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Abstract
Uterine leiomyoma shows a wide spectrum of morphologies and clinicopatho-
logical features. Thus, in both the clinical and pathological settings, it can be 
difficult to distinguish from leiomyosarcoma. In particular, patients scheduled 
for conservative laparoscopic procedures need careful preoperative evaluation, 
because in rare cases microscopic examination may instead reveal leiomyosar-
coma. Clinicians should therefore be familiar with the variety of manifestations 
and imaging characteristics of both leiomyoma and leiomyosarcoma. In this 
chapter, the morphologic features and current diagnostic criteria for leiomyoma, 
as opposed to leiomyosarcoma, and the controversies regarding the diagnosis of 
borderline tumors are presented. The focus includes smooth muscle tumors of 
uncertain malignant potential.
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1.1  Introduction

Leiomyoma, also called “fibroid,” is the most common benign mesenchymal tumor 
of the uterus. It shows a wide spectrum of morphologies and clinicopathological 
features such that both clinically and pathologically it can be difficult to distinguish 
leiomyoma from leiomyosarcoma. In the current standard of practice, patients favor 
conservative treatment of leiomyoma, especially laparoscopic surgery employing 
morcellation, rather than hysterectomy. However, in rare cases, on subsequent 
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microscopic examination, the resected tumor will be diagnosed as leiomyosarcoma. 
Therefore, the preoperative evaluation of patients with suspected leiomyoma is cru-
cial and requires that clinicians are familiar with the various clinicopathological 
expressions and imaging characteristics of leiomyoma and leiomyosarcoma. In this 
chapter, the morphologic features and current diagnostic criteria for leiomyoma, as 
distinct from leiomyosarcoma, are presented. The controversies regarding the diag-
nosis of borderline tumors are discussed as well, focusing on smooth muscle tumors 
of uncertain malignant potential (STUMPs).

1.2  General Aspects and Clinical Features

Leiomyoma is defined as a benign smooth muscle tumor characterized by a variety 
of morphological features. As the most common uterine neoplasm, it is identified in 
up to 75% of hysterectomy specimens. The uterine corpus accounts for 98% of the 
anatomic sites, and among up to 80% of patients, multiple tumors are detected. 
Although the majority of leiomyomas are asymptomatic, one-third of the patients 
will show clinical manifestations within the reproductive ages of 30–50, and 10% 
will undergo surgical management of the tumor. The clinical manifestation of leio-
myoma depends on the size, location, and secondary changes of the tumor. Common 
symptoms include pelvic pain, mass, and genital bleeding. In pregnant women, the 
tumor may rapidly enlarge, while in menopausal women or those who have under-
gone oophorectomy, the mass typically shrinks. Leukocytosis occurs in association 
with secondary infection; erythrocytosis is rare and is induced by erythropoietin 
production by the tumor.

The management of leiomyoma patients varies based on the clinical manifesta-
tions and patient preference. Treatment options range from hormonal therapy to the 
removal of the tumor(s), whether by enucleation or total hysterectomy. Minimally 
invasive surgery, and specifically morcellation, has recently gained wider accep-
tance because of the short recovery time and the resulting improvement in the qual-
ity of life following tumor removal. However, careful preoperative evaluation of 
patients with suspected leiomyoma is mandatory because the diagnosis may turn 
out to be leiomyosarcoma. The latter accounts for 1–2% of all uterine malignancies, 
and in these cases the minimal procedure is inappropriate. The incidence of these 
unsuspected leiomyosarcomas is estimated to be <1% [1, 2]. Parker et al. reported 
that only one of 371 cases of apparent leiomyoma proved to be leiomyosarcoma [3]. 
Seidman reported that among 1091 uterine mesenchymal tumors removed by mor-
cellation, two (0.18%) were malignant, including one endometrial stromal sarcoma 
(ESS) and one leiomyosarcoma [4]. In that particular series, surveillance was fol-
lowed by laparotomy in 14 patients, and in nine (64.3%) intra-abdominal dissemi-
nation was identified, which included one cellular leiomyoma, four STUMPs, and 
four leiomyosarcomas [4]. A constellation of findings, including rapid enlargement 
of the mass, tumor heterogeneity, and the possible presence of necrosis, as seen on 
imaging studies, suggests the diagnosis of leiomyosarcoma. Such cases are deemed 
“suspicious,” which is an indication for hysterectomy. However, there is significant 
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overlap in the clinical features of leiomyoma and leiomyosarcoma, and rapid 
enlargement of the tumor per se is a non-specific finding. Chan et al. reported older 
age, black race, large tumor size, and extrauterine disease as factors suggestive of 
leiomyosarcoma, based on data retrieved from the Surveillance, Epidemiology, and 
End Results database [5].

1.3  Pathological Features

The current WHO classification, published in 2014, defines eight morphologic sub-
types and four variants of leiomyoma. The latter, which account for approximately 
10% of cases, are characterized by distinct growth patterns and clinicopathological 
features (Table 1.1) [6].

1.3.1  Gross Features

Uterine leiomyomas are typically multiple. Individual tumors range from 5 to 10 cm 
in their greatest dimension and can be microscopic or form a bulky mass exceeding 
10 cm (Fig. 1.1a). On gross examination, these tumors are typically elastic hard, 
well-demarcated, and have smooth borders. Their cut surfaces are whitish to gray-
ish, with a whorl or arabesque appearance due to interlacing fascicles of smooth 
muscle cells (Fig. 1.1b). Highly cellular variants and lipoleiomyoma may be yel-
lowish in color (Fig. 1.1c); the former tend to be soft and fleshy on their cut sur-
faces. Secondary changes in the gross appearance of these tumors consist of 
hydropic changes, infarction-type necrosis (Fig. 1.1d), cystic degeneration, and dys-
trophic calcifications. Hydropic portions are translucent and in rare cases may result 
in the formation of a cystic cavity due to the accumulation of extracellular fluid. 
Hydropic change is also a feature of dissecting (cotyledonoid) leiomyoma. 
Infarction-type necrosis is recognized by the reddish to tan color of the tumor and is 
referred to as “beefy-red” or “red degeneration.” The ill-defined, confluent intra-
myometrial growth of numerous nodules is a characteristic of diffuse leiomyomato-
sis, and intravenous growth is seen in intravenous leiomyomatosis.

Table 1.1 The WHO 2014 classifica-
tion of leiomyoma [6]

Cellular leiomyoma
Leiomyoma with bizarre nuclei
Mitotically active leiomyoma
Hydropic leiomyoma
Apoplectic leiomyoma
Lipomatous leiomyoma (lipoleiomyoma)
Epithelioid leiomyoma
Myxoid leiomyoma
Dissecting (cotyledonoid) leiomyoma
Diffuse leiomyomatosis
Intravenous leiomyomatosis
Metastasizing leiomyoma
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a b

c d

Fig. 1.1 Leiomyoma. (a) The gross features of the cut surface show well-demarcated, whitish to 
grayish nodules in the myometrium. (b) Whorl formation due to interlacing fascicles of neoplastic 
cells, seen on the tumor’s cut surface. (c) Lipoleiomyoma is recognizable by its yellowish cut 
surface, due to the intermingling of mature adipocytes. (d) Tan and friable areas indicate infarct- 
type degeneration

Fig. 1.2 Leiomyoma (right) and leiomyosarcoma (right). Leiomyoma is a well-demarcated mass 
with smooth borders and a whorl-like appearance, while leiomyosarcoma has irregular borders and 
a fleshy cut surface, with occasional areas of hemorrhagic necrosis
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Depending on the location, uterine leiomyoma is divided into submucosal, intra-
mural (interstitial), and subserosal leiomyomas. Subserosal and submucosal tumors 
can be pedunculated, with a narrow pedicle. Pedunculated submucosal leiomyoma 
may protrude through the cervical canal and external os. Occasionally, detachment 
of the tumor from the uterus results in a so-called parasitic leiomyoma. The gross 
features of typical leiomyoma vs. leiomyosarcoma are summarized in Fig. 1.2 and 
Table 1.2.

1.3.2  Microscopic Features

Leiomyoma is typically composed of interlacing fascicles of spindle cells with an 
eosinophilic fibrillary cytoplasm (Fig. 1.3). The cell borders are indistinct, and the 
nuclei are elongated and blunt-ended (cigar-shaped). Nucleoli are absent or small, 
and mitotic figures are minimal. Nuclear palisading, thus mimicking schwannoma, 
is seen in some leiomyomas (Fig.  1.4). In the ordinary leiomyoma of pregnant 
patients, the cells may show nuclear enlargement, an abundant cytoplasm, and 
increased mitotic figures (Fig. 1.5). As mentioned above, secondary changes occur 
to various degrees in these tumors.

1.3.2.1  Cellular Leiomyoma
Occasionally, leiomyoma will show hypercellularity when compared with the nor-
mal myometrium of the uterine corpus and is thus referred to as a cellular leiomy-
oma (Fig. 1.6). The term “hypercellular” describes tumors with features of blue-cell 
tumor and a resemblance to endometrial stromal nodule or low-grade ESS.  The 
neoplastic cells are short and spindle-shaped, with scant cytoplasm and a homoge-
neous nuclear morphology. The fascicular pattern may be obscured, particularly in 
the central area.

1.3.2.2  Leiomyoma with Bizarre Nuclei
Previously called atypical leiomyoma, symplastic leiomyoma, or bizarre leiomyoma, 
this variant is characterized by an admixture of large cells with multilobated or multiple 
nuclei that have an irregular configuration and nuclear hyperchromatism. These cells 
occur against a background of ordinary leiomyoma (Fig. 1.7). The distribution of the 
bizarre cells ranges from only focal to extensive. Frequently, the nuclei are smudgy and 
may show intranuclear cytoplasmic pseudo-inclusions. Mitotic figures are minimal, 

Table 1.2 Gross appearances of leiomyoma and leiomyosarcoma

Leiomyosarcoma Leiomyoma
Number Single (60–80%) Multiple
Size Average: 6–9 cm Average: 3–5 cm
Cut surface Elastic, soft, fleshy, fascicular appearance 

obscured, yellowish-whitish, tan, poorly 
demarcated, regular border

Elastic hard, fascicular 
pattern, whitish, 
well-demarcated

Hemorrhage and 
necrosis

Common Frequent
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b

Fig. 1.3 Ordinary leiomyoma. (a) Interlacing fascicles of spindle cells. (b) The high-power view 
shows cells with elongated, blunt-ended nuclei and a fibrillary eosinophilic cytoplasm
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Fig. 1.4 Nuclear palisading in this leiomyoma results in its schwannoma-like appearance

Fig. 1.5 Leiomyoma from a pregnant woman. The tumor cells contain abundant eosinophilic 
cytoplasm and enlarged nuclei
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Fig. 1.6 Highly cellular leiomyoma. Features of a blue-cell tumor composed of spindle cells with elon-
gated nuclei and scant cytoplasm impart a resemblance of the tumor to low-grade endometrial stromal 
sarcoma, although interlacing fascicular pattern of growth suggests the diagnosis of leiomyoma

Fig. 1.7 Leiomyoma with bizarre nuclei. This tumor is composed of large and irregularly shaped 
nuclei with hyperchromasia. Both foci of coagulative tumor necrosis and an increased number of 
mitotic figures are absent
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and coagulative tumor necrosis is absent, although infarct-type areas may be seen. 
Recent studies suggest that this variant is genetically heterogeneous. In a subset of 
cases, somatic mutation or deletion of the fumarate hydratase gene is detected [7, 8]. 
These tumors are characterized by staghorn vessels, prominent eosinophilic nucleoli 
with perinuclear halos, and eosinophilic cytoplasmic pseudo-inclusions, which are also 
features of hereditary leiomyomatosis and renal cell carcinoma, as discussed below [7]. 
The patients with this particular subtype show benign clinical course [9, 10].

1.3.2.3  Mitotically Active Leiomyoma
Tumor in which the number of mitotic figures is increased to 5 or more per 10 high- 
power fields (10HPF) and without coagulative tumor necrosis or diffuse moderate 
to severe nuclear atypia is diagnosed as mitotically active leiomyoma [6]. The 
mitotic counts may be more than 10 per 10HPF, but atypical mitotic figures are 
absent. This particular variant is frequently seen in women of reproductive age and 
may be associated with hormonal therapy. With their hypercellularity and/or bizarre 
nuclei, these tumors can be a diagnostic challenge.

1.3.2.4  Hydropic Leiomyoma
Liquefaction degeneration can be seen to varying degrees in leiomyoma (Fig. 1.8). 
Edematous change imparts a clear appearance to the tumor and when extensive 
results in cystic cavity formation, which should be distinguished from myxoid 

Fig. 1.8 Hydropic leiomyoma is characterized by liquefaction-type degeneration due to the accu-
mulation of extracellular fluid in the widening of spaces between bundles of spindle cells and 
vessels. The neoplastic cells are arranged in cords
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degeneration, described below. Tumors with extensive hydropic change may be 
confused with myxoid leiomyosarcoma and in those characterized by a perinodular 
distribution with intravenous leiomyomatosis [11].

1.3.2.5  Apoplectic Leiomyoma
This variant refers to a tumor with extensive infarct-type necrosis that develops in a 
patient on progesterone therapy. The necrotic area is generally extensive, and in the 
periphery there may be a granulation tissue-type reaction with or without hemor-
rhage (Fig. 1.9), surrounded by hypercellular areas with increased mitotic figures. 
In later stages, the necrotic foci are replaced by extensive hyalinization.

1.3.2.6  Lipomatous Leiomyoma (Lipoleiomyoma)
A mixture of ordinary leiomyoma and mature adipocytes defines lipomatous leiomy-
oma (Fig. 1.10). The adipocyte content varies, and tumors with abundant adipocytes 
appear yellowish on gross examination. While it is not uncommon to see a minimal 
number of adipocytes intermingled with leiomyoma, there are no quantitative criteria 
for the designation of this variant. Lipoleiomyoma may arise as a consequence of 
lipomatous metaplasia in a pre-existing leiomyoma. The subset of these tumors with 
anomalous arterial blood vessels is considered to be choristomatous in nature [12].

Fig. 1.9 Apoplectic leiomyoma features a necrotic area with extensive hyalinization (hyaline 
necrosis, left), while in the periphery there is granulation tissue adjacent to areas of smooth muscle 
with increased cellularity
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1.3.2.7  Epithelioid Leiomyoma
Epithelioid leiomyoma, previously called leiomyoblastoma, is composed of 
polyhedral, ovoid, or round cells with an eosinophilic cytoplasm. The cells are 
arranged in sheets, cords, trabeculae, nests, or individually (Fig. 1.11). Clear-
cell features may also be detected in these tumors. Coagulative tumor necrosis 
is absent, and the number of mitotic figures is minimal. It should be kept in mild 
that epithelioid leiomyosarcoma can be cytologically bland and shows low 
mitotic activity. At least six mitotic figures per 10HPF justify the diagnosis of 
epithelioid leiomyosarcoma. The majority of tumors regarded as extrauterine 
“epithelioid leiomyoma” or “leiomyoblastoma” previously represent epithelioid 
form of extraintestinal GIST.

1.3.2.8  Myxoid Leiomyoma
The appearance of myxoid change, characterized by the accumulation of Alcian 
blue-positive acidic mucin between tumor cells, in a smooth muscle tumor is an 
alarming sign that should prompt the pathologist to consider myxoid leiomyosar-
coma (Fig.  1.12). As in epithelioid leiomyosarcoma, mitotic activity is minimal, 
with only one to two mitoses per 10HPF indicative of malignancy. The diagnosis of 
myxoid leiomyoma also requires that the tumor is well-demarcated and has a 
smooth border and that mitotic figures should be two or less per 10HPF.

Fig. 1.10 Lipoleiomyoma is composed of a mixture of smooth muscle cells and mature 
adipocytes
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Fig. 1.11 In epithelioid leiomyoma, the neoplastic cells are round, ovoid, or polyhedral and have 
an abundant eosinophilic cytoplasm

Fig. 1.12 Myxoid leiomyoma is characterized by the deposition of a bluish, wispy substance 
between the spindle cells
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1.3.2.9  Dissecting (Cotyledonoid) Leiomyoma (“Sternberg Tumor”)
Rarely, a leiomyoma will dissect the myometrium to extend outside the uterus, in 
which case it is referred to as dissecting leiomyoma. Extensive protrusion and 
marked hydropic changes may impart a resemblance to cotyledon of the placenta 
and thus is designated as “cotyledonoid” (Fig. 1.13a, b) [13]. Microscopically, dis-
secting leiomyoma usually shows a swirling pattern of growth with extensive lique-
faction degeneration (Fig. 1.13c).

1.3.2.10  Diffuse Leiomyomatosis
The extensive involvement of the myometrium by numerous leiomyomatous nod-
ules that result in uterine enlargement is referred to as diffuse leiomyomatosis [14]. 
These nodules are mostly microscopic and poorly demarcated. Except for the 
growth pattern, the morphology is similar to that of ordinary leiomyoma (Fig. 1.14).

1.3.2.11  Intravenous Leiomyomatosis
This rare variant is characterized by an extensive, intravenous smooth muscle prolifera-
tion (Fig. 1.15) [15, 16]. The tumor frequently extends to vessels outside the myome-
trium, including the inferior vena cava, the cardiac cavity, and, in rare cases, the 
pulmonary artery. Morphologically, these leiomyomas are bland and may show features 

a b

c

Fig. 1.13 Dissecting (cotyledonoid) leiomyoma. (a) A protruding mass on the uterine corpus, 
resembling placenta, is characteristic of the tumor’s gross appearance. (b) Leiomyoma dissecting 
myometrium. (c) Liquefaction degeneration is seen between the remaining smooth muscle 
proliferation
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Fig. 1.14 Diffuse leiomyomatosis. (a) Multiple irregularly shaped nodules are evident in the 
myometrium. (b) The myometrium is involved by irregularly shaped but well-demarcated nodules 
with features of ordinary or cellular leiomyoma
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Fig. 1.15 In intravascular leiomyomatosis, smooth muscle cells proliferate within the muscular 
vessels

1 Histopathology of Uterine Leiomyoma



16

of cellular, epithelioid, lipomatous, or myxoid leiomyoma, or bizarre nuclei [16]. Since 
focal intravascular extension is also a feature of usual leiomyoma, this variant should be 
diagnosed based on the grossly visible worm-like appearance of the tumor. Rare cases 
of pulmonary metastasis have been reported as well [16, 17]. The clinical course is gen-
erally benign even in cases with metastasis [16, 17]. The pathogenesis of intravenous 
leiomyomatosis and benign metastasizing leiomyoma may be a vascular microinvasion 
of uterine leiomyoma in the initial phase of tumorigenesis [18].

1.3.2.12  Metastasizing Leiomyoma
Pulmonary nodules may be identified >10 years after a hysterectomy for uterine 
leiomyoma or in uncertain conditions [19]. Six pulmonary nodules measuring 
1.8 cm in diameter are detected on average [19]. They show features of ordinary 
leiomyoma (Fig. 1.16a) and are thus well-demarcated and have a smooth border 
(Fig. 1.16b), but with pre-existing bronchiolar epithelium entrapped in the nodule 
(Fig.  1.16c). Some authors postulate that metastasizing leiomyoma is actually a 
slow-growing, low-grade leiomyosarcoma [19], but the term metastasizing leiomy-
oma has been retained because of the prolonged survival of patients after removal of 
the nodules and hormonal therapy.

a b

c

Fig. 1.16 Metastasizing leiomyoma. (a) A well-demarcated nodule with a smooth border is seen 
in the lung. (b) The smooth muscle proliferation is arranged in a fascicular pattern. (c) A prolifera-
tion of benign-looking spindle cells includes the entrapment of pre-existing bronchioles
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1.3.3  Differential Diagnosis

Leiomyosarcoma, a malignant smooth muscle tumor, typically shows at least two of 
the following three features: (1) geographic coagulation tumor necrosis, (2) diffuse 
moderate and severe cytologic atypia, and (3) >10 mitotic figures per 10 HPF 
(Table 1.3) [20]. Hypercellularity and infiltrating growth are common. Epithelioid 
and myxoid variants can be pitfalls since the mitotic count is generally low. Thus, 
the criteria of five and two mitoses per 10HPF, respectively, and infiltrating growth 
should be employed in establishing the diagnosis of these leiomyosarcoma variants 
[21, 22]. Similar diagnostic criteria can be applied to distinguish diffuse leiomyo-
matosis, dissecting leiomyoma, intravenous leiomyomatosis, and metastasizing 
leiomyoma from leiomyosarcoma. Mimics of mitotic figures, including apoptotic 
bodies, karyorrhexis, aggregations of hematoxylin, and mast cells, should not be 
counted. Non-atypical mitosis may be seen in pregnant women or those on proges-
terone therapy. Infarct- type necrosis, also known as hyaline necrosis, is encountered 
in young women, especially in those who are pregnant or who are being treated with 
a gonadotropin- releasing hormone analog, such as leuprolide acetate, or by transar-
terial embolization. Torsion of a subserosal leiomyoma may result in the same mor-
phology. In contrast to the extensive area of necrosis surrounded by a zone of 
gradual organization and marked by granulation tissue or hyalinization, geographic 
tumor necrosis is characterized by a spotty distribution and the irregular configura-
tion of the necrotic areas, distinct borders, and preservation of the tumor vessels and 
surrounding neoplastic component. Immunohistochemical panels may be used to 
identify the tumor. The absence of estrogen receptor expression, a mutant pattern of 
p53 staining, p16 immunoreactivity, and an increased Ki-67 labeling index suggest 
the diagnosis of leiomyosarcoma, but the pathologist should be aware that in excep-
tional cases the tumor will be a leiomyosarcoma.

Endometrial stromal tumor, particularly stromal nodule and low-grade ESS, may 
be confused with cellular leiomyoma. The presence of both thick muscular vessels, 

Table 1.3 Diagnostic criteria for ordinary leiomyosarcoma [20]

Coagulative 
necrosis Cytologic atypia

Mitosis (/10 
high-power fields) Diagnosis

Present Diffuse, moderate to 
severe
None to mild

Any

≧10
<10

Leiomyosarcoma

Leiomyosarcoma
Leiomyosarcoma (rule out 
infarcted leiomyoma)

Absent Diffuse, moderate to 
severe

≧10
<5
5–9 or atypical 
mitosis

Leiomyosarcoma
Atypical leiomyoma with low risk 
of recurrence
STUMP

None to mild <5
≧5

Leiomyoma
Mitotically active leiomyoma

Focal, moderate to 
severe

≧5
<5

STUMP
Atypical leiomyoma

From: Blaustein’s Pathology of the Female Genital Tract, 6th edition (2011)
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in contrast to spiral artery-type small vessels, and a distinct interlacing fascicular 
pattern is indicative of leiomyoma. Immunohistochemical studies may be of limited 
value, because low-grade ESS occasionally shows smooth muscle differentiation 
and may thus be positive for smooth muscle markers, while leiomyoma may be dif-
fusely and strongly positive for CD10, a marker of endometrial stromal cells [23]. 
Therefore, a constellation of findings, including growth pattern, cell morphology, 
and the results of immunohistochemistry using a panel of antibodies, is needed to 
establish the diagnosis.

Perivascular epithelioid cell tumor (PEComa) is a mimic of leiomyoma, although 
it is composed of rather spindle or epithelioid cells with clear or pale eosinophilic 
cytoplasm, showing vascular network. There may be extensive sclerosis. It can be 
associated with lymphangioleiomyomatosis and occasionally is associated with 
tuberous sclerosis. PEComa shows immunoreactivity for melanocytic markers 
including HMB45, Melan-A, and MiTF, as well as smooth muscle markers.

1.4  Hereditary Leiomyomatosis and Renal Cancer 
Syndrome (HLRCC)

This autosomal dominant disorder is associated with germline alterations in the 
fumarate hydratase gene, including point mutations and partial or complete dele-
tions [24]. HLRCC is characterized by the coexistence of uterine and cutaneous 
leiomyomas and papillary renal cell carcinoma type 2 [25]. The type of renal cell 
carcinoma is diagnosed in approximately 30% of patients with this syndrome [24] 
and has an aggressive clinical behavior [26]. The patients tend to be younger than 
those with sporadic leiomyoma. Uterine tumor shows features of leiomyoma with 
bizarre nuclei. Prominent red or orange nucleoli with a perinuclear halo are consid-
ered to be a characteristic of HLRCC [7].

1.5  Extrauterine Leioyomatosis

Other than intravenous leiomyomatosis involving extrauterine vessels, in rare cases, 
including diffuse peritoneal leiomyomatosis and nodal leiomyomatosis [27], an extra-
uterine smooth muscle proliferation may be associated with uterine leiomyoma.

1.6  Smooth Muscle Tumor of Uncertain Malignant Potential 
(STUMP)

STUMP is defined as a smooth muscle tumor in which the risks of recurrence and 
metastasis are uncertain; thus, the term refers to a diagnostic category rather than a 
distinct entity. STUMPs include (1) leiomyoma, (2) leiomyosarcoma that cannot be 
recognized as such based on the current diagnostic criteria, and (3) true borderline 
smooth muscle tumors that are biologically intermediate between leiomyoma and 
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leiomyosarcoma. The third category appears to account for a minority of these 
cases. Indeed, limited sampling or limited experience may cause the pathologist to 
underevaluate leiomyosarcoma and instead diagnose STUMP. Therefore, the diag-
nosis of STUMP should be avoided as possible and is only rarely made.

From the clinical point of view, uterine smooth muscle tumor other than ordinary 
leiomyoma and leiomyosarcoma is classified as tumor with recurrent and/or meta-
static potential and tumor with little or no recurrent and/or metastatic potential [2]. 
The former includes STUMP, intravenous leiomyomatosis, and benign metastasiz-
ing leiomyoma, whereas the latter leiomyoma with bizarre nuclei, mitotically active 
leiomyoma, cellular leiomyoma, dissecting leiomyoma, myxoid leiomyoma, epi-
thelioid leiomyoma, and diffuse leiomyomatosis [2].

Morphologically, STUMPs are divided into tumors with prototypical smooth 
muscle differentiation and tumors with an unusual differentiation or uncharacteristic 
morphology, such as myxoid and epithelioid features. From the pathological point of 
view, ambiguity with respect to the nature of the necrosis, degree of differentiation, 
or mitotic count may prompt a pathological diagnosis of STUMP. For example, it 
may be difficult to distinguish coagulation necrosis from infarct-type necrosis. 
Epithelioid and myxoid leiomyosarcomas are diagnosed based on criteria that are 
different from those of the usual type of leiomyosarcoma. Tumors with a myxoid and 
epithelioid morphology with moderate to severe cytologic atypia and 5 or less and 2 
more less mitotic figures per 10HPF, respectively, are categorized as STUMPs.

In a series from a single institution that included 16 cases of STUMP diagnosed by 
well-established criteria and with a follow-up interval of 21–192 months (mean, 80.8, 
and median, 51.5), Ip et al. reported that 2 patients (13%) had recurrent tumors in the 
pelvis, 51 and 15 months after the initial operation. Both patients were alive 74 and 
48 months after recurrence, respectively [28]. The authors thus recommended that 
STUMP patients be followed every 6 months with a checkup of symptoms and gen-
eral and pelvic examinations and every 12 months with imaging studies, including a 
chest X-ray to exclude pulmonary metastasis and pelvic ultrasonography, computed 
tomography, or magnetic resonance imaging to detect new lesions, for a minimum of 
5 years, followed by annual surveillance for a further 5 years [2].

1.7  Prognosis and Predictive Factors

The clinical course of patients with the usual type of leiomyoma or its variants is 
benign, although a variety of complications may affect the quality of life in a subset 
of patients. In addition, variants such as intravenous leiomyomatosis may recur, 
including with inferior vena cava or intracardiac extension. Metastasizing leiomy-
oma also has an indolent clinical course but may cause respiratory failure due to the 
enlargement of the tumor.

Rare examples of leiomyosarcoma arising in leiomyoma have been described in 
the English medical literature [29]. Features of a bona fide leiomyoma may be iden-
tified in leiomyosarcoma, but the relationship between the two components is not 
well understood.
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