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Carcinosarcomas (malignant mixed Müllerian tumors) of the uterus are rare and aggressive malignancies

consisting of an epithelial (carcinoma) and a mesenchymal (sarcoma) tumor component and are considered as

metaplastic endometrial carcinomas. This study evaluated molecular characteristics and clinical behavior of

uterine carcinosarcomas to improve treatment regimens in the future. Immunohistochemical expression of

estrogen receptor-a and -b, progesterone receptor-A and -B, MLH1, MSH2, MSH6, PTEN (phosphatase and

tensin homolog deleted on chromosome 10), p53, b-catenin and cyclin D1 was determined in 40 uterine

carcinosarcomas. Immunostaining was compared between epithelial and mesenchymal tumor components. To

determine the prognostic role of the epithelial component, clinicopathological data and survival were compared

between patients with endometrioid and non-endometrioid epithelial tumor components. To determine

prognosis of carcinosarcomas compared with high-risk endometrial carcinomas, clinicopathological char-

acteristics and survival were compared between these patients. Hormone receptor expression occurred

infrequently: estrogen receptor-a (8%) and -b (32%), progesterone receptor-A (0%) and -B (23%), next to

b-catenin (4%) and cyclin D1 (7%). PTEN, MLH1, MSH2 and MSH6 mutations occurred in 39%, 33%, 22% and

21%, respectively (based on absent immunostaining). Overexpression of p53 was observed in 38%. Expression

patterns of p53, MSH2 and MSH6 corresponded between epithelial and mesenchymal tumor components. In our

cohort, the epithelial component caused the majority of metastases (72%) and vascular invasion (70%). Survival

tended to be worse for patients with a non-endometrioid epithelial component compared with an endometrioid

epithelial component (5-year survival: 26% and 55%, respectively). Survival was worse for patients with uterine

carcinosarcomas compared with high-risk endometrial carcinomas (grade 3 endometrioid and non-endome-

trioid); 5-year survival rates: 42%, 77% and 57%, respectively. Our results support the monoclonal origin of

uterine carcinosarcomas. The epithelial component determines prognosis by causing the majority of

metastases and vascular invasion. To improve prognosis, treatment should focus on the epithelial tumor

component of uterine carcinosarcomas.
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Uterine carcinosarcomas (malignant mixed Müller-
ian tumors) are rare malignancies of the female
genital tract, accounting for 1–5% of uterine malig-
nancies.1,2 Microscopically, carcinosarcomas consist
of two histological malignant components: an
epithelial (carcinoma) and a mesenchymal (sarcoma)
component. The epithelial component is usually a
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high-grade carcinoma such as papillary serous or
clear cell.3 The mesenchymal component may be
either homologous or heterologous. The homologous
mesenchymal component contains cell types that are
normally found in the uterus: stromal sarcoma,
fibrosarcoma, undifferentiated sarcoma and leiomyo-
sarcoma. These cell types can either occur as single
or mixed tissue type. The heterologous component is
composed of other components such as rhabdomyo-
sarcoma, chondrosarcoma, osteosarcoma and lipo-
sarcoma.4,5 The proportion of the epithelial and
mesenchymal component can vary between indivi-
dual cases.

Several theories about the origin of the coex-
istence of two distinctive malignant components in
the same tumor have been proposed during the past
decades. The ‘collision’ theory suggests that the
epithelial and mesenchymal component originated
separately and finally collided in one ‘mixed’ tumor.
The ‘combination’ theory comprises the assumption
of a common (epithelial) precursor stem cell with bi-
directional differentiation. The ‘conversion’ theory
suggests that the epithelial component is ‘the
driving force’: the mesenchymal component is
derived from the epithelial component via a meta-
plastic process.6,7 Molecular and immunohisto-
chemical studies suggest that most, but not all,
carcinosarcomas are monoclonal, supporting the
conversion theory.6,8,9 Therefore, uterine carcinosar-
comas are considered as metaplastic endometrial
carcinomas. Endometrial carcinomas can be divided
into two types based on clinicopathological char-
acteristics: type I consists of endometrioid carcino-
mas and type II consist of clear-cell and serous
papillary carcinomas.7,10 Type I endometrial carci-
nomas are associated with mutations of DNA
mismatch repair (MMR) genes, PTEN (phosphatase
and tensin homolog deleted on chromosome 10)
mutations, estrogen receptor expression, progester-
one receptor (PR) expression and aberrant Wnt/b-
catenin signaling pathway. Type II endometrial
carcinomas are characterized by p53 mutations and
have a worse prognosis compared with type I
endometrial carcinomas. High-risk subtypes of en-
dometrial carcinomas (grade 3 endometrioid and
non-endometrioid) show resemblance to the aggres-
sive biological behavior of uterine carcinosarcomas,
although prognosis of uterine carcinosarcomas is
worse.11,12

Uterine carcinosarcomas predominantly occur in
postmenopausal women and a higher incidence is
found among black women compared with white
women.1 Risk factors are similar to endometrial
carcinomas: advanced age, obesity, nulliparity and
exposure to exogenous estrogen. Furthermore, long-
term use of tamoxifen after breast cancer has been
associated with the development of a uterine
carcinosarcoma.4 Stage of disease, myometrial inva-
sion and vascular invasion are important prognostic
factors. Owing to a high tendency to early extra-
uterine spread, advanced disease is usually present

at the time of diagnosis.4,13 Prognosis is poor: 5-year
survival rates have been reported between 30% and
45.8% in early-stage carcinosarcoma (FIGO stage I/
II) and between 0% and 10% in advanced stage
carcinosarcoma (FIGO stage III/IV).11,12

Until recently, uterine carcinosarcomas were
considered as a subtype of uterine sarcomas and
were treated correspondingly. However, hardly any
improvement of prognosis was observed. Based on
the fact that uterine carcinosarcomas are currently
considered as metaplastic endometrial carcinomas,
uterine carcinosarcomas are treated as high-risk
endometrial carcinomas. Surgical treatment consists
of a total abdominal hysterectomy, bilateral salpin-
go-oopherectomy, dissection of pelvic and para-
aortic lymph nodes and collection of peritoneal
cytology. However, responses to present-day adju-
vant radiotherapy and chemotherapy are poor and
clinical trials are conducted to improve prognosis by
new treatment strategies. Treatment with adjuvant
combined chemotherapy seems the most promising
compared with single-agent chemotherapy14,15 or
radiotherapy.16 However, more research is needed to
develop the most effective treatment for patients
with uterine carcinosarcomas.

This study aimed to gain more insight into the
molecular characteristics and clinical behavior of
carcinosarcomas to improve treatment regimens in
the future. Therefore, immunohistochemical expres-
sion of hormone receptors (estrogen receptor-alpha
(ER-a), estrogen receptor-beta (ER-b), progesterone
receptor-alpha (PR-A), progesterone receptor-beta
(PR-B), MMR proteins (MLH1, MSH2 and MSH6),
PTEN, p53, b-catenin and cyclin D1 was determined
in a well-defined cohort of uterine carcinosarcomas.
Expression levels were compared between epithelial
and mesenchymal tumor components and between
primary and metastatic tumor tissue. To determine
whether treatment modalities should focus on
characteristics of the epithelial tumor component,
the prognostic role of the epithelial component was
determined. Therefore, clinicopathological data and
survival were compared between patients with
endometrioid and non-endometrioid epithelial
tumor components of uterine carcinosarcomas. Next,
clinicopathological characteristics and survival were
compared between patients with high-risk endome-
trial carcinomas and carcinosarcomas to determine if
carcinosarcomas have a worse prognosis compared
with high-risk endometrial carcinomas.

Materials and methods

Patients and Treatment

Since 1980, tissue samples of patients with gyneco-
logical malignancies treated at the Department of
Gynecologic Oncology of the University Medical
Center Groningen are collected and stored in
the tissue storage system of the Pathology Depart-
ment of the University Medical Center Groningen.
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Clinicopathological characteristics and follow-up
data of these patients were prospectively collected
during standard treatment and were stored in a
computerized registration database. For this study,
patients with grade 3, non-endometrioid endome-
trial carcinoma and carcinosarcomas were selected
if diagnosed and treated by a gynecological oncol-
ogist in the University Medical Center Groningen
between 1980 and 2006. Of these patients, clinico-
pathological data were retrieved from hospital and
pathology records and compared. For carcinosarco-
ma patients, it was assessed whether sufficient
tissue material was available from the primary
tumor location and metastatic lesions. Staging
occurred after surgical treatment according to the
FIGO guidelines.17 Tumors were classified and
graded by pathologists according to the World
Health Organization (WHO) criteria.18 Follow-up
data were completed until February 2010.

Institutional Review Board Approval

For this study, all relevant data were retrieved from
our computerized database and transferred into a
separate, anonymous, password-protected database.
Patient identity was protected by study-specific,
unique patient codes, which were only known to
two dedicated data managers, who also have daily
responsibility for the larger database. In case of
uncertainties with respect to clinicopathological
and follow-up data, the larger databases could only
be checked through the data managers, thereby
ascertaining the protection of patients’ identity.
Using the registration database, all tissue specimens
were identified by unique patient numbers and

retrieved from the archives of the Department of
Pathology. Therefore, according to Dutch law no
further Institutional Review Board approval was
needed for this study (http://www.federa.org/).

Tissue Microarray Construction

The tissue microarray method allows simultaneous
evaluation of several markers on paraffin-embedded
tissues from hundreds of tumors.19 For this study,
archival slides of all cases were reviewed and
the histopathological classifications of the carcino-
sarcomas were confirmed by an experienced
gynecological pathologist (HH). Morphologically
representative areas of the epithelial and mesench-
ymal tumor component were marked on hematox-
ylin- and eosin-stained slides of the paraffin-
embedded tissue. Areas of necrosis and areas with
severe leukocyte infiltration were avoided. Three
core biopsies of 0.6mm were taken from each tumor
component and arrayed on a recipient paraffin block
using a tissue microarrayer (Beecher instruments,
Silver Spring, MD, USA). Adhesion of cores to the
recipient block was accomplished by placing the
blocks in a 371C oven for 15min.

Immunohistochemistry

For immunohistochemistry, 4 mm sections were cut
from the tissue microarrays and mounted on amino-
propyl-ethoxy-silan-coated glass slides (Sigma-
Aldrich, Diessenhofen, Germany). In total, 11 pri-
mary antibodies were used for immunohistochemical
assessment. Antibodies, antigen retrieval methods
and detection techniques are summarized in Table 1.

Table 1 Antibodies used for immunohistochemical staining

Antigen Antigen retrieval Primary antibody Company Dilution Detection method

PTEN Citrate (pH 6)a 28H6 Neomarkersb 1:50 Envision
P53 Tris/EDTA (pH 9)a DO-7 DAKOc 1:1000 Dako EnVision+

b-Catenin Citrate (pH 6)a Clone 14 BD Transduction Laboratoriesd 1:1000 RAMhrp 1:100, GARhrp 1:100
ER-a Citrate (pH 6)e 6F11 Serotecf 1:20 Goat anti-mouse IgG1/HRP 1:40
ER-b Citrate (pH 6)e ppg5/10 Serotecf 1:20 RAMbio 1:300, streptavidin/HRP 1:100
PR-A EDTA (pH 8)a hPRa7 Neomarkersb 1:50 RAMpo 1:100, GARpo 1:100
PR-B Autoclavee hPRa2 Neomarkersb 1:50 RAMpo 1:100, GARpo 1:100
Cyclin D1 Tris-HCla AM29 Zymed Laboratoriesg 1:500 RAMpo 1:100, GARpo 1:100
MSH2 G219-1129 Ventanah i

MSH6 G70220 BD Transduction Laboratoriesd 1:400
MLH1 G168-728 Ventanah i

a
Sections were boiled in a microwave for 15min.

b
Neomarkers, Lab Vision Corporation, Fremont, CA, USA.

c
DAKO, Netherlands BV, Heverlee, Belgium.

d
BD Biosciences, Lexington, KY, USA.

e
Sections were treated in an autoclave three times for 5min at 1151C in blocking reagent (2% block+0.2% SDS in maleic acid, pH 6.0; Boehringer
Mannheim, Mannheim, Germany).
f
Serotec, AbD Serotec, Dusseldorf, Germany.
g
Zymed, San Fransisco, CA, USA.

h
Ventana, Tucson, AZ, USA.

i
The antibody was ready to use.
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Sections were deparaffinized in xylene and rehy-
drated in ethanol. Endogenous peroxidase was
blocked by incubation in a 0.3% H2O2 solution
for 30min. Staining was visualized with 3,30-
diaminobenzidine (Vector Laboratories, Burlingame,
CA, USA) and slides were counterstained with
hematoxylin.

Evaluation of Staining

Immunohistochemical expression was determined
based on intensity and extent of the staining.
Intensity was scored as negative (0), weak (1þ ),
positive (2þ ) or strong positive (3þ ). Immunostain-
ing for p53 was scored as follows: tumors showing at
least 50% positive nuclear expressions were con-
sidered as having aberrant p53 expression. Positive
staining of PTEN was defined as the presence of
410% cytoplasmic immunostaining.20 Cyclin D1
and hormone receptor expression was considered
positive when 410% tumor cells had moderate to
strong nuclear expression. MSH2, MSH6 and MLH1
expression was scored as either negative (ie, total
absence of detectable nuclear staining of tumor
cells) or positive. b-Catenin was considered positive
when at least 10% tumor cells showed nuclear
immunohistochemical expression. Two indepen-
dent researchers (TW and HH) scored all immuno-
histochemical stained slides without previous
knowledge of clinicopathological data. Discordant
cases were reviewed and scores were reassigned on
consensus of opinion. Staining was only analyzed
when two or more cores were available, each
containing more than 20% tumor tissue. In this
way, resemblance to whole tissue slides was
warranted.

Statistics

All continuous variables were checked for normality
of the distribution using P–P plots. In case of
skewed distributions, the median and interquartile
ranges (IQR, 25th–75th percentile) were presented.
To establish whether clinicopathological character-
istics were associated with the expression of MLH1,
MSH2, MSH6, PTEN, p53, hormone receptors,
b-catenin and cyclin D1, univariate logistic regression
analyses were performed. Expression of the markers
was dichotomized according to negative and posi-
tive immunostaining and analyzed as dependent
variables and clinicopathological characteristics
(Table 2) were used as independent variables; odds
ratios (ORs) and 95% confidence intervals (95% CI)
were calculated. Associations of immunohistochem-
ical expression (Table 3) between epithelial and
mesenchymal tumor component and between pri-
mary and metastatic tumor tissue were tested using
w2 tests (or Fisher’s exact tests, if appropriate).
Spearman’s rank correlation analyses were used to
determine correlations between the expression of

Table 2 Clinicopathological characteristics of 40 patients with
uterine carcinosarcoma

Characteristics Patient no.
(n¼40) (%)a

Stage
I 17 (42%)
II 3 (8%)
III 13 (33%)
IV 7 (17%)

Tumor type (epithelial)
Endometrioid 25 (68%)
Serous papillary 7 (19%)
Clear cell 2 (5%)
Undifferentiated 3 (8%)
Missingb 3

Tumor grade (epithelial)
Grade 1 1 (3%)
Grade 2 8 (23%)
Grade 3 23 (66%)
Undifferentiated 3 (8%)
Missingb 5

Tumor type (mesenchymal)
Homologous 27 (75%)
Leiomyosarcoma 3 (11%)
Stromal sarcoma 6 (22%)
Not otherwise specified (NOS) 18 (67%)

Heterologous 9 (25%)
Rhabdomyosarcoma 4 (45%)
Chondrosarcoma 1 (11%)
Osteosarcoma 3 (33%)
Stromal sarcoma+chondrosarcoma 1 (11%)

Missingb 4

Tumor grade (mesenchymal)
Low 3 (8%)
High 34 (92%)
Missingb 3

Myometrial invasion
o50% 21 (60%)
450% 14 (40%)
Missingc 5

Vascular invasion
Negative 12 (34%)
Positive 23 (66%)
By carcinoma 16 (70%)
By sarcoma 6 (26%)
By carcinoma and sarcoma 1 (4%)

Missingc 5

Recurrent disease
Nod 25 (62%)
Yes 15 (38%)
Local 2 (13%)
Pelvic region 3 (20%)
Distant 10 (67%)

a
Percentages exclude missing cases.

b
Missing cases include cases of which no primary tumor tissue was
available for analysis (only metastatic tumor tissue present on tissue
microarray). When one component accounted for o5% of the entire
tumor, exact tumor type or grade could not be determined.
c
Missing cases represent patients not treated with primary surgery.

d
Include patients with residual disease after primary treatment.
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PTEN and MLH1, MSH2 and MSH6. w2 tests (or
Fisher’s exact tests, if appropriate) or Mann–Whit-
ney U-tests were used to assess differences in

clinicopathological characteristics (Tables 4 and 5)
between tumor types. Differences in disease-specific
survival based on immunohistochemical expression

Table 3 Summary of immunohistochemistry expression in primary and metastatic tumor tissue of uterine carcinosarcomas

Marker Primary tumor tissue Metastatic tumor tissue

Entire tumor
(n¼ 31) (%) a

Epithelial
component
(n¼ 37) (%) a

Mesenchymal
component
(n¼ 33) (%) a

P-value b Epithelial
component
(n¼ 17) (%) a

Mesenchymal
component
(n¼ 5) (%) a

P-value c

ER-a
No expression 23 (92%) 22 (67%) 25 (83%) 0.656 10 (71%) 5 (100%) 0.631
Expressiond 2 (8%) 11 (33%) 5 (17%) 4 (23%) 0 (0%)
Missing 6 4 3 3 0

ER-b
No expression 17 (68%) 20 (63%) 12 (44%) 0.041 4 (33%) 2 (40%) 0.571
Expressiond 8 (32%) 12 (37%) 15 (56%) 8 (67%) 3 (60%)
Missing 6 5 6 5 0

PR-A
No expression 30 (100%) 35 (95%) 27 (90%) 0.735 14 (93%) 5 (100%) NA
Expressiond 0 (0%) 2 (5%) 3 (10%) 1 (7%) 0 (0%)
Missing 1 0 3 2 0

PR-B
No expression 23 (77%) 22 (59%) 20 (65%) 0.132 8 (53%) 1 (20%) 0.293
Expressiond 7 (23%) 15 (41%) 11 (35%) 7 (47%) 4 (80%)
Missing 1 0 2 2 0

MLH1
No expressione 8 (33%) 19 (61%) 11 (40%) 0.134 1 (8%) 1 (25%) 0.377
Expression 16 (67%) 12 (39%) 16 (59%) 12 (92%) 3 (75%)
Missing 7 6 6 4 1

MSH2
No expressione 6 (22%) 12 (35%) 9 (29%) 0.033 3 (21%) 1 (20%) 0.522
Expression 21 (78%) 22 (65%) 22 (71%) 11 (79%) 4 (80%)
Missing 4 3 2 3 0

MSH6
No expressione 6 (21%) 13 (36%) 8 (27%) 0.050 4 (31%) 0 (0%) 0.317
Expression 22 (79%) 23 (64%) 22 (73%) 9 (69%) 5 (100%)
Missing 3 1 4 4 0

PTEN
No expressione 12 (39%) 23 (64%) 16 (52%) 0.100 8 (53%) 4 (100%) 0.835
Expression 19 (61%) 13 (36%) 15 (48%) 7 (47%) 0 (0%)
Missing 0 1 2 2 1

P53
No expression 18 (62%) 20 (54%) 14 (47%) o0.001 6 (46%) 1 (25%) 0.002
Expressiond 11 (38%) 17 (46%) 16 (53%) 7 (54%) 3 (75%)
Missing 2 0 3 4 1

b-Catenin
No expression 27 (96%) 31 (89%) 26 (87%) 0.270 10 (77%) 4 (100%) 0.038
Expressiond 1 (4%) 4 (11%) 4 (13%) 3 (23%) 0 (0%)
Missing 3 2 3 4 1

Cyclin D1
No expression 28 (93%) 28 (76%) 24 (77%) 0.565 8 (62%) 4 (80%) 0.035
Expressiond 2 (7%) 9 (24%) 7 (23 %) 5 (38%) 1 (20%)
Missing 1 0 2 4 0

Abbreviation: NA, not applicable.
a
Percentages exclude missing cases.

bw2 test comparing expression between epithelial and mesenchymal component in primary tumor tissue (metastatic was not compared owing to
small sample size).
cw2 test comparing expression between primary and metastatic tumor tissue.
d
Expression was considered positive when both components showed positive immunostaining.

e
Expression was considered negative when both components showed absent immunostaining.
Bold values indicate Po0.005.
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or tumor types were plotted using Kaplan–Meier
survival curves and evaluated by log-rank tests.
Disease-specific survival was defined as the time
from diagnosis until death owing to disease (en-
dometrial carcinoma or uterine carcinosarcoma) or
date of last follow-up. All tests were performed
two-sided and P-values of o0.05 were considered
statistically significant. Analyses were performed
using the software package SPSS, version 16.0 for
Windows (SPSS Inc., Chicago, IL, USA).

Results

Patients

Between 1980 and 2006, 725 patients were diag-
nosed and treated for endometrial cancer in the
University Medical Center Groningen. A total of 99
patients (14%) were diagnosed with high-risk
endometrial carcinoma: grade 3 endometrioid carci-
noma (n¼ 56, 8%), serous papillary carcinoma
(n¼ 17, 2%) and clear-cell carcinoma (n¼ 26, 4%).
In all, 43 patients (6%) were diagnosed with

carcinosarcoma of the uterus. From a total of 40
carcinosarcoma patients, sufficient paraffin-
embedded tumor tissue was available for construc-
tion of a tissue microarray. Tumor tissue from the
primary tumor location was available of 38 patients
and in 32 cases both the epithelial and mesenchy-
mal component could be incorporated on the tissue
microarray. Metastatic tumor tissue was available of
18 patients.

Patient Characteristics of Carcinosarcoma Patients

Clinicopathological characteristics of carcinosarco-
ma patients are summarized in Table 2. Median age
at the time of diagnosis was 66 years (IQR: 59–76).
Median time of follow-up was 1.5 years (IQR: 0.8–
6.1). Patients were diagnosed with advanced stage of
disease (FIGO stage III/IV) in 50% of the cases. In
the majority of cases, both tumor components were
poorly differentiated (epithelial: 74%; mesenchy-
mal: 92%). Vascular invasion was present in 23
cases (66%). In 13 out of 18 cases (72%), metastases

Table 4 Characteristics according to histological subtype of the epithelial tumor component of uterine carcinosarcomas

Characteristics All cases
(n¼ 40) a (%) b

Endometrioid
(n¼25) (%) b

Non-endometrioid
(n¼ 9) (%) b

P-value c

Age 0.183d

Median (IQR) 66 (59–76) 66 (59–75) 67 (63–84)

Peritoneal washing 0.518
Negative 15 (71%) 9 (75%) 4 (45%)
Positive 4 (19%) 1 (8%) 2 (22%)
Suspect 2 (10%) 2 (17%) 3 (33%)
Missinge 19 13 0

Omental metastases 0.156
No 25 (81%) 19 (95%) 5 (71%)
Yes 6 (19%) 1 (5%) 2 (29%)
Missing 9 5 2

Peritoneal metastases 0.063
No 30 (83%) 21 (95%) 6 (67%)
Yes 6 (17%) 1 (5%) 3 (33%)
Missing 4 3 0

Recurrent disease 0.224
No 25 (63%) 18 (72%) 4 (44%)
Yes 15 (38%) 7 (18%) 5 (56%)
Local 2 (13%) 1 (14%) 1 (20%)
Pelvic region 3 (20%) 2 (29%) 1 (20%)
Distant 10 (67%) 4 (57%) 3 (60%)

Follow-up 0.083
Alive 9 (22%) 9 (36%) 0 (0%)
Death due to disease 23 (58%) 11 (44%) 6 (67%)
Death due to other disease 8 (20%) 5 (20%) 3 (33%)
Missing 0 0 0

a
An epithelial component consisting of undifferentiated tumor type (n¼ 3) or unknown tumor type (n¼ 3) were excluded for further analysis.

b
Percentages exclude missing cases.

cw2 test used, characteristics divided into two categories.
d
Mann–Whitney U-test used.

e
Missing cases: patients without primary surgery (n¼ 5) or material not enough for definitive conclusion.
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were caused by the epithelial component only; both
components were present in 4 out of 18 cases (22%)
and in 1 case (6%) only the mesenchymal compo-
nent represented metastatic tissue. Total abdominal
hysterectomy and bilateral salpingo-oopherectomy
was performed in 30% of the patients; more
extended surgery with pelvic and/or para-aortic
lymph node dissection was performed in 58%.
Adjuvant radiotherapy was given to 19 patients
(48%) and adjuvant chemotherapy was given to five
patients (13%). Owing to metastatic disease, five
patients (13%) were not treated with total abdom-
inal hysterectomy and bilateral salpingo-oopherect-
omy, but received palliative chemotherapy (two
patients) or radiotherapy (three patients) only.
Recurrent disease developed in 15 patients (38%),
with a median time to recurrence of 5 months (IQR:
3–11). Three patients (8%) did not have a disease-
free interval after surgery. In total, 23 patients (58%)

died as a result of disease during our follow-up. The
median time between diagnosis and death of disease
was 1 year.

Immunohistochemistry

Immunohistochemical results are summarized in
Table 3.

Hormonal receptors (ER-a, ER-b, PR-A, PR-B)
Positive ER-a expression was observed in 33% of the
epithelial component and 17% of the mesenchymal
component. Positive immunostaining was present
in both components in 8% of the cases. ER-a
expression was associated with low tumor grade
(OR: 5.4; 95%-CI: 1.1–27.8), an endometrioid epithe-
lial component (OR: 7.4; 95%-CI: 0.8–68.1) and
no vascular invasion (OR: 7.2; 95%-CI: 1.5–34.1)

Table 5 Comparison of characteristics between high-risk endometrial carcinomas and uterine carcinosarcomas

Characteristics Grade 3 endometrioid
(n¼ 56) (%) a

Non-endometrioid
(n¼43) (%) a

Carcinosarcoma
(n¼ 40) (%) a

P-value

Age NSb,c

Median (IQR) 61 (55–72) 67 (59–74) 66 (59–76)

Stage NSc,d

I 18 (32%) 14 (33%) 17 (42%)
II 11 (20%) 4 (9%) 3 (8%)
III 20 (36%) 15 (35%) 13 (33%)
IV 7 (12%) 10 (23%) 7 (17%)

Myometrial invasion 0.009d,e

o50% 18 (32%) 22 (54%) 21 (60%)
450% 38 (68%) 19 (46%) 14 (40%)
Missing 0 2 5

Vascular invasion 0.072d,f

Negative 25 (45%) 20 (56%) 12 (34%)
Positive 30 (55%) 16 (44%) 23 (66%)
Missing 1 7 5

Peritoneal washing NSc,d

Negative 40 (80%) 23 (70%) 15 (71%)
Positive 10 (20%) 10 (30%) 4 (19%)
Missing 6 10 21

Recurrent disease NSc,d

No 39 (70%) 32 (74%) 25 (63%)
Yes 17 (30%) 11 (26%) 15 (38%)
Local 3 (18%) 3 (27%) 2 (13%)
Pelvic region 2 (11%) 1 (9%) 3 (20%)
Distant 12 (71%) 7 (64%) 10 (67%)

Follow-up o0.001c,d

Death due to disease 11/56 (20%) 16/43 (37%) 23/40 (58%)

Abbreviation: NS, not significant.
a
Percentages exclude missing cases.

b
Mann–Whitney U-test used.

c
Carcinosarcoma compared with grade 3 endometrioid and non-endometrioid carcinoma.

dw2 test used, characteristics divided into two categories.
e
Carcinosarcoma compared with grade 3 endometrioid carcinoma.

f
Carcinosarcoma compared with non-endometrioid carcinoma.
Bold values indicate Po0.05.
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(data not shown). ER-a expression was observed in
23% of the metastatic tissue samples. Positive ER-b
expression was more frequently observed in the
mesenchymal component compared with the
epithelial component (56% vs 37%, respectively).
In 8 of 25 cases (32%), positive expression was seen
in both components (P¼ 0.041). In metastatic tumor
tissue, positive ER-b expression was observed in
67% (epithelial component) and 60% (mesenchy-
mal component). No associations were found be-
tween ER-b expression and clinicopathological
characteristics. PR-A expression was observed in
5% (epithelial component) and in 10% (mesenchy-
mal component). PR-A expression was not observed
in both tumor components simultaneously. No
associations were found between PR-A expression
and clinicopathological characteristics.

PR-B expression was found in 41% and 35% in
the epithelial and the mesenchymal component,
respectively. When paired tumor components were
present for evaluation, positive PR-B expression was
seen in 23% of the tumors. Furthermore, percen-
tages of positive expression were higher in meta-
static tissue: 47% and 80% positivity in epithelial
and mesenchymal components, respectively. PR-B
expression was significantly associated with an
endometrioid epithelial component (OR: 11.2;
95%-CI: 1.2–104.3) and low tumor grade (OR: 4.5;
95%-CI: 0.9–22.7) (data not shown).

MMR proteins (MLH1, MSH2 and MSH6)
Loss of expression of Z1 MMR protein was
observed in 12 of 29 carcinosarcomas (41%). In the
epithelial tumor component, absent immunostain-
ing of MLH1, MSH2 and MSH6 was observed in
61%, 35% and 36%, respectively. Percentages were
slightly lower in the mesenchymal component
(MLH1: 40%; MSH2: 29%; and MSH6: 27%,
respectively). When comparing expression patterns
between both tumor components, similarities were
observed in the majority of the cases: MLH1 (63%,
P¼ 0.134), MSH2 (74%, P¼ 0.033) and MSH6 (68%,
P¼ 0.050). Tumors showed completely negative
immunohistochemical expression for MLH1 in eight
of 24 cases (33%), for MSH2 in 6 of 27 cases (22%)
and for MSH6 in 6 of 29 cases (21%). No associa-
tions were found between the expression of MLH1,
MSH2, MSH6 and clinicopathological characteris-
tics.

PTEN
Complete loss of PTEN expression was observed in
12 of 31 cases (39%). Expression levels differed
slightly between epithelial (64% absent expression)
and mesenchymal components (52% absent expres-
sion). In the majority of cases, expression was
similar in both tumor components (65%,
P¼ 0.100). No associations were found between
expression of PTEN and clinicopathological char-
acteristics. PTEN expression correlated with MLH1
(rs¼ 0.722; Po0.001) and MSH2 expression

(rs¼ 0.440; P¼ 0.010, respectively) in the epithelial
component. Furthermore, absent PTEN expression
was more frequently detected in tumors with loss of
expression of Z1 MMR protein (7/12; 58%) com-
pared with tumors without loss of MMR protein
expression (4/17, 24%), although this was not
significant (P¼ 0.119) (data not shown).

p53
p53 overexpression was observed in 46% and 53%
in the epithelial and the mesenchymal component,
respectively. In the majority of cases, expression was
similar in both tumor components (83%, Po0.001).
Furthermore, p53 expression was similar in primary
tissue and paired metastatic tissue (P¼ 0.002).
Overexpression of p53 was more often observed in
a non-endometrioid epithelial tumor component
(OR: 16.0; 95%-CI: 1.7–151.1).

b-Catenin
Nuclear b-catenin expression was observed in 11%
(epithelial component) and 13% (mesenchymal
component). In only one case, nuclear b-catenin
expression was observed in both tumor components.
b-Catenin expression was associated with an en-
dometrioid tumor type (P¼ 0.035) (data not shown).
Furthermore, b-catenin expression was similar in
primary tissue and paired metastatic tissue
(P¼ 0.038).

Cyclin D1
Cyclin D1 expression was observed in 24% (epithe-
lial component) and 23% (mesenchymal compo-
nent). In 7% of the cases, both tumor components
showed positive cyclin D1 expression. Similar
expression patterns were observed in primary and
paired metastatic tumor tissue (P¼ 0.035). No
associations were observed between cyclin D1 and
clinicopathological parameters. Simultaneous co-
expression of nuclear b-catenin and cyclin D1 was
found in one case (3%).

No associations were found between immunohis-
tochemical expression of molecular markers and
disease-specific survival of uterine carcinosarcoma
patients.

Comparison of Endometrioid and Non-Endometrioid
Epithelial Tumor Components of Carcinosarcomas

In the majority of carcinosarcoma patients, the
epithelial tumor component accounted for metas-
tases (72%) and vascular invasion (70%). We
investigated whether clinicopathological character-
istics and disease-specific survival of patients
differed between an endometrioid and a non-
endometrioid epithelial tumor component. For this
analysis, undifferentiated tumor type (n¼ 3) or
unknown tumor type (n¼ 3) in the epithelial
component were excluded. As shown in Table 4,
frequencies of positive peritoneal washings (tumor
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cells present), omental metastases and recurrent
disease were not significantly different between
endometrioid and non-endometrioid epithelial com-
ponents of carcinosarcomas. However, peritoneal
metastases tended to occur more frequently in
patients with a non-endometrioid epithelial tumor
component (P¼ 0.063). During follow-up, nine
patients were still alive without evidence of disease.
All these patients were diagnosed with an endome-
trioid epithelial tumor component (P¼ 0.083).
Patients with a non-endometrioid epithelial compo-
nent tended to have a worse disease-specific
survival (5-year survival: 26%) compared with
patients with an endometrioid epithelial component
(5-year survival: 55%) (P¼ 0.104) (Figure 1).

Comparison of Characteristics between
Carcinosarcomas and High-Risk Endometrial
Carcinomas

Clinicopathological characteristics and disease-spe-
cific survival were compared between high-risk
endometrial carcinomas (n¼ 99) and uterine carci-
nosarcomas (n¼ 40) (Table 5). Grade 3 endometrioid
endometrial carcinomas more frequently showed
450% myometrial invasion compared with uterine
carcinosarcomas (P¼ 0.009). Other clinicopatholo-
gical characteristics did not differ between these
subtypes. Patients with uterine carcinosarcomas had
a worse disease-specific survival (5-year survival:
42%) compared with non-endometrioid carcinoma
(5-year survival: 57%) and grade 3 endometrioid
carcinoma (5-year survival: 77%) (Po0.001) (Figure 2).

Discussion

This study investigated immunohistochemical ex-
pression of 11 markers in a well-defined cohort of

patients with carcinosarcomas of the uterus, all
treated at the University Medical Center Groningen.
Immunohistochemical expression was compared
between the epithelial and mesenchymal tumor
components of uterine carcinosarcomas.

Overexpression of p53 (a tumor suppressor gene,
located on chromosome 17q13.1) showed a high
concordance between both tumor components. In
addition, p53 overexpression highly correlated
between primary and metastatic tumor tissue. Next
to p53, mutations in MMR genes are an early event
in tumorigenesis.21 It has been shown that loss of
immunohistochemical staining of MMR proteins
(MLH1, MSH2 and MSH6) correlates to the corre-
sponding MMR gene mutation.22 We observed that
expression levels of MSH2 and MSH6 correlated
between epithelial and mesenchymal tumor compo-
nents. Above-mentioned results are in line with
other studies and confirm the monoclonal origin of
uterine carcinosarcomas.8,9,23–25

The ER and PR are important in growth, differ-
entiation and function of reproductive tissues. In the
past decade, two subtypes of ER (ER-a and ER-b) and
PR (PR-A and PR-B) have been discovered. Its
importance in tumor development and prognosis
has been studied in endometrial carcinomas, but
reports in uterine carcinosarcomas are scarce.26–29 In
this study, ER-a expression was associated with low
tumor grade, an endometrioid epithelial tumor
component and no vascular invasion, which is in
agreement with results in endometrial carcinomas.30

Furthermore, we observed that ER-a was mainly
expressed in the epithelial component in contrast to
ER-b, which was more predominantly expressed in
the mesenchymal component. Overall, ER-b was
more frequently expressed than ER-a in our popula-
tion. These results are in line with two previous
reports.26,27 To our knowledge, we are the first
to determine subtype expression of PR (PR-A and

Figure 1 Disease-specific survival according to tumor type in the
epithelial component of uterine carcinosarcoma (endometrioid vs
non-endometrioid) (P¼0.104, log-rank).

Figure 2 Disease-specific survival according to tumor type (grade
3 endometrioid carcinoma, non-endometrioid carcinoma and
uterine carcinosarcoma) (Po0.001, log-rank).
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PR-B) in uterine carcinosarcomas. PR-A was less
frequently expressed than PR-B (5% and 10% vs
41% and 35% in epithelial and mesenchymal
components, respectively). Expression of PR-B was
associated with an endometrioid epithelial tumor
component, similar to results in endometrial carci-
nomas.31 Two developmental pathways can be
distinguished in endometrial carcinomas: type I
endometrial cancers arise on background of hyper-
plasia after unopposed estrogen stimulation and
type II endometrial cancers are not estrogen dri-
ven.10 The fact that ER-a and PR-B are associated
with low grade and an endometrioid tumor type in
our population suggest a similar pathway in uterine
carcinosarcomas. Probably, tumors with an endome-
trioid epithelial tumor type develop under the
influence of estrogen and tumors with a non-
endometrioid tumor type develop independent of
estrogen. During dedifferentiation to the sarcoma-
tous component, loss of ER-a expression occurs,
whereas ER-b is more frequently expressed during
progression of disease, a mechanism that has been
shown previously in endometrial carcinomas.30

In type I endometrial carcinoma, microsatellite
instability is a frequent phenomenon with inci-
dences ranging from 20% to 90% compared with
0% to 11% in type II endometrial carcinoma.2,32,33

Microsatellite instability is caused by an inability of
the MMR system to cut out and replace the
mismatching DNA strains due to methylation or
mutation of its proteins (MLH1, MSH2 and
MSH6).34 Two previous studies showed that micro-
satellite instability was present in 5%35 and 23.3%21

of uterine carcinosarcomas. The latter study
observed that microsatellite instability is mainly a
feature of the epithelial component.21 This is in
agreement with our finding; loss of MMR protein
expression was more frequently observed in the
epithelial component compared with the mesench-
ymal component, although expression levels corre-
sponded between both tumor components in the
majority of the cases. Furthermore, we observed that
tumors with loss of expression of Z1 MMR protein
more frequently had absent PTEN immunostaining,
which is in agreement with previous reports in
endometrial carcinomas.36,37 PTEN acts as a tumor
suppressor gene through the action of its phosphatase
protein product. PTEN mutations more frequently
occur in type I endometrial carcinomas (35–55%)
compared with type II endometrial carcinomas
(5–11%).2,37,38 Mutation or dysfunction of PTEN can
be seen as negative immunohistochemistry staining,
which was the case in 39% of our study population.
One previous study reported PTENmutations in 14.3%
of uterine carcinosarcomas.38 A possible explanation for
these different percentages is that the latter study was
performed in a smaller study population and different
detection methods for PTEN mutations were used.

Previous reports have shown that p53 over-
expression was present in 28–84% of carcinosarco-
mas8,9,23,25,39 compared with 38% in our population.

Mutant or altered p53 gene protein has a prolonged
half-life and accumulates to detectable immunohis-
tochemical levels. Overexpression of p53 is typi-
cally present in 90% of non-endometrioid
endometrial carcinomas compared with 10% in
endometrioid endometrial carcinomas.3 In our co-
hort, overexpression was associated with a non-
endometrioid epithelial tumor component of uterine
carcinosarcomas.

Aberrant activation of the Wnt signaling pathway
has an important role in the tumorigenesis of a wide
range of tumors,40 in which b-catenin has a crucial
role. Mutations of b-catenin result in stabilization of
a protein that resists degradation, leading to nuclear
accumulation that can be shown by immunohisto-
chemistry.41 Mutations of b-catenin are considered
an early event in tumorigenesis.2 The reported
frequency of b-catenin mutations in type I endome-
trial carcinomas ranges from 14% to 44% compared
with 0% to 5% in type II endometrial carcinomas.3

To date, only two studies reported on this subject in
uterine carcinosarcomas.24,41 To determine the func-
tion of the aberrant Wnt signaling in carcinosarco-
mas of the uterus, we determined b-catenin and
cyclin D1 expression (which is a direct target gene of
b-catenin). In our population, nuclear b-catenin
expression was present in 11% and 13% in the
epithelial and mesenchymal component of carcino-
sarcomas, respectively. Percentages resemble results
found in type I endometrial carcinoma.3 In only one
tumor, simultaneous expression of nuclear b-catenin
in both tumor components was observed. Expres-
sion differences between tumor components were
reported previously, but exact percentages are
lacking.24 Previously, positive nuclear b-catenin
immunostaining was detected in 86% of uterine
carcinosarcomas,41 which is higher compared with
our result. However, this study population was
smaller (n¼ 7) and different techniques for immu-
nohistochemistry analysis were used. To our knowl-
edge, we are the first to determine cyclin D1
expression in uterine carcinosarcomas. Positive
expression was found in 24% and 23% (epithelial
and mesenchymal component, respectively). Co-
expression of nuclear b-catenin and cyclin D1 was
an infrequent observation: 3% of epithelial compo-
nents and 3% of mesenchymal components. These
results suggest that an activated Wnt/b-catenin
pathway is a rare event in uterine carcinosarcomas.

We and others showed that uterine carcinosarco-
mas have a more aggressive biological behavior
compared with high-risk endometrial carcinomas,
resulting in a worse disease-specific survival.11,12

Evidence is emerging that the epithelial component
is the ‘driving force’ in this tumor type.5,42 In our
population, we observed that the epithelial compo-
nent was responsible for the majority of metastases
(72%) and vascular invasion (70%). In addition,
patients with a non-endometrioid epithelial tumor
component tended to have more peritoneal metas-
tases compared to patients with an endometrioid
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tumor component. Next, patients with non-endome-
trioid epithelial component tended to have a worse
disease-specific survival compared to patients with
an endometrioid epithelial component. Although
not statistically significant, these findings suggest
that the developmental pathway of uterine carcino-
sarcomas is similar to endometrial carcinomas and
can be divided into type I and type II (according to
the epithelial tumor component).

In summary, this study investigated molecular
markers and clinical characteristics of uterine
carcinosarcomas. Immunohistochemistry expres-
sion of p53, MSH2 and MSH6 highly corresponded
between epithelial and mesenchymal components,
confirming the monoclonal origin of uterine carci-
nosarcomas. Furthermore, immunohistochemistry
results showed similarities to endometrial carcino-
mas: p53 expression was associated with a non-
endometrioid epithelial tumor component and ex-
pression patterns of MMR proteins, PTEN and
hormone receptors resembled results previously
found in type I endometrial carcinomas. In our
population, the epithelial component caused the
majority of metastases and vascular invasion.
Above-mentioned results show that uterine carcino-
sarcomas are metaplastic endometrial carcinomas
with similar developmental pathways. Currently,
uterine carcinosarcomas are treated as high-risk
endometrial carcinoma, which is justified based on
these results. However, patients with uterine carci-
nosarcomas have a worse disease-specific survival
compared with high-risk endometrial carcinomas.
Therefore, future research is needed to improve
therapy and should focus on characteristics of the
epithelial component of carcinosarcomas.
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