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Abstract: Smooth muscle tumors of unknown malignant potential (STUMP) represent a group of
heterogeneous uterine neoplasms showing worrisome histological features, raising concerns for
a malignant behavior, but do not satisfy the diagnostic criteria for leiomyosarcoma. The existing
literature remains scarce due to its rarity; therefore, there is no consensus regarding diagnostic criteria,
malignant potential, treatment of choice, and follow-up. The authors report their case series to analyze
the heterogeneous features of this poorly understood neoplasm. A retrospective, monocentric cohort
study of all patients who underwent surgery diagnosed with STUMP at the Garibaldi-Nesima
Hospital in Catania from February 2018 to August 2021 was conducted. Each patient’s age at
diagnosis, symptoms, surgical treatment, tumor features, postoperative management, and follow-up
were recorded. Nine STUMP cases were included. All patients reported menometrorrhagia and pelvic
pain. In all women, the tumor lesion was single and intramural, and the mean diameter was 7.5 cm.
Four women underwent laparotomic conservative surgery. The mean postoperative follow-up time
was 36 months, and recurrences were observed in two patients. In conclusion, STUMP cases should
be systematically discussed by tumor boards, pathologists with good expertise in gynecological
diseases should examine the histological samples, and close surveillance is mandatory because of the
possibility of recurrence or metastasis.
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1. Introduction

Uterine smooth muscle tumors (SMTs) represent a group of neoplasms that originate
from the smooth muscle cells in the wall of the uterus, known as the myometrium [1]. The
precise pathogenesis of these tumors is still not fully understood, but a combination of ge-
netic, hormonal, and local environmental factors is considered to contribute. Specific gene
mutations and chromosomal abnormalities have been associated with the development of
SMTs. For instance, leiomyomas often carry mutations in the MED12 gene, and chromo-
somal aberrations are common [2]. Leiomyosarcomas can also carry complex karyotypic
abnormalities, and altered phosphorylated proteins are involved in tumorigenic signaling
pathways, anti-apoptotic processes, and cell survival [3]. Moreover, the expression of
the p53 and Ki-67 receptors seems promising in the immunodifferentiation of SMTs with
malignant potential [4]. Estrogen and progesterone are believed to play crucial roles in the
growth of SMTs because they stimulate the proliferation of uterine smooth muscle cells,
and both benign and malignant uterine tumors often have a higher number of estrogen and
progesterone receptors compared to the normal uterine smooth muscle [5]. Local growth
factors and cytokines, proteins that regulate cell growth and immune responses, are also
involved in the development of SMTs. These include transforming growth factor-beta
(TGF-B) [6], vascular endothelial growth factor (VEGF) [7], and various interleukins [8].
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Epigenetic modifications have also been implicated. These include DNA methylation,
histone modification, and changes in non-coding RNA molecules [9]. Some researchers
proposed that a small population of stem cells in the myometrium may transform into
tumor-initiating cells, leading to the development of SMTs [10]. Despite these insights,
more research is needed to fully understand the complex interplay of factors involved
in the pathogenesis of these tumors. SMTs have traditionally been classified into benign
leiomyomas and malignant leiomyosarcomas. Leiomyomas, more commonly known as
uterine fibroids, are the most-common benign pelvic tumors in women, affecting an esti-
mated 70-80% of women by the age of 50 years [11]. Their prevalence is higher in African
American women and tends to occur at a younger age compared to other ethnic groups [11].
They are often asymptomatic, but can cause heavy menstrual bleeding, pelvic pain, and
reproductive issues in some cases [12]. They are often discovered during routine pelvic
examinations, and their treatment can range from watchful waiting to medication or vari-
ous surgical interventions [12]. Leiomyosarcomas are extremely rare, representing about
1-2% of all uterine malignancies [13] and aggressive malignant tumors [14]. Symptoms
may include abnormal vaginal bleeding, pelvic pain, and a rapidly enlarging uterus [13].
They are often diagnosed at an advanced stage, making their prognosis generally poor [15].
Treatment usually involves surgery and may also include radiation and chemotherapy [15].
The histological differentiation between these two categories is based on certain distinctive
features such as cytological atypia, the mitotic index, and the presence of coagulative
tumor cell necrosis (CTCN) [1]. Cytological atypia refers to the variation in the size, shape,
and organization of cells, while the mitotic index is an estimate of the proportion of cells
undergoing cell division or mitosis. CTCN, conversely, signifies the presence of localized
areas of cell death, a common characteristic of rapidly proliferating tumors. The Stanford
criteria, developed by Bell et al. [16], provide a standard for the histological diagnosis of
leiomyosarcomas. These criteria stipulate that at least two of the following characteristics
must be present: diffuse moderate to severe atypia, a mitotic count of at least 10 mitotic
figures (MFs) per 10 high-power fields (HPFs), and CTCN. Additional criteria that are
considered, but given lesser weight in the diagnosis include the cellularity of the tumor, the
demarcation of the tumor boundaries, and the relationship of the tumor to the surrounding
myometrium. Bell and his team also described four histological categories of problematic
SMTs in their work [16]. The first, termed “atypical leiomyoma with low risk of recurrence”
(AL-LRR), is characterized by diffuse moderate-to-severe atypia, less than 10 MFs/10 HPFs,
and absence of CTCN. The second category, “atypical leiomyoma with limited experience”
(AL-LE), shows focal or multifocal severe atypia, less than 10 MFs/10 HPFs, and no CTCN.
The third category, “smooth muscle tumor with low malignant potential” (SMT-LMP), is
characterized by absent or minimal atypia, less than 10 MFs/10 HPFs, and the presence of
CTCN. Finally, the fourth category, “mitotically active leiomyoma with limited experience”
(MAL-LE), displays more than or equal to 20 MFs/10 HPFs, but without evidence of atypia
and tumor cell necrosis. Subsequently, the World Health Organization (WHO) classifica-
tion [17] introduced a new category of SMTs termed “smooth muscle tumor of unknown
malignant potential” (STUMP). This term was introduced to categorize tumors that present
worrisome histological features indicative of possible malignant behavior, but do not meet
all the Stanford diagnostic criteria for leiomyosarcoma. The introduction of this term
highlights the challenges in diagnosing and classifying uterine SMTs, especially when they
possess histological features that do not neatly fall into the traditional categories of benign
or malignant. Imaging techniques such as ultrasound scan [18] and magnetic resonance
imaging [19] play a crucial role in the diagnosis of SMTs. These techniques provide valuable
information about the size, location, and extent of the tumors and are indispensable for
treatment planning [20]. Nevertheless, despite the advancement in imaging techniques, the
diagnosis of STUMP can still be challenging due to its imaging features, which blur the line
between benign and malignant tumors. The existing literature on STUMP remains scarce,
primarily due to the rarity of these tumors. This lack of information has made it difficult to
reach a consensus regarding the optimal management strategies. Research on this topic is
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important because understanding the biological behavior of STUMP may have significant
implications for patient management.

In this paper, the authors report their case series to analyze the heterogeneous features
of this poorly understood neoplasm.

2. Materials and Methods

This manuscript describes a retrospective, single-center cohort study conducted at
the Garibaldi-Nesima Hospital in Catania. The study encompasses the time frame from
February 2018 to August 2021 and focuses on patients who underwent hysterectomy or
myomectomy, resulting in a STUMP diagnosis. The methodology involved a thorough
evaluation of all medical records of women who underwent surgical procedures based
on an ultrasonographic presumed diagnosis of leiomyoma. The primary objective of this
evaluation was to identify the prevalence rate of STUMP among these patients. Following
the strict anonymization of personal data, key patient details such as age at diagnosis,
symptoms, type of surgical treatment (laparoscopy versus laparotomy and myomectomy
versus hysterectomy), tumor features (including imaging and histological characteristics),
postoperative management, and follow-up outcomes were documented for each patient
with STUMP. The type of surgical treatment was influenced by various factors such as
the size and location of the tumor, the patient’s overall health status, the prior surgical
history, as well as the surgeon’s expertise and preferences, to ensure the most-effective
and -personalized treatment approach. Follow-up for each participant continued until
August 2021. The study adhered to the ethical guidelines outlined in the Declaration of
Helsinki and received approval from the Institutional Review Board (or Ethics Committee)
of Azienda di Rilievo Nazionale e di Alta Specializzazione (ARNAS) Garibaldi, Catania
(No. Prot. 263/C.E approved on 11 May 2020) (Report No. 68/2020/CECT2).

3. Results

In total, 1010 medical records of patients who underwent gynecological surgery for
a presumed diagnosis of leiomyoma were examined. In most cases (1001), the imaging
diagnosis of leiomyoma was corroborated by postoperative histology. However, in nine
(0.9%) cases, a postoperative histological diagnosis of STUMP was made (Figure 1).

Patients with a presumed ultrasonographic
diagnosis of leiomyoma
(n=1010)

Gynecological surgery

! !

Patients with a histological Patients with a histological
diagnosis of leiomyoma diagnosis of STUMP
(n=1001) included in the study

Figure 1. Flowchart showing all the cases examined and those that were finally selected for inclusion
in the study.
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All patients reported menometrorrhagia and pelvic pain, among others, suggesting a
symptomatic presentation. A detailed examination of the tumor characteristics revealed
that, in all cases, the lesion was solitary and intramural, with a mean diameter of 7.5 cm
(range 2 to 13 cm). Four patients opted for laparotomic conservative surgery to preserve
their fertility. The mean postoperative follow-up time was 36 months and recurrences were
observed in two patients (Table 1).

Table 1. Features of the 9 cases with postoperative histological diagnosis of STUMP.

Preoperative Imaging

Surgical

Histological

Medical

. Age
Patient (Years) Symptoms Features Management Features Treatment Follow-Up Relapse
Menometrorrhagia Solitary 4 cm round, Endometrial
causing fatigug hypoechoic intramural LPT cancer (pT1
! 7 pelvic pain, bloating,, and lesion with a cl'ear hysterectomy PNO G2 FIGO No Normal No
constipation whorled pattern in the Stage IA) and
posterior uterine wall TUMP
Menometrorrhagia Moderat
causing weakness, pelvic Isolated 8 cm isoechoic, ac; eri: e
2 2 pain, intramural mass with a LPT 1 Oyl\};[F, N N 1 N
menstrual cramps, and whorled appearance in myomectomy <1 0 HPFS/ ° orma °
lower the anterior uterine wall o CTCIS\,T
abdominal fullness
. Single, sizable 13 cm Well-differentiated
Meno{net;oghagm intramural growth, <10 MFs/ leiomyosarcoma at the
3 57 1 causing fa cllgue_, ful appearing as a round, LPT 10 HI’ES, CTCN, No Clinically left pararectal fossa
pelvic pa}ljn, anl painfu well-circumscribed hysterectomy spindle stable and the right thigh
mov%vr;eents hypoechoic mass in the cells = 30% 36 months after
uterine fundus surgery
Menometrorrhagia with Solitary 6 cm hypoechoic Atvpia
prolonged intramural lesion with a LPT 1 O}II\EF 4 /
4 36 periods, pelvic pain, distinctive whorled myomectom: <10 HPFS No Normal No
lower back pain, and texture in the posterior Y y no CTCIS\/T
bloating uterine wall
Menometrorrhagia with Lone, round, 4 cm
irregular hypoechoic intramural .
5 50 menstrual cycle, mass, displaying a LPT Focl%l l\a/gpla, No Normal No
pelvic pain characteristic whorled hysterectomy <1 0 HPFS/
intensified during pattern in the anterior S
periods, and dysuria uterine wall
Menometrorrhagia
leading to anemia, pelvic Single, well-defined 2 cm Mc:detjate
pain, intramural lesion of LPS 1a yI\Ij[llil’
6 50 sensation of pelvic hypoechoic texture with a hysterectom <100HPFS/ No Normal No
heaviness, and whorled pattern in the Y y no CTCIS\i
discomfort during right lateral uterine wall Ki-67 = 5%
intercourse
Menometrorrhagia Solitary 4.5 cm d
causing tiredness and hypoechoic intramural LPT NL(; elirgte
7 28 lightheadedness, with mass with a clear whorled myomectom: 1 YP " /t' No Normal No
pelvic pain, menstrual appearance in the left 4 y Ov‘é;ﬁ;? 1c
cramps, and dysuria lateral uterine wall
Menometrorrhagia L(;n7e intramura{ growth GnRH
. - - of 7 cm, appearing as a agonists Myometrial
8 33 feading tziiniféa’ pelvic well-circumscribed, LPT for lesion Second surgery refused
diffi IP ’ ine th hypoechoic mass with a myomectomy 6 months 10 months by the patient
ifficulties Zr;lptymg the typical whorled pattern in after after surgery
adder the anterior uterine wall surgery
Solitary, large 10 cm
Menometrorrhagia intramural tumor,
leading to anemia and presenting as a LPT <5 MFs/
? % lower back hypoechoic mass with a hysterectomy 10 HPFs No Normal No
discomfort distinct whorled texture

in the uterine fundus

Abbreviations: cm, centimeters; CTCN, coagulative tumor cell necrosis; GnRH, gonadotropin-releasing hormone;
HPEF, high-power field; LPS, laparoscopic; LPT, laparotomic; MF, mitotic figure.

4. Discussion

In accordance with the literature [11,17], the present analysis confirmed that STUMPs
constitute a rare category within the broad array of uterine neoplasms, having been diag-
nosed in only 9% of the examined patients, and it highlighted the potential for diagnostic
ambiguity in the initial imaging results. It also reaffirmed that it predominantly appears
before the age of 50, as reported in previous studies [21].

One of the challenges of STUMPs is the pressing need to establish a set of universally
agreed-upon diagnostic criteria [17,22,23]. Due to their singular histological attributes,
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which sit on the borderline between benign and malignant tumors [17], these entities often
plunge the diagnostic process into a sea of uncertainty. Nevertheless, accurate diagnosis is a
fundamental prerequisite for delineating the most-beneficial treatment pathway, providing
a realistic prognosis, and managing the patient’s clinical course in the most-effective
way possible.

Further compounding the complexity of the issue, STUMPs present a set of character-
istics that make preoperative diagnosis an exceedingly arduous task [20]. These elusive
tumors often masquerade as other uterine conditions, thus concealing their nature until
revealed by postoperative histopathological assessments.

These detections often occur inadvertently during surgical procedures, such as my-
omectomies or hysterectomies [22,24,25], which are typically performed on patients who
present with symptoms suggestive of leiomyomas, thereby rendering the detection of
STUMPs even more challenging [21,22,25]. In accordance with this, all patients included in
the present study reported menometrorrhagia and pelvic pain, among other symptom:s,
that overlapped with those of more-commonplace gynecological conditions.

Tumor diameters ranged from 2 cm to 13 cm, as reported in previous studies [26,27],
and the ultrasound characteristics were not different from those typically present in leiomy-
omas [20].

Adding to the convoluted puzzle of STUMPs is the ongoing debate about their poten-
tial for malignancy [14]. Because of their rarity, the task of gathering comprehensive data
to accurately assess the risk of malignant transformation and consequent metastasis is a
significant challenge [14]. This inherent difficulty fuels the ambiguous nature of STUMPs,
further complicating the mission of formulating precise risk stratification models and
implementing effective treatment regimens. The process of developing and standardizing
treatment strategies for STUMPs calls for an in-depth exploration of available research data
and a thorough consensus-building process within the medical community. The infrequent
occurrence of these tumors poses a substantial obstacle to the execution of extensive clinical
studies. This limitation hampers the development of evidence-based, globally accepted
treatment protocols. Therefore, the collective knowledge and understanding of STUMPs
remain in a constant state of flux, with each new case enriching our understanding and
providing unique insights into this form of tumor.

Among the enrolled patients, it is possible to note the different features with two
examples. A 28-year-old nulliparous woman underwent a laparotomic myomectomy for
16 myometrial lesions. One of these lesions received a histological diagnosis of STUMP.
Postoperatively, she had a negative follow-up, and remarkably, she became pregnant
17 months after the surgery and delivered via full-term cesarean section. On the other hand,
there was a case of a 57-year-old postmenopausal woman who underwent a laparotomic
hysterectomy due to a substantial myometrial formation. Upon histological examination,
the formation was diagnosed as STUMP. She had a negative postoperative follow-up for
36 months. She experienced a recurrence in the left pararectal fossa and the right thigh. A
subsequent definitive diagnosis identified a well-differentiated leiomyosarcoma, and she is
currently scheduled to undergo chemotherapy.

The management of STUMP remains a controversial topic. The optimal treatment
strategy is still under debate due to the lack of high-quality, evidence-based guidelines.
The decision-making process for treatment should consider several factors, including the
patient’s age, fertility desires, the tumor’s characteristics, and the patient’s overall health
status. The primary treatment for STUMP is generally surgical, with the preferred approach
being total hysterectomy with or without bilateral adnexectomy [28]. However, in women
who desire to preserve their fertility, a conservative surgical approach may be considered,
as opted for by four of our patients who underwent myomectomy, although this may
be associated with a higher risk of recurrence [28]. Morcellation, where large masses are
divided into smaller pieces for removal, is generally not recommended in the treatment
of STUMP due to the risk of spreading peritoneal implants, thereby increasing the risk of
recurrence [29,30].
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Emerging research is focused on deepening our understanding of the molecular patho-
genesis of STUMP. Researchers utilize advanced molecular biology techniques to identify
the primary molecular pathways that drive STUMP oncogenesis. This could potentially
pave the way for developing innovative molecularly targeted therapies [30,31]. STUMP
tumors are known to relapse and metastasize as either STUMP or leiomyosarcoma [31,32].
Interestingly, recent findings have highlighted the role of the inflammatory myofibroblastic
tumor gene (IMT) rearranged with ALK in the precise characterization of relapse [30,33].
Based on these findings, it is recommended that all pathological samples be examined by
pathologists with considerable expertise in gynecological diseases. These professionals
play a critical role in distinguishing STUMPs from benign leiomyomas and malignant
leiomyosarcomas, a task that requires a high level of expertise due to the overlapping
histological features among these entities [17].

Recurrent STUMP represents a clinical, diagnostic, and therapeutic challenge, and a
unique consensus about its management has not yet been reached considering the scarcity
of the currently available literature and the rarity of this tumor [30,34]. In the present study,
recurrence was observed in only two cases; both presented with an immunohistological
diagnosis of AL-LE and positive staining for p16 and p53. We suggest the potential
role of the immunohistochemistry of p16 and p53 in identifying the most-aggressive
forms of STUMP. Atkins et al. [35] reported three cases out of eight patients of metastatic
disease following an initial interpretation of STUMP: the first patient developed peritoneal
and lymph node metastases and was treated with progesterone after tumor debulking,
remaining free from disease for three years; the other patients developed liver metastases,
which were treated surgically. In agreement with Ip et al. [36], the immunohistochemical
analysis showed a strong p16 positivity with a diffuse and focal distribution in two and
one of the relapses, respectively. Progesterone [22], gonadotropin-releasing hormone
agonists [37], and chemotherapy (such as doxorubicin and cisplatin) [22] could have
a potential role as adjuvant therapy, but none have proven effective in the prevention
of recurrence.

Furthermore, there is no consensus on the postoperative follow-up. Ip et al. [36]
recommend an intensive follow-up protocol with an evaluation performed every 6 months
for the first 5 years followed by annual surveillance for the next 5 years.

Given the many uncertainties and complexities associated with STUMP, it is highly
recommended that a multidisciplinary tumor board systematically review and discuss each
case. This collaborative approach ensures comprehensive decision-making that encom-
passes all relevant clinical, pathological, and radiological aspects, ultimately leading to the
best-possible patient outcomes.

The strengths of this study include the analysis of many patients undergoing gyneco-
logical surgery and the consequent inclusion of many patients with STUMP, considering the
rarity of these neoplasms. Furthermore, all diagnoses and management were performed at
the same center. Nevertheless, further studies with a longer follow-up should be conducted
to better understand the varied characteristics of these tumors.

5. Conclusions

Uterine STUMP is an uncommon neoplasm usually detected at the pathologic exami-
nation of gynecological surgery specimens in patients with presumed leiomyomas. To date,
there is no consensus regarding diagnosis, malignant potential, treatment of choice, and
follow-up. STUMP cases should be systematically discussed by tumor boards; pathologists
with good expertise in gynecological diseases should examine the histological samples;
close surveillance is mandatory because of the possibility of recurrence or metastasis.
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