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Abstract
Mucinous ovarian tumors rarely harbor mural nodules, which have historically been classified as sarcoma-like, anaplastic
carcinomatous, or sarcomatous on the basis of predominant morphologic features. The molecular relationship between mural
nodules and associated mucinous ovarian tumors remains poorly characterized, as does the molecular pathogenesis of these
mural nodules. Thus, we analyzed the morphological, immunohistochemical, and genetic features of 13 mucinous ovarian
tumors and associated mural nodule(s). Three harbored sarcoma-like mural nodules and ten contained anaplastic
carcinomatous nodules, including 1 tumor with spatially discrete anaplastic carcinomatous and sarcomatous nodules. Twelve
of 13 cases showed genetic evidence of clonality between the mural nodule(s) and associated mucinous ovarian tumor,
including all three tumors with sarcoma-like morphology. Mural nodules were genetically identical in the five cases in which
there were multiple discrete mural nodules that were sequenced separately. MTAP and p53 immunohistochemistry
confirmed the distribution of neoplastic cells in a subset of sarcoma-like and anaplastic carcinomatous nodules. No single
recurrent genetic alteration was associated with mural nodule development. No recurrent genetic differences were identified
between mural nodules with sarcoma-like, anaplastic carcinomatous, and sarcomatous morphology. Of 11 patients with
clinical follow-up, three died of disease 3, 8, and 9 months after diagnosis, but no recurrent genetic events were associated
with poor outcome. These molecular data suggest that sarcoma-like, anaplastic carcinomatous, and sarcomatous nodules
represent a morphologic spectrum of clonal neoplasms arising in mucinous ovarian tumors rather than three discrete
biological entities.

Introduction

Rarely, mucinous ovarian tumors—predominantly border-
line tumors and differentiated (gland-forming) adenocarci-
nomas—harbor one or more mural nodules, which have
historically been classified into three morphologic cate-
gories: sarcoma-like mural nodules, anaplastic carcinoma-
tous nodules, and sarcomatous nodules [1–5]. Sarcoma-like
mural nodules have been generally regarded as benign
reactive lesions, whereas anaplastic carcinomatous and
sarcomatous nodules are considered to be aggressive
malignant neoplasms, giving great clinical importance to
the distinction of sarcoma-like nodules from anaplastic
carcinomatous and sarcomatous nodules [1, 6]. Morpholo-
gically, sarcoma-like nodules are described as sharply cir-
cumscribed, often protruding into the lumen of a mucinous
cyst, and composed of a mixed cell population, including
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prominent inflammatory cells and osteoclast-like giant cells,
which may be most prominent around a central hemorrhagic
cavity [1, 4]. In contrast, anaplastic carcinomatous nodules
and sarcomatous nodules are described as poorly circum-
scribed infiltrative lesions with or without lymphovascular
invasion, generally dominated by a mono- or multinucleated
malignant tumor cells, with less prominent inflammatory
infiltrate [2, 3, 5]. Despite the described morphologic dis-
tinctions, accumulated experience has shown that these
three subtypes of mural nodules are not always easily dis-
tinguished morphologically. Necrosis, marked nuclear aty-
pia, and abundant mitoses (including atypical forms) have
been accepted in sarcoma-like nodules, as well as in ana-
plastic carcinomatous and sarcomatous nodules [4, 5].

The most common molecular alterations in mucinous
adenocarcinomas of the ovary include mutations or copy
number alterations in CDKN2A and mutations in TP53 and
KRAS. Recurrent amplification of ERBB2 and mutations in
BRAF, PIK3CA, and ARID1A are also reported [7, 8].
However, little is known about the molecular features of
mural nodules arising in mucinous ovarian tumors. A 2015
case report identified a shared KRAS p.G12D mutation in an
anaplastic carcinomatous nodule and associated well-
differentiated mucinous adenocarcinoma, providing the first
molecular evidence that mural nodules can be clonally
derived from associated mucinous ovarian tumors [9]. A
subsequent study of seven anaplastic carcinomatous nodules
and paired mucinous ovarian tumors likewise found evi-
dence of clonality in all pairs, with frequent mutations in
KRAS, TP53, PTEN, and PIK3CA [10]. However, the
number of reported sequenced mural nodules remains in
single digits, and only anaplastic carcinomatous-type nodules
have been sequenced. Therefore, we conducted a study to
molecularly assess and compare the different classifications
of mural nodules arising in mucinous ovarian tumors.

Methods

Cohort selection

Following institutional review board approval, an electronic
search of the archives of the Division of Women’s and
Perinatal Pathology identified 31 mucinous ovarian tumors
with mural nodules. Formalin-fixed paraffin-embedded tis-
sue sufficient for next-generation sequencing was available
for 13 tumors from 13 patients, diagnosed between 1996
and 2019: nine in-house cases and four personal consults to
two of the authors (CPC, MRN). Medical records were
reviewed for patient age, surgical procedure, adjuvant
therapy, tumor stage (FIGO 2014) and laterality, disease-
free survival, and disease-specific survival. Pathology

reports were reviewed for tumor stage and laterality, gross
size and description of the mucinous ovarian tumor and
mural nodule(s), and number of mural nodules per tumor.

Morphologic review

All available hematoxylin and eosin-stained tumor slides were
reviewed for each case (range 1–38; mean 12; median 5). The
total number of tumor blocks submitted ranged from 7 to 36
(mean 17; median 16) per case, equating to 0.5–2.0 (mean
1.0; median 0.8) blocks per cm of tumor. In each case, the
background mucinous tumor was subtyped morphologically,
and each mural nodule was evaluated for microscopic cir-
cumscription; nuclear atypia; mitotic rate; inflammatory
infiltrate; and presence of atypical mitoses, necrosis, lym-
phovascular invasion, rhabdoid cells, osteoclast-like giant
cells, and central hemorrhagic cavitation. Morphologic details
in pathology reports were also reviewed. Each mural nodule
was classified as sarcoma-like, anaplastic carcinomatous, or
sarcomatous on the basis of published morphologic descrip-
tions [1–5]. Cases with classification complicated by mixed or
ambiguous morphologic features were noted.

Immunohistochemistry

In cases with sufficient available tissue, the mural nodule(s)
and associated mucinous ovarian tumor were immunos-
tained (4-µm sections) for cytokeratin (AE1/AE3, Dako,
1:200), p53 (clone DO-7, Dako, 1:500), INI1 (clone 25, BD
Bioscience, 1:600), MTAP (clone 42-T, Santa Cruz, 1:75),
and HER2 (clone SP3, Cell Marque, 1:75). Immunohis-
tochemistry results from pathology reports were also
reviewed.

Cytokeratin immunoexpression was compared with the
morphologic classification of each mural nodule. More than
patchy cytokeratin expression prompted re-evaluation of a
sarcoma-like mural nodule; any cytokeratin expression
prompted re-evaluation of a sarcomatous nodule; and
absence of cytokeratin expression prompted re-evaluation
of an anaplastic carcinomatous nodule. These considera-
tions are in keeping with previous publications [4, 5].

P53 immunostains were interpreted as strong-diffuse
mutant pattern if strong nuclear staining was seen in >80%
of tumor cells; as null-mutant pattern if nuclear staining was
completely absent; as cytoplasmic mutant if there was
unequivocal cytoplasmic and variable nuclear staining; and as
wild type if none of these mutant patterns was present. MTAP
immunostains were interpreted as lost in the complete absence
of tumor cell cytoplasmic staining. INI1 immunostains were
interpreted as lost in the absence of tumor cell nuclear
staining. Non-tumor cells provided a positive internal control
in p53, MTAP, and INI1 immunostains. HER2 immunostains
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were interpreted according to 2018 guidelines from the
American Society of Clinical Oncologists and College of
American Pathologists [11].

Next-generation sequencing

In each case, formalin-fixed paraffin-embedded tissue from
the mural nodule(s) and from the background mucinous
ovarian tumor was separately dissected and sequenced on
the 447-gene OncoPanel next-generation sequencing plat-
form [12]. Each case was annotated for point mutations,
small insertions and deletions (indels), copy number
alterations, microsatellite instability, and tumor mutational
burden. Two grossly or microscopically discrete mural
nodules were separately sequenced in five cases, and a
tumor component of well-differentiated endometrioid car-
cinoma was separately sequenced in 1 case (#10).

All molecular variants were filtered to remove technical
artifacts, synonymous variants, and any population variants
at greater than 0.1% frequency in the Genome Aggregation
Database (https://gnomad.broadinstitute.org/). The remain-
ing pass-filter variants were assessed for likely pathogene-
city by a molecular pathologist (LMS). Mutational profiles
for each mucinous ovarian tumor and paired mural nodule
(s) were compared. Presence of at least one shared patho-
genic mutation was considered evidence of clonality. Spe-
cimens with greater than 3 copy number alterations were
considered to have complex copy number alterations.
Microsatellite stability status and tumor mutational burden
were determined as previously described [13, 14].

Statistical analyses were performed with SAS v9.4 (SAS
Institute; Cary, NC).

Results

Cohort characteristics

Clinical parameters are summarized in Table 1. The study
cohort included 12 women with mural nodules arising in
mucinous ovarian tumors and 1 woman with an anaplastic
carcinomatous nodule arising in a primary retroperitoneal
multicystic mucinous tumor. Presence of a mural nodule was
not diagnosed preoperatively in any case. Patients ranged from
16 to 77 years old at time of surgery (median 45; mean 44).
Three patients underwent salpingo-oophorectomy only, three
underwent salpingo-oophorectomy with staging, and six
underwent hysterectomy with bilateral salpingo-oophorectomy
and staging. The patient with the primary retroperitoneal
mucinous tumor underwent local excision only. Six mucinous
ovarian tumors were primary in the right ovary and in six in
the left ovary. Seven cases were stage IA, 1 IC1, 1 IC2, 1 II, 1
IIIA, and 2 IIIB. Lymph nodes were sampled in four patients,
with no lymph node metastases identified.

Gross and microscopic findings

Gross and microscopic findings are detailed in Table 2.
Tumors ranged from 5 to 40 cm (mean 21; median 25). Ten
tumors were grossly described as multiloculated cysts and
three as unilocular. A mural nodule was grossly identified in
eight cases, and multiple (range, 2–10) mural nodules were
seen on gross examination in 5. On microscopic examina-
tion, multiple discrete mural nodules were identified in
one additional case. The mural nodules ranged from 0.5 to
9.0 cm (mean 3.2; median 1.8).

Table 1 Clinical parameters and outcome data.

Case Age Mural nodule type Primary site Surgery Stage Adjuvant chemotherapy Outcome

1 45 ACN Left ovary LSO, staging IA Yes NED, 103 mo

2 60 ACN Left ovary TAH-BSO, staging IIIA Yes NED, 20 mo

3 26 ACN Right ovary RSO, staging, lymph node dissection IA Yes NED, 6 mo

4 33 ACN Left ovary LSO, right ovary biopsies, staging IA Yes DOD, 9 mo

5 49 ACN Right ovary TAH, RSO, staging IC2 Yes NED, 11 mo

6 45 ACN Right ovary TAH-BSO, staging, lymph node dissection IA Yes NED, 279 mo

7 31 ACN Retroperitoneum Excision of retroperitoneal mass II – –

8 71 ACN Right ovary TAH-BSO, staging, lymph node dissection IIIB Yes DOD, 8 mo

9 68 ACN Left ovary TAH-BSO, staging IIIB Yes DOD, 3 mo

10 67 ACN, SN Left ovary TAH-BSO, staging, lymph node dissection IA Yes DOC, 121 mo

11 16 SLMN Left ovary LSO IA – NED, 28 mo

12 41 SLMN Right ovary RSO IA – –

13 26 SLMN Right ovary RSO IC1 Yes NED, 8 mo

ACN anaplastic carcinomatous nodule, DOC dead of other causes, DOD dead of disease, LSO left salpingo-oophorectomy, mo months, NED no
evidence of disease, RSO right salpingo-oophorectomy, SLMN sarcoma-like mural nodule, SN sarcomatous nodule, TAH-BSO total abdominal
hysterectomy with bilateral salpingo-oophorectomy.

Mural nodules in mucinous ovarian tumors represent a morphologic spectrum of clonal neoplasms: a. . . 615
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A sarcoma-like mural nodule was identified in three
cases, including one with multiple mural nodules showing
similar sarcoma-like morphology. An anaplastic carcino-
matous nodule was identified in ten cases, including three
with multiple mural nodules showing the same anaplastic
carcinomatous morphology and one with grossly and
microscopically discrete anaplastic carcinomatous and sar-
comatous nodules. No case contained a sarcomatous nodule
only, and no teratomatous elements were present in any
case.

Anaplastic carcinomatous nodules were more often
diagnosed in older women (range, 26–71 years) and were
often larger (range, 0.5–9 cm), compared with sarcoma-like
mural nodules (age range, 16–41 years; size range, 0.8–5.6
cm). However, these size and age distributions were not
significantly different (P= 0.70 and 0.06, respectively; two-
tailed t test), in keeping with prior reports [4, 5].

All three sarcoma-like mural nodules were well-
circumscribed and showed the “pleomorphic and epulis-
like” morphology originally described by Prat and Scully
(Fig. 1) [1]. Three were lined at least focally by denuded
mucinous epithelium, often most prominent at the shoulders
of an exophytic sarcoma-like mural nodule. Aneurysmal
bone cyst-like distribution of osteoclast-like giant cells
around a central hemorrhagic cyst was seen in sarcoma-like
mural nodules only (see Fig. 1d).

Of eight anaplastic carcinomatous nodules, seven
showed pleomorphic (mixed epithelioid and sarcoma-
toid), two showed epithelioid, and one showed sarco-
matoid morphology, as described by Provenza et al.
(Fig. 2) [5]. Eight showed an infiltrative tumor-stromal
interface, whereas two were well-circumscribed with an
expansile growth pattern. In four cases, the anaplastic
carcinomatous component merged microscopically with
foci of infiltrative gland-forming mucinous adenocarci-
noma. All three stage III cases showed anaplastic carci-
nomatous nodules in the tumor primary site, and all
metastases showed only anaplastic carcinoma-type mor-
phology (i.e., no gland-forming adenocarcinoma com-
ponent present).

The sole sarcomatous nodule was well-circumscribed
and comprised slender spindle cells with herringbone
architecture (Fig. 3). As noted above, this sarcomatous
nodule was present in a mucinous ovarian tumor that also
harbored a second discrete pleomorphic anaplastic carci-
nomatous nodule.

This cohort is too small for adequately powered statis-
tical comparisons of individual morphologic features, and P
values were not significant for differences in associated
mucinous ovarian tumor histotype, or for mural nodule
circumscription, rhabdoid cells, osteoclast-like giant cells,
central cavitation and hemorrhage, necrosis, mitotic rate, or
atypical mitoses.Ta
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Three mural nodules were difficult to classify
morphologically:

● The mural nodule in Case 1 showed an infiltrative
border and was classified as an anaplastic carcinomatous
nodule, but also showed some sarcoma-like features,
including prominent hemorrhage and osteoclast-type
giant cells.

● The mural nodule in Case 11 had a large central
hemorrhagic cavity and abundant osteoclast-like giant
cells, and was classified as a sarcoma-like mural nodule,
but also showed a slightly irregular periphery and a

more monomorphous cell population focally, resem-
bling an anaplastic carcinomatous nodule. Case 11
showed null-mutant p53 immunostaining in both the
sarcoma-like and anaplastic carcinoma-like foci, indicat-
ing that both components are a single clonal population.

● The mural nodule in Case 7 showed an overtly
infiltrative border and was classified as an anaplastic
carcinomatous nodule. However, it also showed a
mixed cell population with marked inflammatory
infiltrate (including prominent osteoclast-like giant
cells) and central hemorrhagic cavitation, suggesting
superimposed sarcoma-like features.

Fig. 1 Morphologic and immunophenotypic features of sarcoma-
like mural nodules. A sarcoma-like mural nodule (Case #11) is well-
circumscribed (a, ×20), with a central hemorrhagic cyst (b, ×20)
showing an aneurysmal bone cyst-like arrangement of osteoclast-like
giant cells (c, ×100) and a mixed cell population (d, ×200). A second

sarcoma-like mural nodule (#13) is well-circumscribed and protrudes
into a cystic lumen (e, ×4). The shoulder of the nodule is lined by
mucinous epithelium (f, ×100). The mixed cell population (g, ×200)
shows strong-diffuse mutant-pattern p53 expression (h, ×200, p53
IHC) and rare cytokeratin-positive cells (i, ×200, AE1/AE3 IHC).
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Three cases showed additional unusual morphologic
features:

● One case (#10) showed four spatially discrete morpho-
logic components: a conventional mucinous borderline
tumor, a well-differentiated endometrioid carcinoma
(without mucinous features), an anaplastic carcinoma-
tous nodule with pleomorphic (mixed epithelioid and
spindled) pattern, and a sarcomatous nodule with
herringbone architecture (see Supplemental Fig. 1). All
four components were genetically identical (see below).

● One stage IIIA anaplastic carcinomatous nodule (Case 2)
manifested with scattered, microscopic clusters of tumor
cells set in multifocal, grossly evident patches of intra-
abdominal mucin. The associated mucinous borderline
tumor was positive for CK7 and negative for CK20, and
showed no morphologic features suggesting metastasis
from a gastrointestinal primary [15]. The appendix was
clinically and histologically unremarkable, and the
patient was free of disease 20 months after diagnosis.

● Metaplastic bone formation was seen in one anaplastic
carcinomatous nodule (Case 3) (see Fig. 2d).

Fig. 2 Morphologic and immunophenotypic features of anaplastic
carcinomatous nodules. A anaplastic carcinomatous nodule (Case #3)
shows mixed epithelioid and sarcomatoid (pleomorphic) morphology
(a, ×200), patchy cytokeratin expression (b, ×200, AE1/AE3 IHC),
and strong-diffuse mutant-pattern p53 expression (c, ×200, p53 IHC).
Metaplastic bone formation is also seen (d, ×100). A second anaplastic
carcinomatous nodule (Case #5) is well-circumscribed (e, ×40) and
shows epithelioid morphology with only modest nuclear atypia and a

brisk inflammatory infiltrate (f, ×200), strong-diffuse mutant-pattern
p53 expression (g, ×200, p53 IHC) and MTAP loss (h, ×200, MTAP
IHC). Strong membranous HER2 expression (i, ×200, HER2 IHC) is
seen in the epithelium of the adjacent mucinous borderline tumor (left)
but not in the anaplastic carcinomatous nodule (right). In one focus (j,
×100), the anaplastic carcinomatous component (right) merges with
better differentiated gland-forming mucinous adenocarcinoma.
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Molecular characterization

Molecular results are summarized in Fig. 4 (see also Sup-
plemental Data). Molecular evidence for clonality between
the background mucinous ovarian tumor and associated
mural nodule(s) was found in 12 of 13 cases (92%). Mul-
tiple, separately sequenced mural nodules from the same
tumor were molecularly identical in five of five cases. In a
single case, a discrete component of well-differentiated
endometrioid adenocarcinoma was likewise clonally related

to the associated mucinous borderline tumor, anaplastic
carcinomatous nodule, and sarcomatous nodule. The single
non-clonal pair (Case 8) included a stage IIIB pleomorphic
anaplastic carcinomatous nodule associated with a muci-
nous borderline tumor.

Shared pathogenic KRAS alterations were detected in the
mucinous ovarian tumor and associated mural nodule(s) in
10 of 13 cases, including a shared missense mutation in 9
and shared amplification in 3. Three cases harbored KRAS
amplification in only one component. Of four tumors
without KRAS missense mutations, two harbored other RAS
pathway alterations, including shared MAP2K1 missense

Fig. 3 In a single tumor (Case 10), two grossly distinct mural
nodules show sarcomatous and anaplastic carcinomatous mor-
phology. The sarcomatous nodule is well-circumscribed (a, ×40) and
shows a herringbone arrangement and brisk mitotic activity (b, ×200).

The separate anaplastic carcinomatous nodule shows predominantly
epithelioid morphology with marked atypia and brisk mitoses (c,
×200). These two nodules were genetically identical.

MOT MN1 MN2 MOT MN MOT MN MOT MN1 MN2 MOT MN MOT MN MOT MN MOT MN MOT MN1 MN2 EC MOT MN1 MN2 MOT MN1 MN2 MOT MN MOT MN

Morphologic Type MBT AC AC MBT AC ACA AC MBT AC AC ACA AC ACA AC ACA AC MBT AC ACA AC AC EC MBT AC SN MBT SL SL MBT SL ACA SL
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Outcome
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HER2 3+ 0 3+ 0 2+

Tumor Mutation Burden 2.3 2.3 2.3 5.3 3.0 5.3 3.8 3.0 4.6 3.8 5.3 6.1 3.8 3.8 3.1 2.3 5.3 2.3 6.8 6.1 6.1 2.3 2.3 3.0 3.0 3.8 3.8 3.8 12.9 13.7 5.3 6.1
Microsatellite Stability MSS MSS MSS MSS MSS MSS MSS MSS MSS MSS MSS MSS MSS MSS MSS MSS MSS MSS MSS MSS MSS MSS MSS MSS MSS MSS MSS MSS MSS MSS MSS MSS

KRAS p.G12D p.G12V p.G12D
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BRAF
TP53 p.R175H p.R175H p.R273H
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CDKN2B
MTAP
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68
DOD

p.G12Dp.G12D p.G12V

p.G245S p.S96Lfs*27

p.G12V
p.N581S

p.E285K

..
Retained

w .t

Retained

w .t.

NEDNED DOD NED NED

.

..
.

Retained

p.G12D

.

2820 6 9

.

45 16 41

Retained
Retained Retained

Null

.

.

.

60 26

Retained

Mutant

Retained
Retained Retained
Retained

.NED

w .t. w .t.

.3

Mutant
Retained
Retained

Lost
Retained

.
33 49 45 2631 71 67

.
II

8
IC1

DOC
121
IA

8
IIIB

DOD NED

p.G12D p.G12D p.G12V p.G12V p.G12D

p.R80*, p.A21Pfs*5

Fig. 4 Summarized clinical, immunohistochemical, and molecular
findings for each case. AC anaplastic carcinoma nodule, ACA ade-
nocarcinoma, DOC dead of other causes, DOD dead of disease, Epi
epithelioid pattern, Exp expansile carcinoma, IEC with intraepithelial
carcinoma, Inf infiltrative carcinoma, MI with microinvasion, MOT

mucinous ovarian tumor, MN mural nodule, MSS microsatellite stable,
Mutant strong-diffuse mutant, NED no evidence of disease, Null null-
mutant, P pleomorphic (spindled and epithelioid) pattern, PE pleo-
morphic and epulis-like pattern, SL sarcoma-like mural nodule, SN
sarcomatous nodule, S sarcomatoid, w.t. wild type.
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mutation in one case and shared NRAS and BRAF mutations
in one case. The other two cases each harbored a pathogenic
PIK3CA missense mutation. In one case, the PIK3CA
mutation was shared by mucinous borderline tumor, well-
differentiated endometrioid carcinoma, anaplastic carcino-
matous nodule, and sarcomatous nodule components, but in
the other case (#8) the PIK3CA mutation was only in the
mucinous borderline tumor, which shared no molecular
alterations with its paired anaplastic carcinomatous nodule.

Ten cases harbored pathogenic TP53 alterations,
including shared alterations in the mucinous ovarian tumor
and associated mural nodule(s) in eight cases, three of
which also showed shared 17p deletion, consistent with
biallelic TP53 loss. In one case (#13), the mucinous ade-
nocarcinoma and paired sarcoma-like mural nodule showed
different TP53 mutations. One case (#3) had a missense
mutation in the anaplastic carcinomatous nodule only.

Eight cases harbored pathogenic CDKN2A alterations,
including shared alterations in the mucinous ovarian tumor
and associated mural nodule(s) in seven cases. One case
showed CDKN2A deletion in the anaplastic carcinomatous
nodule only. MTAP was co-deleted with CDKN2A in four of
six cases, and CDKN2B deletion was seen in eight tumors.

Four cases showed ERBB2 amplification, which was
confined to the mucinous ovarian tumor in three cases and
shared by mucinous adenocarcinoma and anaplastic carci-
nomatous nodule in one case. A nonsense mutation in
SMARCB1 was confined to the anaplastic carcinomatous
nodules of one case. One case each showed point mutations
in KMT2A, ARID1A, and FBXW7.

Eight cases showed complex copy number alterations,
which were shared between the mucinous ovarian tumor
and associated mural nodule(s) in five cases, and present
only in the mural nodule in three.

All mucinous ovarian tumors and mural nodules were
microsatellite stable. Tumor mutational burden ranged from
2.3 to 12.9 mutations/megabase (median 5.3, mean 5.0) in
mucinous ovarian tumors and from 2.3 to 13.7 mutations/
megabase (median 3.8, mean 4.7) in mural nodules (P=
0.41; paired t test).

Immunohistochemistry

Immunohistochemical findings are summarized in Fig. 4.
Of three sarcoma-like mural nodules, one showed patchy
cytokeratin expression and two showed rare cytokeratin-
positive cells (see Fig. 1i). Of ten anaplastic carcinomatous
nodules, six showed diffuse cytokeratin expression, three
showed patchy cytokeratin expression, and one showed a
rare focus of cytokeratin-positive cells (see Fig. 2b). In one
case (#9) with two grossly discrete but morphologically
identical anaplastic carcinomatous nodules, one nodule
showed patchy cytokeratin expression, whereas the second

nodule was negative for cytokeratin. The single sarcoma-
tous nodule (#10) was negative for cytokeratin expression.
Three mural nodules that were morphologically indetermi-
nate for anaplastic carcinomatous versus sarcomatous
nodule (#8, 9, and 10) were classified as anaplastic carci-
nomatous nodules due to positive cytokeratin expression.

P53 immunohistochemistry was performed in ten cases.
Of five cases with a TP53 missense mutation, strong-diffuse
mutant-pattern p53 expression was seen in two (see Fig. 2c,
g) and wild-type pattern in two, whereas one case (#10)
showed strong-diffuse mutant-pattern staining in the mural
nodules but wild-type staining in the well-differentiated
mucinous and endometrioid components (see Supplemental
Fig. 2). Strong-diffuse mutant-pattern expression was also
seen in one case (#5) with a TP53 indel. Null-mutant p53
immunophenotype was seen in two cases: one with shared
TP53 frameshift and 17p deletion in a mucinous borderline
tumor and sarcoma-like mural nodules, and one with shared
TP53 nonsense mutation and 17p deletion in a mucinous
adenocarcinoma and anaplastic carcinomatous nodules.
Two cases with no TP53 alteration showed wild-type
immunophenotype. In cases with mutant-pattern (diffuse or
null) p53 staining, admixed multinucleated osteoclast-like
giant cells consistently showed wild-type p53 expression.

In this small cohort, MTAP loss by immunohistochem-
istry was sensitive and specific for MTAP deletion (see
Fig. 2h), and was a specific marker of CDKN2A deletion.
Both cases with CDKN2A deletion and normal MTAP copy
number had insufficient material for immunohistochemistry.

Retained INI1 immunostaining was seen in ten of ten
cases without SMARCB1 point mutation (including in three
cases with SMARCB1 deletion). The single case with
SMARCB1 nonsense mutation had insufficient tissue for
immunohistochemistry.

In three cases with ERBB2 amplification in the back-
ground mucinous ovarian tumor only, HER2 immunohis-
tochemistry was positive only in the mucinous ovarian
tumor (see Fig. 2i). The one case with ERBB2 amplification
in both the mucinous adenocarcinoma and anaplastic car-
cinomatous components had insufficient tissue for
immunohistochemistry.

Outcomes

Clinical follow-up was available for 11 patients. Over a
period of 3–279 months (median 11; mean 54), seven
patients had no evidence of disease, one had died of other
causes, and three died of disease at 3, 8, and 9 months. All
patients with available follow-up received adjuvant
chemotherapy.

● One fatal case (#4) comprised a mucinous borderline
tumor and clonally related stage IA pleomorphic
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anaplastic carcinomatous nodules with a shared
MAP2K1 missense mutation, as well as a SMARCB1
nonsense mutation unique to the anaplastic carcinoma-
tous nodule. The patient recurred after 4 months and
died of disease 9 months after surgery.

● A second fatal case (#8) comprised a mucinous border-
line tumor with PIK3CA missense and KMT2A nonsense
mutations and a non-clonal stage IIIB pleomorphic
anaplastic carcinomatous nodule with complex copy
number alterations. The patient died of disease 8 months
after surgery.

● The third fatal case (#9) comprised a mucinous
adenocarcinoma and clonally related stage IIIB anaplas-
tic carcinomatous nodules, with shared NRAS, BRAF,
TP53, and CDKN2A mutations; shared 17p deletion;
and complex copy number alterations found only in the
anaplastic carcinomatous nodules. The patient recurred
after 1 month and died of disease 3 months after surgery.

Although this cohort is too small for adequately powered
statistical comparisons of individual morphologic or mole-
cular parameters with patient outcome, some observations
warrant mention. First, all three patients who died of disease
lacked KRAS alterations, whereas none of the six patients
with KRAS alterations and clinical follow-up had died of
disease. Second, all three patients who died of disease had
anaplastic carcinomatous nodules, whereas both patients
with a sarcoma-like mural nodule and clinical follow-up
were disease-free. Third, the single patient (#9) with lym-
phovascular invasion died of disease. P values (log-rank
test) were not significant for association of disease-specific
survival with background mucinous ovarian tumor histo-
type; with number of mural nodules; with mural nodule
circumscription, mitotic index, necrosis, central cavitation,
rhabdoid cells, or inflammatory infiltrate; or with TP53
alteration, CDKN2A alteration, 17p deletion, or complex
copy number alteration.

Discussion

This is the largest molecular-based study to date of mucinous
ovarian tumors with mural nodules; the first comprehensive
comparison of sarcoma-like mural nodules, anaplastic car-
cinomatous nodules, and sarcomatous nodules; and the first
comprehensive assessment of multiple mural nodules aris-
ing in a single tumor. Table 3 summarizes the literature
published on this subject. Our data offer three principal
insights into the biology of these lesions. First, there is a
clonal relationship between a large majority of mural
nodules and associated mucinous ovarian tumors, including
in sarcoma-like mural nodules. Second, mural nodules show
certain recurrent genetic alterations, but we identify no clear

single genetic “trigger” for development of a mural nodule
within a mucinous ovarian tumor. Third, morphologically
defined sarcoma-like mural nodules, anaplastic carcinoma-
tous nodules, and sarcomatous nodules do not show
clear reproducible genetic differences, suggesting that they
represent a continuum of neoplastic outgrowths in muci-
nous ovarian tumors, rather than three biologically discrete
entities.

Historically, the three types of mural nodules were pos-
tulated to constitute two biological and clinical groups:
whereas anaplastic carcinomatous and sarcomatous nodules
were presumed (and, for anaplastic carcinomatous nodules,
shown [9, 10]) to represent potentially aggressive clonal
derivatives of the associated mucinous neoplasms, sarcoma-
like mural nodules were thought to be benign reactive
processes [1, 6, 16, 17]. Our data provide the first molecular
evidence that all types of mural nodules, including those
with classical sarcoma-like morphology, represent clonal
derivatives of their associated mucinous ovarian tumors in
at least a substantial proportion of cases.

Furthermore, we employed P53 and MTAP immuno-
histochemistry in two sarcoma-like mural nodules to iden-
tify the tumor cell population harboring TP53 and MTAP
alterations with the reactive inflammatory background. This
immunohistochemical–molecular correlation validates the
earlier suggestion, based on morphology and p53 immu-
nohistochemistry, that at least some sarcoma-like mural
nodules include a population of entrapped tumor cells
within a predominantly inflammatory background [3, 5, 18].
In contrast, our immunohistochemical demonstration of
intact tumor cells refutes an earlier suggestion that sarcoma-
like mural nodules may constitute reactive histiocytic
lesions that phagocytose denuded tumor cells [1, 4]. In this
phagocytic model, a purely sequencing-based study (with-
out immunohistochemical correlation) could misinterpret
tumor DNA from phagocytosed displaced tumor cells as
evidence for clonality (although lysosomal degradation of
nucleic acids might make this less likely). Finally, con-
sistently wild-type p53 immunostaining in the osteoclast-
like giant cells in both sarcoma-like and anaplastic carci-
nomatous nodules is in keeping with previous comparisons
with aneurysmal bone cyst [1, 4].

Although our data show that most mural nodules are
clonally derived from better differentiated mucinous ovarian
tumors, our cohort also includes one case without evidence
for clonality. Although very early phylogenetic divergence
cannot be entirely excluded, we interpret this case as a
collision of a mucinous borderline tumor and an anaplastic
sarcomatoid carcinoma, given that the latter shows patchy
cytokeratin expression and harbors complex copy number
alterations, but lacks the genetic hallmarks of ovarian
mucinous neoplasia seen in the other 12 cases [7, 8]. The
dismal outcome in this case may suggest that these rare
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Table 3 Review of published case series, case reports, and prior reviews of mural nodules arising in mucinous ovarian and retroperitoneal tumors.

Study Mural nodule type Age Stage n Outcome (follow-up period)

Provenza et al. study
cohort [5]

ACN 15–93 years
(mean, 44)

IA 11 1 DOC, 10 NED (median, 5 years)

IC 3 3 DOD Patients AWD:
7 months–3 years
Patients DOD: median,
8 months

II 1 DOD

III 3 1 AWD, 2 DOD

IV 2 1 AWD, 1 DOD

Unstaged 1 DOD

Provenza et al. literature
review [5]

ACN 18–75 years
(median, 38)

IA 10 6 NED (12–24 months), 4 DOD
(12–120 months)

IC 2 1 NED (30 months), 1 DOD (3 months)

II 1 DOD (36 months)

III 3 2 NED (4–18 months), 1 DOD (6 months)

Roma et al. [33] ACN 31–43
(median, 40)

Primary
retroperitoneal

3 1 AWD (26 months), 2 DOD (5 and 9 months)

Zheng et al. [26] Mixed ACN/
SLMN

48 IA 1 NED (12 months)

Yamazaki et al. [35] ACN 35 IA 1 NED (15 months)

Desouki et al. [9] ACN 20 IIIC 1 AWD (~6 months)

Mhawech-Fauceglia
et al. [22]

Mixed ACN/
SLMN

36 IA 1 DOD (3 months)

Mesbah Ardakani et al.
[10]

ACN 22–68 years
(median, 46)

IC 1 DOD (15 months)

III 2 1 NED (17 months), 1 DOD (11 months)

IV 1 AWD (10 months)

Okumura et al. [36] ACN 53 years IIIB 1 NED (36 months)

Chaudet et al. [21] ACN 24–81 years
(mean, 51)

IA 6 6 NED (9–96 months)

IC 2 2 NED (37–66 months)

II 1 NED (228 months)

III 4 1 AWD (n/a), 1 DOC (post-op), 2 DOD (4 and
15 months)

IV 4 2 AWD (3 and 7 months) 2 DOD (4 and
10 months)

Current study ACN (including 1
mixed ACN/SN)

26–71 years
(median, 49)

IA 5 3 NED (6–279 months), 1 DOC (121 months), 1
DOD (9 months)

IC 1 NED (11 months)

III 3 1 NED (20 months), 2 DOD (3 and 8 months)

Total reported ACNs IA 35 27 NED, 2 DOC, 6 DOD

IC 9 4 NED, 5 DOD

II 3 1 NED, 2 DOD

III 17 5 NED, 1 DOC, 3 AWD, 8 DOD

IV 7 4 AWD, 3 DOD

Total 75

Prat et al. [2] SN 49 and 61 years I 1 DOD (18 months)

III 1 DOC (1 week post-op)

Tsujimura et al. [37] SN (RMS) 57 1A 1 NED (3 months)

McFarland et al. [30] SN (OS) 18 and 34 years IA 1 NED (18 months)

IC 1 NED (12 months)

Yang et al. [31] SN 60 IC 1 NED (36 months)

Bague, et al. study
cohort [4]

SLMN 22–83 years
(mean, 47)

IA 8 6 NED (5–21 years), 2 DOC (4 and 7 months)

Bague, et al. literature
review [4]

SLMN 18–81 years
(mean, 39)

IA 16 14 NED (1–12 years), 2 DOC

Demirel et al. [34] SLMN 34 years Primary
retroperitoneal

1 NED (14 months)

Hillesheim et al. [38] SLMN 40 years IA 1 NED (12 months)

Only cases with clinical follow-up are included in this table.

ACN anaplastic carcinomatous nodule, AWD alive with disease, DOC dead of other causes, DOD dead of disease, n/a not available, NED no
evidence of disease, OS osteosarcomatous, RMS rhabdomyosarcomatous, SLMN sarcoma-like mural nodule, SN sarcomatous nodule [35–38].
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collisions tumors carry high risk for aggressive behavior,
although molecular characterization of additional cases is
needed. However, the anaplastic mural nodule in our col-
lision tumor did not show morphological or immunophe-
notypic features appreciably different from the 12 clonal
cases, suggesting that prospective identification of these rare
collision tumors may prove difficult in clinical practice
without routine application of molecular methods.

Our data did not identify any single recurrent genetic
alteration as a “trigger” for the development of mural
nodules in mucinous ovarian tumors. In fact, the mural
nodules in most cases showed no novel genetic alterations,
compared with the background mucinous ovarian tumor.
The only previous molecular-based series of such tumors
identified TP53 mutations in a subset of anaplastic carci-
nomatous nodules but not in paired mucinous ovarian
tumors, prompting the authors to suggest that TP53 muta-
tion may trigger mural nodule development [10]. However,
in our study, only 1 of 13 cases showed a TP53 mutation in
the mural nodule but not the associated differentiated
mucinous tumor, and in 8 of 13 cases both tumor compo-
nents harbored the same TP53 mutation. These data argue
quite convincingly that TP53 mutation is not the key pre-
cipitant of mural nodule development. The same study also
identified a CDH1 mutation in one case [10], but the
pathogenicity of that mutation is in doubt, and we identified
no CDH1 alterations in our 13 cases.

The mucinous ovarian tumors sequenced in this study
did not show ascertainable genetic differences from large
cohorts of mucinous ovarian tumors published in the lit-
erature, with similarly high rates of alterations in CDKN2A,
KRAS, and TP53, as well as less frequent alterations in
ERBB2, BRAF, and PIK3CA [7, 8]. Thus, we found no
evidence that the genetic makeup of particular mucinous
ovarian tumors may predict a predisposition to mural
nodule development.

Recent work identified loss of one or more of the SWI/SNF
chromatin remodeling proteins SMARCA4, SMARCB1,
ARID1A, and ARID1B in 33/40 dedifferentiated endo-
metrial endometrioid and 3/3 dedifferentiated ovarian
endometrioid carcinomas, suggesting that SWI/SNF altera-
tions could play an important role in dedifferentiation of
gynecologic tumors [19, 20]. In keeping with this, we
identified a non-shared deleterious SMARCB1 mutation in
one anaplastic carcinomatous nodule with a fatal outcome,
as well as a non-shared ARID1A frameshift mutation in one
sarcoma-like mural nodule without available follow-up
information. These findings suggest that SWI/SNF altera-
tions may play a pathogenetic role in a subset of mural
nodules, and may be associated with aggressive clinical
behavior in some cases. Our molecular data build on a
recent immunohistochemistry-based study, which reported
loss of one or more SWI/SNF proteins in 9 of 25 mural

nodules, with retained SWI/SNF expression in all asso-
ciated mucinous ovarian tumors, and a trend toward poorer
clinical outcomes in patients with SWI/SNF alterations [21].
While the specific prognostic significance of SMARCB1
loss was not discussed in that study, the single patient with
SMARCB1 loss and clinical follow-up had died of disease
four months after diagnosis [21]. In addition, one recent
case of a young woman with rapidly progressive stage IA
anaplastic carcinomatous nodule with rhabdoid morphology
is suspect for a SWI/SNF alteration, but immunohisto-
chemical and molecular testing was not reported [22].
Additional studies are indicated to better characterize the
pathogenetic role of SWI/SNF alterations in mural nodules
arising in mucinous ovarian tumors, as well as the prog-
nostic value of SWI/SNF immunohistochemistry, particu-
larly in stage IA tumors.

Increased copy number alterations were also associated
with pathogenic progression in mucinous ovarian tumors in
one recent large study [9]. In the current study, the greater
prevalence of complex copy number alterations in mural
nodules than in background mucinous ovarian tumors may
suggest that these changes play a role in mural nodule
development. However, complex copy number alterations
were neither universal in nor specific to mural nodules in
this study, nor were they associated with clinical outcome,
and their pathogenetic role in progression of mucinous
ovarian tumors remains unclear.

The precise role of KRAS mutation in mural nodule
pathogenesis and behavior is also unclear. KRAS mutations
were identified in all nine mucinous ovarian tumors with
mural nodules sequenced in earlier studies [9, 10, 23], but
we report three tumors with no KRAS mutation in either
component, suggesting that KRAS mutations may not be
significantly more prevalent in mucinous ovarian tumors
with mural nodules than in those without, as previously
suggested [10, 24]. Interestingly, in our cohort, absence of a
KRAS alteration was highly correlated with disease-specific
mortality. However, disease-related deaths have been
reported in patients with KRAS-mutated mural nodules,
indicating that KRAS mutation is not invariably associated
with improved outcome [10].

Histomorphologic findings are prognostic in a subset of
cases. Extrapelvic dissemination was associated with death
from disease in two of three cases, in keeping with prior
work [5] and highlighting the importance of careful exam-
ination of the abdominal cavity during surgery for otherwise
unremarkable ovarian mucinous lesions, as the mural
nodule was identified only on pathologic examination in all
13 of our cases. Lymphovascular invasion also correlated
with a poor outcome. However, we found that some
otherwise characteristic anaplastic carcinomatous nodules
may be well-circumscribed (although only select slides
were reviewed in one such case), including in an exemplary
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stage IA, SMARCB1-mutated anaplastic carcinomatous
nodule in a 33-year-old woman which resulted in death
from disease 9 months after diagnosis. Thus, neither low
tumor stage nor sharp circumscription nor young age
guarantees a benign clinical course. Furthermore, in keeping
with prior series, our data show that death from disease is
typically an early outcome, occurring within 1 year of
diagnosis [3, 5].

The limited immunopanel in this study served primarily
to define the distribution of neoplastic cells in tumor
sections. However, we also found no association between
patient outcome and mutant-pattern p53 expression,
MTAP loss, or CDKN2A alterations in this small
cohort. P53 immunohistochemistry and TP53 mutational
status were discordant in some cases, wild-type-pattern
p53 immunostaining seen in three tumors with TP53
missense mutations. A recent abstract [25] reported
modified criteria for interpreting p53 immunohistochem-
istry in mucinous ovarian tumors, which yielded strong
correlation between immunohistochemistry and TP53
molecular sequencing. However, that work has not yet
been reported in a detailed manuscript, and careful review
of our discordant cases revealed conventional wild-type
p53 staining (see Supplemental Fig. 2).

The absence in this study of recurrent genetic differences
between sarcoma-like, anaplastic carcinomatous, and sar-
comatous mural nodules is in keeping with longstanding
documentation of substantial morphological overlap
between sarcoma-like, anaplastic carcinomatous, and sar-
comatous nodules.

● First, a given mural nodule may be difficult to precisely
classify as one of these three types. As previously
reported and noted in three cases in this study, a mural
nodule may show overlapping sarcoma-like and ana-
plastic carcinomatous features [4, 5, 17, 22, 26]. Rare
sarcoma-like nodules may also mimic osteosarcoma or
other mesenchymal malignancy [26–29]. Given the
benign nature previously attributed to sarcoma-like
nodules, these distinctions would be of clinical impor-
tance. Although potentially less clinically significant,
anaplastic carcinomatous and sarcomatous nodules also
show substantial morphologic overlap (as in Cases 8, 9,
and 10 in this study), and objective criteria for
reproducibly distinguishing these subtypes are lacking
[30, 31].

● Second, multiple discrete nodules within a single
tumor may show mixed morphologic patterns
[4, 26, 32]. In Case 10 in this study, physically
discrete but molecularly identical mural nodules
showed unequivocally distinct carcinomatous and
sarcomatous morphologies.

Morphologic, immunophenotypic, and molecular overlap
suggests that mural nodules represent a continuum of clonal
neoplasia arising in mucinous ovarian tumors, rather than
multiple biologically distinct entities. However, the two
patients in this study with sarcoma-like mural nodules and
clinical follow-up had a favorable outcome, and demon-
stration of clonality does not inherently dispute previously
published evidence that rigorously defined sarcoma-like
nodules are not associated with increased patient risk.
Although we did not identify a genetic cause for the clinical
differences between sarcoma-like and anaplastic carcino-
matous nodules, subsequent studies may identify epigenetic
or other factors to account for this difference. For now,
though, it remains reasonable (among stage IA mural
nodules) to distinguish sarcoma-like mural nodules from
anaplastic carcinomatous and sarcomatous mural nodules
using accepted criteria. All mural nodules in mucinous
ovarian tumors should be regarded as potentially malignant
neoplasms, subject to thorough sampling and rigorous
clinical correlation to exclude extraovarian spread.

This study has certain limitations which warrant discus-
sion. First, although this is a relatively large series for this
entity, the rarity of mucinous ovarian tumors with mural
nodules limits cohort size. As a result, some sub-cohorts of
interest (e.g., sarcoma-like mural nodules) are limited to
only a few cases, and adequately powered statistical ana-
lyses are not feasible. No case in our series harbored a
sarcomatous nodule only, reflecting the rarity of this sub-
type in the literature (see Table 3), as well as the lack of
clear morphologic and immunophenotypic criteria for dis-
tinguishing a spindled anaplastic carcinomatous nodule
from a sarcomatous nodule.

Because several of the cases are personal or cancer center
consults, (1) the cohort may be enriched for relatively poor
outcomes and chemotherapy-treated patients, (2) some
cases had only select slides available for morphologic
review, and (3) tissue for immunohistochemical studies was
not available from all tumors. However, given the rarity of
mucinous ovarian tumors with mural nodules, all published
series have been largely consultation-based with limited
material available for review (e.g., a median of two slides
per case in one study [4]). Clinical follow-up was not
available for two cases received in personal consultation.
This includes the sole case of anaplastic carcinoma arising
in a primary retroperitoneal mucinous neoplasm, although
available data indicate that this exceptional scenario is
usually, though not always, associated with poor outcome
[21, 29, 33, 34].

In summary, mural nodules arising in mucinous
ovarian tumors span a broad morphologic spectrum, but
they are clonally derived from the associated mucinous
tumor in most cases, including in mural nodules with
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“sarcoma-like” morphology. The molecular pathogenesis
of these mural nodules is not well understood, but they
appear to be genetically heterogeneous, and SWI/
SNF alterations may play an role in a subset. Stage
appears to be the most important prognostic factor,
though definitive clinically applicable conclusions are
limited due to the rarity of this entity. Collaborative
multi-institutional studies with coordinated prospective
evaluation are warranted to better characterize the biol-
ogy and behavior of neoplastic mural nodules in muci-
nous ovarian tumors.
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