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Abstract
Herein we evaluated a series of 21 embryonal rhabdomyosarcomas of the uterine corpus (ucERMS), a rare neoplasm, to
characterize their morphology, genomics, and behavior. Patients ranged from 27 to 73 (median 52) years and tumors from 4
to 15 (median 9) cm, with extrauterine disease noted in two. Follow-up (median 16 months) was available for 14/21 patients;
nine were alive and well, four died of disease, and one died from other causes. Most tumors (16/21) showed predominantly
classic morphology, comprised of alternating hyper- and hypocellular areas of primitive small cells and differentiating
rhabdomyoblasts in a loose myxoid/edematous stroma. A cambium layer was noted in all; seven had heterologous elements
(six with fetal-type cartilage) and eight displayed focal anaplasia. The remaining five neoplasms showed only a minor
component (≤20%) of classic morphology, with anaplasia noted in four and tumor cell necrosis in three. The most frequent
mutations detected were in DICER1 (14/21), TP53 (7/20), PI3K/AKT/mTOR pathway (7/20), and KRAS/NRAS (5/20).
Copy-number alterations were present in 10/19 tumors. Overall, 8/14 DICER1-associated ucERMS showed concurrent loss
of function and hotspot mutations in DICER1, which is a feature more likely to be seen in tumors associated with
DICER1 syndrome. Germline data were available for two patients, both DICER1 wild type (one with concurrent loss of
function and hotspot alterations). DICER1-associated ucERMS were more likely to show a classic histological appearance
including heterologous elements than DICER1-independent tumors. No differences in survival were noted between the two
groups, but both patients with extrauterine disease at diagnosis and two with recurrences died from disease. As no patients
had a known personal or family history of DICER1 syndrome, we favor most DICER1-associated ucERMS to be sporadic.

Introduction

Embryonal rhabdomyosarcoma (ERMS) in the female
genital tract is most commonly seen in the cervix and
vagina, typically occurring in young patients [1–3]. This
tumor is often characterized by a “botryoid” gross appear-
ance. Histologically it is usually composed of a proliferation
of primitive undifferentiated small cells admixed with
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differentiating rhabdomyoblasts. Cellular areas alternate
with myxomatous to edematous regions and may form a
band-like/cambium layer below the surface epithelium and
around entrapped, often inactive glands. Heterologous ele-
ments, primarily fetal-type cartilage, and DICER1 mutations
are typical of cervical ERMS (cERMS), but not those of the
vagina [4–7]. cERMS is a well-recognized manifestation of
DICER1 syndrome, a hereditary condition characterized by
the development of unusual neoplasms and hyperplastic
lesions (including pleuropulmonary blastoma, multinodular
goiter, cystic nephroma, and ovarian Sertoli–Leydig cell
tumor) in young patients with germline loss-of-function var-
iants in DICER1 [8]. In these syndromic cases, the “first hit” is
the germline loss-of-function DICER1 alteration while somatic
hotspot variants in the RNaseIIIb domain of DICER1 represent
the “second hit” [9]. In rare instances, non-syndromic cERMS
with two somatic DICER1 mutations have also been reported
[4, 10]. ERMS of the uterine corpus (ucERMS) is much less
common than its cervical or vaginal counterparts and infor-
mation about this tumor is mostly limited to sporadic case
reports or small numbers in series reporting predominantly
cERMS [4, 11–24]. Herein we describe the morphology,
genomics, and behavior of the largest series of ucERMS
reported to date to better define its features.

Materials and methods

After approval by the institutional review board, we col-
lected 21 ucERMS (one previously reported [21]) from the
institutional archives and consult files of the authors. Only
tumors originating in the uterine corpus without cervical
involvement were included. Age, clinical presentation,
personal/family history of DICER1-associated lesions,
adjuvant therapy, follow-up, gross appearance, tumor size,
and documentation of extrauterine disease at diagnosis were
retrieved from the medical records or consulting pathologist
when available. The number of hematoxylin and eosin-
stained slides available ranged from 1 to 35 (mean and
median 9). If originally performed, immunohistochemical
studies for desmin, myogenin, and/or myoD1 were reported
as diffuse (≥50% staining) or focal (<50%).

For tumors where sequencing had not been previously
performed (n= 19), genomic DNA was isolated from
macro-dissected formalin-fixed paraffin-embedded (FFPE)
sections using the QIAamp DNA FFPE Tissue Kit (Qiagen,
Valencia, CA) according to manufacturer’s instructions.
Next-generation sequencing was performed using the tar-
geted, hybrid capture 1213-gene OncoPlus panel at the
University of Chicago, as previously described [25, 26]
(Supplementary File 1). Somatic mutation calling was per-
formed across all 1213 genes using a custom in-house
bioinformatics pipeline as previously described [25].

Variant review was performed by two authors with specific
expertise in this area (LLR and ZO) and included filters
based on population variant frequencies (Exome Aggrega-
tion Consortium, http://exac.broadinstitute.org/), variant
frequencies in cancer databases (COSMIC: catalogue of
somatic mutations in cancer https://cancer.sanger.ac.uk/
cosmic and cBioPortal https://www.cbioportal.org/), and
coding effects. Somatic variant calls were inspected using
Integrated Genomics Viewer (Broad Institute, MIT Har-
vard, Cambridge, MA).

Two tumors were previously evaluated by either Sanger
sequencing of the full DICER1 gene (case 21) at McGill
University or a SeqCap custom-made panel evaluating 69
genes (41 hotspots including DICER1 (E1705, D1709,
G1809, E1813) and 28 full genes; Supplementary File 2)
(case 20) at the University Hospital Ghent.

Statistical analysis was conducted using GraphPad Prism
(Version 8.4.3, GraphPad Software; San Diego, CA). Uni-
variate analysis of categorical and continuous variables was
performed using Fisher exact and Mann–Whitney tests,
respectively. Survival was assessed by the log-rank test. All
hypothesis tests were two-sided and statistical significance
was set at p < 0.05.

Results

Clinicopathological features

Clinical and pathological features are summarized in
Tables 1 and 2. Patients ranged from 27 to 73 (mean and
median 52) years and most (16/19; unknown in two) pre-
sented with abnormal uterine bleeding (n= 9) or post-
menopausal bleeding (n= 7). No patient reported a personal
(n= 17) or family (n= 14) history of DICER1-associated
lesions. Initial surgery was hysterectomy in 16/21 and
polypectomy in five, followed by hysterectomy in the latter
five patients with residual disease noted in two. All tumors
were centered in the uterine corpus with five minimally
extending into the lower uterine segment. They ranged from
4 to 15 (mean and median 9; size not available in the three
entirely removed by curettage) cm. They varied in color,
tan, white, pink, red, brown, and 11 of 15 with details were
described as polypoid or botryoid (Fig. 1A). Hemorrhage
was observed in four and necrosis in three. Extrauterine
disease was present in 2/21 patients. It was localized in one
(left adnexa), while the other had metastases to the omen-
tum and other abdominopelvic sites and underwent subtotal
debulking. The 2015 International Federation of Gynecol-
ogy and Obstetrics (FIGO) stage (uterine sarcoma staging)
was as follows: I (3/21; cannot be further subclassified as
size not available), IA (4/21), IB (12/21), IIA (1/21), and
IIIB (1/21).
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Tumors from hysterectomy specimens showed a
destructive pattern of invasion into the myometrium that
was limited (<1 mm) in 4/18, <50% in 11/18, >50% in 2/18,
or transmural with serosal involvement in one. Most tumors
(16/21) were comprised of alternating hypocellular and
hypercellular areas (Figs. 1B–D and 2). In these neoplasms,
the hypocellular foci typically displayed myxoid/edematous
stroma, but occasionally collagenous (ranging from loose to
dense) stroma was noted. Five tumors (31%) were primarily
hypocellular. One tumor with exuberant botryoid growth
was hypocellular in the superficial (polypoid) areas, but
hypercellular in the remainder of the neoplasm. Hypercel-
lular areas contained a haphazard distribution of variably
sized cellular aggregates of small cells often forming a
subepithelial band (cambium layer) and surrounding scat-
tered entrapped small inactive and sometimes dilated
endometrial glands (n= 15).

Tumors displayed an admixture of primitive “blue”
cells and differentiating rhabdomyoblasts. The primitive
cells typically predominated (n= 15) and were small,
ovoid, or spindled with scant cytoplasm, hyperchromatic

nuclei, and variably prominent nucleoli. Differentiating
rhabdomyoblasts often showed abundant eosinophilic
cytoplasm, eccentric round nuclei, and prominent
nucleoli, but occasionally had elongated cytoplasmic tails
(strap or “tadpole” cells). In two tumors, polygonal cells
with finely granular eosinophilic to vacuolated cytoplasm
and peripherally displaced ovoid nuclei (“spider cells”)
(10% and 50% of the neoplasm, respectively), reminiscent
of adult-type rhabdomyoma were noted. Anaplasia,
characterized by markedly enlarged, atypical cells with
hyperchromatic nuclei and bizarre multipolar mitoses
[27], was observed in 8/16, but accounted for ≤25% of the
tumor. Mitoses ranged from 1 to 65 (mean and median 18)
per 10 high-power fields and brisk apoptotic activity was
noted in 15/16. Mitoses and apoptosis were most con-
spicuous among primitive cells. Seven of these tumors
contained one or more heterologous elements: fetal-type
cartilage (n= 6), mature adipose tissue (n= 2), neu-
roectodermal rosettes (n= 1), and/or mature osteoid (n=
1), the latter three as microscopic foci representing <1%
of the neoplasm. Cartilaginous nodules were typically

Table 2 Pathological features of embryonal rhabdomyosarcomas of the uterine corpus.

Case number Depth of myometrial
invasion

Histological
subtype

Cambium layer Heterologous
elements

Anaplasia (%) LVI Mitoses/
10 HPF

1a <50% Classic + Cartilage 15 − 31

2a <50% Classic + Cartilage 0 + 8

3 <50% Classic + − 0 − 16

4a N/A Classic + Cartilage, adipose
tissue, osteoid

<1 − 4

5 <50% Not classic − − 5 − 8

6a <50% Classic + Cartilage 25 − 29

7a <50% Classic + − 0 − 24

8 100% Not classic − − 25 + 18

9 <50% Not classic + − 5 + 20

10a <1 mm Classic + Neuroectoderm 0 − 65

11a <50% Classic + Cartilage <5 − 20

12a <50% Classic + − <5 − 22

13 <50% Not classic − − 20 − 26

14 N/A Not classic − − 0 − 14

15a <50% Classic + − 0 − 1

16a <1 mm Classic + − <1 − 21

17a N/A Classic + − 0 − 20

18a >50% Classic + Cartilage,
adipose tissue

<5 − 16

19a <1 mm Classic + − 0 − 6

20 >50% Classic + − 0 − 11

21a <1 mm Classic + − 25 − 3

+= present, −= absent.

LVI lymphovascular invasion, HPF high-power field, N/A not applicable (removed by curettage).
aDICER1 mutation.
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small, rounded (~1 mm), and only found on a few
slides (range 1–3), but one tumor showed confluent
foci (up to 9 mm) present on 20 out of 35 slides. One
tumor showed minor areas (<5%) resembling alveolar

rhabdomyosarcoma. Overall, vasculature consisted of
small to medium, thin-to-thick-walled vessels that were
occasionally dilated. Three tumors had large, thrombosed
thick-walled vessels while two others focally showed a

Fig. 1 Embryonal
rhabdomyosarcoma of the
uterine corpus: macroscopic
and low- to medium-power
microscopic features. Polypoid
to grape-like fleshy mass with
extensive hemorrhage and
necrosis (A, left macroscopic,
right microscopic). Variably
sized aggregates of
hyperchromatic cells are present
in a myxoid stroma (B).
Heterologous fetal-type cartilage
(C). Primitive cells surrounding
an inactive endometrial gland
vaguely mimics the appearance
of adenosarcoma (D).

Fig. 2 Embryonal
rhabdomyosarcoma of the
uterine corpus: cytologic
features. Primitive cells with
brisk mitoses and apoptotic
activity beneath the surface
epithelium (A), differentiating
rhabdomyoblasts with
discernible cross-striations
(arrow) and tadpole cells (right)
(B), spider cells (C), and
anaplasia (D).

1754 J. A. Bennett et al.



“chicken-wire” appearance. Infarct-type necrosis was
present in 10/16 tumors, but tumor cell necrosis was not
identified. Lymphovascular invasion was noted in one
tumor associated with extrauterine disease.

The remaining five tumors (Fig. 3) displayed only focal
(≤20%) alternating hyper- and hypocellular areas, and one
had a hint of a cambium layer. Four were composed of
sheets (admixed with fascicles in one) of primitive cells
and differentiating rhabdomyoblasts with minimal inter-
vening stroma, while the fifth (case 14) had a fascicular
growth of spindle cells with varying cellularity set in a
strikingly myxoid matrix. Scattered myxoid pools as well
as rare foci (<5%) resembling alveolar rhabdomyo-
sarcoma were present in one tumor, but none contained
heterologous elements. Anaplasia was noted in four
tumors (ranging from 5 to 25%), mitoses ranged from 8 to
26 (mean 17, median 18) per 10 high-power fields, and all
showed brisk apoptotic activity. Tumor cell necrosis was
present in three and lymphovascular invasion in two
tumors.

Twelve ucERMS for which stains were available were
positive for desmin (10 diffuse, 2 focal). Myogenin and
myoD1 were often focally positive (8/13 and 7/8, respec-
tively), with the remaining tumors showing diffuse
expression.

Other pathologic findings included leiomyomas (n= 6),
atypical hyperplasia (n= 2), adenomyosis (n= 2), and
endometrial polyp, adenomatoid tumor, and cervical
mesonephric hyperplasia (each n= 1).

Molecular features

DICER1 mutations were detected in 14/21 ucERMS (Fig. 4A
and Supplementary File 3), with DICER1 sequencing depth
averaging 501 (range 192–921). Germline testing had been
previously performed in two patients (cases 1 and 2), and both
were DICER1 wild type. Among DICER1-associated
ucERMS, 8/14 showed concurrent loss of function and hotspot
alterations (including case 2), while 6/14 had hotspot altera-
tions only (including case 1). TP53 mutations were detected in
7/20 tumors, PI3K/AKT/mTOR pathway mutations including
KMT2D, KMT2C, PPP2R1A, PIK3CA, PIK3R1, ARID1A,
ARID4A, MTOR, and PTEN in 7/20, and KRAS/NRAS muta-
tions in 5/20. For DICER1-associated ucERMS, additional
mutations included those in the PI3K/AKT/mTOR pathway
(4/13), KRAS (4/13), TP53 (3/13), and EP300 (1/12).
DICER1-independent ucERMS showed TP53 (4/7), PI3K/
AKT/mTOR pathway (3/7), BCOR (1/6), NRAS (1/7), FBXW7
(1/7), and HIST1H3B (1/7) mutations. The ucERMS
sequenced on the SeqCap-targeted panel (case 20) did not
harbor any mutations.

Copy-number alterations were detected in 10/19 tumors
including both DICER1-associated (5/11) and DICER1-
independent (5/11) (Fig. 4B). Among these, all but three
(two DICER1-associated and one DICER1-independent)
had accompanying TP53 mutations. The most common
copy-number alterations were genomic losses involving
FGFR3 (4p16.3), GNA11 and STK11 (19p13.3), and TSC2
(16p13.3). Copy-number gains in RAD21 (8q24.11) and

Fig. 3 Embryonal
rhabdomyosarcoma of the
uterine corpus: tumors
without a predominant classic
appearance. Barely discernible
rounded aggregates in an overall
hypercellular tumor (A). Sheets
of primitive cells with large
eosinophilic multinucleated
giant cells (B). Variably cellular
areas with a myxoedematous
background (C) and vague
storiform appearance (D).

Embryonal rhabdomyosarcoma of the uterine corpus: a clinicopathological and molecular analysis of 21. . . 1755



MYC (8q24.21) were detected in one tumor (case 5). No
DICER1 copy-number alterations were identified. As cases
20 and 21 were not sequenced by the Oncoplus panel, copy-
number alterations were not assessed.

Follow-up

Follow-up of at least 6 months was available for 14/21
patients, ranging from 6 to 97 (mean 29, median 16)
months, being >1 year for 10 patients. Eight patients
received adjuvant chemotherapy, in one accompanied by
whole pelvic radiation and a vaginal boost, while three did
not undergo further treatment (one polyp-confined, two with
<50% invasion). No details regarding adjuvant therapy were
available for the other three patients. Recurrences were
noted in 2/14 patients (omentum or peritoneum/sigmoid

colon, both FIGO stage IB at presentation), while the
patient with extensive metastases at diagnosis who under-
went incomplete resection (FIGO stage IIIB, case 2)
showed disease progression. These three patients and the
other with extrauterine disease at diagnosis (FIGO stage
IIA, case 9) died of disease 6–21 months after original
diagnosis while the remaining patients (all FIGO stage I)
were alive without evidence of disease (n= 9) or died from
other causes (n= 1).

Statistical analysis

As the entire coding sequence of DICER1 was not
sequenced in one tumor (case 20), it was excluded from the
DICER1 statistical analysis. DICER1-associated ucERMS
were more likely to show a classic histological appearance

Fig. 4 Embryonal rhabdomyosarcoma of the uterine corpus: molecular findings. Pathogenic mutations (A) and copy-number alterations (B).

Table 3 Clinicopathological
parameters and associated p
values.

Clinicopathological
feature

DICER1-
associated

DICER1-
independent

p value No evidence
of disease

Dead of
disease

p value

Age, median (range) 50 (28–64) 64 (27–70) 0.07 56 (28–73) 58 (45–70) 0.84

Size, median (range) 8 (4–12) 10 (4–15) 0.24 10 (5–15) 9 (8–11) 0.71

Classic histological
subtype

14 2 <0.01 7 2 0.58

Cambium layer 14 2 <0.01 7 3 >0.99

Heterologous elements 7 0 0.05 3 2 0.58

Anaplasia 8 4 >0.99 5 3 0.58

Mitoses/10 HPF, median
(range)

20 (1–65) 17 (8–26) 0.82 20 (1–65) 14 (8–31) 0.81

TP53 mutation 3 4 0.13 4 3 0.56

Extrauterine disease/
recurrence

2 2 >0.99 0 4 <0.01

Dead of disease 2 2 >0.99

Case 20 excluded from DICER1 statistical analysis as full gene not sequenced.
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(p < 0.01), cambium layer (p < 0.01), and heterologous
elements (p= 0.05). Younger age also trended toward sta-
tistical significance in this cohort (p= 0.07). Tumor size,
anaplasia, mitotic index, TP53 status, presence of extra-
uterine disease/recurrence, and outcome did not differ
between the two groups (Table 3). Both patients with
extrauterine disease at diagnosis, as well as the two that
recurred died from disease (p < 0.01), but no other clin-
icopathological features were predictive of survival.

Discussion

Pure rhabdomyosarcomas of the uterine corpus are
uncommon being first reported in the late 19th century
based on an early literature review by Robertson [28] who
himself described a rhabdomyosarcoma based in the lower
uterine segment/upper endocervix. A table in that report
summarizes 13 previously reported uterine (corpus and
cervix) rhabdomyosarcomas and documents three uterine
corpus tumors with heterologous elements (cartilage and/or
fat), two of which also showed myxomatous stroma. As the
subclassification system for rhabdomyosarcomas was non-
existent at that time, the presence of heterologous elements
allows one to infer they likely represented ucERMS
assuming they were well sampled. Aside from these cases, a
review of the literature resulted in identification of 23
ucERMS with available morphological or molecular find-
ings (Supplementary File 4) [4, 11–24]. However, as mor-
phological descriptions were limited in most, and molecular
testing was only performed in four, relatively little is known
about their pathogenesis, morphologic features, and beha-
vior in contrast to their cervical counterparts. In this study,
our analysis of 21 ucERMS provides a detailed morpholo-
gical analysis and a comprehensive review of their mole-
cular profile with evidence of a morphologic-molecular
correlation.

ERMS are most common in the head and neck and
genitourinary tract, but occasionally arise in the biliary tract,
retroperitoneum, abdomen, pelvis, perineum, and visceral
organs [29]. Morphologically, most (76% herein) ucERMS
resemble ERMS in other locations, consisting of primitive
cells and differentiating rhabdomyoblasts in a loose myx-
oedematous stroma with alternating areas of hyper- and
hypocellularity [30]. As the botryoid variant of ERMS
arises beneath an epithelial-lined surface, it is not surprising
that many ucERMS showed the polypoid growth and
cambium layer [30] characteristic of this variant akin to
their counterparts in the vagina, cervix, bladder, prostate,
biliary tract, and head and neck [29]. Heterologous ele-
ments, in particular, fetal-type cartilage, have been reported
in ~45% of cERMS [1, 4, 22], but this is an infrequent
finding in extrauterine ERMS with only rare examples

reported in the ovary, peritoneum, fallopian tube, bladder,
and mandible [31–38]. Previously, heterologous elements
were described in 29% of ucERMS (Supplementary File 4),
which mirrors the 33% observed in this study. Anaplasia
has been reported in 48/259 childhood ERMS (including
botryoid variant) [39], but was noted in over half (57%) of
our ucERMS. The explanation behind this nearly threefold
difference is unclear but may possibly be related to the
number of slides examined (not provided in the other
study), the focality of this finding, not been considered in
other studies, or it could be a site-specific phenomenon.
Two ucERMS had areas resembling adult-type rhabdo-
myoma, a feature previously termed highly differentiated
rhabdomyosarcoma when diffuse [40], which in one study
of 24 pediatric rhabdomyosarcomas showed a 100% overall
survival rate with a median follow-up of 4.6 years [41].
Similarly, one patient with this finding (which comprised
~50% of the tumor) in the current series is alive and well
57 months after diagnosis; no follow-up was available for
the other patient in which it represented ~10% of the tumor
as the case is recent.

The focus on ERMS of the uterus has been in tumors
occurring in the cervix as they are by far more common than
those of the corpus. Although cERMS is most frequent in
the pediatric population, it may occur in reproductive age
and postmenopausal women [22], similar to that seen for
ucERMS. The gross and microscopic appearance closely
overlaps, and careful examination is necessary to deduce the
site of origin. It is difficult to compare the prognosis of
ucERMS to cERMS as studies focusing specifically on the
latter are sparse. Nonetheless, in the two largest series to
date, comprised of 13 and 14 cERMS, respectively, no
patients had extrauterine disease at presentation and only
one died from her disease [1, 2].

As in the cervix, the main and most challenging differ-
ential diagnosis of the ucERMS is with Mullerian adeno-
sarcoma. ucERMS is typically misdiagnosed as
adenosarcoma, as the latter is much more common in the
corpus and both tumors share a polypoid growth, con-
densation of malignant stroma around the epithelium, and
fetal-type cartilage [42]. Further confounding the differential
is that a subset of adenosarcomas may show rhabdomyo-
blastic (embryonal and other subtypes) differentiation and in
some it may be extensive [4, 43–49]. In the largest study of
adenosarcomas to date, 15/22 with heterologous elements
were comprised of an extensive component of ERMS, with
10/15 showing additional heterologous elements such as
fetal cartilage and/or adipose tissue [42]. However, adeno-
sarcoma is defined as a biphasic tumor in which glands are
part of the neoplasm, and often have a phyllodes-like
architecture with intraluminal polypoid projections. The
glands frequently show hyperplastic or metaplastic changes
and the low-grade sarcoma typically has a fibroblastic or
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endometrial stromal morphology with a low mitotic index
and absence of apoptotic cells [42, 43]. In contrast, in
ERMS, the cells in the cambium layer and around pre-
existing entrapped glands are primitive, associated with
brisk mitoses and abundant apoptotic bodies. Some high-
grade adenosarcomas have been reported but in these cases
the stromal cells are pleomorphic and not primitive [48].
Recently, several series have detected DICER1 alterations in
presumed adenosarcomas, including 8/20 with rhabdomyo-
blastic differentiation (Supplementary File 5) [4, 46–50].
Based on the provided images from two of these studies
[48, 49], at least some of them we would favor to likely
represent pure ucERMS with entrapped glands. Further-
more, none of the amplifications typical of adenosarcoma,
including MDM2/CDK4/HMGA2, TERT, or MYBL1, have
been detected in ERMS [46, 47].

ucERMS with neuroectodermal differentiation may pose
a different diagnostic challenge. Although such differ-
entiation is uncommon, it has been reported in adeno-
sarcoma and carcinosarcoma, as well as in ERMS [51]. To
establish a diagnosis of adenosarcoma or carcinosarcoma,
the typical diagnostic features should be present. In our
series, the tumors were extensively sampled, and these
features were not identified. If the neuroectodermal com-
ponent was extensive, a peripheral neuroectodermal tumor
[52] could enter in the differential diagnosis.

As five ucERMS lacked a dominant hypercellular–
hypocellular growth and most did not have a cambium layer,
whether these are ERMS or another rhabdomyosarcoma sub-
type merits discussion. An alveolar appearance was focally
identified (<5%) in one variant ucERMS but also in a classic
ucERMS (also <5%). It is well-recognized that rhabdomyo-
sarcomas may show mixed embryonal and alveolar features
[7]; however, our cases were extensively sampled and the
alveolar morphology was minimal. While our panel did not test
for the characteristic PAX3-FOXO1 or PAX7-FOXO1 fusions,
we were able to exclude this rhabdomyosarcoma subtype based
on morphology. Furthermore, alveolar rhabdomyosarcoma is
extremely uncommon in the uterine corpus, with examples
limited to case reports or small series comprised of different
rhabdomyosarcoma subtypes [53–56]. Features suggestive of
spindle cell/sclerosing rhabdomyosarcoma including a leio-
myosarcoma/fibrosarcoma-like appearance, prominent hyalini-
zation/sclerosis, or a pseudovascular growth pattern were not
observed either [57]. While our panel did not test for the
characteristic MYOD1 mutation or NCOA2/VGLL2 rearrange-
ment, based on morphology we were able to exclude this
rhabdomyosarcoma subtype. This subtype has also received
limited attention in the gynecologic tract [17, 58] and is cur-
rently not recognized in the 2020 WHO Female Genital
Tumors [59]. There are no defining morphologic or molecular
features for the pleomorphic subtype of rhabdomyosarcoma
other than the presence of markedly pleomorphic cells [60, 61].

While anaplasia was present in 80% of these five ucERMS, all
had a component of primitive cells comprising >50% of the
tumor, which in our opinion, excludes the diagnosis of pleo-
morphic rhabdomyosarcoma. Other diagnostic considerations
for these tumors could include carcinosarcoma or adeno-
sarcoma with extensive rhabdomyoblastic differentiation or
with sarcomatous overgrowth. As mentioned previously, these
tumors were extensively sampled and the typical diagnostic
features of carcinosarcoma or adenosarcoma were not
identified.

DICER1 is a ribonuclease (RNase) III endor-
ibonuclease that cleaves precursor microRNAs into
mature microRNAs, which regulate gene expression [8].
Germline DICER1 mutations were first identified in
pediatric patients with familial pleuropulmonary blastoma
[62], but as the disease spectrum markedly expanded, it
was renamed to DICER1 syndrome. In the gynecological
tract, the most common manifestations include cERMS
and Sertoli–Leydig cell tumor, which occur most often in
adolescence or early adulthood in contrast to most other
lesions that have a younger onset [8]. Aside from cERMS,
the presence of fetal-type cartilage has also been reported
in other lesions associated with DICER1 syndrome
including Sertoli–Leydig cell tumor, pleuropulmonary
blastoma, anaplastic sarcoma of the kidney, Wilms tumor,
nasal chondromesenchymal hamartoma, DICER1-
associated central nervous system sarcoma, and pleur-
opulmonary blastoma-like peritoneal sarcoma [63–68]. In
mice, miRNAs and Dicer play important roles in chon-
drogenesis [69–71], suggesting a connection with the
presence of cartilage in DICER1-associated tumors.
Exactly how DICER1 mutations contribute to cartilagi-
nous differentiation in these tumors is currently unknown.
Given their marked morphological overlap with cERMS,
it is not surprising that 88% of our classic-appearing
ucERMS harbored a DICER1 mutation. In one of the two
lacking a DICER1 mutation, only the hotspot regions were
evaluated; thus, a mutation could not be excluded. Het-
erologous elements were only identified in DICER1-
associated ucERMS and were present at a similar fre-
quency (50%) as seen in cERMS.

Anaplasia was noted in both DICER1-associated and
DICER1-independent ucERMS, including all those har-
boring concurrent TP53 mutations. An association between
anaplasia and TP53 mutations has previously been descri-
bed in rhabdomyosarcomas (predominantly of embryonal
type) from patients with TP53 germline mutations (i.e., Li-
Fraumeni syndrome) [72] as well as in other anaplastic
embryonal tumors including Wilms tumor and medullo-
blastoma [73, 74]. However, four ucERMS with anaplasia
lacked TP53 mutations, and in a fifth, TP53 was not eval-
uated. Interestingly, these were all DICER1-associated
ucERMS where anaplasia involved <5% of the tumor.
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Further review of the slides matching blocks used for
sequencing revealed that the anaplastic cells comprised <1%
in two tumors and was absent in the other two, which may
explain the lack of a TP53 mutation. Of note, one DICER1-
associated ucERMS with anaplasia lacked anaplastic cells
on the slide used for sequencing, but a TP53 mutation was
still detected, similar to what has been described in a subset
of anaplastic Wilms tumors [75]. In this study, the presence
of anaplasia did not impact survival, but the literature shows
mixed results in ERMS from other sites. Kodet et al. eval-
uated all tumors from intergroup rhabdomyosarcoma studies
1–3 (~3000 tumors) and identified 110 with anaplastic/
pleomorphic features [76]. They noted no significant survi-
val difference between tumors without anaplasia versus
those with focal anaplasia (5-year survival 68% versus 60%,
respectively, p= 0.177), but those with diffuse anaplasia
had significantly decreased survival (5-year survival 68%
versus 45%, respectively, p= 0.004). Qualman et al. found
on univariate analysis an association between anaplasia
(focal or diffuse) and failure-free survival as well as overall
survival, but on multivariate analysis, anaplasia was not an
independent predictor [39].

Outside of the gynecological tract, DICER1 mutations
are exceedingly rare in ERMS, and a recurring mutation or
fusion has not been identified for this group of tumors.
Instead, these sarcomas are genomically diverse with pre-
viously reported alterations in the PI3K pathway, RAS
pathway, BCOR, CTNNB1, and FBXW7, as well as aneu-
ploidy [7, 77–79]. Similarly, in our study, 35% and 25%
(not tested in one) of ucERMS, including both DICER1-
associated and DICER1-independent tumors, harbored
mutations involving the PI3K/AKT/mTOR or RAS path-
way, respectively. One DICER1-independent ucERMS with
an NRAS mutation (case 3) also harbored a FBXW7 muta-
tion. Another DICER1-independent ucERMS (case 14) had
a BCOR frameshift mutation, but aside from a copy-number
loss in CHEK2, did not show other genomic abnormalities.
This tumor was characterized by prominent myxoid stroma,
abundant spindled cells, and infrequent differentiating
rhabdomyoblasts, features which in aggregate were not
present in other ucERMS. While the morphology of BCOR-
mutant ERMS outside of the gynecologic tract has not been
described to our knowledge, within the uterine corpus, this
histology might raise the possibility of BCOR-related high-
grade endometrial stromal sarcoma. However, rhabdomyo-
blastic differentiation and positivity for skeletal muscle
markers are not features of high-grade endometrial stromal
sarcomas, and only BCOR fusions or internal tandem
duplication have been described in these tumors [80, 81], in
contrast to the frameshift mutation present in this case.

As many of our tumors occurred relatively recently,
follow-up was limited and a detailed correlation between
clinicopathological features and outcome was not feasible.

We did note that both tumors with extrauterine disease at
diagnosis and two others with recurrences resulted in death.
In contrast, there were no disease-related deaths in any other
patients (all stage I at diagnosis). Similarly, in previously
reported ucERMS with follow-up data, 3/15 patients died
from disease and all had metastases at diagnosis (n= 1) or
recurrences (n= 2) [18–20]. Notably, progression-free
survival was extremely short in the four patients herein
with extrauterine disease (4–5 months), highlighting the
aggressive nature of this tumor once outside the uterus.

One limitation of our study is that germline data were
only available in two patients, neither of whom harbored a
germline DICER1 mutation. The mean and median age of
our cohort was 52 years, which is significantly older than
most patients with DICER1 syndrome-related cERMS.
However, five patients were ≤40 years, and four had tumors
that harbored a DICER1 mutation. Two had no personal or
family history of DICER1-related lesions, but no informa-
tion was available for the others. An indirect way to
“screen” for syndromic cases based on sequencing data of
the tumor genome, would be to look at cases with con-
current loss of function (presumed germline) and hotspot
(presumed somatic) variants, because frequent somatic
(tumor-only) hotspot variants in DICER1 have been
described as a “second hit” to the germline loss-of-function
DICER1 alteration in DICER1 syndromic cases [9]. In our
series, 8/14 tumors had such concurrent mutations and only
one of them had germline testing, but both alterations were
found to be somatic. The remaining patient with germline
testing only had a hotspot mutation, as would be expected in
sporadic tumors. To our knowledge, the only previously
reported ucERMS likely associated with a germline
DICER1 mutation (as she also had a cystic nephroma)
occurred in a 10-year-old girl whose tumor was not
sequenced [24]. Thus, we suspect that the vast majority of
ucERMS with DICER1 mutations are likely somatic in
origin, but it is imperative to always be aware of the
potential association with DICER1 syndrome, especially in
younger patients or those with a personal or family history
of other DICER1-associated neoplasms. Nonetheless, in
~10–20% of patients with DICER1 syndrome, the germline
DICER1 mutation can arise de novo [82]. Due to the rarity
of these tumors and unavailability of routine DICER1
sequencing as an intermediary screening step, the safest
approach would be formal referral of all patients for genetic
counseling as is recommended for patients with ovarian
Sertoli–Leydig cell tumors [83, 84].

In summary, we identified somatic DICER1 mutations in
67% of ucERMS. Tumors with DICER1 mutations are more
likely to have a classic morphological appearance, cambium
layer, and heterologous elements than DICER1-independent
ucERMS. While follow-up was limited, we did not detect any
survival differences between the two groups; however, patients
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with extrauterine disease at diagnosis or recurrences died from
disease. Although we favor most DICER1-associated
ucERMS to be sporadic, identification of one should always
prompt further evaluation to exclude DICER1 syndrome.
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