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Abstract

Background Uterine smooth muscle tumor of uncertain malignant potential (STUMP) is a group of uterine smooth
muscle tumors which cannot be classified as a subtype of leiomyoma or leiomyosarcoma. Diagnosis, prognosis,
and treatment of these tumors are challenging due to recurrence, potential of malignancy, and metastasis.

Methods A retrospective cohort study was conducted in southern Iran during 2011 to 2020. We included records
of 21 patients with STUMP and 24 patients with leiomyoma by simple randomized sampling in the tertiary health
care centers in Shiraz, southern Iran. Slides were reviewed by an expert pathologist for examining mitosis, necrosis,
and atypia, and also proper blocks were selected for immunohistochemistry (IHC) staining.

Results From 45 participants, 21 (46.7%) and 24 (53.3%) patients were in the STUMP and normal leiomyoma groups,
respectively. Odds ratio and 95% confidence interval (OR (95% C.1)) of pathologic size in the range of 5-10 cm was sig-
nificantly higher in the STUMP group compared with normal leiomyoma. (Cl: 7.22 (1.44-36.22)). Additionally, hyaline
necrosis 0.05 (0.0-0.91), mild to moderate atypia 0.02 (0.0-0.4), moderate to severe atypia 0.01 (0.0-0.22), focal atypia
0.01 (0-0.26) and diffuse atypia 0.01 (0-0.26) were significantly fewer in normal leiomyoma compared to the STUMP
group. Negative P16 0.01 (0.0007-0.24) and negative Bcl2 0.22 (0.06-0.81) were significantly higher in the normal leio-
myoma group compared with the STUMP group. The cut-off points for predicting STUMP were 2.5% (sensitivity =62%
and specificity = 100%) and 45% (sensitivity =43% and specificity = 96%) for P16 and bcl2, respectively.

Conclusion The category and management of STUMP continues to progress. The diagnosis for STUMP mainly
depends on the histopathological manifestations. No single IHC marker such as P53, P16, and Bcl-2 has proved robust
enough in separating STUMP from other leiomyoma variants; however, according to our study, we suggest combina-
tion use of P16 and Bcl-2 (cut off 2.5 and 45%, respectively) to distinguish equivocal cases of STUMP.
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Background

Smooth muscle tumors of the uterus, most common
gynecological complaint worldwide, are generally divided
into benign (leiomyoma) and malignant (leiomyosar-
coma) tumors [1] which mostly affect women during
the reproductive age (mainly before menarche) [2] and
often regress after menopause. Leiomyoma is diagnosed
in 70% of white and 80% of black women [3]. It can be
asymptomatic or present with a wide range of symptoms
including heavy menstrual bleeding, fatigue, painful peri-
ods, non-cyclic pain, painful intercourse, pelvic pressure,
urinary incontinence, constipation, infertility, abortion,
and pregnancy complications [4]. Therefore, diagnosis of
STUMP is clinically difficult and definite diagnosis can
be confirmed after surgery [5].

There are other variants of uterine smooth muscle neo-
plasm which can present like leiomyomas, classified into
smooth muscle tumors of uncertain malignant potential
(STUMP) and different types of malignant mesenchymal
tumors (sarcomas) [6]. The term uterine smooth muscle
tumor of uncertain malignant potential was firstly used
by Kempson in 1973 [1]. World Health Organization
(WHO) defines STUMP as intermediate group of uter-
ine smooth muscle tumors which cannot be assigned
to either a benign or a malignant tumor, but concern
of malignancy remains [5]. Etiology and risk factors of
STUMP have not been identified yet. Differentiation
of various types of uterine smooth muscle tumors can
be made based on three main histopathologic features
including cytologic atypia, mitotic count, and tumor cell
necrosis [7, 8]. Presence of ambiguous tumor necrosis
with difficult differentiation, diffuse atypia and/or mitotic
count is not compatible with a benign or malignant cat-
egory [9]. As the definition of STUMP is variable, the
exact recurrence rate of STUMP, means patients under-
went operation for the second time due to uterine tumor
and pathologic findings showed STUMP again, is not
clear, but based on different studies the recurrence rate
is almost 7.3 to 26.7% [10]. Distant metastasis by STUMP
defines as finding of tumor outside of uterus suspected to
have the same origin with STUMP in CT scan/ MRI or
proved by pathology. This phenomenon is rare, but it has
been reported in different sites such as the ovary, pelvis,
abdomen, omentum, liver, lung, pleura, bone, spine, and
retro-peritoneum [11].

Immunohistochemistry could be helpful in diagnosis
of STUMP, and several tumor markers such as ER, PR,
Ki67, P53, P16, and Bcl-2 have been studied recently
[12, 13]. Studies showed that the expression of Bcl-2 was
more prominent in leiomyomas compared to leiomyosar-
coma and STUMP [13]. In contrast to leiomyosarcomas,
expression of Bcl-2 was concomitant with poor progno-
sis in STUMP [14]. P16 expression was more significant
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in leiomyosarcoma. Similarly, it has adverse prognostic
value in STUMP and its strong expression was detected
in metastasizing STUMP [15, 16]. Mutated P53 is gener-
ally found in leiomyosarcomas and can be an indicator of
malignancy. However, expression of P53 in STUMP was
more similar to leiomayomas than leiomyosarcoma [17].
Detection of P16 and P53 overexpression can be helpful
to determine high risk patients [18].

In this study, we aimed to determine the clinical and
histological features besides immunohistochemistry
profile, with focus on P16, P53 and Bcl2, among patients
with STUMP diagnosed at the hospitals of Shiraz Univer-
sity of Medical Sciences between the years 2012 to 2021.

Methods

Study settings and participants

A retrospective cohort study was conducted in Faghihi
hospital, Shiraz University of Medical Sciences. Clinical
documents of all patients diagnosed with STUMP since
2011 to 2020 were collected from archives of gynecology
oncology department of Motahari clinic and Faghihi hos-
pital, Shiraz University of Medical Sciences. During this
period, 33 patients diagnosed with STUMP were docu-
mented in our department, but due to absence of clinical
data or pathologic slides/blocks or corruption of them, 21
cases were collected at the end. Slides were reviewed by
two expert pathologists for examining mitosis, necrosis,
and atypia; also, proper blocks were selected for immu-
nohistochemistry (IHC) staining.

Immunohistochemistry
Tissue samples included 45 cases of STUMP and leiomy-
oma. Immunohistochemistry was performed on forma-
lin fixed paraffin blocks. The largest and well-fixed block
of each patient was selected. Tissue slides (4 mm thick)
were deparaffinized in xylene and rehydrated in alcohol
solutions. Antigen retrieval of tissues was carried out by
boiling in EDTA buffer at PH 8 (Master Diagnostica) for
20 min. Tissues treated for 10 min at room temperature
using peroxidase solution (Master Diagnostica) and then
incubated with primary antibody (different time for dif-
ferent antibodies) (Table 1). The stained tissue sections
with haematoxylin were reviewed separately by two
pathologists who were blinded to clinical parameters.

According to intensity and percentage of positive cells,
Bcl-2 expression was classified. Scores of 2+and 3+ of
intensity within more than 40% of cells were defined as
Bcl-2 positive as shown in Table 2. Expression of P16 by
any percentage of cells was classified as positive.

P53 was interpreted as below:

+ Wild type (normal): scattered nuclear staining, mild
epithelial (basal sparing)
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Table 1 Details of anti-human antibodies
Class Company Ref Dilution Positive control
P16 Mouse anti-human monoclonal antibody (IgG kappa) ~ Master Diagnostica  MAD-000690QD-3  prediluted  Tonsil, cervical dysplasia
P53 Rabbit anti-human monoclonal antibody (IgG) Master Diagnostica  MAD-000309QD-3  prediluted  Serous carcinoma
of the ovary or normal large
intestine
Bcl-2  Rabbit anti-human monoclonal antibody (IgG) Master Diagnostica ~ MAD-000675QD-3  prediluted  Tonsil

Table 2 Criteria used in Bcl-2 expression scoring

Bcl-2 score Bcl-2 pattern surgical specimen Bcl-2
expression
assessment

0 No reactivity in cells Negative

1+ Weakly or focally positive Negative

2+ Strong positive in 40-70% of the cells Positive

3+ Strong and diffuse positive in 80-100% of the cells Positive

+ Aberrant (mutational type): 80% strong and diftfuse
nuclear staining, complete absence of nuclear stain-
ing in all cells, moderate to strong cytoplasmic stain-
ing.

Statistical analysis

Frequency (relative frequency) was used to describe the
variables qualitatively. Chi-Square test, exact Fisher test,
and binary logistic regression were used to analyze the
data. Odds ratio and corrected odds ratio with 95% con-
fidence interval (OR (95% C.I)) were reported [19], and
receiver operating characteristic (ROC) analysis with
Uden index=sensitivity+specificity-1 (to determine
cutoffs) were used. IBM SPSS (Statistical Package for the
Social) version 22 software was used. The significance
level was considered 0.05.

Results

From 45 participants, 21 (46.7%) and 24 (53.3%) were in
STUMP and leiomyoma groups, respectively. Patients
had a mean+SD aged of 41.57+9.21 (range: 25-69)
years. Age, gravid, menopause status, history of radio-
therapy, past medical history, and type of operation
between STUMPs and leiomyomas has been compared
and presented in Table 3.

The majority of participants were under 50 years of age
(82.2%), had gravid greater and equal to three (42.2%),
were not menopaused (95.6%), had no history of radio-
therapy (97.8%), had no past medical history (97.8%),
and had bilateral or unilateral salpingo-oophorectomy in
addition to hysterectomy or myomectomy (40%). Only
one of STUMP patient had undergone radiotherapy

Table 3 Comparison of clinical features between the STUMP
and leiomyoma groups

Feature Total STUMPs Leiomyomas p-value
Age (year), n (%)
<50 37(822%) 18(85.7%) 19(79.2%) 057"
>50 8(17.8%) 3(14.3%) 5(20.8%)
Gravid, n (%)
0 14 (31.1%) 7 (33.3%) 7 (29.2%) 087"
1-3 12 (26.7%) 6 (25%) 6 (25%)
>3 19 (42.2%) 8(38.1%) 11 (45.8%)
Menopause status, n (%)
Yes 2 (4.4%) 1(4.8%) 1(4.2%) >099"
No 43(956%) 20(952%) 23 (95.8%)
History of radiotherapy, n (%)
Yes 1(2.2%) 1 (4.8%) 0 (0%) 047"
No 44 (97.8%) 20(952%) 24 (100%)
PMHx
Yes 1(2.2%) 1 (4.8%) 0 (0%) 047"
No 44 (97.8%)  20(952%) 24 (100%)
Type of operation, n (%)
Myomectomy — 15(33.3%) 5(238%) 10 (41.7%) 011"
TAH 9 (20%) 6 (28.6%) 3(12.5%)
BSO or USO 18 (40%) 7 (33.3%) 11 (45.8%)
Omentectomy 3 (6.7%) 3 (14.3%) 0 (0%)

TAH total abdominal hysterectomy, BSO bilateral salpingo-oophorectomy, USO
unilateral salpingo-oophorectomy, PMHx past medical history

" Exact Fisher test

* Chi-square test

because of fragmented specimen. So myometrial inva-
sion and/or leiomyosarcoma could not be ruled out
and the physician decided to do radiotherapy for her.
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Furthermore, the STUMP and normal leiomyoma groups
were the same regarding age, gravid, menopause state,
history of radiotherapy, past medical history, and type of
operation (p-value>0.05 for all). Positive history of dia-
betes mellitus or hypertension was considered as “yes” in
the past medical history.

The size and myoma status in sonography, sonographic
count, sign and symptom of the patients, follow-up dis-
tance, recurrence, sign of metastasis/sarcoma, Hb, and
LDH of the STUMP group are shown in Table 4. Non-
myoma means uterine tumor was not described as
‘myoma’ in ultrasonography or MRI report on the basis
of shape, border and other radiologic findings.

Tumor marker (CA-125, CA19-9, HE4), pathologi-
cal size, mitosis, necrosis, severity of atypia, distribu-
tion of atypia, immunohistochemistry status (P53, P16,
Bcl2), and different variants were compared between the
STUMP and leiomyoma groups in Table 5.

Tumor markers were negative in 95.6% (43/45) of
patients; 44% (19/43) and 56% (24/43) were in the
STUMP and leiomyoma groups, respectively. All the
patients in the leiomyoma group had negative tumor

Table 4 Descriptive measures of sonograghic size and status,
sonograghic count, sign and symptom, follow-up distance,
recurrence, metastasis/sarcoma, Hb, and LDH in the STUMP

group

Feature Definition N (%)
Sonograghic size (cm), n (%) 5-10 9 (50%)
>10 9 (50%)
Sonograghic myoma status, n (%) Myoma 12 (66.7%)
Non myoma 6 (33.3%)
Sonograghic count, n (%) Single 6 (33.3%)
Multiple 12 (66.7%)
Sign & symptom, n (%) AUB 10 (47.6%)
Pelvic pain 5(23.8%)
Mass sensation 3(14.3%)
Infertility 3(14.3%)
Follow up (month), n (%) <12 6 (30%)
12-36 6 (30%)
36-120 6 (30%)
>120 2 (10%)
Recurrence, n (%) Yes 4 (20%)
No 16 (80%)
Metastasis/ sarcoma, n (%) Yes 2 (10%)
No 18 (90%)
Hb (mg/dl), n (%) <12 12 (57.1%)
12-16 9 (42.9%)
LDH (1U), n (%) >480 1(4.8)
>480 20 (95.2%)

AUB abnormal uterine bleeding, Hb hemoglobin, LDH lactate dehydrogenase
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marker. Tumor size of 5- 10 cm was significantly higher
in the STUMP group compared with leiomyoma
(p-value <0.05); however, no difference was seen regard-
ing size > 10 cm between the groups (p-value > 0.05).

Considering histopathologic features, from 45 par-
ticipants, 97.8% had mitosis less than five; 45% (20/44)
and 55% (24/44) of them were in the STUMP and leio-
myoma groups, respectively. Hyaline necrosis is charac-
terized by accumulation of a pink, homogenous material
known as hyaline that significantly less in leiomyoma
compared with the STUMP group (p-value <0.05); how-
ever, there was no significant difference regarding coag-
ulative necrosis, hitologically diagnosed by an area of
necrosis palisades with karyorrhexis, nuclear debries and
inflammatory cells infiltration, between the two groups
(p-value>0.05). This type of necrosis is highly advised
leiomyosarcoma. However, some of STUMPs with non
or mild atypia and afew mitotic figures show this type of
necrosis [8]. The difference of severity and distribution of
atypia between the STUMP and leiomyoma groups was
statistically significant (p-value <0.05).

P16 and Bcl2 expression is defined as the combination
of nuclear and cytoplasmic immunoreactivity for P16 and
nuclear staining for Bcl2. Our immunohistochemistry
results demonstrated that negativity for P16 and Bcl2 was
significantly higher in the leiomyoma group compared to
the STUMP group (p-value<0.05 for both). To get a bet-
ter understanding of the optimal cut-off points of the P16
and Bcl2 predicting STUMP, we presented ROC curve
results in Fig. 1; Table 6. The P16 and Bcl-2 of more than
2.5% and 45% could predict STUMP, respectively with
sensitivity and specificity of 62% and 100% for P16 and
43% and 96% for Bcl-2 (Figs. 2 and 3). All the cases in the
STUMP and leiomyoma groups were negative for P53.
Four out of 20 STUMP cases showed recurrence, and two
of them had distant involvement. Bcl-2 presented with
intensity of 5% and.

P16 negativity in one of the cases with local recurrence
and the latter one shows Bcl-2 expression of 90% and
10% P16 expression. One of the cases with distant metas-
tasis showed negativity of all markers and another one
expressed 20% P16 and 10% Bcl-2.

Discussion
Diagnosis and treatment of STUMPs are challenging
as their features cannot fulfill the criteria of benign or
malignant tumor. Clinical, imaging or laboratory meth-
ods can be somehow helpful in diagnosis of STUMP;
however, final diagnosis can be made by pathologic eval-
uation after hysterectomy or myomectomy.

As in previous studies, the majority of STUMP cases
were in the premenstrual phase (95.2%) and younger than
50 years old (85.7%) [12, 20]. Similar studies showed that
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Table 5 Comparison of pathologic features and immunohistochemistry status between the STUMP and leiomyoma groups

Feature Total STUMPs Leiomyomas p-value OR (95% C.I)
Tumor marker, n (%)
Negative 43 (95.6%) 19 (90.5%) 24 (100%) 021" 0.16(0.01-3.51)°
Positive 2 (4.4%) 2(9.5%) 0 (0%)
Pathologic size (cm), n (%)
<5 (reference category) 16 (38.1%) 3(16.7%) 13 (54.2%) 0.03" 1 (-)P
5-10 16 (38.1%) 10 (55.6%) 6 (25%) 7.22 (1.44-36.22)°
>10 10 (23.8%) 5(27.8%) 5 (20.8%) 4.33(0.74-25.29)°
Variants of leiomyoma, n (%)
Conventional (reference category) 41 (91.1%) 17 (81%) 24 (100%) 0.05" 1(-)°
Epithelioid 3(6.7%) 3(14.3%) 0 (0%) 0.1 (0-2.1)2
Myxoid 1(2.2%) 1(4.8%) 0 (0%) 0.24 (0.01-6.2)
Mitosis (cm), n (%)
<5 44 (97.8%) 20 (95.2%) 24 (100%) 047" 0.28 (0.01-7.22)*
5-10 1(2.2%) 1(4.8%) 0 (0%)
Necrosis, n (%)
No (reference category) 36 (80%) 12 (57.1%) 24 (100%) <0.001" 1(-)°
Hyaline 5(11.1%) 5 (23.8%) 0 (0%) 0.05 (0.0-0.91)?
Coagulation 4(8.9%) 4(19%) 0 (0%) 0.06 (0.0-1.14)*
Atypia severity, n (%)
No (reference category) 29 (64.4%) 5 (23.8%) 24 (100%) <0.001" 1(-)°
Mild to moderate 5(11.1%) 5(23.8%) 0 (0%) 0.02 (0.0-0.4)*
Moderate to severe 9 (20%) 9 (42.9%) 0 (0%) 0.01 (0.0-0.22)?
Severe 2 (4.4%) 2(9.5%) 0 (0%) 0.04 (0.0-1.07)*
Atypia distribution, n (%)
No 29 (64.4%) 5(23.8%) 24 (100%) <0001 1 (=)
Focal 8(17.8%) 8(38.1%) 0 (0%) 0.01 (0-0.26)?
Diffuse 8 (17.8%) 8(38.1%) 0 (0%) 0.01(0-0.26)?
P16, n (%)
Negative 32 (71.1%) 8 (38.1%) 24 (100%) <0.001" 0.01 (0.0007-0.24)®
Positive 13 (28.9%) 13 (61.9%) 0 (0%)
Bcl2, n (%)
Negative 19 (42.2%) 5 (23.8%) 14 (58.3%) 0.03" 0.22 (0.06-0.81)°
Positive 26 (57.8%) 16 (76.2%) 10 (41.7%)
P53
Negative 45 (100%) 21 (100%) 24 (100%) 0.88 (0.02-46.15)°
Positive 0 (0%) 0 (0%) 0 (0%)

" Exact Fisher test

T Chi square test

2 corrected OR based on Haldane’s correction, OR (95% C.l); odds ratio

b logistic regression

leiomyomas mostly occurred in the 4th decade of life and
reproductive ages [4].

The gold standard of management of STUMP is hys-
terectomy, but in childbearing ages it is not a choice
because of fertility issues and making decision for
the type of operation can be challenging due to the
risk of recurrence and chance of fertility [21]. In our
study, most of the STUMP cases (33.3%), similar to

leiomyomas (45.8%), underwent TAH/BSO or USO. In
STUMPs, TAH (28.6%) and myomectomy (23.8%) were
more prevalent after TAH/BSO or USO, respectively.
In a similar conclusion, Rizzo’s study showed that hys-
terectomy was more common than myomectomy [12].
TAH/BSO or USO plus omenectomy were done in
14.3% of STUMPs; however, none of leiomyoma cases
had omentectomy. In a systematic review of 34 studies
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Fig. 1 Receiver operating characteristic curve of P16 and Bcl2 predicting STUMP

Fig. 2 Representative images of P16 immunostaining. P16 was immunostained on the nucleus and cytoplasm of the tumor cells with variable
intensities: (A) negative, (B) 30%, (C) 60%
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Fig. 3 Representative images of Bcl-2 immunostaining. Bcl-2
was immunostained on the nucleus of the tumor cells with variable
intensities: (A) 10%, (B) 30%, (C) 90%

Table 6 Cut-off point values of the P16 and Bcl2 predicting
STUMP

Feature Udenindex Cut-off point AUR Sensitivity Specificity

P16 0.62%
Bcl-2 0.39%

2.5% 081 62% 100%
45% 073 43% 96%

AUR Area under roc

and 189 cases of STUMP, 79 patients had myomectomy
(42%), 60 had TAH/BSO (32%), and 50 patients under-
went TAH (26%) [19]. In Yordanov’s study, the type of
operation was hysterectomy and myomectomy in 85.7%
and 16.7% among the STUMP cases, respectively [1].
However, myomectomy (41.7%) was more prevalent
than TAH (12.5%) in our cases with leilomyomas.

In ultrasound or magnetic resonance imaging (MRI)
examination, about 50% of the STUMP group were
5-10 cm, and the rest were equal or more than 10 cm.
Considering echogenicity and radiologist report, most
of STUMP cases were similar to myomas, but 33.3%
of them showed atypical findings. Additionally, ultra-
sonography or MRI of most of STUMP subjects showed
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multiple lesions. One study about ultrasound features
of uterine smooth muscle tumor revealed that cystic
areas within the lesion was detected in typical leiomy-
omas, leiomyoma variants, adenomyomas, and also in
the cases of STUMP and leiomyosarcoma. Detection
of regular borders, echogenicity, size and presence of
shadowing was similar in benign and malignant lesions
[22]. Bonneau et al. compared sonography and MRI
findings of 85 leiomyoma with 23 malignant mesen-
chymal tumor and STUMP cases; their results revealed
that single tumor, presence of free fluid, and absence
of acoustic shadowing were detected in STUMP [23].
However, STUMP can be detected as leiomyoma or
leiomyosarcoma on MRI; its common feature on MRI
included homogeneously low T2 signal or areas of T2
hyperintense necrosis [24].

In our study, most of the patients with STUMP pre-
sented with abnormal uterine bleeding (AUB), and the
rest of them presented with pelvic pain (23.8%), inciden-
tal finding by mass sensation or routine ultrasonography
(14.3%), and during infertility work ups (14.3%). Simi-
larly, the study on 16 cases of STUMP demonstrated that
AUB was the most common presentation of STUMP as
well [25]. A review study mentioned that STUMPs could
present as typical lelomyomas with AUB, anemic symp-
toms, pelvic mass or pressure and combination of them
that supports our results [10, 26, 27].

Patients with STUMP should have been followed up
every six months during five years after diagnosis and
then annually for next five years. In these patients, fol-
low up included history taking and physical examination.
Additionally, imaging studies such as chest radiography,
pelvic ultrasonography, MRI and/or PET-CT should
be performed each year to detect recurrences [27]. In a
systematic review of 189 STUMP cases, recurrence was
detected in 37 cases (19.5%): 23 local recurrences (62.2%)
and 14 distant metastasis (37.8%) to the lung, abdo-
men, and other organs [20]. Guntupalli et al. conducted
a review on 41 patients with STUMP in which three
patients had recurrence during the mean follow-up time
of 45 months [28]. In the research of Deohar et al., out of
21 STUMP cases, one patient presented with metastatic
liver disease 3 years after the first surgery [29]. Canciani
et al. and Shapiro et al. reported metastasis to the lung
and humerus during the follow up of the STUMP cases,
respectively [30, 31]. Similarly, another study reported
an intraperitoneal mass 3 years after myomectomy
with diagnosis of STUMP [32]. In our research, dura-
tion of follow up in 90% of the STUMP patients was
under 12 months to 120 months, and just 10% of them
(two patients) had a longer follow up of more than 120
months. During the follow up, there was recurrence in
4 out of 20 patients (20% of STUMPs); two of them had
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distant involvement; pelvic sarcoma and lung metasta-
sis was detected in one of them and adnexal mass, lung
metastasis, and probable liver involvement occurred in
another one.

Serum level of lactate dehydrogenase (LDH) can be
helpful in predicting the tumor prognosis, development,
metastasis, and progression [33]. Several studies showed
increased serum level of LDH in uterine sarcomas com-
pared to leiomyomas. Similarly, the study of Zhang et al.
demonstrated higher levels of LDH in leiomyosarcomas
in comparison to degenerated uterine fibroids [34]. Mat-
suda et al. evaluated the serum level of LDH in 21 usual
leiomyomas, 7 atypical leiomyomas, and 6 leiomyosar-
comas; high LDH was detected in 3 cases of leiomyosar-
comas [35]. In our study, one out of 21 cases of STUMP
had high serum level of LDH with the cut-off point of 480
IU/L.

There are different histopathologic criteria helping
STUMP definition in which mitosis, cellular atypia, and
necrosis are the most important features. In our study, 20
out of 21 STUMP cases had less than five mitoses in 10
high power field (HPF) which was similar to leiomyomas.
Most of the STUMPs (42.9%) had moderate to severe
atypia and no necrosis (57.1%). In a similar way, original
criteria of STUMP defines it as a tumor with 3—5 mitosis
per HPF and atypia or 6—9 mitosis per HPF, mild atypia
and increased cellularity or mitosis more than 15 per
HPF [9]. In a retrospective study by Lanqing Huo et al. on
67 STUMP cases, the majority of cases had 5-10 mito-
sis per HPF (52.3%), mild atypia (65.7%), and no necro-
sis (77.6%) [36]. The study of Zhang et al. showed that
seven out of 18 cases had moderate to severe atypia and
5-10 mitosis per HPF [37]. A review study of leiomyoma
variants defines STUMP as a tumor with focal or diffuse
atypia and mitotic count under 10 per 10 HPF; or coag-
ulative necrosis and mitotic count less than 10 per 10
HPF; or high cellularity and mitosis more than 15 per 10
HPF [38]. Similar to our study, Gupta et al. analyzed 22
cases of STUMP; 15 cases had moderate to severe atypia,
9 focal or multifocal atypia, and 6 diffuse atypia. 18 out
of 22 cases had less than 10 mitosis, and four cases had
more than 10 mitosis. Necrosis was detected in seven
cases, one coagulative necrosis, and six hyaline necrosis
[9]. Patel et al. evaluated 67 cases including 57 leiomy-
oma, eight leiomyosarcoma and two STUMPs, in which
leiomyoma had no atypia and less than five mitoses per
10 HPF in the same way our research but five cases had
ischemic necrosis. Additionally, two STUMP cases had
less than five mitoses per 10 HPF, ischemic necrosis, and
moderate-to-severe atypia, similar to our study [39].

Because of difficulties in diagnosis of STUMDP, research-
ers have figured out that the combination of immunohis-
tochemistry (IHC) and clinicopathological findings can
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be more helpful in determining the final diagnosis and
risk of recurrence in STUMP. We analyzed Bcl-2, P16 and
P53 IHC markers in STUMP and leiomyoma cases. P16, a
tumor suppressor protein, plays an important role in reg-
ulation of cell cycle, and the related gene was deleted in a
variety of malignant cells and tissues [40]. In our results,
positive P16 was detected in 13 STUMP cases (out of 21)
although none of leiomyoma cases expressed this marker
that was statistically significant (P value<0.001). Posi-
tivity of P16 (intensity >2.5%; sensitivity 62%, specificity
100%) is a helpful diagnostic marker for equivocal cases
of STUMP. Besides, P53 was the wild type (normal) in
all our STUMP and leiomyoma cases. TP53 gene can be
mutated frequently, and its protein, so called P53, acts
as a tumor suppressor [18]. In the study of Tabrizi et al.,
none of STUMP cases had positive P53 that was in the
same line with our study [41]. In another research, one
out of 18 STUMP cases showed positive P53 [37]. Simi-
larly, Manxhuka et al’s results revealed positive P53 in
one out of six STUMPs, none of leiomyoma cases, and 16
out of 34 lelomyosarcoma cases [13].

Some studies demonstrated the higher expression
of P16 and P53 in leiomyosarcoma cases compared to
STUMP and leiomyoma cases [15, 42]. Although in our
results presentation of P16 was higher in STUMPs in
comparison to leiomyoma cases, study of O’'Neill et al.
showed no P16 expression difference among STUMP and
usual leiomyoma variants [15]. Bodner-Adler found out
that the presentation of P16 in STUMP resembled that
of leiomyoma cases and differed from leiomyosarcoma
[40]. Similarly in another study, one out of three STUMPs
and 20/21 leiomyosarcoma cases and none of leiomyoma
cases had positive P16 [43]. Atkins et al. observed that
P16 was diffusely positive in three out of eight STUMPs
[16].

According to several studies, expression of P16 and
P53 was associated with higher recurrence rate and more
aggressive tumor behavior [11, 26, 36]. Travaglino et al.
found the abnormal expression of p53 and/or pl16, sug-
gesting a risk of recurrence more than 50%; however, in
normal expression of them the risk of recurrence was less
than 10% [42].

Bcl-2 protein is the product of apoptosis-inhibiting
gene which prevents the normal process of apoptotic
cell death and also reduces the requirements of growth
factors in cell replication, so it promotes the cell replica-
tion [13]. Bcl-2 was positive in 16/21 STUMP cases and
10/24 leiomyoma cases. Therefore, our results revealed
a statistically significant difference between the STUMP
and leiomyoma groups regarding Bcl-2 (p-value=0.03).
Thus, we suggest positivity of Bcl-2 with more than 45%
intensity could be useful in distinguishing STUMP (sen-
sitivity: 43%, specificity: 96%). In contrast to ours, several
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studies revealed that presentation of Bcl-2 was more fre-
quent and stronger in leiomyoma cases in comparison to
STUMP and leiomyosarcoma [16, 18, 29, 37]. However, it
can be used as a good prognostic marker to distinguish
benign and malignant smooth muscle tumors. Despite
the differences in presentation of Bcl-2 in leiomyosar-
coma, leiomyoma and STUMP cases, it cannot be an
exclusive diagnostic tool in this field.

Conclusion

The category and management of STUMP continues to
progress. The diagnosis for STUMP mainly depends
on the histopathological manifestations. No single
IHC marker such as P53, P16, and Bcl-2 has proved
robust enough in separating STUMP from other leio-
myoma variants; however, according to our study, we
suggest combined use of P16 and Bcl-2 (cut off 2.5 and
45%, respectively) to distinguish the equivocal cases of
STUMP that are larger than 5 cm with at least moderate
atypia and hyaline necrosis.
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