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Abstract
A recent phase II clinical trial showed increased progression-free survival in patients with HER2-positive endometrial serous
carcinoma receiving trastuzumab in addition to carboplatin–paclitaxel chemotherapy. Similar to endometrial serous
carcinomas, carcinosarcomas of the female genital tract have a dismal prognosis and could potentially benefit from new
targeted therapeutic approaches. We aimed to systematically evaluate the characteristics of HER2 expression/amplification
in gynecologic carcinosarcomas using standardized staining methods and scoring criteria. Tumors from 80 patients (65
uterine, 15 tubo-ovarian) were included, containing a serous (60%), endometrioid (10%), clear cell (3%), undifferentiated
(3%), neuroendocrine (1%), or mixed (24%) carcinoma, and either a homologous (46%), or a heterologous (54%) sarcoma
component. HER2 scores were assigned to both components per the 2007 and 2013 ASCO/CAP breast scoring criteria. A
total of 13 cases (12 uterine, 1 ovarian, 16%) were HER2 positive (either by immunohistochemistry or FISH) using the 2013
criteria, while only 10 cases (9 uterine, 1 ovarian, 13%) were HER2 positive per the 2007 criteria. Nine cases showed a
change in their HER2 immunohistochemical score between the two scoring systems, including two cases with a change in
the overall HER2 status from negative (2007) to positive (2013). Heterogeneity of HER2 protein expression was observed in
38% of HER2-positive tumors, and a lateral/basolateral membranous staining pattern was common. The sarcoma component
showed 2+, equivocal HER2 expression in five cases, one of which also demonstrated HER2 amplification by FISH. All
HER2-positive carcinosarcomas had either a serous or a mixed carcinoma component, and all but one HER2-positive tumors
were of uterine primaries. Our study demonstrates that gynecologic carcinosarcomas share similarities in their HER2
expression/amplification profiles to endometrial serous carcinomas, which should be taken into account when assessing their
HER2 status to ensure appropriate patient selection for potential targeted HER2-based therapies in the future.

Introduction

Carcinosarcoma (malignant mixed Müllerian tumor) of the
gynecologic tract is a rare, highly aggressive malignant
neoplasm. Patients typically present in their seventh or
eighth decade with pelvic pain, vaginal bleeding, and
uterine enlargement [1]. Uterine carcinosarcomas comprise
an increasing number of primary endometrial malignancies,
rising from 2% in 1973 to 6% in 2013, and they represent
an even greater share of uterine cancer deaths at 16% [2, 3].
Ovarian carcinosarcomas account for 1–3% of all ovarian
malignancies [4]. Myometrial invasion (in uterine carcino-
sarcoma) and lymphovascular invasion (in both uterine and
ovarian carcinosarcoma) are common at the time of diag-
nosis, and even clinical stage I tumors have been shown to
have lymph node metastasis in up to 60% of cases [4]. Up
to 35% of uterine and 90% of ovarian carcinosarcoma have
spread to other organs at the time of diagnosis, and the
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recurrence rate exceeds 40% [5, 6]. The prognosis of both
uterine and ovarian carcinosarcoma is dismal, with an
overall 5-year survival rate of less than 30% [4, 7].

The primary therapy for both uterine and ovarian carci-
nosarcoma is debulking (cytoreductive) surgery with or
without adjuvant chemotherapy [8]. Chemotherapy may
include an ifosfamide-based regimen [9, 10], or a combi-
nation of paclitaxel and carboplatin, which has recently
been found to result in similar overall survival and
improved progression-free survival compared with
paclitaxel–ifosfamide in uterine and ovarian carcinosarco-
mas [11]. However, given the limited effect of current
chemotherapy regimens in advanced stage carcinosarcoma
and the significant proportion of patients who present at an
advanced stage, it is of considerable interest to explore
additional methods of treatment.

The majority of carcinosarcomas harbor a serous carci-
noma component (either in a pure form or as part of a mixed
carcinoma component), and the metastatic or recurrent
tumor frequently consists of carcinoma only, suggesting
that the serous carcinoma element may dictate the clinical
behavior of many gynecological carcinosarcomas. HER2
overexpression/amplification has been previously reported
in 35% of endometrial serous carcinomas following the
2007 American Society of Clinical Oncology/College of
American Pathologists (ASCO/CAP) scoring guidelines
[12] and a recent phase II clinical trial showed an increase in
progression-free survival in patients with HER2-positive
endometrial serous carcinoma when trastuzumab was used
in combination with chemotherapy over chemotherapy
alone [13]. In addition, in vitro and in vivo studies have also
demonstrated antitumor activity of HER2-targeted therapies
in ovarian and uterine carcinosarcomas [14–16]. The cur-
rent study aimed to perform a comprehensive analysis of
HER2 status—protein expression by immunohistochemistry
and gene amplification by fluorescent in situ hybridization
(FISH)—and comparison of different scoring criteria in a
large cohort of gynecologic carcinosarcomas, in hopes to
aid patient selection for potential future targeted anti-HER2
treatment regimens for these biologically aggressive tumors.

Materials and methods

The study was approved by the Institutional Review Board.
A text search of the pathology departmental archives at Yale
New Haven Hospital was performed using the keywords
“carcinosarcoma” and “malignant mixed Müllerian tumor”,
and all carcinosarcomas of the female reproductive tract
with available HER2 status were retrieved for the study. A
total of 80 cases were identified. Patient demographics,
tumor stage, and detailed FISH results were gathered from
the pathology reports. Patient follow-up information was

retrieved from the electronic medical records. HER2 anti-
body clone EP3 (Epitomics/Abcam) was used at 1:250
dilution for immunohistochemistry, and PathVysion
(Abbott) Kit was employed for HER2 FISH. All available
hematoxylin and eosin stained slides were reviewed for
each case to confirm the diagnosis, primary site, and the
histologic subtypes of carcinoma and sarcoma components.
HER2-stained slides were then reviewed systematically, and
both the carcinoma and when present, the sarcoma com-
ponents were scored according to both the 2007 and 2013
ASCO/CAP guidelines for breast carcinoma by two of the
authors (DR, NB) (Table 1) [17, 18]. HER2-immunostained
slides were also evaluated for the presence or absence of
significant intratumoral heterogeneity, defined as a two-
point or greater difference in the HER2 scores between
areas of the tumor. Fisher’s exact test was used to analyze
the correlation between tumor characteristics and
HER2 status. Overall survival was estimated by the
Kaplan–Meier method and assessed by log-rank test. SAS®

version 9.4 was used for the analyses. P values of <0.05
were considered statistically significant.

Results

Carcinosarcomas from 80 patients were included, with 65
carcinosarcomas of uterine and 15 of tubo-ovarian origin.
Patients ranged in age from 48 to 87 years, with an
average age of 67 years (median 67 years). The carcino-
matous component was most commonly pure serous
(60%), mixed (24%), or pure endometrioid (10%). Among
ovarian/fallopian tube cases 87% had a high-grade serous
carcinoma component, while among uterine carcino-
sarcomas only 54% showed a pure serous carcinoma
component and 29% a mixed carcinoma (Table 2). The
majority of mixed carcinomas contained a serous carci-
noma component (16 of 19 cases). The sarcomatous
component was homologous in 46% of all cases and
contained heterologous elements (either pure hetero-
logous or both homologous and heterologous) in 54% of
all tumors, with the most common heterologous compo-
nents being rhabdomyosarcoma (60% of sarcomas with
heterologous elements, 33% of total cases) and chon-
drosarcoma (58%, 31%). Other heterologous sarcomatous
elements, namely liposarcoma and osteosarcoma were
rare, appearing in only four cases (9% and 5% respec-
tively) and always in combination with either rhabdo-
myosarcoma or chondrosarcoma. Ovarian tumors were
more likely to contain a chondrosarcoma element: 53% of
ovarian carcinosarcomas showed some chondroid differ-
entiation, compared with only 26% of uterine tumors.
Table 2 contains a detailed breakdown of the carcino-
matous and sarcomatous components of the study cases.
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Using the 2013 ASCO/CAP criteria 13 cases (12 uterine
and 1 ovarian, 13/80, 16%) were positive for HER2 in the
carcinomatous component either by immunohistochemistry
and/or FISH, while only ten cases (nine uterine, one ovar-
ian, 10/80, 13%) were HER2 positive by the 2007 criteria
(Tables 3 and 4) (Figs. 1 and 2). The HER2 positivity rate
was higher among uterine primaries (14% per 2007 and
19% per 2013 scoring criteria) compared with ovarian pri-
maries (7% per both scoring criteria). All of the HER2-
positive tumors had either a serous or a mixed carcinoma-
tous component, while all tumors with endometrioid, clear
cell, undifferentiated, or neuroendocrine carcinoma subtype
were HER2 negative (p < 0.005). The HER2 positivity rate
among tumors with serous and mixed carcinoma compo-
nents was 15% (10/67) and 19% (13/67) using the 2007 and
2013 scoring criteria, respectively. Among the 19 uterine
carcinosarcomas with a mixed carcinoma, 16 tumors

contained a serous carcinoma component, 4 of which (4 of
16, 25%) were HER2 positive. The remaining three tumors
containing mixed clear cell and endometrioid carcinoma
components were all HER2 negative.

Nine cases showed discrepancy in their carcinoma HER2
immunohistochemical score between the two sets of cri-
teria; seven cases changed from 1+ (2007) to 0 (2013) and
two cases from 2+ (2007) to 3+ (2013). Both of the latter
cases had nonamplified FISH, and thus the change in cri-
teria represented a change in HER2 status from negative
(2007) to positive (2013). There were no differences in the
immunohistochemical score among the sarcoma compo-
nents, regardless of the guidelines used. Significant intra-
tumoral heterogeneity of HER2 staining was appreciated in
20 cases—25% of all cases, and 38% of HER2-positive
tumors (Fig. 3a, b). Incomplete—basal or basolateral (“U-
shaped”)—staining pattern was commonly observed among
the HER2-positive tumors (Fig. 3c, d).

The sarcomatous component was present on the HER2-
stained slide in 44 cases (55%), 5 of which (11%) showed 2
+ HER2 immunohistochemical expression by both 2007
and 2013 scoring criteria. No 3+ staining was observed in
the sarcomatous component of any case. Two of the five
tumors with 2+ staining in the sarcoma had only 1+
HER2 score (by both scoring criteria) in their carcinoma
components. FISH performed on sarcoma components with
2+ immunohistochemical score revealed one case with an
HER2/CEP17 ratio of 2.0, average HER2 copy number of
4.2/cell (equivocal amplification per ASCO/CAP 2007,
positive per ASCO/CAP 2013) (Fig. 4), the remaining four
cases showed no HER2 amplification.

Table 1 HER2 immunohistochemistry and FISH scoring criteria

Scoring Criteria 2007 ASCO/CAP for breast cancer 2013 ASCO/CAP for breast cancer

IHC 0 No staining No staining OR membrane staining that is incomplete
and faint/barely perceptible in ≤10% of tumor cells

1+ Weak, incomplete membrane staining in any
proportion of tumor cells

Incomplete membrane staining that is faint/barely
perceptible in >10% of tumor cells

2+ Complete membrane staining that is either
nonuniform or weak but with obvious
circumferential distribution in at least 10% of cells
OR intense, complete membrane staining in <30% of
invasive tumor cells

Circumferential membrane staining that is incomplete
and/or weak/moderate and within >10% of invasive
tumor cells OR complete and intense circumferential
membrane staining in ≤10% of invasive tumor cells

3+ Uniform intense membrane staining of >30% of
invasive tumor cells

Complete, intense circumferential staining in >10%
of invasive tumor cells

FISH Negative HER2/CEP17 ratio <1.8; average HER2 gene copy
number <4.0

HER2 copy number <4.0 signals/cell AND, if dual
probe, HER2/CEP17 ratio <2.0

Equivocal HER2/CEP17 ratio between 1.8 and 2.2 OR average
HER2 gene copy number between 4.0 and 6.0

HER2 copy number ≥4.0 and <6.0 signals/cell AND,
if dual probe, HER2/CEP17 ratio <2.0

Positive Average of >6 HER2 gene copies/nucleus OR
HER2/CEP17 ratio >2.2

HER2 copy number ≥6.0 signals/cell OR HER2/
CEP17 ratio ≥2.0, regardless of HER2 copy number

ASCO American Society of Clinical Oncology, CAP College of American Pathologists, IHC immunohistochemistry, FISH fluorescent in situ
hybridization

Table 2 Tumor histological characteristics

Primary tumor site Uterine
(n= 65)

Ovarian
(n= 15)

Carcinoma
histologic subtype

Serous 35 (54%) 13 (87%)

Endometrioid 7 (11%) 1 (7%)

Clear cell 2 (3%) 0

Neuroendocrine 1 (2%) 0

Undifferentiated 1 (2%) 1 (7%)

Mixed 19 (29%) 0

Sarcoma histologic
subtype

Homologous 34 (52%) 3 (20%)

Heterologous 31 (48%) 12 (80%)
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In five cases the HER2 status was evaluated in both the
primary (four uterine, one ovarian) tumor and a metas-
tasis, all of which demonstrated a change in the HER2
immunohistochemical score (Table 5). In four of the five
cases the overall HER2 status did not change, and in one
case the primary ovarian tumor was HER2 2+ on
immunohistochemistry and was not amplified (per 2007
criteria) or equivocal (per 2013 criteria) by FISH, while
the metastatic tumor was HER2 amplified by FISH
according to the 2013 criteria (equivocal per the 2007
criteria) (Table 5).

Follow-up information was available for 79 patients (64
uterine and 15 ovarian primaries), and the follow-up period
ranged between 1 and 63 months (median: 23 months)
(Table 6).

Overall survival rates were compared between HER2
positive and HER2-negative uterine carcinosarcomas
(Supplementary Fig. 1). Log-rank test did not reveal a sta-
tistically significant difference between the two groups (p=
0.8023). Due to only one HER2 positive case among
ovarian carcinosarcomas, survival analysis was not per-
formed in these patients.

Discussion

Carcinosarcomas of the female reproductive tract are com-
posed of a carcinoma and a sarcoma component, which may
resemble native uterine sarcomas, i.e. leiomyosarcoma,
endometrial stromal sarcoma, fibrosarcoma, or it may show
heterologous differentiation, such as rhabdomyosarcoma,
chondrosarcoma, osteosarcoma, or liposarcoma. The epi-
thelial component of carcinosarcomas most commonly
consists of serous carcinoma, either in a pure form or mixed
with other carcinoma types. Most patients already have

advanced stage disease at the time of presentation, with the
metastatic tumor only composed of the serous carcinoma
component in many cases. Similarly, to advanced stage
serous carcinoma of either endometrial or ovarian primary,
traditional surgical debulking and chemotherapy only have
a limited effect on the prognosis of carcinosarcomas. The
recurrence rate is high and the median survival is only
16–40 months for uterine, and 8–32 months for ovarian
carcinosarcoma [5, 19–21]. In the era of precision medicine
there is an unmet need for targeted therapies against these
aggressive malignancies.

Molecular studies suggest, that despite the histopatho-
logic diversity inherent to carcinosarcomas, they are pre-
dominately monoclonal, arising from the carcinoma
component through epithelial–mesenchymal transition
[22–25]. Uterine and ovarian carcinosarcomas share many
of the genetic abnormalities present in endometrial serous
and endometrioid carcinomas, and in high-grade ovarian
serous carcinomas, respectively [26]. Mutations in KRAS,
PIK3CA, CTNNB1, PTEN, FBXW7, TP53, ARID1A, RB1,
CHD4, CSMD3, FBXW7, PPP2R1A, and BCOR have been
previously reported [26–30], and more recent whole exome
sequencing analysis identified mutations in histone
genes H2A and H2B and implicated their role in
epithelial–mesenchymal transition [31]. In addition, ampli-
fication of c-Myc, and TERT have also been identified in
both ovarian and uterine carcinosarcoma [31–34].

HER2 gene amplification/protein overexpression has
been found in variable proportion of uterine carcinosarco-
mas, ranging between 3 and 56% in the largest series,
using various different interpretation and scoring criteria
[33, 35–39]. In most studies HER2 overexpression was
reported to be less frequent in the sarcoma component, with
the highest rate of 29%, although both 2+ and 3+ scores
were interpreted as HER2 positive in the latter study [35].

Table 3 HER2
immunohistochemical score
distribution and HER2 FISH
results

HER2 IHC Score
ASCO/CAP 2007

Carcinoma component
(total n= 80)

Sarcoma component
(total n= 44)

FISH amplification per 2007
ASCO/CAP criteria (n
positive/N performed)

0 20 uterine, 1 ovarian 22 uterine, 9 ovarian 0/0

1+ 19 uterine, 6 ovarian 6 uterine, 2 ovarian 0/2

2+ 20 uterine, 8 ovarian 5 uterine, 0 ovarian 5/28

3+ 6 uterine, 0 ovarian 0 uterine, 0 ovarian 1/2

HER2 IHC Score
ASCO/CAP 2013

Carcinoma
component (total
n= 80)

Sarcoma component
(total n= 44)

FISH amplification per
2013 ASCO/CAP criteria
(n positive/N performed)

0 25 uterine, 3 ovarian 22 uterine, 9 ovarian 0/0

1+ 14 uterine, 4 ovarian 6 uterine, 2 ovarian 0/2

2+ 18 uterine, 8 ovarian 5 uterine, 0 ovarian 5/26

3+ 8 uterine, 0 ovarian 0 uterine, 0 ovarian 1/4

IHC immunohistochemistry, FISH fluorescent in situ hybridization, ASCO American Society of Clinical
Oncology, CAP College of American Pathologists
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Only a handful of ovarian carcinosarcomas have been pre-
viously evaluated for their HER2 status and none of them
were found to have HER2 amplification or overexpression
[40]. Similarly, HER2 positivity is uncommon in ovarian
high-grade serous carcinomas, with 0–3% HER2 amplifi-
cation/overexpression rate in most studies [40–42], and 11
% HER2 protein overexpression (including both 2+ and 3+
scores) in a prior Gynecologic Oncology Group trial [43]. In
contrast, approximately one third of endometrial serous
carcinomas are HER2 positive (by either immunohis-
tochemistry, or FISH, or both) [12], and a recently pub-
lished clinical trial reported improved progression-free
survival when trastuzumab was added to the chemotherapy
regimen in patients with HER2-positive endometrial serous
carcinoma [13]. Promising results were also reported in
preclinical in vitro and in vivo studies on uterine and
ovarian carcinosarcoma cell lines with HER2 protein
overexpression using anti-HER2 antibody-drug conjugates
SYD985 and T-DM1, and small molecule tyrosine kinase
inhibitor neratinib [14–16]. SYD985 also induced sig-
nificant bystander killing of HER2-negative tumor cells
(scores 0/1+) when admixed with HER2-positive tumor
cells (score 3+), suggesting that SYD985 may be effective
in tumors with heterogeneous HER2 expression and in
carcinosarcomas with an HER2-negative sarcoma compo-
nent [14].

We performed a comprehensive analysis of HER2 pro-
tein expression and amplification in a large cohort of uterine
and ovarian carcinosarcomas comparing different scoring
criteria, in order to better understand the specific char-
acteristics of HER2 staining and its correlation with gene
amplification to help guide future clinical studies in these
rare, aggressive tumors. HER2 overexpression and/or
amplification was observed in 16% of our cases (13/80)
using the 2013 ASCO/CAP breast scoring criteria and in
13% of tumors (10/80) with the 2007 ASCO/CAP breast
scoring criteria, a significantly lower rate compared with our
previously published results on endometrial serous carci-
nomas [12]. More importantly, all HER2-positive cases had
a serous carcinoma component (pure or mixed with other
histologic subtypes), while none of the tumors with endo-
metrioid or other nonserous carcinoma subtypes showed
HER2 overexpression or amplification. In addition, a sig-
nificant difference was observed regarding the primary
tumor site: only one ovarian carcinosarcoma was HER2
positive (1 of 15 tumors), the remaining HER2-positive
cases were all uterine primaries. HER2 overexpression/
amplification was identified in the carcinoma component
only in the majority of HER2-positive cases. The sarcoma
component demonstrated equivocal (2+) HER2 expression
in five tumors, only one of which was amplified by
FISH (ratio:2.0, HER2 copy number: 4.2/cell) with
identical HER2 expression and amplification results in theTa
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corresponding carcinoma component. Similar to our prior
observation in endometrial serous carcinomas and previous
reports on gastric carcinomas [12, 44–46], significant
intratumoral heterogeneity was seen in more than a third of
HER2-positive carcinosarcomas, and a basal/basolateral

incomplete membranous staining pattern was also common.
Our prior study comparing the 1998 Food and Drug
Administration and 2007 ASCO/CAP breast criteria in
endometrial serous carcinoma showed better concordance
between HER2 immunohistochemistry and FISH when the

Fig. 1 Uterine carcinosarcoma
(case #1, Table 4) with serous
carcinoma and homologous (a)
and heterologous,
chondrosarcomatous (b)
sarcoma components. HER2
immunohistochemical score was
3+ in the carcinoma component
and 2+ in the sarcoma
component (c, d)

Fig. 2 Ovarian carcinosarcoma
(case #13, Table 4) with high-
grade serous carcinoma and
homologous sarcoma
components (a, b). HER2
immunostain showed weak to
moderate membranous staining
in a lateral/basolateral pattern (2
+ score) in the carcinoma
component (c), and HER2
amplification was detected by
FISH (HER2/CEP17 ratio=
2.3) (d)
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2007 scoring criteria were used (75% vs. 81%, respectively)
[12]. In the current study FISH was performed on all HER2
immunohistochemistry 2+ cases, but only a small number
of 1+ and 3+ cases (n= 6) were tested for HER2 ampli-
fication, not sufficient for a meaningful analysis of immu-
nohistochemistry/FISH concordance.

A new set of HER2 testing guidelines for breast cancer
have been published by the ASCO/CAP in 2018 to address
recommendations for some less common HER2 FISH assay
results [47]. Given the HER2 testing algorithm employed in
our study—immunohistochemistry, followed by FISH on 2+
cases—the only potential change in the HER2 status from the
ASCO/CAP 2013 scoring criteria would affect immunohis-
tochemistry 2+ cases with a FISH HER2/CEP17 ratio of <
2.0 and an average of ≥4.0 and < 6.0 HER2 signals per cell,
or a FISH ratio of ≥2.0 and an average of <4.0 HER2 signals
per cell. All five cases with an HER2 immunohistochemical
score of 2+ per the ASCO/CAP 2013 criteria (cases #5, 7 10,
12, and 13 in Table 4) showed a FISH ratio of ≥2.0 and ≥4.0
HER2 signals per cell, therefore would have also been
positive using the 2018 ASCO/CAP criteria.

Comparison of HER2 status between primary and
metastatic endometrial carcinomas has been previously
reported in a large tissue microarray-based study and found
a discrepant HER2 immunohistochemical score (0–2+ vs. 3
+) in 23% of cases [48]. In most of these cases the primary
HER2-positive tumor became HER2 negative in the
metastasis, but a reverse change (HER2-negative primary to
HER2-positive metastasis) was also observed [48]. Our

study also included a small number of paired primary and
metastatic carcinosarcomas, all of which showed a differ-
ence in their HER2 immunohistochemical score. However,
the overall HER2 status only changed in one tumor (one of
five) from equivocal in the primary to positive (amplified by
FISH) in the metastasis per the 2013 ASCO/CAP criteria.
Of note, the same metastatic tumor would have been
equivocal per the 2007 ASCO/CAP criteria and negative
per the 2018 ASCO/CAP criteria.

In conclusion, we identified HER2 overexpression/
amplification in up to 16% of gynecologic carcinosarcomas.
Characteristics of HER2 protein expression were similar to
those of previously reported in gastric and in endometrial
serous carcinomas with marked intratumoral heterogeneity
and frequent lack of apical staining. Notably, only tumors
with a serous carcinoma component were HER2 positive,
and all but one HER2-positive tumors were of uterine pri-
maries. Adding evaluation of HER2 expression/amplifica-
tion in the sarcoma component did not change the overall
HER2 status from negative to positive in any of the cases.
Based on the similarities of HER2 expression identified in
the current study, the HER2 testing and scoring approach
previously recommended for endometrial serous carcino-
mas and used in the recent clinical trial [12, 13] could be
applied to carcinosarcomas: the 2007 ASCO/CAP breast
scoring criteria with specific modifications to account for
frequent lack of apical staining and intratumoral hetero-
geneity. A large tumor section should be selected for both
immunohistochemistry and FISH (≥1 cm2 area of tumor),

Fig. 3 Uterine carcinosarcoma
(case #9, Table 4) with marked
intratumoral heterogeneity of
HER2 immunostaining in the
serous carcinoma component (a,
b). Lack of apical HER2
immunostaining was frequently
observed in carcinosarcomas
resulting in a lateral/basolateral
staining pattern (c: case #8,
Table 4, d: case #2, Table 4)
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Fig. 4 Uterine carcinosarcoma
(case #7, Table 4) composed of
serous carcinoma (a) and
heterologous,
rhabdomyosarcomatous (b)
elements. HER2
immunostaining score was 2+ in
both the carcinoma (c) and
sarcoma (d) components. The
HER2/CEP17 ratio by FISH was
2.1 in the carcinoma component
(e) and 2.0 in the sarcoma
component (f)

Table 5 HER2 IHC and FISH in paired primary and metastatic tumors

Site of origin Immunohistochemistry in
primary tumor

Immunohistochemistry in
metastasis

FISH (metastasis)

Carcinoma Sarcoma Carcinoma Sarcoma

Uterus 0 0 2+ Not present HER2/CEP17 ratio 1.0, HER2 copy number 1.8 (negative per
both ASCO/CAP 2007 and 2013)

Uterus 1+ Not present 0 1+ Not done

Uterus 1+ Not present 2+ 0 HER2/CEP17 ratio 1.3, HER2 copy number 2.0 (negative per
both ASCO/CAP 2007 and 2013)

Uterus 3+ Not present 2+ Not present HER2/CEP17 ratio 3.8, HER2 copy number 9.1 (positive per
both ASCO/CAP 2007 and 2013)

Ovary 2+ Not present 0 Not present HER2/CEP17 ratio 1.9, HER2 copy number 6.0 (equivocal per
ASCO/CAP 2007, and positive per ASCO/CAP 2013) (HER2
FISH on primary: HER2/CEP17 ratio 1.6, HER2 copy number
4.6; negative per ASCO/CAP 2007, and equivocal per ASCO/
CAP 2013)
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and complete circumferential membranous staining is not
required for a 3+ immunohistochemical score, instead a
“U-shaped”/basolateral or lateral staining pattern is also
acceptable. Our data suggest, that the possibility of HER2
targeted therapy should be considered as a treatment option
for HER2-positive gynecologic carcinosarcomas in future
clinical trials.
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