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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background/Aim: Benign uterine leiomyoma (U.LMA) 

and malignant uterine leiomyosarcoma (U.LMS), both uterine 
mesenchymal tumors, are distinguished by the number of cells 
exhibiting mitotic activity. However, uterine mesenchymal 
tumors contain tumor cells with various cell morphologies; 
therefore, making a diagnosis, including differentiating 
between benign and malignant tumors, is difficult. For example, 
cotyledonoid dissecting leiomyoma (CDL) or uterine smooth 
muscle tumors of uncertain malignant potential (STUMPs) are 
a group of uterine mesenchymal tumors for which a differential 
diagnosis is challenging. To date, a standardized classification 
system for uterine mesenchymal tumors has not yet been 
established. Furthermore, definitive preoperative imaging 
techniques or hematological examinations for the potential 
inclusion of CDL or STUMP in the differential diagnosis 
have not been defined. Several clinical studies have reported 
that there is no correlation between biomarker expression and 
mitotic rate or tumor recurrence. The immunohistochemical 
biomarkers reported so far cannot effectively help determine the 
malignant potential of CDL or STUMPs in patients who wish to 
become pregnant in the future.

Materials and Methods: The establishment of gene 
expression profiles or detection of pathogenic variants by using 
next-generation molecular techniques can facilitate disease 
prediction, diagnosis, treatment, and prognosis. We examined 
the oncological properties of STUMP in adults using molecular 
pathological techniques on tissue excised from patients with 
uterine mesenchymal tumor.

Result: In a clinical study conducted by our medical team, the 
results of gene expression profiling indicated factors that may 
be associated with malignancy of uterine mesenchymal tumors.

Conclusion: We herein describe the problems in diagnosing 
uterine mesenchymal tumors along with the results of the 
latest clinical studies. It is expected that the establishment of a 
diagnostic method targeting the characteristics of mesenchymal 
tumor cells will lead to the treatment of malignant tumors with 
a low risk of recurrence and metastasis.

Key words. STUMP, uterine mesenchymal tumor, leiomyoma, 
leiomyosarcoma.
Introduction.

Uterine leiomyomas (U.LMAs) are benign tumors that 
develop in the smooth muscle tissue of the uterus [1]. The walls 
of the uterus are made up of muscle cells called smooth muscle; 
thus, benign tumors derived from smooth muscle cells are 

called leiomyomas. The prevalence of U.LMA in adult women 
up to the age of 50 is approximately 70%, indicating that it is 
a common gynecologic tumor [2,3]. In many cases, U.LMAs 
do not rapidly grow in size or spread to other tissue sites 
while destroying surrounding tissue, as do malignant tumors. 
However, they can gradually grow in size and cause pain in the 
lower abdomen or abnormal bleeding that interferes with daily 
life [4]. Therefore, the onset of U.LMA often causes anemia and 
other conditions. Drug therapy such as Leuprin (Gonadotropin 
releasing hormone (GnRH) agonist preparation), Relumina 
tablets (GnRH antagonist formulation), or surgical treatment 
may be necessary to alleviate the symptoms U.LMA [5,6].

U.LMAs express female hormone receptors and are therefore 
known to increase in size due to female hormones [7]. Therefore, 
the onset of U.LMAs is observed from around the age of 20 when 
female hormone secretion increases. U.LMA is also known to 
gradually shrink after the age of 50 when menopause occurs 
and the amount of female hormone secretion sharply drops. 
However, the location and symptoms of U.LMA differ depending 
on each case, and there are many cases in which it is difficult to 
diagnose using contrast-enhanced magnetic resonance imaging 
(MRI) or computed tomography (CT). Cotyledonoid dissecting 
leiomyoma (CDL), which occurs in the uterine smooth muscle 
layer within the uterine corpus, proliferates in the broad ligament 
of the uterus, making diagnosis via imaging examinations 
difficult [8] (Supplementary Figure 1). Furthermore, tumor 
cells derived from uterine smooth muscle cells, such as U.LMA 
cells, have various cell and nuclear morphologies. Thus, 
in many cases, it is not easy to make a surgical pathological 
diagnosis using tissue removed by surgical treatment. Uterine 
smooth muscle tumors of unknown malignancy are called 
uterine smooth muscle tumors of uncertain malignant potential 
(STUMPs), making it difficult to decide on treatment options 
postoperatively [9,10].

To elucidate the characteristics of various uterine smooth muscle 
tumors, our clinical team employed molecular histopathological 
techniques to determine the molecular biological characteristics 
of various uterine smooth muscle tumor cells, including U.LMA 
and uterine leiomyosarcoma (U.LMS) cells. The analysis results 
indicated that the malignancy of uterine smooth muscle tumor 
cells may be correlated more with the expression level of Ki-67 
than with the positive rate of Ki-67-positive cells. In this report, 
we used cases of CDL and STUMP to explain the points to be 
noted in the diagnosis using contrast-enhanced MRI or CT and 
pathological examinations.
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Materials and Methods.
1. Tissue Collection

A total of 101 patients aged between 32 and 83 years and 
diagnosed with smooth muscle tumors of the uterus were 
selected from pathological files. For hematoxylin and eosin 
staining and immunostaining, serial sections were cut from at 
least two tissue blocks from each patient.
2. Immunohistochemistry

Immunohistochemistry (IHC) staining for Caveolin 1, 
Cyclin B, Cyclin E1, large multifunctional peptidase 2/1i 
(LMP2/1i), Ki-67, desmin, and myogenin was performed 
using serial sections of human uterine mesenchymal tumor 
obtained from patients with uterine mesenchymal tumor.
3. Ethical approval and consent to participate

This study was reviewed and approved by the Central 
Ethics Review Board of the National Hospital Organization 
Headquarters in Japan (Tokyo, Japan) and Shinshu University 
(Nagano, Japan). Ethical approval was obtained on August 17, 
2019 (approval no. NHO H31-02).

Details of Materials and Methods are indicated in 
Supplementary Materials.
Case 1: Molecular pathological features of cotyledonoid 
dissecting leiomyoma

Another clinical group recently reported the case of a 49-year-
old woman with CDL diagnosed via molecular pathological 
examination using a paraffin-embedded postoperative tissue 
section [11]. In routine clinical gynecologic practice, uterine 
mesenchymal tumors are among the most common gynecologic 
tumors. U.LMA is a benign mesenchymal tumor that develops 
from the uterine smooth muscle layer. It accounts for 
approximately 75% of all uterine tumor tissues resected from 
patients by surgical treatment [12]. Uterine mesenchymal tumors 
mainly occur in women of reproductive age; the prevalence rate 
of U.LMA in women in their 50s is approximately 70% [12,13]. 
However, its incidence is low in postmenopausal women (The 
age at which menopause occurs is generally between 50 and 
51 years old.). Because U.LMA expresses hormone receptors in 
many cases, female hormone secretion affects its proliferation, 
and its size and growth slightly varies depending on the sexual 
cycle. In the World Health Organization (WHO) classification 
of gynecologic tumors, the histomorphology of typical U.LMA 
is similar to that of spindle cell leiomyoma, cellular leiomyoma, 
epithelioid leiomyoma, intravenous leiomyomatosis, and 
leiomyoma with bizarre nuclei [14-17]. A CDL is an U.LMA 
with a very rare placental lobed tissue morphology [12] that 
can be misdiagnosed as a malignant mesenchymal tumor, i.e., 
U.LMS, owing to its rarity and characteristic appearance on 
gross examination.

In one such case, contrast-enhanced CT showed a mass that 
was continuous with the myometrium of the uterine corpus, 
suggesting that it has arisen from there [18]. However, no 
invasion of tumor cells into the vein and smooth muscle layer 
was observed. Therefore, U.LMA growing outside the uterus 
corpus and exhibiting a morphology similar to that of the 
placental leaf is called a CDL [18]. CDL, which extends into the 

myometrium and broad ligament as well as extrauterinally in a 
beaded manner, is accompanied by marked edematous changes 
and macroscopically resembles a placental lobe cotyledon 
[14,18,19].

Another clinical group reported the case of a 49-year-old woman 
with CDL diagnosed via molecular pathological examination 
using a postoperative paraffin-embedded tissue section [11]. She 
presented with a history of progressive constipation that lasted 
for 6 months and a palpable left lower abdominal mass for 1 
month [11]. Contrast-enhanced CT revealed no enlarged pelvic 
or para-aortic lymph nodes. The result of her blood test showed 
normal serological tumor markers, namely, cancer antigen (CA) 
125, CA19-9, carcinoembryonic antigen (CEA), and alpha-
fetoprotein (AFP) levels. Transvaginal ultrasonography showed 
a massive mass comprising two subserous fibroids measuring 
9.9 × 6.9 × 6.3 cm and 8.1 × 6.6 × 6.8 cm, respectively, with 
peripheral and internal probing blood flow signals [11]. Rapid 
examination using intraoperative frozen sections showed an 
angioleiomyoma with edema [11]. Truncal CT performed 6 
months postoperatively revealed no abnormal findings.

The patient in case 1: our clinical team recently experienced 
treatment for a patient with CDL (Supplementary Figure 2). In 
November 2020, a 57-year-old woman visited a hospital due to 
abnormal vaginal bleeding, and the development of a chocolate 
cyst was suspected. MRI showed a mass in the patient’s pelvis 
that could not be adjudged as malignant or benign. However, 
ovarian cancer was suspected because a solid component was 
identified on MRI. Therefore, the patient was referred to our 
hospital that has a gynecologic team for thorough examination. 
Transvaginal ultrasonography showed a solid mass measuring 
115 × 57 mm with an indistinct margin in the right ovary. 
The area of origin of the mass suggested ovarian cancer or a 
retroperitoneal tumor. In March 2021, the patient underwent 
simple hysterectomy and bilateral salpingectomy. A degenerative 
U.LMA measuring 110 × 80 mm was found growing within the 
broad ligament attached to the right round ligament. No gross 
abnormalities were detected in the bilateral fallopian tubes and 
ovaries. Surgical pathological examination of the resected tissue 
showed a CDL. There was no evidence of malignancy in the 
endometrial, cervical, or bilateral oviduct tissue. The patient 
is currently being followed up on an outpatient basis. Similar 
to the detection of a suspicious malignant mass during MRI 
examination by our medical staff, other healthcare professionals 
must understand the characteristic appearance of a CDL.

CDL is an extremely rare benign uterine mesenchymal 
tumor. It is often misdiagnosed as malignant in appearance in 
gross examination during surgical treatment, which can lead 
to overtreatment. The levels of serological tumor markers for 
gynecologic tumors, such as CA125 and CA19-9, are elevated 
in many cases of gynecologic malignancies [20,21]. Moreover, 
elevated levels of CEA, gastrointestinal malignancy markers, 
are not observed in many cases of gynecologic malignancies. 
Contrarily, blood test results for U.LMAs show normal 
serological tumor marker levels. If medical staff are aware of 
the appearance and oncological features of CDL, unnecessary 
surgical procedures, such as total abdominal hysterectomy and 
bilateral salpingo-oophorectomy, can be avoided in patients of 
reproductive age.
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Figure 2. Importance of the expression level of Ki-67/MIB on uterine mesenchymal malignancy.
(A) The photographs show the results of IHC using an anti-human Ki-67 monoclonal antibody (clone; MIB1) on the sections of uterine 
leiomyosarcomas. The Ki-67/MIB1 positivity rate (%) in uterine leiomyosarcomas is indicated in the upper photographs. The expression levels of 
Ki-67/MIB1 were quantified by an image analysis device, Mantra 2™ Quantitative Pathology Workstation (Akoya Biosciences, Inc. Marlborough, 
MA, USA). (B) The table presents the Ki-67/MIB1 positivity rate (%) in uterine mesenchymal tumors: uterine leiomyoma, STUMP, and uterine 
leiomyosarcoma. These values are approximately 40.78%–45.68%, 02.46%–04.61%, and 38.54%–44.75% in uterine leiomyosarcoma, uterine 
leiomyoma, and STUMP tissues, respectively. Relative Ki-67/MIB1 expression (arbitrary units) in uterine mesenchymal tumors. As a result, it 
was demonstrated that in patients with uterine leiomyosarcoma or STUMP, those with a Ki-67/MIB1 expression level of 0.3 (arbitrary units) or 
higher died within 5 years postoperatively whereas those with a Ki-67/MIB1 expression level of less than 0.3 (arbitrary units) lived for more than 
5 years postoperatively. N.M., normal myometrium; STUMP, smooth muscle tumors of uncertain malignant potential; U.LMA, uterine leiomyoma; 
STUPM L or U.LMS L, survival over 5 years postoperatively; STUMP D or U.LMS D, death within 5 years postoperatively.

Figure 1. Cell morphology of uterine leiomyoma, STUMP, and uterine leiomyosarcoma.
(A,D) Uterine leiomyoma (spindle cell leiomyoma). Low-power view (10×) shows a well-circumscribed tumor nodule in the myometrium comprising 
broad fascicles of spindle cells. High-power view (40×) shows spindle cells with bland cytological features, elongated nuclei, and fine nuclear 
chromatin. (B,E) Epithelioid smooth muscle tumor of uncertain malignant potential. Low-power view (10×) shows a tumor with multinodular 
growth at its periphery that might recur. The tumor has an irregular border with the surrounding myometrium. High-power view (40×) shows 
tumor recurrence in the peritoneum as multiple nodules. (C, F) Uterine leiomyosarcoma (spindle cell leiomyosarcoma). Low-power view (10×) 
shows a cellular tumor with fascicular growth and enlarged hyperchromatic nuclei. High-power view (40×) shows epithelioid leiomyosarcoma 
with round tumor cells having eosinophilic granular cytoplasm and irregularly shaped nuclei. (A,B,C) The photographs show tissue sections 
stained with hematoxylin and eosin. (D,E,F) The photographs show the tissue sections stained by IHC with anti-Ki-67/MIB1 monoclonal antibody. 
N.M., normal myometrium; STUMP, smooth muscle tumors of uncertain malignant potential; U.LMA, uterine leiomyoma.
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All CDLs reported to date were clinically diagnosed as benign 
gynecologic tumors, and only one case had recurrence 5 years 
after the initial segmental resection [22]. This case involved 
a 33-year-old woman who underwent incomplete resection to 
preserve fertility [22]. In this case, it is natural to think that 
the remaining tumor cells, even if they are benign tumors, 
proliferate again after being stimulated by estrogen or the like. 
However, tumor recurrence or advanced tumor has not been 
reported in cases where complete resection (hysterectomy) 
for CDL was performed. In the case reported by other clinical 
groups, there was no evidence of recurrence or advanced tumor 
in the patient 18 months after hysterectomy [11]. Recently, other 
research facilities have reported the cases of epithelioid CDL 
variants and CDLs with intravenous leiomyomatosis [23,24]. 
Histologically, CDL-derived neoplastic mesenchymal cells 
form the disorganized bundles, contrary to the organized pattern 
observed in common U.LMAs [25].

In many cases of uterine mesenchymal tumors, differentiation 
between U.LMA and U.LMS is difficult. U.LMA is the most 
frequently occurring uterine sarcoma and accounts for 1%–2% 
of all uterine malignant tumors [18]. Moreover, U.LMS mostly 
occurs in women aged >40 years. Unlike uterine benign smooth 
muscle tumors, U.LMS frequently occurs in postmenopausal 
women [26]. The rapid growth of uterine mesenchymal tumors 
that develop from the uterine smooth muscle layer does not 
immediately suggest U.LMS development. However, in 
postmenopausal women who are not undergoing hormone 
replacement therapy, malignancy should be suspected by 
medical staff when uterine mesenchymal tumors are growing or 
recurring. However, in the case reported by Ye H et al., neither 
an epithelioid pattern nor an intravascular neoplastic component 
was detected [11]. Therefore, tumor recurrence postoperatively 
will presumably not occur in this patient.

In conclusion, a CDL is a rare variant of U.LMA [25,27]. Its 
gross appearance and ultrasonographic features may indicate 
malignancy. Furthermore, it exhibits >10 increases in mitotic 
activity/10 high-power field (HPF), tumor cell necrosis, and no 
evidence of cellular atypia. Thus, histologically, CDL is a benign 
tumor. To date, recurrence and metastasis have not been reported 
in majority of the cases. Therefore, prognosis is considered 
favorable in clinical practice. Clinicians and pathologists 
must understand the oncologic features of CDL to prevent 
misdiagnosis of malignancy and consequent overtreatment.
Case 2: Molecular pathological features of STUMP

A recent clinical study reported an analysis of 
immunohistochemical examination findings of STUMPs, which 
are considered difficult to pathologically diagnose based on 
prognosis [28)]. Uterine smooth muscle tumors are the most 
common uterine mesenchymal tumors that have the properties 
of uterine smooth muscle cells. Uterine mesenchymal tumors 
are classified into three major types according to their malignant 
potential: benign leiomyoma (also called uterine fibroid), 
malignant U.LMS, and STUMP, whose degree of malignancy 
has not yet been elucidated [29]. U.LMS has a poor prognosis, 
and surgery is the only treatment for it. Therefore, it is important 
to determine the malignancy of uterine mesenchymal tumors. In 
clinical practice, Determination of malignancy is carried out by 

histopathological analysis based on the observation of indicators 
such as nuclear atypia, mitotic count, and coagulative necrosis. 
Uterine smooth muscle cells are characterized by proliferation 
of spindle-shaped cells consisting of obtuse, elongated nuclei 
at both ends and eosinophilic cytoplasm, which are oriented 
perpendicular to each other and multiply in bundles. 

Our clinical team recently experienced treatment for a patient 
with CDL (Supplementary Figure 3). In October 2020, a 47-year-
old woman visited a hospital due to abnormal vaginal bleeding, 
and the development of endometrial stromal sarcoma or U.LMS 
was suspected. In many cases, U.LMAs and U.LMSs exhibit the 
same morphological characteristics as those of uterine smooth 
muscle cells [30] (Figure 1A,C,D,F). Therefore, mesenchymal 
tumors are diagnosed based on the morphological features of 
the uterine smooth muscle cells [31]. However, U.LMAs and 
U.LMSs have similar morphological characteristics; thus, 
differentiating between them is a key challenge. During surgical 
pathological examination, including malignancy determination, 
the cell morphologies of STUMP and that of U.LMS are 
very similar, making differential diagnosis difficult (Figure 
1B,C,E,F). A recent clinical research report showed that the 
Ki-67/MIB1 positivity rates in U.LMS and U.LMA tissues 
were approximately 40.78%–45.68% and 02.46%–04.61%, 
respectively [31] (Figure 2A, Table 1). Contrarily, the Ki-67/
MIB1 positivity rate in STUMP tissues was approximately 
38.54%–44.75% (Figure 2A, Table 1). However, the relationship 
between Ki-67/MIB1 positivity rate and prognosis has not been 
elucidated. In other words, among uterine mesenchymal tumors 
with more mitotic numbers than U.LMAs but fewer ones 
than U.LMSs, those without clear tumor-induced coagulative 
necrosis are identified as STUMPs [32]. 

In a recent clinical study, of the 54 cases of U.LMS, 43 were 
included in the cohort that died within 5 years postoperatively 
and 11 in the cohort that survived for more than 5 years 
postoperatively (Table 1). Furthermore, of the 12 cases of 
STUMP, 5 were included in the cohort that died within 5 
years postoperatively and 7 in the cohort that survived for 
more than 5 years postoperatively (Table 1). In this clinical 
study, the expression level of Ki-67/MIB1 was quantified by 
an image analysis device, Mantra 2™ Quantitative Pathology 
Workstation (Akoya Biosciences, Inc. Marlborough, MA, USA) 
(Supplementary Materials and Methods). As a result, it was 
shown that in patients with U.LMS or STUMP, those with a Ki-
67/MIB1 expression level of 0.3 (arbitrary units) or higher died 
within 5 years postoperatively (Figure 2A). Furthermore, those 
with a Ki-67/MIB1 expression level of less than 0.3 (arbitrary 
units) lived for more than 5 years postoperatively (Figure 2A). 
Rather than the Ki-67-/MIB1-positive rate, the expression 
level of Ki-67/MIB1 is considered to be associated with the 
malignancy of uterine mesenchymal tumors (Figure 2B). 
Therefore, the expression level of Ki-67/MIB1 is considered to 
be a useful candidate for prognostic marker for patients who 
develop uterine mesenchymal tumors. STUMPs typically occur 
in women of reproductive age or postmenopausal women with 
a mean age of approximately 43 years, which is a decade less 
than that of patients with U.LMS [33]. U.LMAs are sensitive 
to female hormones, and female hormones induce U.LMA cell 
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proliferation. However, the growth of U.LMS cells is female 
hormone independent. It is unclear how this 10-year difference 
affects the development of U.LMS, a malignant tumor.

An increased mitotic rate in U.LMA-like uterine mesenchymal 
tumors is highly suggestive of U.LMS. However, uterine 
mesenchymal tumors with poor nuclear atypia and no tumor-
induced coagulation necrosis are diagnosed as U.LMAs with 
increased nuclear mitotic activity, and these tumors are benign 
[31]. In many of these cases, the mitotic rate is approximately 
5–9/10 HPF, although mitotic rates as high as 10–20/10 HPF 
also occurs. A uterine mesenchymal tumor with a mitotic rate 
of ≥20/10 HPF in the absence of nuclear atypia and tumor 
coagulation necrosis is diagnosed as STUMP. U.LMA with 
nuclear atypia is referred to as U.LMA with bizarre nuclei 
that was considered a benign tumor until recently. However, 
in new clinical studies, the foci of atypical cells with nuclear 
atypia have been found, and recurrence has been observed in 
cases of uterine mesenchymal tumors with low mitotic numbers 
[34]. According to the latest WHO classification, U.LMA with 
bizarre nuclei is categorized as STUMP [29,34].

A meta-analysis of the results of 11 clinical studies involving 
the follow-up of patients with STUMP revealed a 10% 
postoperative recurrence rate (15/150 cases) [35]. However, uterine 
STUMP is a significantly rare uterine mesenchymal tumor among 
gynecologic tumors. Therefore, there is no standardized pathologic 
classification or definitive preoperative contrast-enhanced CT, 
MRI, or hematological examination for STUMP.

A Taiwanese clinical research group recently examined the 
medical history, etiology, risk factors, and prognosis of six 

patients with STUMP to establish a standardized pathologic 
classification [28]. Immunohistochemistry examination with 
the use of appropriate monoclonal antibodies showed a marked 
expression of cyclin-dependent kinase inhibitor 2A (CDKN2A), 
tumor protein p53 (TP53), and tumor antigen Ki-67/MIB1 in 
all six patients [11]. The expression rates of estrogen receptor 
(ER) and progesterone receptor (PgR) in this series were 
50.0% (3/6) and 33.3% (2/6), respectively. Furthermore, no 
correlation was observed between the expression of these 
immunohistochemical biomarkers and mitotic count or tumor 
recurrence, which led to the conclusion that the expression status 
of current immunohistochemical biomarkers is ineffective in 
determining malignant potential in patients with STUMP who 
wish to conceive [11]. The identification of STUMP pathogenic 
variants by genome sequencing and gene expression profiling 
using next-generation molecular techniques may facilitate 
malignant potential prediction, surgical pathological diagnosis, 
clinical treatment, and prognostic assessment.

Previous clinical studies have reported immunohistochemical 
positivity for CDKN2A and TP53 in STUMP cases with 
postoperative recurrence [36,37]. However, in recent years, 
cancer genome testing in clinical practice has also revealed 
pathogenic variants in cell cycle regulators, such as CDKN2A, 
TP53, CDKN1A, and CDKN1B, in gynecologic tumors, 
including uterine carcinosarcoma and endometrial stromal 
sarcoma [38]. Thus, the immunohistochemical findings related 
to CDKN2A, TP53, CDKN1A, CDKN1B, ER, and PgR have 
limited application in the differentiation between U.LMAs and 
U.LMSs [39,40].

Mesenchymal tumor 
types

Age
years n

Protein expression*

SMA CAV1 CCNB CCNE LMP2 NT5DC2 CD133 Ki-67

Normal 30s-80s 74 +++ - - - +++ - - -
Leiomyoma (LMA)
(Ordinally leiomyoma)
(Cellular leiomyoma)

30s-80s
40
(30)
(10)

+++ ++ -/+ -/(+) +++ -/+ - +/-
+++ ++ -/+ - +++ -/+ +/-
++ ++ -/+ -/(+) ++ -/+ +/-

Cotyledonoid dissecting 
leiomyoma (CDL) 50s 2 +++ ++ + + ++ -/+ - ++

STUMP 40s-60s 12 ++ ++ + -/+ -/+ -/+ NA +/++
Lipoleiomyoma 40-50s 2 NA ++ -/+ + +++ NA NA ++
Bizarre Leiomyoma 40s-50s 4 ++ ++ -/+ + Focal+ + NA +
Intravenous LMA 50s 3 ++ ++ + + - NA ++ +
Benign metastasizing 50s 1 ++ ++ + ++ - NA NA ++
Leiomyosarcoma 30s-80s 54 -/+ + ++ +++ -/+ ++ ++ ++/+++
Rhabdomyosarcoma 10s,50s 2 NA ++ -/+ +++ +++ NA NA NA
U.LANT#-like tumour 40s 1 ++ + NA ++ - NA NA -

Table 1. Differential expressions of SMA, Caveolin1, Cyclin B, Cyclin E, LMP2, NT5DC2, CD133, and Ki-67 in human uterine mesenchymal 
tumors and uterine LANT-like tumor.

*Staining score of expression of SMA, CAV1 (Caveorin 1), CCNB (Cyclin B), CCNE (Cyclin E), LMP2 (low molecular protein 2), NT5DC2 
(5'-Nucleotidase Domain Containing 2) and Ki-67 from results of IHC experiments. Protein expression*; estimated-protein expressions by 
immunoblot analysis, immunohistochemistry (IHC) and/or RT-PCR (quantitative-PCR),-/+; partially positive (5% to 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 (homogenecus distribution with more than 90% of cells stained), -; negative (no stained cells). U.LANT-like tumour; uterine 
leiomyomatoid angiomatous neuroendocrine tumour-like tumour, LMP2, cyclin E, caveolin1, NT5DC2, CD133, Ki-67. STUMP (Smooth muscle 
tumor of uncertain malignant potential). Cyclin E, LMP2, Caveolin1 are potential biomarker for human uterine mesenchymal tumors. LANT#, 
leiomyomatoid angiomatous neuroendocrin tumour (LANT) is described as a dimorphic neurosecretory tumor with a leiomyomatous vascular 
component. NA; no answer.
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Discussion.
Owing to its high incidence, many patients present with the 

typical features of U.LMA. Thus, it can be easily identified by 
surgical pathological examination. However, smooth muscle 
tumor cells have various cell and nuclear morphologies and may 
proliferate into the broad ligament of the uterus, so diagnosing 
smooth muscle tumors is not always easy [41]. Furthermore, 
determining the malignancy of uterine mesenchymal tumors 
that exhibit atypical features is difficult [42]. The results of 
this study suggested that the morphological characteristics and 
expression level of Ki-67 are better indicators of malignancy 
of uterine smooth muscle tumor cells than the Ki-67 positivity 
rate.

The 5-year survival rate for U.LMS is thought to be less than 
20% [43,44]. In this clinical study, we compared the Ki-67-
positive cell rate and Ki-67 expression levels in each tissue 
of U.LMS obtained from patients who died within 5 years 
postoperatively and those who survived for more than 5 years 
postoperatively. As a result, no correlation was observed between 
the percentage of Ki-67-positive cells and tumor grade in the two 
groups. The expression of Ki-67 was significantly higher in the 
U.LMS tissues obtained from patients who died within 5 years 
postoperatively compared with those obtained from patients 
who survived for more than 5 years postoperatively. In addition, 
a correlation was observed between survival prognosis and Ki-
67 expression levels in each tissue obtained from patients with 
STUMP.

To date, many medical researchers have investigated the 
expression status of various factors in uterine smooth muscle 
tumors to develop new diagnostic and therapeutic methods for 
such tumors, particularly U.LMS [45]. In cases of U.LMA, 
which has a high morbidity rate in actual clinical practice, a 
diagnostic exclusion method for U.LMS has not yet been 
established [46]. Therefore, an in-depth investigation of the 
relationship between the cell morphology and prognosis of 
various uterine mesenchymal tumors, including U.LMA, is key 
to understanding the oncological characteristics of these tumors. 
In clinical practice, STUMP should be conclusively diagnosed.

In actual clinical practice, endometrial stromal sarcoma and 
carcinosarcoma are recognized as tumors of uterine smooth 
muscle cells that arise in the uterine smooth muscle layer. 
At present, there is no established method for differentiating 
between these malignant tumors, STUMP, and U.LMS. Detailed 
pathological findings and clinical information about uterine 
mesenchymal tumors must be documented to establish a more 
appropriate pathological concept of STUMP or U.LMS.
Conclusion.

Surgical pathological diagnosis of uterine mesenchymal tumors 
is often difficult due to the lack of a standardized classification 
for uterine mesenchymal tumors, By using a next-generation 
sequencer to identify key biomarkers, i.e., pathogenic variants 
involved in the progression and tumorigenesis of various uterine 
mesenchymal tumors, the prediction of survival among patients 
with STUMP may be possible. In the future, the establishment 
of personalized treatment in clinical practice for uterine 
mesenchymal tumors, including STUMPs, is expected.
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