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Abstract Pelvic carcinosarcomas (PCSs) are rare aggressive
biphasic tumors that localize in the ovary, fallopian tube, or
peritoneum and present frequently as bilateral disease. We
undertook a morphological, p53 immunohistochemical and
TP53 gene mutational analysis study in a single institution
cohort of 16 PCSs in order to investigate the nature of bilateral
tumors and to shed light on their origin and pathogenesis. Of
the 16 patients, 10 presented with bilateral disease, 6 with a
carcinosarcoma in both adnexa, and the remaining cases with
a carcinosarcoma in one adnexum and a carcinoma in the
opposite. The carcinoma component showed high-grade se-
rous features in 13/16 of cases (81 %). In 10 patients (63 %), a
serous tubal intraepithelial carcinoma (STIC) was found, in
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one case bilateral, making a total of 11 STICs. STIC was
found only in cases with a carcinoma component with high-
grade serous features. All 10 bilateral tumors and all 11 PCS-
associated STICs showed a similar p5S3 immunostaining pat-
tern. At mutation analysis of the 7P53 gene, all five bilateral
PCS contained an identical mutation in both localizations.
Furthermore, a TP53 mutation was found in 8 of 10 STICs,
with an identical mutation in the associated PCS. The finding
of similar p53 immunostaining in all bilateral cases and iden-
tical 7P53 mutations in most PCS-associated STIC provides
evidence for a clonal relation between these neoplastic lesions,
supporting a metastatic nature of bilateral PCS and suggesting
that they have an extraovarian origin in a STIC.
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Introduction

Carcinosarcomas (malignant mixed Miillerian tumors) are bi-
phasic tumors composed by two malignant high-grade com-
ponents respectively of epithelial and mesenchymal nature,
according to the recent World Health Organization
Classification of Tumors of Female Reproductive Organs
[1]. The carcinomatous component may show high-grade se-
rous, endometrioid, clear cells, or undifferentiated features [2].
The sarcomatous component may be homologous or heterol-
ogous, the latter most commonly exhibiting chondroid or
rhabdomyoblastic differentiation [3].

Pelvic extrauterine carcinosarcomas (PCSs) can arise in the
ovary, fallopian tube, or peritoneum and are bilateral in ap-
proximately half of the cases [4]. In the ovary, they account
approximately for 1-4 % of all ovarian malignancies [5]. They
behave more aggressively than high-grade serous carcinomas
(HGSC) [6].

While it has been suggested that the most common
histotypes of ovarian carcinoma have an extraovarian origin,
from serous tubal intraepithelial carcinoma (STIC) for HGSC
[7] and endometriosis for endometrioid (EC) [8] and clear cell
carcinomas (CCC) [9], pathogenesis and origin of PCS are
still poorly understood. Moreover, whether bilateral synchro-
nous PCSs are independent primary tumors or reflect metasta-
tic disease is yet to be elucidated.

In this study, we undertook a comprehensive morphologi-
cal, p53 immunohistochemical and 7P53 mutational analysis
of 16 PCSs, to elucidate whether PCSs might be derived from
extraovarian neoplastic precursor lesions and to clarify the
relationship between bilateral tumors.

Materials and methods
Case selection

PCSs cases were searched retrospectively in the archives of
the Department of Pathology, Spedali Civili of Brescia. All
patients were treated and followed at the Division of
Gynecological Oncology at the same hospital institution.
Surgical stage was assigned based on the criteria of the
International Federation of Gynecology and Obstetrics
(FIGO) [10]. Original reports and tumor slides were reviewed
in order to confirm the diagnosis of carcinosarcoma, to define
the primary tumor site based on the localization of the largest
tumor mass and to assess morphological features of the carci-
nomatous and sarcomatous components. Fallopian tube sam-
pling had been performed for each patient; in 11 of 16 patients,
fimbrial ends had been sampled including two recently
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diagnosed cases in which the SEE-FIM protocol was applied.
Fallopian tubes were carefully evaluated in order to identify
the presence of STIC following previously reported morpho-
logical and immunohistochemical criteria [11]. The study was
performed in accordance with the guidelines of the
Institutional Research and Brescia Hospital Ethical Board
protocols.

Immunohistochemical staining of p53

Immunohistochemical analysis was performed using a mouse
monoclonal anti-p53 antibody (clone DO-7 Mouse IgG2b/
kappa, Thermo Fisher Scientific Fremont, USA) on a Bond
Max System (Leica Biosystem, New Castle Ltd., UK).
Briefly, antigen retrieval using citrate buffer at pH 6.0 was
followed by incubation of sections with primary antibody
(1:1000 dilution) for 30 min. Immunoreactivity was revealed
by Bond Polymer Refine Detection Kit (Leica Biosystem) and
diaminobenzidine as chromogen and with hematoxylin as nu-
clear counterstain.

Immunostaining results were assessed blinded to 7P53
gene mutational data, applying a previously reported scoring
system [12], the results of which correlate with the 7P53 gene
status. An overexpressed pattern was attributed to cases with
>60 % of tumor cells showing intense nuclear p53 staining.
Tumors completely negative for p53 in the presence of posi-
tive internal controls were defined as having a null pattern.
Weak/focal pattern was attributed to cases showing weak and
focal p53.

Tumor dissection and DNA extraction

Tumor dissection was performed manually using an 18-gauge
needle under microscopic visualization, separately for carci-
nomatous and sarcomatous components and by laser micro-
dissection for STICs. For laser microdissection serial, 10-pum
thick sections were mounted onto polyethylene naphthalate
slides (Leica Microsystem, Wetzlar, Germany) and treated ac-
cording to protocol. A consecutive hematoxylin and eosin-
stained section was used as a guide to identify areas of interest.
An average of 500-1000 cells for each STIC were laser mi-
crodissected using Leica LMD 6000 laser microdissection
system and collected into tubes. After 24 h of proteinase di-
gestion, DNA extraction was performed automatically on a
MagCore Nucleic Acid Extractor (RBC Bioscience, New
Taipei City, Taiwan) or with a QIAamp DNA Micro Kit
(Qiagen, Valencia, CA, USA) for microdissected samples,
following the manufacturer’s protocols.

TP53 gene mutation analysis

TP53 gene mutation analysis was performed only on tumor
specimens of patients with a STIC (10 patients). For each
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patient, non-neoplastic control tissue was also analyzed. We
first searched 7P53 mutations in DNA extracted from the
carcinoma components using next-generation sequencing
(NGS). Subsequently, DNA was extracted from other tumor
components (homolateral sarcomatous component; all tumor
components from eventual contralateral tumor; STIC) and an-
alyzed with Sanger sequencing to confirm the variants identi-
fied with NGS.

TP53 gene NGS was performed on an Ion Torrent PGM
platform (LifeTechnologies, Carlsbad, CA, USA). Barcoded
libraries were constructed with the Ion AmpliSeq Library Kit
2.0 (Life Technologies) following the manufacturer’s proto-
col. Briefly, 20 ng of somatic DNA was amplified using the
validated TP53 Ion AmpliSeq " Panel (LifeTechnologies) that
consists of 24 amplicons distributed in two pools
(Supplementary Table 1). The final target of 1.280 bp includes
all coding and flanking regions of 7P53. After dilution to
15 ng/ml, the libraries were sequenced on Ion314 Chips using
Ion PGM 200 Sequencing Kit (LifeTechnologies). The mean
read length was 97 bp and the average reads were approxi-
mately 14,944 bp of sequence per sample with 24/24 (100 %)
amplicons covered at least 50-fold.

Initial sequences from the PGM runs were aligned with
Torrent Suite software and the Torrent Suite variant caller
v4.2 performed variant identification. Further, the files gener-
ated from Torrent Suite software (BAM and BAI file) were
used in order to visualize the sequence in the Integrative
Genomics Viewer (IGV, Broad Institute) [13] and to confirm
the mutations identified in the variant caller file (VCF).
Additionally, detected mutations were confirmed by Sanger

Table 1  Clinicopathological features of pelvic carcinosarcomas cases

sequencing. The variants observed were compared to those
present in the “1000 Genomes Project,” “Exome Variant
Server,” “Human Gene Mutation Database (HGMD),”
“Exac Browser,” and “COSMIC database” to assess recurrent
mutations in ovarian and breast cancer.

For Sanger confirmation, DNA was amplified and se-
quenced with primers corresponding to the amplicon of the
TP53 gene panel for the mutation detected with NGS
(Supplementary Table 1).

Results

Clinicopathological features of patients are summarized in
Table 1. A total of 15 patients affected by PCS were identified
between 2000 and 2014. We included in the study one patient
with bilateral ovarian HGSC and omental metastasis with car-
cinosarcoma histology (pt ID 15), as an example of the rare
occurrence of a primary ovarian carcinoma metastasizing as
carcinosarcoma [14]. Patient age at presentation ranged be-
tween 52 and 86 years (mean 65.5 years; median 63.5 years).
Thirteen patients (81 %) presented at stage III-IV and 3 at
stage 1. Follow-up was available for 15 patients, with a mean
and median duration of 42.8 and 24.0 months (range 4—
171 months) respectively. At last follow-up, nine patients
had died of disease (60 %), two where alive with disease
(13 %), and the remaining four patients (27 %) were alive
without disease (Table 1).

We defined the ovary as primary tumor site in 14 cases and
the fallopian tube in 2 cases. Bilateral tumors were found in

PtID Age Stage PTS Laterality cC sC STIC F-U

No. 1 65 111 ov Monolateral High-grade serous Homologous Present D (15 m)

No. 2 70 11 ov Monolateral High-grade serous Homologous Present NED (171 m)
No. 3 61 111 ov Bilateral High-grade serous Heterologous Absent D (29 m)

No. 4 61 1 ov Bilateral Undifferentiated Homologous Absent D (17 m)

No. 5 56 111 ov Bilateral High-grade serous Heterologous Present NED (108 m)
No. 6 72 I ov Bilateral High-grade serous Heterologous Present D (9 m)

No. 7 69 I FT Monolateral High-grade serous Homologous Present NED (91 m)

No. 8 76 I ov Monolateral High-grade serous Heterologous Present D (12 m)

No. 9 86 11 ov Monolateral Endometrioid Heterologous Absent D (4 m)

No. 10 59 il ov Bilateral High-grade serous Heterologous Absent D (24 m)

No. 11 58 111 oV Monolateral Endometrioid Homologous Absent AWD (57 m)
No. 12 52 111 oV Bilateral High-grade serous Heterologous Absent AWD (50 m)
No. 13 62 v FT Bilateral High-grade serous Homologous Present D (12 m)

No. 14 76 111 oV Bilateral High-grade serous Homologous Present NED (19 m)

No. 15 58 111 ov Bilateral High-grade serous Heterologous Present D (25 m)

No. 16 68 111 ov Bilateral High-grade serous Heterologous Present n.a.

Pt ID patient identity, PTS Primary tumor site, CC carcinomatous component, SC sarcomatous component, S7/C serous tubal intraepithelial carcinoma,
F-U follow-up, OV ovary, D dead, m months; NED, non-evidence of disease, FT fallopian tube, AWD alive with disease, n.a. not available
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ten patients: six with a carcinosarcoma in both adnexa, while in
three patients, carcinosarcoma was found in one side and
carcinoma in the other. The remaining case was the bilateral
ovarian HGSC with omental metastasis of carcinosarcomatous
histology mentioned above.

In 13 cases, the carcinomatous component showed high-
grade serous features, in 2 cases endometrioid features, and in
a single case, this was undifferentiated. The sarcomatous com-
ponent was homologous in seven and heterologous in nine
cases, the latter including rhabdomyoblastic and/or chondroid
differentiation.

Details regarding fallopian tube sampling and tumor in-
volvement are reported in Supplementary Table 2. STICs were
identified in ten patients and one of them (ID 13) had bilateral
STIC. STICs were found only when the carcinoma compo-
nent showed high-grade serous features, and they were mostly
localized in fimbriae, followed by the isthmus and the
tuboperitoneal junction. In addition to STICs, we detected foci
of invasive carcinoma in fimbrial ends in five cases with a
dominant tumor mass in an ovary. In the two cases with pri-
mary fallopian tube carcinosarcoma, the ovaries were not in-
volved while in one of them, minimal tumor deposits were
found on the surface of the ovary. In one patient (ID 11),
multiple foci of ovarian endometriosis were found, not con-
tiguous with carcinosarcoma.

p53 immunohistochemistry

P53 immunostaining was performed in all cases on sections
containing carcinoma and sarcoma components, and bilateral
tumors as well as STICs were included. P53 immunostaining
was evaluated separately for the carcinoma and sarcoma com-
ponents of each tumor, and the staining patterns were com-
pared. Results are summarized in Table 2.

Of the 22 pairs of carcinoma-sarcoma components ob-
tained from bilateral and unilateral tumors, 21 (96 %)
showed concordant p53 immunostaining in both compo-
nents classified as overexpressed in 16, null in 5, and
weak/focal in 1. In the single case showing discordant
p53 staining between the components, overexpression
was found in the sarcoma component but weak staining
in the carcinoma component. Overexpressed and null p53
staining patterns were detected only in cases showing se-
rous and undifferentiated carcinomatous components,
while weak/focal p53 immunostaining was found exclu-
sively in cases exhibiting endometrioid features.

All ten bilateral tumors showed concordant p53 immu-
nostaining in the lesions on both sides. Intense diffuse
staining for p53 was found in 8 of 11 STICs, while the
remaining 3 cases were completely negative. Normal
fallopian tube epithelium adjacent to STIC contained
scattered nuclei weakly positive for p53, a finding consis-
tent with wild-type p53 protein. In all of the 11 pairs with
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Table 2 p53 IHC pattern in the carcinomatous and sarcomatous
components of pelvic carcinosarcomas and associated STICs

pt.ID  Adnexa CC SC STIC
No. 1 Right Overexpressed  Overexpressed  Overexpressed
No.2  Right Overexpressed ~ Overexpressed — Overexpressed
No. 3 Right Overexpressed  Overexpressed — n.p.
Left Overexpressed ~ Overexpressed — n.p.
No.4  Right Overexpressed — n.p. n.p.
Left Overexpressed  Overexpressed — n.p.
No.5  Right Null Null n.p.
Left Null n.p. Null
No.6  Right Null Null n.p.
Left Null Null Null
No.7  Left Overexpressed  Overexpressed — Overexpressed
No.8  Left Overexpressed  Overexpressed — Overexpressed
No. Right Weak/focal Weak/focal n.p.
No. 10  Right Overexpressed  Overexpressed — n.p.
Left Overexpressed  Overexpressed — n.p.
No. 11 Right Weak/focal Overexpressed — n.p.
No. 12 Right Overexpressed  Overexpressed — n.p.
Left Overexpressed ~ Overexpressed — n.p.
No. 13 Right Overexpressed  Overexpressed — Overexpressed
Left Overexpressed  Overexpressed ~ Overexpressed
No. 14 Right Overexpressed ~ Overexpressed  Overexpressed
Left Overexpressed — n.p. n.p.
No. 15 Right®  Overexpressed bOverexpressed n.p.
Left* Overexpressed Overexpressed
No. 16  Right Null Null n.p.
Left Null Null Null

IHC immunohistochemical, Pt ID patient identity, CC carcinomatous
component, SC sarcomatous component, ST/C serous tubal intraepithelial
carcinoma; n.p. not present

#Ovarian bilateral HGSC

b .
Carcinosarcomatous omental metastases

STIC and concomitant PCS, both lesions showed a con-
cordant p53 immunostaining pattern.

TP53 gene mutation analysis

TP53 gene mutation analysis was performed on tumor speci-
mens from the 10 patients with a STIC and included 16 car-
cinoma components, 12 sarcoma components, and 10 STICs
(Table 3). All TP53 gene mutations detected by NGS were
confirmed by Sanger sequencing. 7P53 mutations were iden-
tified in 14/16 carcinoma components, in 12/12 sarcoma com-
ponents, and in 8/10 STICs. They were located in exons 5-8,
most often in exon 5 and of missense type. 7P53 mutations
were not detected in normal-tissue controls indicating their
somatic character.
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Table 3  TP53 gene mutations in the carcinomatous and sarcomatous components of Pelvic Carcinosarcomas and associated STICs
pt. ID Adnexa cc sC STIC
No. 1 Right Ex.5:¢.524G > A:pArgl75His Ex.5:¢.524G > A:pArgl75His Ex.5:¢.524G > A:pArgl75His
No. 2 Right Ex.5:¢.536 A > G:p.His179Arg Ex.5:¢.536 A > G:p.His179Arg Ex.5:¢.536 A > G:p.His179Arg
No. 5 Right WT n.a. n.p.

Left WT n.p. n.a.
No. 6 Right Ex.5:¢.438G > A:p.Trpl46Ter Ex.5:¢.438G > A:p.Trpl46Ter n.p.

Left Ex.5:¢.438G > A:p.Trpl46Ter Ex.5:¢.438G > A:p.Trpl46Ter Ex.5:¢.438G > A:p.Trpl46Ter
No. Left Ex.8:¢.809 T > G:p.Phe270Cys Ex.8:¢.809 T > G:p.Phe270Cys Ex.8:¢.809 T > G:p.Phe270Cys
No. Left Ex.6:¢.584 T > C:p.lle195Thr Ex.6:¢.584 T > C:p.lle195Thr Ex.6:¢.584 T > C:p.Ile195Thr
No. 13 Right Ex.7:c.711G > A:p.Met2371le Ex.7:¢.711G > A:p.Met2371le WT

Left Ex.7:c.711G > A:p.Met2371le Ex.7:c.711G > A:p.Met2371le Ex.7:c.711G > A:p.Met2371le
No. 14 Right Ex.8:¢.817C > T:p.Arg273Cys Ex.8:c.817C > T:p.Arg273Cys WT

Left Ex.8:¢.817C > T:p.Arg273Cys n.p. n.p.
No. 15 Right* Ex.5:¢.517G > A:p.Vall73Met "Ex.5:¢.517G > A:p.Vall73Met n.p.

Left* Ex.5:¢.517G > A:p.Vall73Met Ex.5:¢.517G > A:p.Vall73Met
No. 16 Right Ex.6:¢.637C > T:p.Arg213Ter Ex.6:¢.637C > T:p.Arg213Ter n.p.

Left Ex.6:c.637C > T:p.Arg213Ter Ex.6:¢.637C > T:p.Arg213Ter Ex.6:c.637C > T:p.Arg213Ter

Pt ID patient identity, CC carcinomatous component, SC sarcomatous component, W7 wild type, n.a. not assessed, n.p. not present

# Ovarian bilateral HGSC

® Carcinosarcomatous omental metastases

All 12 paired carcinoma-sarcoma component samples, ob-
tained from monolateral and bilateral tumors, contained an
identical 7P53 mutation in both tumor components. In five
bilateral tumors, the same 7P53 mutation was found in all
tumor components in both adnexa. Finally, in paired PCS-
STIC samples, an identical 7P53 mutation was detected in
both lesions in 8/10 cases, while in the two remaining cases,
a wild-type TP53 gene was found in the STIC and a missense
TP53 mutation in the corresponding PCS (Table 3, case ID
13-14).

Correlation of 7P53 mutation type with p53
immunostaining pattern

In keeping with previous observations [7, 12], P53 mutation
type and p53 immunostaining pattern were significantly cor-
related (p < 0.001, two-tailed Fisher’s exact test), missense
mutations corresponding with p53 overexpression in 24
(Fig. 1) and non-sense TP53 mutations reflected in null p53
immunostaining in 10 neoplastic samples (Fig. 2) (Table 4).
Of note, in four lesions, pS3 immunostaining suggested the
presence of a 7P53 mutation while mutation analysis was wild
type. Two of these cases (Table 4, pt. ID 13 and 14) concerned
a STIC with p53 overexpression and the wild-type 7P53 gene
status might have resulted from contamination with normal
tubal epithelial cells. The remaining two lesions consisted of
bilateral PCS in which the carcinoma component in both ad-
nexa showed a null p53 immunostaining pattern, without a

TP53 anomaly by NGS (Table 4, pt. ID 5). Conceivably, in
this case, alterations in the 7P53 gene regulatory regions or
complex molecular aberrations not detected by NGS might
have been responsible for the discrepancy.

Discussion

We studied 16 cases of PCS and found that they are frequently
bilateral, most often composed of a high-grade serous carci-
noma component, and in a high proportion of cases (10/16),
associated with STIC in the fallopian tubes. By immunohisto-
chemistry and mutation analysis, we found that in the carci-
noma and sarcoma components of PCS as well as in bilateral
tumors and in associated STICs, p53 staining pattern is often
similar, along with identical 7P53 mutations, suggesting a
clonal relationship between all these neoplastic lesions.
Previous ultrastructural, immunohistochemical, in vitro, and
molecular studies have provided evidence in support of the
derivation of the carcinoma and sarcoma components of both
uterine and pelvic extrauterine carcinosarcomas from a single
stem cell precursor [15—19]. This included p53 immunohisto-
chemical and 7P53 gene mutation analysis [20-22].

The issue of unilateral versus bilateral PCS has been
overlooked in most previous reports [23-25], with the excep-
tion of a series of 64 cases from Taiwan, in which bilateral
ovarian tumors were found in half of the cases [4]. In keeping
with this observation, we found the majority of the cases in
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Fig. 1 p53 immunostaining in
carcinosarcoma and STIC and
TP53 mutation of case ID 8.
Carcinomatous component with
high-grade serous features (a)
with overexpressed p53
immunostaining (b).
Sarcomatous component with
chondroid elements (¢) with p53
overexpressed immunostaining
(d). Section of the fallopian tube
showing a STIC in the left side
and normal tubal epithelium in the
right side (e); while STIC shows
intense and diffuse p53
immunostaining, the normal tubal
epithelium shows scattered nuclei
weakly positive for p53 (f) (x20
magnification). 7P53 missense
mutation detected in all tumors
components (g)

CTTAECCGA

NM_000546:exon6:c.T584C:p.1195T

our study (10/16, 63 %) to be bilateral. The occurrence of
similar p53 immunostaining patterns and identical 7P53 mu-
tation status in both adnexa of all studied PCSs is convincing
evidence of their clonal relationship and supports the notion
that one of the tumor sites is metastatic, rather than a synchro-
nous independently developed malignancy.
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The carcinoma component showed high-grade serous
features in the vast majority of our cases, while
endometrioid or undifferentiated features were observed
only in two and one cases respectively. In three out of
ten bilateral cases, a carcinosarcoma was present in one
adnexum and a carcinoma in the other. In a single case
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Fig. 2 p53 immunostaining in carcinosarcoma and STIC and 7P53
mutation of case ID 16. Carcinomatous component with high-grade
serous features surrounding a central area composed by non-neoplastic
stromal cells (a); carcinomatous cells are completely negative for p53
while non-neoplastic stromal cells show weak nuclear positivity for p53
(b). Sarcomatous component with chondroid elements (c¢) with p53 null

(pt ID 15), carcinosarcoma histology was recognized in
an omental metastasis of a primary bilateral ovarian
HGSC.

The universal presence of a carcinoma component and
its high-grade serous nature, which represents the most
common ovarian cancer histotype in Western countries
[26], suggests that pelvic carcinosarcomas, similar to
uterine carcinosarcomas, may arise primarily as a high
grade carcinoma. Some of them have been described to
arise as ovarian HGSC or poorly differentiated ovarian
endometrioid carcinoma and subsequently presented as
carcinosarcoma only in the recurrent tumor [14, 27].
This hypothesis is further supported by the observation
that STIC, which is considered the precursor of pelvic
HGSC, occurs in fallopian tubes removed from patients
affected by pelvic carcinosarcoma [28, 29]. In addition,
PCSs have been reported to arise in patients with

immunostaining (d). Section of the fallopian tube showing a STIC in the
lower part of the picture and normal tubal epithelium in the upper one (e);
while STIC cells are completely negative for p53, the normal tubal
epithelium shows occasional nuclei weakly positive for p53 (f) (x40
magnification). P53 non-sense mutation detected in all tumors
components (g)

germline mutations of BRCAI/2 and RAD5SIC genes
[30-32], a condition typically associated with STIC and
HGSC.

The occurring of STIC in PCS has been described in a
case report [28] and, more recently, in 8 of 21 cases of
ovarian carcinosarcoma [29]. We found STICs to be even
more frequent as they were identified in 10 out of 16
cases, all as PCS with a high-grade serous carcinomatous
component. Furthermore, using laser microdissection, we
provided evidence that STIC and the associated invasive
carcinoma and sarcoma components harbor identical p53/
TP53 abnormalities in most cases. Taken together, these
observations suggest that a large proportion of PCSs, es-
pecially those with a high-grade serous carcinoma com-
ponent, derive from STIC, which transforms into invasive
HGSC that subsequently gives rise to the sarcoma com-
ponent. This provides further support to the conversion
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Table 4 Comparison of 7P53 mutation status and p53 immunohistochemical pattern in pelvic carcinosarcomas and STICs

pt. ID Adnexa cC sC STIC
TP53 p53 TP53 p53 TP53 p53

No. 1 Right Missense Overexpressed Missense Overexpressed Missense Overexpressed
No. 2 Right Missense Overexpressed Missense Overexpressed Missense Overexpressed
No. 5 Right WT Null n.a. Null n.p.

Left WT Null n.p. n.a. Null
No. 6 Right Non-sense Null Non-sense Null n.p.

Left Non-sense Null Non-sense Null Non-sense Null
No. 7 Left Missense Overexpressed Missense Overexpressed Missense Overexpressed
No. 8 Left Missense Overexpressed Missense Overexpressed Missense Overexpressed
No. 13 Right Missense Overexpressed Missense Overexpressed WT Overexpressed

Left Missense Overexpressed Missense Overexpressed Missense Overexpressed
No. 14 Right Missense Overexpressed Missense Overexpressed WT Overexpressed

Left Missense Overexpressed n.p. n.p.
No. 15 Right” Missense Overexpressed "Missense "Overexpressed n.p.

Left® Missense Overexpressed Missense Overexpressed
No. 16 Right Non-sense Null Non-sense Null n.p.

Left Non-sense Null Non-sense Null Non-sense Null

Pt patient, CC carcinomatous component, SC sarcomatous component, W7 wild-type, n.a. not assessed, n.p. not present

# Ovarian bilateral HGSC

® Carcinosarcomatous omental metastases

theory, which suggests that ovarian carcinosarcomas arise
through dedifferentiation of a preexisting carcinoma, sim-
ilar to uterine carcinosarcoma which is considered a meta-
plastic tumor [33, 34]. This implies that the primary tumor
site in PCS should be determined according to the criteria
recently suggested in the literature [35]. For PCS with a
high-grade serous carcinomatous component, it should not
be based exclusively on the dominant tumor mass but
additional features, in particular, the presence of STIC or
invasive carcinoma in the fallopian tube, should be taken
into consideration.

Traditionally, PCSs are considered very aggressive tu-
mors [36]. Similar to previous studies, most patients of
our series presented at advanced FIGO stage (III-IV stage
in 13/16 cases) and with a median duration of follow up
(24.0 months), which is in the range described in the
literature [37-39]. In addition, as other authors also have
pointed out [20, 37], some of our patients had a favorable
outcome with a long survival time. Further studies are
needed to improve our understanding of these differences
in clinical behavior.

In conclusion, by combining morphological, p53 immuno-
histochemical, and 7P53 mutation analysis, we provide evi-
dence that PCSs are monoclonal tumors, that bilateral cases
most likely represent metastatic tumors rather than indepen-
dent primary malignancies, and that those with a high-grade

@ Springer

serous carcinoma component derive from a STIC. These find-
ings shed light on PCS carcinogenesis and might have impli-
cations for treatment and early detection and prevention of
these highly aggressive tumors.
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