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To the Editor

Uterine leiomyomas are benign tumors that develop in the myo-
metrium of the uterus. Estrogen is involved in their development
and progression, and even in premenopausal patients who had
strong symptoms, uterine leiomyomas significantly shrink after
menopause. However, since uterine leiomyoma cells have a wide
variety of properties, various pathological conditions of uterine
leiomyomas are observed in clinical practice. Intravenous leiomy-
omatosis is a relatively rare benign tumor in which smooth muscle
tissue grows and spreads intravenously. Intravenous leiomyomas
are histologically benign, but these sometimes spread continu-
ously to the inferior vena cava and heart and cause sudden death.
A benign metastasizing leiomyoma is a condition in which meta-
static lesions of benign leiomyoma are found in distant organs
of women with a history of uterine leiomyoma. In metastasizing
leiomyomas, lung metastasis is the most common. The causes of
uterine leiomyomas include several gene or chromosomal abnor-
malities (mutations such as translocations and rearrangements,
including 12q chromosomes and 7q gene deletion), but its patho-
genic mechanism has not been clearly understood.

Uterine smooth muscle tumors are mesenchymal tumors that
differentiate into smooth muscle cells and are the most common
uterine tumors. Uterine smooth muscle tumors are classified as
leiomyoma, a benign uterine smooth muscle, leiomyosarcoma,
a malignant uterine smooth muscle tumor, and a smooth muscle
tumor of uncertain malignant potential of unknown malignancy.
The differential diagnosis of malignant uterine smooth muscle
tumors is performed by histopathological observation based on
nuclear atypia, number of fissions, and coagulation necrosis as
indicators. The differentiation into uterine smooth muscle cells
is characterized by a mutually orthogonal bundled proliferation
of spindle-shaped cells consisting of blunt, elongated nuclei at
both ends and acidophilic cytoplasm. Normal uterine leiomyo-
mas and uterine leiomyosarcomas have the morphological char-
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acteristics of uterine smooth muscle cells, which are the basis
for diagnosing smooth muscle tumors.

In uterine leiomyomas, in addition to typical smooth mus-
cle tumors (normal type), there are smooth muscle tumors (spe-
cial type) with special clinical findings [1]. In special uterine
leiomyomas, a large number of increased fissions are observed.
In clinical practice, as uterine leiomyomas, mitotically active
leiomyomas, leiomyomas with increased mitotic activity, cel-
lular leiomyomas, leiomyomas with bizarre nuclei, symplastic
leiomyomas, epithelioid leiomyomas, myxoid leiomyomas,
lipomatous variants, lipoleiomyomas, dissecting leiomyomas,
intravenous leiomyomatosis, benign metastasizing leiomyo-
mas, and disseminated peritoneal leiomyomatosis are observed.
In uterine leiomyomas, in addition to a normal spindle-shaped
type, special leiomyomas are also observed, such as epithelioid-
leiomyosarcomas and myxoid leiomyosarcomas [1, 2].

Uterine leiomyoma is the most frequently occurring gyneco-
logic tumor in females. Uterine leiomyomas are usually found in
women in their 40s and 50s [1]. Uterine leiomyomas develop in
20-30% of females in their 30s and in 40% of females in their
40s [2, 3]. Including the tiny tumors found under a microscope,
about 70-80% of women in their 50s develop uterine leiomyo-
mas [2, 3]. The development of clinically problematic uterine lei-
omyomas is more common in women during sexual maturity and
rarely in women under the age of 18 [2, 3]. Moreover, many pre-
menopausal uterine leiomyomas shrink after menopause. Uter-
ine leiomyomas also grow rapidly during pregnancy and while
taking oral contraceptives, and these shrink with gonadotropin-
releasing hormone analog administration [2]. Therefore, uterine
leiomyomas are understood to be female hormone-dependent.
Many women with uterine leiomyomas are asymptomatic, but
some have vaginal bleeding, epidemics, and compression. Ab-
dominal symptoms are present during progesterone treatment
and pregnancy. Unpleasant symptoms depend on the size, num-
ber, and location of the onset of mesenchymal tumors. A torsion
of pedunculated subarachnoid leiomyoma and acute intramyoma
hemorrhage during pregnancy cause pain. When a leiomyoma
grows, it causes pressure on adjacent organs and low back pain.
Intravenous leiomyoma may rarely adhere to the heart or large
blood vessels [4]. In benign metastasizing leiomyoma, lung me-
tastases are most commonly observed. About 15 years after hys-
terectomy, metastatic lesions to multiple organs are observed.

The incidence of uterine leiomyosarcomas is approxi-
mately 37%, accounting for 1-2% of all uterine malignancies
and 0.1-0.3% of all smooth muscle tumors [1, 5, 6]. The inci-
dence of uterine leiomyosarcomas is significantly higher in the
elderly (usually over 40 years) compared to the age of onset
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Figure 1. Intravenous leiomyomatosis. (a) Photograph obtained from a
histopathological study of a tissue section shows leiomyoma with abun-
dant blood vessels in dilated veins. (b) An enlarged image of the dotted
rectangle area shown in (a).

of uterine leiomyomas. In addition, postmenopausal women
also have a high incidence of uterine leiomyosarcoma. There
is no association between the risk factors for uterine leiomyo-
sarcoma and those for endometrial cancer (i.e., pregnancy,
obesity, and diabetes). Symptoms of uterine leiomyosarcoma
include irregular bleeding, lower abdominal pain, pelvic pain,
and intrapelvic mass [7]. In its early stages, tumor rupture and
metastases may be rarely observed. It is not uncommon for
uterine leiomyosarcomas to adhere to the gastrointestinal tract
and bladder. The frequency of hematogenous metastases to the
lungs is the highest. Although a rapid tumor growth is not a
medical evidence for the development of sarcoma; if there is
an increase in uterine tumors in postmenopausal women who
have not received a hormone replacement therapy, malignant
tumors should be suspected. The prognosis of uterine leiomyo-
sarcoma is poor (5-year survival rate is about 25%), and its
recurrence rate is high (45-75%), even at stage I [5, 6].
Intravenous leiomyoma is a rare clinical condition in which
a histologically benign leiomyoma invades the uterus and extrau-
terine veins (Fig. 1). Uterine leiomyomas can reach the inferior
vena cava and right atrium, but rarely the lungs. Macroscopically
complex coiled or nodular intramuscular lesions develop into
the veins inside and outside the uterus in a spiral or worm-like
manner [3]. Intramuscular lesions do not extend into the arteries.
Intravenous leiomyomas are histologically an image of normal
leiomyomas, but there are also cases in which marked edema-like
changes, fibrosis, and vitrification are observed. There are cases
where abundant large and small blood vessel-like tumors are ob-
served, and there are cases where pathological findings of original
smooth muscle tumors are poor [8]. Intravenous leiomyomas are
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covered with endothelial cells. Intravenous smooth muscle tumors
are also thought to have originated from venous smooth muscles.
In clinical practice, it is difficult to distinguish the growth pat-
tern of intravenous leiomyosarcomas from that of endometrial
stromal sarcomas or leiomyosarcomas. The differential diagnosis
is performed based on the histopathological findings of the tu-
mors. Endometrial stromal sarcomas have a dense proliferation of
small, oval, endometrial stromal cells and numerous spiral arterial
microvessels. Uterine leiomyosarcomas have an atypical, fission,
and neoplastic coagulative necrosis. Although benign leiomyo-
mas are found in intravenous leiomyomas, cases of intravenous
leiomyomas that reach the atrium may have a poor prognosis. An
intravenous leiomyoma is basically a benign tumor.

Histopathological findings of hematogenous metastases
in malignant tumors have shown that tumor stem cells, which
have differentiated from epithelial cells to mesenchymal cells,
can infiltrate intravenously [9]. Based on clinical studies, in in-
travenous leiomyomatosis, more smooth muscle tumor stem-
like cells are present in intravenous smooth muscle tumors as
compared with extravenous smooth muscle tumors. It is con-
sidered that markers for smooth muscle tumor stem-like cells
(i.e., CD34, CD133, etc.) may be applied to distinguish intra-
venous leiomyomas from other uterine mesenchymal tumors
(Table 1) [9-17]. The expression of low-molecular weight
protein 2 (LMP2)/bli, which is one of immunoproteasome
subunits, is observed in uterine leiomyomas, but its expres-
sion is not clearly detected in intravenous leiomyomatosis as
in uterine leiomyosarcoma (Table 1) [9, 18]. Previous clinical
studies have shown that intravenous leiomyomatosis may have
the oncological properties of uterine leiomyosarcoma, where
hematogenous metastases occur frequently [9, 18].

A histologically benign leiomyoma that metastasizes to dis-
tant organs, such as the lungs and lymph nodes, is called benign
metastasizing leiomyoma, which most commonly metastasizes
to the lungs [19, 20]. In benign metastatic leiomyoma, a tumor
consisting of single or multiple non-atypical smooth muscle
cells develops while adhering to the lung parenchyma and bron-
chioles and extruding clearly the surrounding tissue. Multiorgan
metastases are often found by accident over a long period of
time after surgery; therefore, a uterine leiomyoma of the primary
lesion is often not sufficiently histologically investigated. It can-
not be ruled out that such cases could be low-grade leiomyo-
sarcomas. A benign metastasizing leiomyoma is estrogen recep-
tor/progesterone receptor (ER/PgR)-positive and shrinks due
to pregnancy and menopause. Therefore, benign metastasizing
leiomyomas are considered hormone-dependent. A careful dif-
ferentiation between benign metastasizing leiomyomas and lung
metastases of endometrial stromal sarcomas is required.

Chromosomal abnormalities were found in about 40%
cases of uterine leiomyoma. It was reported that t(12:14)(q15;
p23-24), gene rearrangement including the short arm of chro-
mosome 6, and deletion of the long arm of chromosome 7 are
detected in uterine leiomyomas [21]. It was recently reported
that such chromosomal abnormalities are due to genetic abnor-
malities similar to chromothripsis [22]. In addition, pathogenic
variants of MED 12 gene mutations were found in 70% of uter-
ine leiomyoma cases [23, 24].

Compared to those in uterine leiomyomas, the genetic abnor-
malities in uterine leiomyomas are more complicated. Although
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Table 1. Differential Expressions of SMA, CAV1, CCNB, CCNE, LMP2, NT5DC2, CD133, and Ki-67 in Human Uterine Mesenchymal
Tumors and Uterine LANT-Like Tumor

Protein expression®
SMA CAV1 CCNB CCNE LMP2 NTSDC2 CD133 Ki-67

Mesenchymal tumor types Age,years N

Normal 30s - 80s 74 +++ - - - +++ - - -
Leiomyoma (LMA) 30s - 80s 40 +++ ++ -/+ -/+ +++ -/+ - +/-
Ordinally leiomyoma 30 +++ ++ -/+ - +++ -/+ +/-
Cellular leiomyoma 10 ++ ++ -/+ -/+ ++ -/+ +/-
STUMP 40s - 60s 12 ++ ++ + -+ -/+ -+ NA +/+++
Bizarre leiomyoma 40s - 50s 4 ++ ++ -/+ + Focal+ + NA +
Intravenous LMA 50s 3 ++ ++ + + - NA ++ +
Benign metastasizing 50s 1 4=E ++ + ++ - NA NA ++
Leiomyosarcoma 30s - 80s 54 -+ + ++ +++ -/+ ++ ++ +H/+++
U.LANT®-like tumor 40s 1 ++ + NA ++ = NA NA -

aStaining score of expression of smooth muscle actin (SMA), caveolin 1 (CAV1), cyclin B (CCNB), cyclin E (CCNE), low molecular protein 2 (LMP2),
5’-nucleotidase domain containing 2 (NT5DC2) and Ki-67 from results of immunohistochemistry (IHC) experiments. 2Protein expression: estimated
protein expressions by immunoblot analysis, IHC and/or quantitative-polymerase chain reaction (RT-PCR). -/+: partially positive (5-10% of cells
stained); Focal+: focal-positive (focal or sporadic staining with less than 5% of cells stained); ++: staining with 5% or more, less than 90% of cells
stained; +++: diffuse-positive (homogeneous distribution with more than 90% of cells stained); -: negative (no stained cells). U.LANT-like tumor:
uterine leiomyomatoid angiomatous neuroendocrine tumor-like tumor: LMP2 [10-12]; CCNE [10, 12]; CAV1 [13]; NT5DC2 [14]; CD133 [9]; Ki-67 [11,
12]. STUMP: smooth muscle tumor of uncertain malignant potential [15, 16]. CCNE, LMP2, and CAV1 are potential biomarkers for human uterine
mesenchymal tumors. PLANT: leiomyomatoid angiomatous neuroendocrin tumor (LANT) is described as a dimorphic neurosecretory tumor with a
leiomyomatous vascular component [17]. NA: no answer.

various chromosomal abnormalities were reported in cases of uter- Financial Disclosure
ine leiomyosarcomas, genetic abnormalities specific to uterine lei-
omyosarcomas have not been clarified. Chromosomal abnormali-
ties that are frequently found in uterine leiomyomas are not found
in uterine leiomyomas. MED 2 gene mutations are extremely rare
in uterine leiomyosarcomas. Therefore, it is considered that uter-
ine leiomyosarcoma, which are caused by a malignant transforma-
tion of uterine leiomyomas, are extremely rare [25]. There is no
oncological evidence for LMP2/bli-deficient mice that spontane-
ously develop uterine leiomyomas [26]. Previous clinical studies
reported gene deletions and mutations in uterine leiomyosarco- Conflict of Interest

mas, and no response to antitumor agents targeting these gene mu-

tations in uterine leiomyosarcomas was observed [27, 28]. Further i .

clinical research on pharmacogenomics must be conducted to de- The authors declare that they have no conflict of interest con-
velop targeted drugs for uterine mesenchymal tumors, including cerning this article.

leiomyomas and uterine leiomyosarcomas.

The diagnosis of a mass extending from the inferior vena
cava to the right heart system in middle-aged and older women
should be done with caution. In addition, in uterine leiomyo-
ma, it is necessary to pay attention to its accumulation in dis- Not applicable.
tant organs by imaging examination.
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