affected,>***
although not all will have symptoms. Leiomyomas are comprised
of smooth muscle tissue and excess extracellular fibrous
supporting tissue and are under the hormonal influence of
oestrogen and progesterone. They can occur at variety of different
sites throughout the myometrium, such as subserosal, intramural
and submucosal locations. During reproductive years, especially
during pregnancy, lelomyomas can increase in size and typically
reduce during post-menopausal period. Risk factors for leiomy-
omas can be found in Table 3. There is conflicting evidence on

Table 3. Risk factors for leiomyomas

Risk factors for leiomyomas

Race African ancestors > other races

Genetic e.g. hereditary leiomyomatosis and

renal cell carcinoma

Diet High consumption of red meat
Reduced intake of vegetables, fruit
and vitamin D

Gynaecology history Multiparity, polycystic ovarian
syndrome, hormone replacement

therapy

the effect of oral contraceptive on the development and growth
of leilomyomas.

There are many options for treatment of fibroids, but it is
important when reporting the imaging to recognise that in
addition to medical and interventional radiology options the
standard surgical options also now conserve the uterus.”® Lapa-
roscopic or hysteroscopic myomectomy (often requiring morcel-
lation), uterine artery embolisation (UAE), and high intensity
focus ultrasound mean that the uterus remains in situ. Thus,
an unexpected pre-operative uterine sarcoma may be spread
throughout the abdominal cavity with techniques such as power
morcellation, resulting in increased risk of recurrence and
reduced survival.”’~*° Because of this, the United States Food
and Drug Administration issued a warning in 2014*° and Euro-
pean Society of Gynaecological Endoscopy published a position
statement in 2016 regarding worsening outcomes in patients
with unsuspected uterine sarcomas who underwent leiomyoma
morcellation. Limited studies suggest that UAE does not appear
to cause dissemination but is strongly advised against if there is
any c302ncern about LMS as it delays appropriate treatment for
LMS.

Typical leiomyoma imaging features

On MR, these include low T,WT lesions with a slightly whorled
appearance, well-defined borders with no invasion. Enhance-
ment often follows that of myometrium. They can be located
throughout the myometrium in a subserosal, intramural or
submucosal distribution, with the FIGO PALM-COEIN classi-
fication Figure 8%

Atypical leiomyomas may have several histological features
which can be easily recognised on MR imaging:
» Oedema

Peripheral or diffuse heterogenous high T,WI on the back-
ground of low T,WTI signal intensity with normal enhancement
may indicate oedema. This may be the first sign of degeneration.’

o Degeneration
Degeneration tends to occur in leilomyomas >5cm and can be:

(i) Hyaline (60%)
MRI characteristics may not change significantly, as the
collagen deposited in hyaline degeneration is usually low
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Figure 8. Typical benign fibroid: sagittal (a) and axial (b) T,W
images demonstrating a well-defined low SI mass (*) extend-
ing anteriorly from the uterus (u) and separate to the ovaries
(o) with bridging vessels (white arrow) in keeping with a sub-
serosal fibroid. The ‘whorled’ and low T,WI Sl is typical for
benign fibroid. Axial ;W images before (c) and following (d)
the administration of intravenous contrast medium demon-
strates intense enhancement of the fibroid with no necrosis.

signal intensity on T2 and intermediate on T} WI. Very little
or no contrast enhancement will be seen within hyaline
areas’ due to the accumulation of proteinaceous material in
the extracellular space preventing gadolinium entering.

(ii) Cystic (4%)
This is characterised by high T, and low T;WI spaces with a
thin low T2 signal rim and associated enhancement, repre-
senting residual leiomyoma tissue.”**

(iii) Myxoid (uncommon)
This is due to myxoid matrix and extracellular mucin depo-
sition and demonstrates high T2 and low T1 signal intensity
but with contrast medium enhancement.’

(iv) Red/haemorrhagic or carneous (Figure 3)

Smith et a/

This occur in leiomyomas during pregnancy or with oral
contraceptive use.”* Torted fibroids may also become
ischaemic and haemorrhagic. Peripheral or diffuse high T1
signal intensity is seen, with corresponding low T2 signal
due to blood degradation products. There is no contrast
enhancement.’

Other atypical lelomyomas may present with a different spec-

trum of signal intensities. These include:

o Cellular leiomyoma (Figure 7a) (Rare)

They are typically well-defined and mildly hyperintense on T,WI
due to high cellularity. with homogenous contrast enhancement.
Due to their high cellularity, these leiomyomas often demon-
strate restricted diffusion.*

« Lipoleiomyoma (Figure 9)

These are rare leiomyoma containing mature macroscopic fat.
High T1 signal intensity within the leiomyoma, which suppresses
on fat suppressed sequences is characteristic. Fat attenuation can
be seen on CT. Some lipoleiomyomas contain microscopic fat
which can only be detected on in-and-out of phase sequences.**
The appearance of fat is regarded as characteristic for lipoleio-
myoma as liposarcoma arising within the uterus is extremely
rare.

o Intravascular leiomyomas (Figure 10)

This rare condition is characterised by aggressive intravenous
growth of a leiomyoma. The involved veins may be intra- or
extrauterine and include major veins of the pelvis and abdomen
(Figure 10). In 10-40%, the heart can be involved.*>” MRI char-
acteristics depend on the amount of smooth muscle and fibrous
components in the tumour, but characteristically have similar
appearances to benign or cellular leiomyomas. Surgical resection
and hormone treatment is required.”®

« Benign metastasising leiomyomas

This rare and unusual condition occurs when benign leiomyomas
metastasise to other organs distant from the uterus. Lung metas-
tases are most common and are often found incidentally on chest
X-ray or imaging for other conditions. The tumours are under
hormonal influence and can spontaneously resolve.* They can
sometimes cavitate and may cause a pneumothorax but rarely

Figure 9. Axial TL,W (a), THW (b) and T;W fat saturated (c) images of a uterine lipoleiomyoma. Axial portal venous contrast-
enhanced CT of the pelvis (d) confirms fat attenuation within the uterine lesion.
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Figure 10. Axial T,W (a), W fat saturated image (b), DWI
(c) and ADC (d) of a uterine lesion in a 45-year-old females.
Heterogenous T,W lesion demonstrates extension though
the myometrium with high T2 signal ‘deposits’ within the left
of the pelvis (white arrows). No lymph node enlargement or
metastasis was seen on staging CT. Pre-operative diagnosis
of a uterine sarcoma was made and a total hysterectomy and
bilateral salpingo-oophrectomy performed. Leiomyomatosis
with intravascular invasion was confirmed on histology. ADC,
apparent diffusioncoefficient; DWI, diffusion-weighted imag-
ing.

calcify. The metastases are otherwise non-specific on CT or MRI
and can mimic malignant metastases, sarcoidosis, amyloidosis
and rheumatoid nodules.*>*! Patients often have a past medical
history for treated leiomyomas, such as hysterectomy.

o Parasitic, peritoneal and retroperitoneal leiomyomatosis

All these entities are rare but together describe the presence of
leiomyomas separate to the uterus in different abdominal and
pelvic locations. In parasitic leiomyomas, the leilomyomas orig-
inate from the uterus and subsequently develop a blood supply
from their surroundings before loosening their attachment
with the uterus. Common sites include broad ligament, ovary,
bladder, ureter and urethra. They have similar imaging charac-
teristics to benign leiomyoma but can mimic lymphadenopathy
or benign or malignant tumours. Broad ligament tumours can be
associated with a raised CA125 and pseudo-Meig’s syndrome.**
These leiomyomas can also undergo degenerative changes and
developing imaging characteristics similar to atypical leiomyoma
within the uterus.*’

In peritoneal leiomyomatosis, multiple leilomyoma grow within
the abdominal cavity on the peritoneum and omentum typi-
cally from seeding from previous surgery (Figure 11). It is often
identified incidentally and is associated with increased levels of

Figure 11. Sagittal (a) and axial (b) 7,W images demonstrating
previous hysterectomy (for fibroids) with a well-defined low
signal intensity mass (*). Axial T,W (c) image of the abdomen
demonstrates low signal intensity mass outlining the perito-
neum (white arrows). This had been mistaken for an ovarian
Stage 3C malignancy on CT imaging but the CA-125 level was
normal. Biopsy of the peritoneal area confirmed peritoneal lei-
omyomatosis.

R o T4
\(: DR G - 7

progesterone and oestrogen such as pregnancy, oral contracep-
tive use and oestrogen-producing tumours such as granulosa
cell tumours.*” Rounded nodules can be seen throughout the
peritoneal cavity which have the same signal characteristics as
muscle on MRI. Abdominal appearances can mimic peritoneal
or ovarian carcinoma, mesothelioma, dermoid tumours and
tuberculosis.*’

Retroperitoneal leiomyomatosis is often found incidentally and
given the location in the retroperitoneum can mimic other retro-
peritoneal pathology including lymphoma.*’

« Smooth muscle tumours of uncertain malignant potential
(STUMP) (Figure 12)

These are rare tumours with some concerning features on
pathology (in addition to imaging), such as nuclear atypia,
necrosis and mitotic figures, but cannot be formally classi-
fied as malignant. They therefore represent a separate category
according to pathological diagnosis and not surprisingly, they
have a variety of MRI appearances from typical benign leio-
myoma appearances to a classical leiomyosarcoma appearances.’

Uterine sarcomas
Uterine sarcomas are uncommon making up 1% of all gynaeco-
logical tract and 8% of all uterine malignancies."**** Of uterine

8 of 13 birpublications.org/bjr

Br J Radiol;94:20201332


http://birpublications.org/bjr

BJR

Figure 12. Sagittal (a) and axial (b) T,W images of an exo-
phytic uterine lesion with a narrow base. The lesion demon-
strates bridging vessels (White arrow) and cystic peripheral
changes. The central area of enhancement and peripheral
poor enhancement is seen on the T1 fat saturated imaging
without (¢) and with gadolinium contrast medium (d). DWI (e)
and ADC (f) demonstrate central restricted diffusion within
the lesion. Pre-operatively imaging suggested a torted large
subserosal leiomyoma. However, on histology, a smooth mus-
cle tumour of uncertain malignant potential was diagnosed.
ADC, apparent diffusioncoefficient; DWI, diffusion-weighted
imaging

sarcomas, LMS is the most common type comprising 70% of
cases. LMS are found incidentally in 0.09-0.49% of hysterec-
tomy specimens.‘ﬁ’47 However, it is important to remember
that benign smooth muscle tumours of the uterus are extremely
common and only about 1/1000 uterine smooth muscle tumours
are sarcomas.

Risk factors for leiomyosarcomas and other uterine sarcomas
are not well understood (Table 4). Older age at menarche (i.e.
menarche at >15 years vs <11 years) and tubal ligation are
protective.*’

(a) Leiomyosarcoma (Figure 1)

o The majority of LMS arise de-novo within the myometrium
with only 0.2% arising within a pre-existing leiomyoma. **%!

Smith et a/

Table 4. Risk factors for uterine sarcoma*®

Risk factors for Uterine sarcomas

Age >40 years

Obesity >30kg m 2 vs <25kg m 2

Other medical conditions Diabetes, previous radiotherapy,

long term tamoxifen use

Molecular studies have demonstrated differences in micro-
RNA expression and biomarkers between leiomyomas and
LMS suggesting separate aetiologies and developmental
pathways.’>>  Although LMS can invade into the
endometrium, pre-operative endometrial biopsy has been
shown to only detect approximately 35-50% of cases.'®”

(b) Endometrial stromal sarcomas (Figure 2a—c)

o These account for 10-15% of uterine sarcomas and can
be divided into low (LGESS) and high grade (HGESS).>!
Younger females (average 39 years) tend to be diagnosed
with LGESS while post-menopausal females (average 61
years) more commonly have HGESS. LGESS has a good
prognosis and can have a worm like or nodular appearance
on MRI as the tumour extends through the myometrium
and serosa’* (Figure 2a—c).

(c) Undifferentiated sarcomas

o These sarcomas have a poor prognosis, especially if vascular
invasion or haematological spread are present. They are
often endometrial in location and can be detected on pre-
operative endometrial biopsy.

(d) Adenosarcomas (Figure 2d-f)

o These are rare slow-growing uterine sarcomas which account
for 5.5-9% of all uterine sarcomas.”® They are composed
of malignant sarcomatous elements and benign glandular
tissue and tend to occur within the endometrial cavity in
70% of cases. Myometrial, cervical and ovarian locations
have also been described, and are more commonly seen in
younger patients.’>*® Sarcomatous overgrowth (>25%) can
occur which results in poorer prognosis. Myometrial and
lymphovascular invasion are further poor prognostic signs,
with 33% recurring within 5 years of diagnosis.

(e) Carcinosarcoma

o Carcinosarcomas have recently been reclassified as an
aggressive form of endometrial carcinoma® rather than
true uterine sarcoma. They have both sarcomatous and
carcinoma elements, which include endometrioid, serous,
squamous, adenocarcinoma or a mix of different types.

Typical uterine sarcoma MR imaging features

A typical LMS will present as a large tumour with irregular
borders, areas of intralesion haemorrhage, necrosis and early
central enhancement in the soft tissue part of the tumour at
40-60s post-i.v. contrast medium administration.’ In some
cases, extrauterine spread is seen, including ascites and peritoneal
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deposits'®*"*® (Figure 1). Other types of uterine sarcoma have
slightly different appearances.

ESS tend to form heterogenous high T2 and low T1 signal inten-
sity polypoid masses within the endometrial cavity, with ‘bag
of worms' appearance from serpiginous high T2 SI tumour
spreading along and compressing smooth muscle fibres.***
Necrosis, and haemorrhage are also features in ESS as in LMS
(Figure 2a—c). Contrast enhancement of these tumours is often
heterogenous, iso- or hyperintense compared to the myome-
trium, whilst endometrial cancer often demonstrates hypoen-
hancement compared to the myometrium.**>°

Adenosarcomas are also large polypoid masses within the endo-
metrial cavity (Figure 2d-f), causing it to expand and tumour
can prolapse through the cervical canal. These tumours can
have both glandular cystic spaces or necrosis, producing high
T2 signal intense foci and can mimic trophoblastic disease. The
polypoid ‘lacelike’ appearance in addition to the solid compo-
nents can also be confused with a benign polyp but the heteroge-
neity is helpful in distinguishing. Solid components will enhance
with contrast medium. Myometrial invasion, haemorrhage and
necrosis can occur with sarcomatous overgrowth. On DWT high
b values, adenosarcomas can show low signal intensity, which is
an indication of their low grade.”"**®! Unenhanced regions can
also be seen in carcinosarcomas, and although this in itself is not
a poor prognostic sign, when necrosis comprises >10% of the
total tumour, it is correlated with poor prognosis.®*

Combining features and algorithms

Although some of the features described in BET'T?ER check give
a high sensitivity and specificity for uterine sarcomas, especially
LMS, there is still overlap with atypical leiomyomas. Combining
features improves the sensitivity, specificity and accuracy for the
diagnosis of uterine sarcoma.

Most studies are small and have identified different imaging
or clinical features to differentiate uterine sarcomas from
leiomyomas.

Lakhman et al’, whose study with 19 confirmed LMS and 22
atypical leiomyomas, demonstrated increased specificity and
sensitivity for LMS of 95-100% when 3 or more of the following
MRI features were identified; irregular borders, T1 hyperintense
signal, T2 dark areas and central unenhanced areas.

Similarly, Thomassin-Naggara et al”s study of 25 uncertain or
malignant sarcomas and 26 leiomyomas identified that high
DWI b1000 signal intensity, mean ADC value of <1.23x10~°
mm?s”! and an intermediate T,W signal intensity distinguished

92.4% of uterine sarcoma from benign leiomyomas.

These features are similar to those identified in a large recent case
controlled retrospective studies. The development of an algo-
rithm for the presence of lymphadenopathy, DWI signal greater
than that of endometrium and low ADC < 0.095 x 10° mm?
s”! provided high sensitivities and specificities for experienced
(88 and 100%) and less experienced readers (83 and 97%). The

group also demonstrated that the combined features of low T2
signal solid regions (i.e. enhancing benign typical fibroid tissue
compared to T2 dark area flow voids or haemosiderin in uterine
sarcoma), low DWI signal of the myometrial lesion compared
to endometrium and no lymph nodes or ascites allowed correct
diagnosis of a benign uterine lesion in 100% of their cases.'®

A simple decision tree developed by machine learning tech-
niques on 84 benign and 21 malignant lesions also demonstrated
that predominantly high T,WTI signal, restricted diffusion and
central necrosis as important features with a 100% sensitivity
and 95% specificity."> This simple decision tree demonstrated
that lesions which did not have these features were likely to be
benign. Only four benign lesions were misclassified as malignant
using the simple algorithm, while none of the malignant lesions
were misclassified.

Goto et al® suggest combining clinical and biochemical markers
with MRI features. They demonstrated improved diagnosis when
using contrast enhanced MRI over unenhanced MRI in a study
of 10 LMS and 130 leiomyomas with degeneration. They showed
that tumour contrast enhancement at 60's after administration of
Gd-DTPA was detected in all LMS, but absent in 28 of 32 of their
leiomyoma patients. This feature improved the positive predic-
tive value from 52.6 to 83.3% and their diagnostic accuracy from
93.1 to 95.2%. When they combined contrast enhanced MRI
features with serum lactate dehydrogenase measurements, the
specificity, PPV and diagnostic accuracy increased to 100%.°
Patient age >44 years old also demonstrated increased sensitivity
(82.4%) and specificity (92.2%) of LMS over leiomyomas.63 This
has led to some centres combining imaging, biochemical and
other features such as endometrial biopsy formally or converting
open myomectomy procedures when a case is indeterminate
pre-operatively. This was evaluated in the study by Nagai et al®*
who used combined imaging, biochemical and pathological
pre-operative features in a formal Preoperative Sarcoma Score
(PRESS) with an accuracy rate of prediction of sarcoma of 84.1%
using this score.

Although many of the MRI features and the use of contrast
enhancement has been included in latest European imaging
guidelines, the combination with LDH measurements has not
been included,? which may be because LDH can also be raised in
cellular and degenerating leiomyomas.®

Other techniques and modalities

Lakhman et al’ used advanced processing texture analysis tech-
niques of regions of interest on the T,W images. Using these
techniques, they demonstrate increased textural heterogeneity
but reduced entropy in LMS compared to atypical leilomyomas.
In a further texture analysis study of LMS and leiomyomas,
multiple MRI sequences were assessed. Gerges et al® demon-
strated T2 and T1 solid area texture analysis were most useful
while ADC maps analysis was not significantly different between
the two lesions. Although this is still a research technique, it
suggests that potential computer analysis of current standardised
MRI sequences could be used to improve diagnostic accuracy in
the future.
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Several groups have investigated the use of PET/CT in distin-
guishing uterine sarcomas from leiomyomas. In a recent small
8E_FDG-PET/CT study of 34 uterine sarcomas, the SUVmax
cut-off <4.4 had a 100% negative predictive value for a uterine
sarcoma, and therefore absence of uptake is very helpful in
excluding LMS® with a high SUVmax being associated with a
worse prognosis.® However, the specificity of PET/CT is reduced
compared to MRL®

3’-deoxy-3'-'*F-fluorothymidine PET (18F-FLT-PET) allows
assessment of tumour proliferation without uptake of the tracer
agent by inflammatory tissues. It has been shown to be superior
to "*F-FDG-PET/CT in distinguishing uterine sarcomas from
leiomyomas and tracer uptake correlates with immunohisto-
chemical indices of cellular proliferation.®® However, it is not
commonly available in routine clinical practice.

Smith et a/

SUMMARY

Although uterine sarcomas are rare, it is vital to raise suspicion
on pre-operative imaging to provide timely priority referral
for appropriate surgical planning. MRI is the best modality
for assessing uterine sarcomas with CT used for assessment
of distant spread. Atypical leiomyomas which have undergone
degeneration, are cellular, metastasising or intravascular leio-
myomas all have at least one key feature that can mimic diag-
nosis of LMS on MRI but combining MR imaging features and
taking into account the clinical scenario are helpful. Identi-
fying these key MR imaging features such as irregular Borders,
heterogenous Enhancement with central poor enhancement,
hyperintense T{W signal in keeping with haemorrhage, T2
dark areas from vascular signal voids and haemosiderin,
Endometrial invasion and restricted diffusion together aids
successful pre-operative suspicion for sarcoma with the
combination increasing sensitivity, specificity and accuracy.
These can be remembered as the acronym BET'T?ER check.
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