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Abstract

Background: Malignant mixed Mdullerian tumor (MMMT)
or carcinosarcoma of the female genital tract is a rare but
highly aggressive malignancy. Case presentation: e re-
port a unique case of primary ovarian MMMT with poorly
differentiated angiosarcoma as its homologous sarcomatous
component in a 53-year-old woman with a known germline
BRCA1 mutation who presented with a pelvic mass. She un-
derwent staging cytoreduction surgery including total hys-
terectomy, bilateral salpingo-oophorectomy, omentectomy,
and pelvic and para-aortic lymph node dissections. The
removed right ovarian tumor formed a 2.5 cm nodular to
cystic mass replacing the entire organ. Microscopic exami-
nation revealed two distinct tumor components: high-grade
serous carcinoma and poorly differentiated angiosarcoma.
The proliferating sarcomatous cells were diffusely positive
for CD31 and Factor VIII, but were negative for 100, SOX10
and cytokeratin. Both the serous carcinoma and angiosar-
coma components demonstrated aberrant strong and dif-
fuse p53 nuclear positivity. KRAS mutation analysis revealed
guanine-adenine-thymine point mutation at codon 12 in
both tumor components. Metastatic tumor was found involv-
ing the contralateral left ovary with the cellular composition
of pure angiosarcomatous component. Conclusions: This
is the first report of an ovarian MMMT with angiosarcoma as
its homologous sarcoma component. The presence of aber-
rant p53 expression and identical KRAS mutation in both the
serous carcinoma and angiosarcoma components supports
the theory of malignant mesenchymal transition/metaplasia
in the development of MMMT.
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Introduction

Ovarian malignant mixed mullerian tumor (MMMT) or carci-
nosarcoma is a highly aggressive malignancy and represents
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2% of all ovarian cancers.! The patients generally present in
their six to eight decades, with high-stage disease including
abdominal metastasis and ascites.2~> Defined by the pres-
ence of biphasic, distinct malignant epithelial and mesen-
chymal components, the carcinomatous component of ovar-
ian MMMT is commonly high-grade serous but endometrioid
and clear cell carcinoma can also be seen. Histologically, the
mesenchymal component is subclassified into homologous or
heterologous sarcomas depending on whether their normal
mesenchymal cell counterparts are intrinsic or extrinsic to
the ovarian parenchyma. Frequent homologous sarcomatous
components include endometrioid stromal sarcoma, fibrosar-
coma and leiomyosarcoma. Heterologous sarcomatous com-
ponents are chondrosarcoma, rhabdomyosarcoma, osteosar-
coma, or liposarcoma, in order of liposarcoma.® While some
studies suggested that the presence of heterologous sarco-
ma dictates a worse prognosis when compared to MMMT with
homologous sarcomatous components,’-® many other inves-
tigations disputed the theory.*°-14 Different heterologous
sarcomatous components may coexist and are intermingled
within the same tumor. Sarcomatous differentiation in ovar-
ian MMMT beyond the above possibilities is exceedingly rare.
Herein, we report a unique case of ovarian MMMT with poorly
differentiated angiosarcoma as its homologous mesenchymal
component

Case presentation

Clinical presentation

The patient is a 53-year-old female with a history of ma-
lignant melanoma of her right lower leg that was removed
in 2008 and showed a Breslow thickness of 4.6 mm with
two benign sentinel lymph nodes. The patient then present-
ed to a gastroenterologist in June 2013 following gallbladder
surgery. At the time, she complained of changes in bowel
function with occasional constipation. These symptoms were
initially thought to be due to a gluten allergy; however,
testing for celiac disease was negative. A colonoscopy was
performed, and two tubular adenomas were removed. Her
symptoms waxed and waned, with occasional bouts of se-
vere constipation, and she ultimately underwent a computed
tomography scan of the abdomen in June 2014. The scan
revealed a 3.6 x 2.5 cm mass in the head of the pancreas,
suspicious for primary pancreatic cancer, with an adjacent
enlarged lymph node. The patient underwent an endoscopic
biopsy of the pancreatic mass, which was diagnosed as pan-
creatic adenocarcinoma.
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Fig. 1. Histological features of MMMT. Low power view (a, 4x) of the distinct carcinomatous tumor nodules (upper right) in juxtaposition with spindle angiosarco-
matous lesions (lower left). The carcinoma consists of high-grade serous carcinoma cells forming slit to irregular glandular nests (b, 20x). The sarcomatous component
consists of spindle cell proliferation in solid nodules (c, 20x) to anastomosing sinusoids with entrapped red blood cells and lined by flat to cuboidal cells with marked

atypical nuclei (d, 20x). MMMT, malignant mixed Mdillerian tumor.

A positron emission tomography/computed tomography
scan was completed in June 2014, which showed a hyper-
metabolic pancreatic mass with numerous lesions on the
liver and spleen. At the time, focal hypermetabolism of
the bilateral adnexa was noted. The patient was started on
FOLFIRINOX but had a reaction to irinotecan. She was then
switched to FOLFOX and follow up scans in December 2014
showed a decrease in the size of the pancreatic mass, as well
as resolution of her liver, splenic, and omental lesions. Dur-
ing this time, the patient was tested for BRCA1 (her mother
carries a BRCA1 mutation) and was found to be positive for
germline mutation. She was switched to a phase 3 clinical
trial with olaparib (vs. placebo) for BRCA1 patients. Follow
up scans in May 2015 showed stable disease in the pancreas.
She was continued on the olaparib trial but repeat scans in
July 2015 showed an increase in size of the pancreatic mass
with new/regrowth of hepatic metastasis.

The patient was restarted on FOLFOX in August 2015.
However, she had a reaction to oxaliplatin and was switched
to abraxane and gemzar in September 2015. Follow up scan
in December 2015 showed improvement of the liver metas-
tasis, and her treatment was continued. However, her scan in
March 2016 showed increase in size of her pancreatic mass,
as well as an enlarged right ovary with a lobular contour
measuring 3.2 x 3 cm (previously 1.9 x 1.9 cm). An ultra-
sound of the right ovary demonstrated both solid and cystic
areas. The differential diagnosis included metastatic disease
vs. primary ovarian tumor. The patient consulted a gyneco-

logical oncologist, and the decision was made to surgically
remove the right ovary.

Gross and microscopic findings

The surgically removed 5.5 x 4.5 x 3.1 cm right ovary re-
vealed a 2.5 cm parenchymal hemorrhagic cystic lesion upon
sectioning with an attached grossly unremarkable fallopian
tube. Microscopically, areas of high-grade serous carcinoma
and poorly differentiated angiosarcoma occupied distinct
tumor areas (Fig. 1a). The serous carcinoma consisted of
solid tumor nests admixed with lace-like to irregular glan-
dular growth patterns (Fig. 1b). The cells showed charac-
teristic uniformly high-grade cytology for serous carcinoma,
including high nuclear grade with scattered giant tumor cells,
prominent macronucleoli, and brisk mitotic activity with fre-
quent abnormal mitotic figures. The sarcomatous component
consisted of a spindle cell proliferation in relatively solid nod-
ules of flat to cuboidal cells with markedly atypical nuclei
and inconspicuous cytoplasm, lining anastomosing sinusoids
with entrapped red blood cells (Fig. 1c and d). Extensive tu-
mor necrosis and hemorrhage were present in both tumor
components. Immunohistochemically, the serous carcinoma
component was strongly and diffusely positive for CK7 and
focally positive for PAX8, but CK20 and P16 were negative
and WT1 showed cytoplasmic staining only. The angiosar-
coma component was diffusely positive for CD31 and Fac-
tor VIII antigen (Fig. 2), but was negative for S100, SOX10,
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Fig. 2. Immunohistochemical profiles of MMMT. With corresponding HE stained section (a, HE 20x), the serous carcinoma cells (upper right) are positive for CK7
stains (b, 20x) and the angiosarcomatous cells (lower left) are positive for CD31 and Factor VIII (c and d, 20x). HE, hematoxylin and eosin; MMMT, malignant mixed

Mdillerian tumor.

CK7, and CK AE1/AE3. Aberrant diffuse nuclear staining of
p53 was present in both the high-grade serous carcinoma
and angiosarcoma components.

Metastatic tumor was found only in the contralateral
ovary with nodules of pure angiosarcomatous proliferation
(Fig. 1d).

KRAS mutation analysis

KRAS mutation analysis was performed by polymerase chain
reaction-single strand conformational polymorphism (PCR-
SSCP) as previously described.'> Formalin-fixed, paraffin-
embedded blocks containing distinct areas of serous carci-
noma and angiosarcoma were selected. One hematoxylin
and eosin (H&E)-stained section and 10 unstained sections
were created on glass slides. Upon reviewing the HE stained
section, the corresponding tissues from the unstained slides
were scraped with a sterile scalpel into separate microcen-
trifuge tubes. DNA was extracted by hydrothermal pressure
method of simultaneous deparaffinization and lysis of forma-
lin-fixed paraffin embedded tissue followed by conventional
column purification to obtain high quality DNA.6 Exon 2 of
the KRAS gene was amplified by PCR using flanking primers:
forward 5’-GACTGAATATAAACTTGTGG-3’ and reverse 5’-CT-
GTATCAAAGAATGGTCCT-3’ in a 50 pl PCR reaction solution
containing 1x PCR buffer, 0.1 mM dNTP, 1.5 mM MgCI2 and
2.5 units of AmpliTag Gold DNA polymerase. PCR started with
initial denaturation at 95°C for 8 minutes, followed by 35
cycles of denaturation at 94°C for 1 minute, annealing at

55°C for 1 minute and synthesis at 72°C for 2 minutes, and
finished by a final extension at 72°C for 10 minutes (ABI
Veriti Thermal Cycler, Applied Biosystems, Foster City, CA).
The PCR product was analyzed by SSCP using 4 pL of the
PCR product on non-denaturing gel. Electrophoresis was car-
ried out on ice for 2 hours and 45 minutes at 325 volts.
The SSCP gel was then stained with SYBR Gold (Molecular
Probes) 1:10,000 in TE added for 20 minutes and imaged by
Biorad GelDoc UV System (BioRad, Hercules, CA). The pres-
ence of KRAS mutation was determined by comparing the
SSCP banding patterns with known KRAS mutations as posi-
tive controls. An abnormal SSCP banding pattern compatible
with that of guanine-adenine-thymine (GAT) codon 12 muta-
tion was detected in both serous carcinomatous and angio-
sarcomatous components (Fig. 3a). Due to the SSCP banding
pattern of codon 12 GAT mutation overlapping with that of
codon 13 GAC mutation, the abnormal bands were cut out of
the SSCP gel followed by Sanger sequencing in both forward
and reverse directions using the PCR primers, which revealed
a heterozygous GAT mutation at codon 12 of KRAS (Fig. 3b).

Discussion

We report the first case of a primary ovarian MMMT with an-
giosarcoma as its homologous sarcomatous component. The
angiosarcomatous component consisted of distinct nodules of
solid to sinusoidal proliferation of poorly differentiated spin-
dle cells. The lack of cytokeratin immunostaining (CK7 and
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Fig. 3. KRAS mutation status of serous carcinomatous and angiosarcomatous components of MMMT. (a) PCR-SSCP analysis demonstrates identical abnormal
banding pattern in both serous carcinomatous (T1) and angiosarcomatous components (T2) that is similar to that of the GAT codon 12 mutation positive control (GAT).
(b) Sanger sequencing analysis of the abnormal SSCP products confirms the presence of heterozygous GAT mutation at KRAS codon 12 (red star). GAT, guanine-
adenine-thymine; MMMT, malignant mixed Mllerian tumor; PCR-SSCP, polymerase chain reaction-single strand conformational polymorphism.

CK AE1/AE3) and diffuse CD31 and Factor VIII expression
confirmed the endothelial cell differentiation. Defined at the
histological level by the presence of disparate epithelial and
mesenchymal malignant tissue types, MMMT is subclassified
according to its sarcomatous histology into homologous and
heterologous. Frequent homologous sarcomatous compo-
nents include endometrioid stromal sarcoma, fibrosarcoma
and leiomyosarcoma. Heterologous sarcomatous compo-
nents are chondrosarcoma, rhabdomyosarcoma, osteosar-
coma or liposarcoma, in their order of frequency. Angiosar-
comatous differentiation in uterine or ovarian MMMT has not
been reported. One case study of a fallopian tube primary
MMMT in a 57-year-old patient showed a FIGO stage I tumor
that harbored foci of well-differentiated angiosarcomatous
component among multiple heterologous sarcomatous nod-
ules including chondrosarcoma, osteosarcoma, and myxoid
liposarcoma. Conventional endometrioid carcinoma was the
epithelial component in this reported case.!” To our knowl-
edge, angiosarcoma has not been reported as a sarcomatous
component in either uterine or ovarian primary MMMT.
Despite multiple histological, immunohistochemical and
molecular genetic investigations of MMMT arising in the fe-
male genital tract, the pathogenesis of the tumor continu-
ous under continued debate in the literature. A plethora of
variation of both carcinomatous and sarcomatous histological
types in various combinations likely render significant diffi-
culties in the exploration of the pathogenesis of MMMTs. Sev-
eral lines of investigations have found that most uterine and
ovarian MMMTs are clonally evolved, suggesting metaplastic
conversion of carcinoma into sarcomatous differentiation via
epithelial-mesenchymal transition mechanisms.18-20 Identi-

cal p53 mutations detected in the primary ovarian carcinoma
and the subsequent MMMT supports this hypothesis.21:22 The
presence of diffuse strong p53 immunostaining in both the
serous carcinoma and angiosarcomatous components and
identical KRAS mutations detectable in both components in
our case further support the clonal evolution theory of MMMT
as a metaplastic carcinoma.

The cellular composition of metastatic lesions of MMMT,
including both uterine and ovarian primaries, mostly contain
only the carcinomatous component and less commonly ad-
mixed carcinomatous and sarcomatous components. Only
rarely does the sarcomatous component constitute the sole
metastatic lesion.23 The presence of only the angiosarcoma-
tous component without its epithelial counterpart in the con-
tralateral ovary in our case raises the possibility of a collision
tumor. However, the intimate admixture of the two tumor
components in the primary ovarian tumor, and once again,
the presence of abnormal p53 immunohistochemistry and
identical KRAS mutations in both the serous carcinoma and
angiosarcomatous components, strongly argue for the diag-
nosis of MMMT, rather than a collision tumor.

Various studies in the literature explored the correlation
of clinical prognosis with the nature of sarcomatous compo-
nents in MMMT. The presence of heterologous sarcomatous
components correlated with a significantly worse progno-
sis,”82425 and the presence of rhabdomyosarcoma appears
to be associated with the worst prognosis.2® However, many
other studies failed to support this notion.*°-14 The presence
of sarcomatous component outside the ovary was recently
found as a significant adverse prognostic factor.3 The prog-
nostic indication of angiosarcoma component in a MMMT is
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entirely unknown. Our patient received cytoreduction staging
surgery with the tumor involving both ovaries, including the
right ovarian surface. Post operatively, the patient received
three cycles of carboplatinum and Taxol. Follow up scans
showed an increase in size of her liver lesion in September
2016, and the patient died of wide-spread metastatic disease
6 weeks later. Autopsy was not performed.

It should be noted that our patient was a germline BRCA1
mutation carrier and developed three malignancies over
time, including skin melanoma, pancreatic adenocarcinoma
and finally ovarian MMMT. MMMTs occur in BRCA1 mutation
carriers with TP53 loss of function mutation, which is a ge-
netic alteration known to occur in BRCA-linked ovarian tu-
morigenesis.2?2 However, such association has been limited
to single case reports, including the current case study. In
addition to breast and ovarian cancers, patients with ger-
mline BRCA1 mutations also have increased risks for pancre-
atic carcinoma.?’ However, patients with BRCA2, not BRCA1
mutation, have been found to have increased risk for skin
melanoma.?8

Conclusions

This is the first report of a postmenopausal patient with ger-
mline BRCA1 mutation who developed a primary ovarian
MMMT with poorly differentiated angiosarcoma as its homol-
ogous sarcomatous component. The presence of abnormal
p53 immunohistochemical profile and identical KRAS muta-
tions in both the high-grade serous carcinoma and angiosar-
coma components support malignant epithelial-mesenchy-
mal transition as a possible mechanism in the pathogenesis
of MMMT.
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