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Abstract

Leiomyoma with nuclear atypia describes a group of uterine smooth muscle tumors with a 

wide range of histologic and clinical presentations and remarkable nuclear atypia. These include 

fumarate hydratase-deficient leiomyoma (FH-LM), intravenous leiomyomatosis (IV-LM), and 

leiomyoma with bizarre nuclei (LM-BN). Other uterine mesenchymal tumors, such as perivascular 

epithelioid tumor (PEComa) and inflammatory myofibroblastic tumors (IMFT) are the mimickers 

of leiomyoma with nuclear atypia. LM-BN is the primary tumor model with a long history in 

gynecologic pathology, but the histogenesis of LM-BN remains largely unknown. Differentiating 

LM-BN from other benign variants, tumors with uncertain malignant potential (STUMP), or 

fully malignant leiomyosarcoma (LMS) can be diagnostically challenging. Recent progress has 

improved the diagnosis of many types of leiomyoma with nuclear atypia based on their specific 

histology and molecular alterations. LM-BN is now a diagnosis of exclusion. In this article, I 

review the history of leiomyoma with nuclear atypia and compare the clinical, histologic, and 

molecular features of LM-BN with those of its mimics. In particular, I highlight the current 

progress made in molecular genetics and pitfalls in the diagnosis of different myogenic tumors 

with nuclear atypia.
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Introduction

Uterine smooth muscle tumors (USMT) include a wide spectrum of benign, atypical/

uncertain malignant potential, and fully malignant tumor types based on their clinical 

presentation, histology, and molecular characteristics. Each tumor type has variants with 

distinct cytohistologic and molecular profiles. Leiomyomas and their variants account for 

the most common gynecologic USMT type in reproductive-age women. Leiomyosarcomas 

(LMS) are a rare malignancy seen in 1 in 200 to 800 hysterectomies for USMTs1. LMS are 

clinically aggressive with high recurrence and an overall poor prognosis2. Therefore, correct 

diagnosis of LMS by excluding benign mimics is critical for patient care. Recent advances 

in next-generation sequencing (NGS) have provided unprecedented tools to identify driver 

gene mutations and genomic alterations in many USMT types, allowing further tumor 

classification and more accurate diagnosis, as well as greater insight into the tumorigenesis 

of these entities. For example, many leiomyomas and their variants are driven by MED12 
and HMGA2 mutations/alterations, while a small fraction of leiomyomas are caused by 

alterations in FH and COL5/63.

Leiomyoma with nuclear atypia is commonly encountered in our daily practice and often 

presents challenges to reaching a definitive diagnosis. Leiomyoma with nuclear atypia 
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consists of a group of USMTs with a wide range of histologic and clinical presentations 

and remarkable nuclear atypia. In the past, pathologists relied on subtle differences in 

cytohistologic features and presentations of nuclear atypia to diagnose leiomyoma variants4, 

but the diagnostic accuracy of this approach was questionable. Variants of leiomyoma 

with nuclear atypia include fumarate hydratase deficient leiomyoma (FH-LM), intravenous 

leiomyomatosis (IV-LM), and leiomyoma with bizarre nuclei (LM-BN): differentiating 

these variants from other tumors with uncertain malignant potential or fully malignant 

LMS is challenging. Other uterine mesenchymal tumors, such as perivascular epithelioid 

tumor (PEComa) and inflammatory myofibroblastic tumors (IMFT) are also the tumor 

types for differential diagnosis. In practice, histologic evaluation remains the gold standard 

for differential diagnosis, based on specific patterns of nuclear atypia such as different 

cellularity, density, and atypical mitosis. More recently, the detection of biallelic alterations 

in fumarate hydratase made it possible to differentiate between FH-LM and LM-BN5,6. A 

lack of specific biomarkers and some overlapping histologic features between LM-BN and 

LMS can make diagnosis challenging, and investigation of molecular and genetic alterations 

specific to these diseases is ongoing.

This review presents the historical, pathological, clinical, and molecular aspects of 

leiomyoma with nuclear atypia and its variants. It also summarizes the most recent progress 

made in differential diagnosis, specifically, the discovery of genetic alterations and their role 

in the classification of leiomyoma with nuclear atypia. LM-BN is presented as the primary 

tumor type and is discussed in relation to other benign and malignant USMTs.

History of leiomyoma with nuclear atypia

Leiomyoma with nuclear atypia was recognized a century ago. The first report was in 1909, 

when Kelly and Cullen7 described uterine myomata with macroscopically unremarkable 

but histologically contained areas suggestive of “sarcomatous degeneration including the 
presence of giant cells, with one or several nuclei and large nucleoli.” They considered 

this a benign change and named it “sarcomatous degeneration.” In 1920, Evans8 provided 

a detailed description of atypical smooth muscle tumors in his paper, “Malignant myomata 

and related tumors of the uterus.” He reported that some smooth muscle tumors had “giant 
cells with large irregular, hyperchromatic, and usually multiple nuclei with minimal or 
absent mitoses in a background of fibrosis and hyalinization” (now recognized as a hallmark 

of LM-BN) and noted that these patients had no recurrences, some of them with long 

follow-up periods. He hypothesized that these tumors were benign and that the atypical 

nuclear changes were degenerative. Later, Novak and Anderson9 specifically referred to the 

atypical multinucleated cells as a “symplastic” change.

In 1961, Przybora10 examined 1195 USMTs and found 15 atypical tumors referred to as 

“leiomyosarcoma in situ,” due to their enlarged nuclear size and chromatin condensed with 

large vacuoles, with rare mitosis. Patients with leiomyosarcoma in situ were on average 7 

years younger than those with LMS. Christopherson et al11 were the first (1972) to use 

the term “bizarre leiomyoma” in their study of 17 cases, which showed areas of giant and 

abnormal cells with <5 mitoses/10 high-power fields (HPF). They concluded that bizarre 

leiomyomas were benign based on long-term follow-up without recurrences or metastases. 
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Clement et al12 described these tumors as “leiomyoma with bizarre nuclei.” In a study of 

16 patients with IV-LM, they found two cases with these “bizarre nuclei,” characterized by 

large and pleomorphic nuclei more than 100 μm in diameter in a background of hyaline to 

fibrilla cytoplasm and intranuclear cytoplasmic inclusion. Later, Downes and Hart (1997)13 

provided an in-depth histologic analysis and follow-up of 24 patients with leiomyoma with 

bizarre nuclei.

The term “atypical leiomyoma” was used by Hendrickson and Kempson (1979)14 to refer 

to tumors with high nuclear pleomorphism with none or 1 mitosis/10 HPF. The same term 

was used in a 1988 study of 46 problematic USMT by Evans et al, who reported three 

atypical leiomyomas15. In 1994, Bell et al thoroughly investigated 213 problematic USMTs 

based on histology, clinical, and follow-up data16. In that study, atypical leiomyoma was 

further divided into three subtypes: 1) atypical leiomyoma (focal or multifocal nuclear 

atypia with <5 mitoses/10 HPF, no tumor necrosis); 2) atypical leiomyoma with limited 

experience (focal and multifocal nuclear atypia with up to 15 mitoses/10 HPF, no tumor 

necrosis); and 3) atypical leiomyoma with low risk of recurrence (diffuse cytologic atypia 

with <10 mitoses/10 HPF, no tumor necrosis, 1/46 died from disease). Based on these early 

studies, atypical leiomyoma came to be defined and recognized as a USMT with high and 

pleomorphic nuclear atypia, no more than 9 mitoses/10 HPF, and no tumor necrosis17.

For decades, leiomyoma with nuclear atypia had been referred to by many different 

names in the literature and in pathology reports, including “atypical,” “pleomorphic,” 

“degenerative,” “bizarre,” and “symplastic” leiomyoma, which appeared as synonyms in 

the WHO classification in 2003. It wasn’t until 2014 that the terminology “leiomyoma 

with bizarre nuclei” (LM-BN) was adopted by WHO, and “atypical leiomyoma” and 

other names were no longer recommended (Table 1). LM-BN presents with histologic 

heterogeneity and remarkable nuclear atypia, but shares characteristics of other smooth 

muscle or mesenchymal tumors, with occasional recurrent and rare reports of malignant 

transformation18. LM-BN has molecular characteristics that overlap with those of malignant 

LMS. A search of PubMed for publications in the last 40 years using the search term 

“atypical leiomyoma” identified more than 300 publications, whereas the search term 

“leiomyoma with bizarre nuclei” yielded approximately 30 papers, underscoring that the 

pathology and medical research of this tumor entity deserves additional attention and 

investigation.

Modern pathology for leiomyoma with nuclear atypia

Leiomyoma with nuclear atypia refers to benign smooth muscle tumors with nuclear 

atypia. As the primary tumor type, LM-BN is characterized by a large, irregular nuclear 

contour containing dark and smudged chromatin with degenerative changes, often with 

multinucleated cells and pseudo-nuclear inclusion17. Such nuclear features are shared by 

other uterine tumor variants, however. Since the cause and tumorigenesis of LM-BN is 

largely unknown, LM-BN may be considered as a diagnostic exclusion.
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Leiomyoma with bizarre nuclei (LM-BN)

LM-BN is a common incidental finding in solitary or multiple leiomyoma. LM-BN may 

appear as various colors (tan, pink, white, yellow, and brown) and consistencies (slightly 

soft and less bulging due to its cellular nature) (Figure 1). Grossly, these tumors are well-

circumscribed and occasionally have areas of ischemic necrosis. Tumor size ranges widely, 

from 0.7 to 20 cm with mean tumor size of 7 cm4.

Nuclear atypia can be readily detected at low magnification (4x objective lenses). Bizarre 

nuclei are characterized by a large nuclear size ranges from 10 to 100 μm, or 3- to 10-fold 

larger than reference smooth muscle cells; an irregular nuclear shape with elongated/spindle 

fusiform or round/oval shape with an irregular nuclear membrane; and hyperchromatic, dark, 

degenerative/smudgy, coarse, clumped chromatin with pseudonuclear inclusion or vacuoles 

(Figure 2). Multinucleation or pseudo-lobular nucleation are frequently seen. Nucleoli are 

usually small or inconspicuous, but eosinophilic giant nucleoli are occasionally seen. The 

latter should be carefully evaluated to exclude FH-LM, epithelioid LMS, or PEComa4. 

By carefully comparing nuclear features, we were able to differentiate most LM-BN from 

FH-LM4,5. The cytoplasm is usually eosinophilic with indistinct cell border, surrounded 

by hyaline extracellular matrix (Figure 2). Some LM-BN show cellular and spindle cell 

arrangement with fibrillated cytoplasm reminiscent of LMS.

LM-BN coexist with or inside of typical leiomyomas, and rarely as a solitary presentation4. 

The density, cellularity, and focality of nuclear atypia vary widely from case to case. The 

density of nuclear atypia is defined as the percentage of large and bizarre nuclei in a 

tumor. Density thresholds are arbitrarily defined as low (<10%), intermediate (10–50%), 

and high (>50%)4. The frequency of density of nuclear atypia in LM-BN is equally divided 

amongst low, intermediate, and high (Table 2). Increased cellularity or hypercellular LM-BN 

is another common finding. According to five large case series, 21–47% of LM-BN were 

hypercellular (Table 2) and this was often associated with hypercellular leiomyoma (Figure 

3)4,13,16,19,20. The focality of nuclear atypia in LM-BN is defined as low (1–3 foci, <10% of 

tumor cells), intermediate (>3 foci, <50% of tumor volume), and high (>50% tumor volume) 

density of nuclear atypia (Figure 4). Overall, 10% of LM-BN have focal, 30% multifocal, 

and 60% diffuse patterns of nuclear atypia4,13,19,20. The low frequency of focal nuclear 

atypia (10% of tumors) may be due to a lower detection rate or under-sampling. How best to 

define leiomyomas with rare and scattered nuclear atypicality remains controversial. A high 

density and diffuse pattern of nuclear atypia is always a concern and careful evaluation of 

the entire lesion is necessary in these cases. Based on the available data, hypercellular and 

diffuse nuclear atypia LM-BN has been associated with recurrence and is often reclassified 

to smooth muscle tumor of uncertain malignant potential STUMP in younger patients21,22. 

Vessels showing a hyaline change is common, while dilated vessels (staghorn) are much less 

common in LM-BN than in other USMTs4,13,20.

The mitotic index of LM-BN was previously defined as <10 mitoses/10 HPF17. Studies 

suggest no difference in the clinical course of LM-BN with 6–9 mitoses/10 HPF compared 

to tumors with lower mitotic indices4,13,20. Stanford investigators and others described 

LM-BN with 6–9 mitoses/10 HPF as “atypical leiomyomas with low risk of recurrence” 

that may recur with 2–9 years follow up23–25. Fortunately, studies suggest that only 4–10% 
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of LM-BN have a mitotic index of 6–9 mitoses/10 HPF4,13,16,19,20. LM-BN with diffuse 

nuclear atypia in young patients with 6–9 mitoses/10 HPF are always a concern; this 

group of tumors is diagnosed as STUMP in the 2020 WHO tumor classification26. As 

both nuclear pyknosis and karyorhexis are common findings in LM-BN, the degenerating 

nuclei undergoing apoptosis may have an appearance that mimics mitosis, so-called 

“pseudoatypical mitosis”27. In difficult cases, mitotic counts in many sections and multiple 

10 HPFs should be considered. In uncertain cases, immunostaining for Ki-67 or PHH3 may 

aid in differential diagnosis. The presence of atypical mitoses (Figure 5) and a high Ki-67 

index (>30% of tumor cells) are always worrisome features. Other features may complicate 

the differential diagnosis of LM-BN from STUMP, including the presence of an infiltrating 

border. A tumor-infiltrating growth pattern is seen in up to 8% of LM-BN based on four of 

five studies reviewed4,13,16,19,20. The role of infiltration in LM-BN remains undetermined.

Despite careful evaluation of the histologic features mentioned above, many LM-BN and 

other benign variants of USMTs can be misinterpreted as LMS. For example, one study 

found that 10 cases (17%) of 59 LM-BN were originally diagnosed as LMS20. Another 

study reported that as many as 29% of cases (168/419) were misinterpreted as LMS28. 

Both conventional and epithelioid LMS can show remarkable nuclear atypia presenting 

as spindle-shaped or rounded nuclei. LMS is often histologically heterogeneous, mixed 

with well-differentiated (leiomyoma-like), atypical (bizarre leiomyoma-like), and frankly 

malignant, high-grade components. Mixed hyper-, normo- and hypocelluarity is common in 

LMS29. Such a wide range of histologic features creates a significant diagnostic challenge.

Histologic evaluation remains the key method in diagnosis of LM-BN23 and no reliable 

biomarkers can be used to clearly separate it from LMS or other diagnostically challenging 

cases. Molecular studies reveal that LM-BN may harbor some changes that are commonly 

seen in LMS30,31. Ünver et al32 detected by immunohistochemistry cell cycle regulators 

including p16 and p21 in their study of 14 LM-BN and 21 LMS cases. Chen and 

Yang33 found a significant overlap in p16 staining when comparing LMS with LM-BN, 

with up to 60% of LM-BN retaining elevated p16 protein in tumor cells. Approximately 

37% of LM-BN tumors are diffusely immune-positive for p53, and 10–15% of LM-BN 

harbor MED12 mutations or overexpress HMGA23,30. In questionable cases, a panel of 

markers can be considered, including ER, PR, p16, p53, and Ki-67. In our study, diffuse 

immunoreactivity for ER and PR were seen in 74.1% and 96.0% LM-BN4. Approximately 

50% of LM-BN showed diffuse immunoreactivity for p16 and 20–30% of cases were 

strong and diffusely positive for p534. The Ki-67 index varies widely among LM-BN 

cases, ranging from 0 to 30%20,34, with most cases showing a Ki-67 index of <10%. 

LMS is characterized by genomic instability—as evidenced by pervasive, seemingly random 

karyotypic abnormalities35,36. Global copy number alterations are characteristic of this 

tumor type; the most frequently reported regions of chromosomal losses are 1p36.32, 

4q35.1, 13q14, and17p13, and the most frequent gains are in 1q21,17p12, and 19q1335,37–40.

The presence of similar molecular changes in LM-BN and LMS30,31 raises the question 

of whether these two tumor types may share a common pathogenic pathway or represent 

different stages of tumor progression, at least in some cases. The immunohistochemical 

profiles and genetic aberrations of the examined cases suggest that LMS could arise from 

Wei Page 6

Semin Diagn Pathol. Author manuscript; available in PMC 2023 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



preexisting leiomyoma-like areas that often have a symplastic or cellular morphology41. 

Liegl-Atzwanger et al31 compared 13 cases of LM-BN and 14 cases of LMS using array-

CGH, and found that both LM-BN and LMS had sizeable unbalanced genomic alterations of 

mostly deletions and rare gains. They reported that it was impossible to separate the LM-BN 

from LMS by evaluating only copy number variations (CNV). When comparing global CNV 

patterns among FH-LM, LM-BN, and LMS, widespread genomic CNVs involving nearly all 

chromosomes were seen in both LM-BN and LMS42. Specifically, 37 common CNV peaks 

including 8 gains and 29 losses were shared by LM-BN and LMS. These 37 significant 

CNV foci demonstrated overlapping genomic copy number changes in the two tumor types 

based on PCA analysis. These differences support the idea that LM-BN and LMS are 

molecularly related. In contrast, a frequent loss of 1q43–44 was seen only in FH-LM. This 

region contains FH gene, which is the main driver gene for FH-LM. Thus, FH-LM can be 

readily distinguished from LM-BN and LMS based on its gene mutation and genomic CNV 

patterns6,42.

LM-BN is usually identified incidentally after myomectomy or hysterectomy for 

leiomyoma. Abnormal uterine bleeding, pelvic pain, or abdominal bloating may present 

similarly for leiomyoma and LMS. LM-BN is a rare tumor type. A mean age of LM-BN at 

diagnosis is 42.5 to 49.8 years of age, about 10–15 years younger than patients with LMS. 

For those patients with LM-BN who have undergone myomectomy, further hysterectomy 

and close follow-up are the treatment options, as its recurrence rate is low (Table 3). Downes 

and Hart43 followed up 24 cases of LM-BN for a mean of 11.2 years (range: 1–18.9 

years), the longest follow-up period in the published data. They found there no recurrence 

or metastasis. Ly and colleagues44 also investigated the clinical features of 51 LM-BN 

with an average follow-up period of 42 months (range: 0.3–121.8 months). They reported 

recurrence of LM-BN after hysterectomy in 1 patient and after myomectomy in 3 additional 

patients. Together, these studies indicate LM-BN tends to have a benign clinical course with 

occasional recurrence but no disease-related death.

The current recommendation is that LM-BN be managed in a conservative manner, as 

many patients are of reproductive age, with appropriate follow-up, especially for tumors 

that are large and contain high density and diffuse nuclear atypia18,20. Imaging studies 

should be carried out at least once a year; pelvic ultrasound, computed tomography, or 

magnetic resonance imaging may be used to detect any new lesions. For recurrent LM-BN, 

hysterectomy is the treatment of choice for women who have completed their families. 

For those who wish to preserve fertility, successful pregnancy after myomectomy has been 

described, but women should be informed of the likelihood of recurrence, and be followed 

up vigilantly with imaging studies.

Fumarate hydratase deficiency leiomyoma (FH-LM)

FH-LM is a rare variant of USMTs, found in <1% (12/1152) of unselected uterine 

leiomyoma45. Most sporadic FH-LM are caused by somatic biallelic inactivation of FH5. 

In contrast, FH germline mutations can been found in 85% (89/105) of patients with 

hereditary leiomyomatosis and renal cell carcinoma (HLRCC)46. Patients with HLRCC tend 

to be younger than those with uterine leiomyoma. One study found that 2.57% (5/194) of 
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leiomyoma in patients younger than 40 years of age carry FH mutations47. The presence 

of an FH germline mutation should prompt evaluation for HLRCC or Reed syndrome48. 

Awareness of this specific type of tumor, particularly in younger patients, is important for 

identifying potential germline mutation49.

FH-LM shows remarkable nuclear atypia, presenting in focal or diffuse patterns (Figure 

6). FH-LM could be readily separated from LM-BN based on characteristic differences 

in nuclear features and tumor growth patterns4,6,50–52. Typically, FH-LM shows round 

or oval nuclei and both large and small nuclei, distinct and smooth nuclear membranes, 

and prominent eosinophilic macronucleoli with perinucleolar halos. FH-LM tumors show 

a “neurilemmoma-like” growth pattern, with short fascicles, storiform growth, cells with 

fibrillary cytoplasm, intra and extracellular eosinophilic globules, and staghorn branching 

vessels (Figure 6)4,50. Microscopic examination reveals areas of hypercellular and less 

cellular tumor cell proliferation with varied density of nuclear atypia. In hypercellular areas, 

tumor cells are disorganized with remarkable nuclear atypia characterized by round oval 

large nuclei with prominent nucleoli and paranucleoli hallo (Figure 7). Mitotic activity is 

generally low, ranging from 1–4 mitoses/10 HPF.

Performing immunohistochemistry for 2SC or FH can be a reliable screening ancillary test 

to confirm diagnosis. FH immunopositivity appears as strong and diffuse staining (dot-like 

and granular) in the cytoplasm and mitochondria (Figure 8)5. FH-positive staining can be 

detected in normal myometrium and tumors without FH alteration, and is complete loss of 

FH expression in FH-LM. However. 2SC immunopositivity appears as a strong and diffuse 

(block-like) cytoplasmic and nuclear staining5 and can be seen in tumors with biallelic 

inactivation of FH (Figure 8). Approximately one-third of FH-LM cases have detectable FH 
gene mutations5. The FH gene is located on chromosome 1q34 and this region is frequently 

deleted in sporadic FH-LM6,42.

Sporadic FH-LM is benign in general, and true malignant transformation is extremely 

rare45. Somatic or germline FH-LM with high density and diffuse nuclear atypia, increased 

mitoses of up 9/10 HPF, and/or infiltrating borders may be considered as STUMP and some 

recurrence has been reported52.

Intravenous leiomyomatosis with nuclear atypia (IV-LM)

IV-LM occurs most often in perimenopausal women53. Patients typically present with pelvic 

pain and menorrhagia and may show symptoms of congestive heart failure when there 

is extensive intravascular involvement. Grossly, tumors consist of multiple intravascular 

masses involving and extending along uterine and extrauterine veins53. Tumors originate in 

the myometrium and form “worm-like plugs” within vessels; they are composed of tumor 

cells similar to usual type leiomyoma. In addition, IV-LM often has an organized corded 

and/or perivascular tumor arrangement and may have areas of cytological atypia (Figure 

9). Nuclear atypia is characterized by large and irregular nuclear contour with dark and 

hyperchromatic nuclei (Figure 9)12. Such cytohistologic features are quite similar to those 

of LM-BN; however, recent several molecular studies reported that IV-LM is commonly 

associated with HMGA2 overexpression53,54 and has specific molecular changes distinct 
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from LM-BN42. Though patients with IV-LM may present with severe symptoms, risk of 

local recurrence or metastasis is generally low53,55.

Inflammatory myofibroblastic tumor (IMFT)

Uterine IMFT is a rare tumor type first reported by Gilks et al in the 198756. IMFT has 

intermediate biological potential and may be locally aggressive57. Awareness of this tumor 

type and careful evaluation of histologic features, in conjunction with immunostaining, 

is necessary for a definitive diagnosis. Grossly, IMFT appears in a well-circumscribed to 

focally irregular and even infiltrative pattern. As described by Parra-Herran et al57, IMFT 

can present with myxoid (common) and fascicular (less common) patterns. The myxoid 

pattern consists of an edematous, myxoid background containing uniformly distributed, 

plump myofibroblastic cells admixed with inflammatory infiltrate57. Cellular bundles 

display a tissue culture-like appearance, similar to nodular fasciitis (Figure 10). The majority 

of cells are spindled with fusiform nuclei and open, even chromatin. Occasional cells with 

an epithelioid appearance may be present57. IMFT with severe nuclear atypia (Figure 10) 

has been reported in 15% of tumors showing large and ganglion-like giant cells58. Overall, 

tumor cells show mostly mild atypia with a low rate of mitoses, and tumor necrosis is 

rarely seen57. IFMTs demonstrate cytoplasmic immunoreactivity for ALK. Immunointensity 

varies from case to case. Most cases show strong ALK positivity; however, some tumors 

are only moderately to weakly positive, with more intense staining observed in myxoid 

versus fascicular areas. IMFT, as its name implies, originates in myofibroblasts and can be 

recognized with proper histology and immunohistochemistry analyses.

PEComa

Uterine PEComas are rare tumors with features similar to smooth muscle tumors. According 

to a large series by Bennett et al59, most tumors arise from the uterine corpus and less 

commonly the cervix. Histologically, uterine PEComas are characterized by spindled to 

epithelioid cells with a clear to eosinophilic granular cytoplasm in a nested, trabecular, 

or sheet-like pattern. Uncommonly, tumor cells are organized as fascicles, single cells, or 

in a pseudoalveolar pattern. Individual tumor cells can show moderate to severe nuclear 

atypia with occasional macronucleoli and multinucleated cells (Figure 11). Reported mitotic 

figures vary; they ranged from 0–36 mitoses/10 HPF in the series by Bennett et al59. 

Delicate, capillary-like vasculature is most common, although thick-walled and staghorn 

vessels have been reported59. Stromal hyalinization (Figure 11), necrosis, and myometrial 

invasion are also common. Tumors with diffuse hyalinization can be categorized as 

sclerosing PEComa. Nuclear atypia and growth patterns in PEComa can be similar to 

those seen in FH-LM or LM-BN. Key histologic findings favoring a uterine PEComa 

diagnosis include predominance of delicate, capillary-like vasculature versus mostly thick-

walled vessels in leiomyomas59, characteristic tumor cells organized around vessel walls and 

cells with a eosinophilic to clear, granular cytoplasm. It is imperative that all questionable 

cases be subjected to ancillary immunohistochemical testing. PEComas are most commonly 

positive for HMB-45 and smooth muscle markers such as SMA, desmin, and h-caldesmon. 

Most tumors are also positive for Melan-A and MITF with varying intensity59. Genetic 

analysis has demonstrated some PEComas associated with TSC1 and TSC2 mutations, and 

TFE3 and RAD51B rearrangements can be detected in rare tumors by FISH analysis59. 
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Cathepsin K has been shown to be diffusely positive in uterine PEComas, even when 

melanocytic markers are negative60. Current criteria for malignant PEComas include at least 

3 of the following features: size ≥5 cm, high-grade atypia, >1 mitosis/50 HPF, necrosis, and 

lymphovascular invasion60. However, based on a recent large case series study, these criteria 

may not match clinical outcomes59.

Conclusion

USMT is the most common reproductive system neoplasm in women, with approximately 

600,000 hysterectomies and myomectomies for leiomyoma performed in the United States 

each year. Leiomyomas with nuclear atypia are rarely encountered, but commonly present 

a diagnostic dilemma when distinguishing between leiomyoma variants, LMS, and other 

mesenchymal tumors. Histologic evaluation alone may not be sufficient for definitive 

diagnosis. Newly established ancillary immunohistochemical and molecular tests can be 

valuable tools that facilitate differential diagnosis. Critical questions remain regarding the 

relationship between LM-BN and LMS. Emerging data show that these tumors are DNA 

unstable and share many molecular and biomarker alterations. Currently, no direct evidence 

has demonstrated a tumorigenic relationship between LMS and LM-BN. Future studies will 

focus on the mechanisms behind the observed genomic instability in LM-BN and LMS and 

uncover the true biologic changes leading to DNA instability and nuclear atypia in these 

tumors.
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Abbreviations

CNV copy number variation

FH-LM fumarate hydratase-deficient leiomyoma

HPF high-power fields

HLRCC hereditary leiomyomatosis and renal cell carcinoma

IHC immunohistochemistry

IMFT inflammatory myofibroblastic tumor

IV-LM intravenous leiomyomatosis

LM-BN leiomyoma with bizarre nuclei

LMS leiomyosarcoma

PEComa perivascular epithelioid tumor

STUMP smooth muscle tumor of uncertain malignant potential

Wei Page 10

Semin Diagn Pathol. Author manuscript; available in PMC 2023 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



TN tumor necrosis

USMT uterine smooth muscle tumor

WHO World Health Organization
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Highlights:

• Leiomyomas with nuclear atypia are a group of rare tumors with distinct 

histology

• Diagnosis of leiomyoma with bizarre nuclei (LM-BN) is challenging

• LM-BN has a wide range of features that overlap with other tumor types

• Advances in histologic, clinical, and molecular analysis have improved 

diagnosis

• Several diagnostic pitfalls persist for leiomyoma with nuclear atypia
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Figure 1. 
Photomacrographs of leiomyoma with bizarre nuclei in 4 examples.
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Figure 2. 
Photomicrographs of leiomyoma with bizarre nuclei.
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Figure 3. 
Intermediate power view of leiomyoma with bizarre nuclei shows area of usual type 

leiomyoma (right low corner).
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Figure 4. 
Intermediate power view of leiomyoma with bizarre nuclei shows low (A), intermediate (B) 

and high (C) density of nuclear atypia.
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Figure 5. 
Leiomyoma with bizarre nuclei and atypical mitosis (arrowhead).
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Figure 6. 
Leiomyoma with fumarate hydratase alteration. A. Low power field shows dilated and 

staghorn like vessels; B. intermediate power field demonstrates tumor cell arrangement 

similar to peripheral nerve sheath tumor.
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Figure 7. 
High power view of nuclear features of leiomyoma with fumarate hydratase alteration.
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Figure 8. 
Immunohistochemistry analysis of 2SC (B) and FH (C) in leiomyoma with fumarate 

hydratase alteration.
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Figure 9. 
Intravenous leiomyomatosis (A) with areas of nuclear atypia (B).
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Figure 10. 
Inflammatory myofibroblastic tumor (A) with areas of nuclear atypia (B).
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Figure 11. 
Perivascular epithelioid tumor (PEComa) of epithelioid (A) and spindle cell (B) variants 

with nuclear atypia.
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Table 1.

History of Leiomyoma with Bizarre Nuclei (LM-BN) Pathology

Year Terminology Used Major Findings References

1909 Sarcomatous degeneration “Sarcomatous degeneration” including giant cells, several nuclei, and large 
nucleoli Kelly and Cullen7

1920 Malignant myomata
Giant cells with large irregular, hyperchromatic, and usually multiple 
nuclei with minimal or absent mitoses in a background of fibrosis and 
hyalinization

Evans8

1937 Symplastic Atypical multinucleated cells Novak and Anderson9

1961 Leiomyosarcoma in situ Atypical cells with larger nuclear, chromatin condensed with large 
vacuoles, rare mitosis Przybora10

1972 Bizarre leiomyomas Tumors with areas of giant and bizarre cells with<5 mitoses/10 HPF, and 
none developed recurrences or metastases Christopherson et al11

1979 Atypical leiomyoma High nuclear pleomorphism with none or 1 mitosis/10 HPF
Hendrickson and 
Kempson14

1988 Leiomyoma with bizarre 
nuclei Bizarre nuclei, large and pleomorphic nuclei measured >100 μm Clement et al12

1994 Atypical leiomyoma Focal or multifocal nuclear atypia with <9 mitoses/10 HPF and no tumor 
necrosis Bell et al16

1997 Leiomyoma with bizarre 
nuclei Bizarre giant cells with <7 mitoses/10 HPF and no tumor necrosis Downes & Hart13

2016 Atypical leiomyoma type I 
and II

Type I associated with fumarate hydratase alteration with round or oval 
nuclei, distinct nuclear membranes, prominent nucleoli with perinucleolar 
halos
Type II defined as LM-BN with elongated or spindled nuclei, irregular 
nuclear membranes, pinpoint or no nucleoli, and dark smudgy chromatin

Ubago et al4,5

2020 Leiomyoma with bizarre 
nuclei

Bizarre cells with eosinophilic or globular cytoplasm, smudged chromatin, 
and nuclear pseudoinclusion with <5 mitoses/10 HPF WHO 2020

HPF, high-power fields; WHO, World Health Organization.
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Table 2.

Histologic Features in Leiomyoma with Bizarre Nuclei (LM-BN)

Study
Bell et al, 

199416
Downes & Hart, 

199713
Ly et al, 
201419

Croce et al, 
201420

Ubango et al, 
20164,5

Bennett et al 
201757

Cases (No.) 56 24 51 59 60 31

Age range, years (mean) 40.0 40.7 42.5 45.0 40.5 46.7

Tumor size, cm (mean) 8.0 4.2 6.8 7.3 7.6 9.0

Focal nuclear atypia NA 13% 12% 25% 13% 39%

Distribution

 Multifocal NA 37% 29% 44% 25% NA

 Diffuse NA 50% 59% 31% 62% 61%

Nuclear atypia density

 Low 0 33% NA 47% 5% NA

 Med 45% 25% NA 32% 62% NA

 High 55% 42% NA 20% 33% NA

Mitoses/10 HPF

 ≤1 21% 13% 73% 63% 8% NA

 1–5 61% 83% 25% 32% 82% NA

 6–9 NA 4% NA 5% 10% NA

Tumor cellularity

 Low 11% 21% NA 2% 5% 13%

 Med 55% 58% NA 53% 48% NA

 High 34% 21% 6% 45% 47% 87%

Staghorn vessels NA 21% NA 34% 63% 65%

Prominent nucleoli NA NA NA 32% 47% 71%

Eosinophilic globules NA NA NA 64% 48% 84%

Growth pattern

 Pushing 70% 96% 100% 98% 92% 100%

 Infiltrating 30% 4% 2% 8 %

FH alteration NA NA NA NA 54% 55%

FH, fumarate hydratase; HPF, high-power fields; NA, not available.
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Table 3.

Clinical Outcome of Leiomyoma with Bizarre Nuclei (LM-BN)

Study (year) Patients (n) Mean age 
(year)

Mean 
tumor size 

(cm)

Surgery type (n) Follow-up 
(months)

Recurrence 
(%)Hysterectomy Myomectomy

Downes & Hart, 
199713 24 40.7 4.2 18 6 135 (12–227) 8.7

Bell et al, 199416 55 40 8.0 34 21 24–116 6.5

Ly et al, 201319 51 42.5 6.8 34 17 42 (0.3–121.8) 1.9

Zhang et al, 201430 42 46.9 7.4 23 19 90 (13–234) 4.8

Croce et al, 201420 59 45 7.3 42 17 72 (12–156) 0

Liegl-Atzwanger et al, 
201631 13 48 7 11 2 66 (14–105) 0

Ubago et al, 20164 60 43.7 6.6 42 28 114 (37–258) 7

Bennett et al, 20176 31 46.7 9 23 7 7.4 (2.5–22yrs) 0

Kefeli et al, 201818 30 49.8 6.1 22 8 58.1 (3–122) 0

Gregova et al, 201952 108 43 NA 60 45 19 years 0

NA, not available.
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