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Abstract
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Carcinosarcomas of the female genital tract are highly aggressive and rare tumors, differing from other
malignant gynecological tumors in that they contain both malignant carcinomatous and sarcomatous ele-
ments. Because carcinosarcomas are rapidly progressive, less sensitive to chemotherapy or radiotherapy,
and have a high probability of recurrence, patients with advanced uterine and ovarian carcinosarcomas
have poorer survival than those with endometrial or high-grade serous carcinomas. Although the treatment
strategies are controversial, a comprehensive management approach is recommended, which involves
complete debulking surgery followed by adjuvant chemotherapy and/or radiotherapy. Molecular-targeted
therapies are promising for the management and improvement in the overall survival of patients with car-

cinosarcomas.
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Carcinosarcomas, also called malignant mixed mulle-
rian tumors (MMMTs), are highly aggressive and rare tu-
mors of the female genital tract. Uterine carcinosarcoma
(UCS) is a common gynecological carcinosarcoma, ac-
counting for 2%—-5% of all uterine tumors !!!. Ovarian car-
cinosarcoma (OCS) is less common than UCS, accounting
for only 1%-2% of all ovarian malignancies 2. Primary
carcinosarcomas of the cervix, fallopian tube, and vagina
have only been reported in several cases in the literature.
This review focuses on the clinicopathological character-
istics and treatment of carcinosarcomas.

Pathological features

Carcinosarcomas are tumors containing malignant
epithelial as well as mesenchymal components . These
two components are interlaced or independent on micro-
scopic observation. The malignant epithelial component
is mainly composed of serous endometrial adenocarci-
noma 4, clear cell carcinoma, squamous basal cell car-
cinoma, adenosquamous carcinoma, and undifferentiated
carcinoma P!. The mesenchymal component is either ho-
mologous or heterologous. Homologous sarcoma contains
tissue native to the mullerian duct, such as endometrial
stromal sarcoma, fibrosarcoma, or leiomyoma. However,

cartilaginous, osteosarcomatous, liposarcomatous, and
rhabdomyosarcomatous differentiation, which are com-
monly seen in the heterologous elements, are not native
to mullerian duct tissues. Studies showed that approxi-
mately one-third of carcinosarcomas have two or more
sarcomatoid components, and advanced stromal sarcoma
is the most common component . Sood et al " showed
that the heterologous subtype was more common than
homologous subtype, and the heterologous subtype re-
vealed poorer survival. However, other studies suggest
that the histologic subtype of carcinosarcoma is not a pre-
dictive/prognostic factor for survival .

The histogenesis of female genital tract carcinosarco-
mas has been a subject of debate and several theories have
been proposed. Among these are the collision theory (also
called polyclonal origin theory), based on the collision of
epithelial and mesenchymal stem cells, and the combi-
nation theory (also called monoclonal origin theory), in
which both components are thought to arise from a single
stem cell clone, with dominance of the carcinomatous el-
ement. Conversely, the conversion theory postulates that
the sarcomatous element is derived from the carcinoma
during tumor development. That is, an original stem cell
differentiates into one cell type, which, in turn, differ-
entiates into a second cell type. Jin et al ¥ showed that
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2 cases of OCS and 10 cases of UCS had monoclonal ori-
gin, while another 2 cases of UCS had polyclonal origin.
Similarly, Schipf et al % supported the monoclonal ori-
gin theory using comparative genomic hybridization and
fluorescence in situ hybridization to evaluate 30 cases of
OCS. They found that genetic aberrations in OCS were
similar to those in serous carcinomas — an indication of
metaplasticity — giving support to the conversion theory.
The conversion theory is also supported by the findings
of 2 cases of primary serous epithelial carcinomas recur-
ring as OCS. After loss of heterozygosity, p53 mutation
status, and microsatellite analyses, Gallardo et al'! found
that both the primary and recurrent tumors had identical
characteristics. In one study of 25 cases of UCS, chromo-
somal aberrations were found in 2 components of most
UCS. Meanwhile, p53 and K-ras mutations and X chro-
mosome inactivation were identical, lending support for
the monoclonal origin of UCS. Nevertheless, few studies
have reported the correlation between UCS and a poly-
clonal origin 2.

Many studies have described the biological character-
istics of carcinosarcomas based on their molecular char-
acteristics. High cytokeratin and epithelial membrane
antigen (EMA) expression was noted on carcinosarcomas,
which can predict pathogenesis by immunohistochemi-
cal staining ['3!. Epidermal growth factor receptor (EGFR),
estrogen or progesterone receptor (ER/PR), and insulin-
like growth factor 1 and 2 (IGF1/2) have critical roles in
regulating the cell cycle. Targeted genes such as EGFR
and Her2 have been found to be aberrantly expressed in
carcinosarcoma, and EGFR overexpression was associated
with increased AKT activation ¥, Abnormal expression
of these tyrosine kinase receptors, which are key kinases
in cellular signal transduction, will set foundation for the
potential targeted therapies of carcinosarcoma !,

Clinical features

The clinical presentation of UCS is similar to that of
other uterine carcinomas. Typically, UCS presents with
postmenopausal vaginal bleeding, watery discharge, ab-
dominal pain, or an abdominal mass. About 50%—-95% of
patients with UCS experience dilatation of the uterine
cavity, and 50% are found to have a vaginal mass on ex-
amination ['®. High preoperative levels of CA125 are seen
in some patients.

National Comprehensive Cancer Network (NCCN)
guidelines recommend a staging system of UCS that is the
same as that applied to the endometrial system 7. The
biological characteristics and invasiveness of UCS are rel-
evant to its pathological stage and sarcomatous histologi-
cal subtype, and 53% of UCS cases are diagnosed in the
advanced stages ..

The symptoms of OCS are similar to those of high-grade
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serous ovarian cancer, and the staging system is the same
as that applied to ovarian carcinomas [International Fed-
eration of Gynecology and Obstetrics (FIGO 2014)]. OCS
FIGO stage III or IV has been reported to be associated
with older age and faster disease progression in women
18], Typical symptoms of OCS include abdominal pain and
distention, early satiety, and gastrointestinal complaints;
the performance status of OCS is usually poorer than that
of epithelial ovarian cancer. A palpable abdominal mass
may be found on initial physical examination. More than
90% of patients are estimated to have metastatic foci, and
30% present with abundant ascites. Serum CA125 levels
tend to be elevated in OCS patients ..

Only few cases of cervical carcinosarcoma have been
reported in the literature. Philip et al'® reported that 8 of
9 patients with cervical carcinosarcoma had FIGO stage I
or II, with clinical symptoms of abnormal vaginal bleed-
ing or spotting, postmenopausal bleeding, and abnormal
Papanicolaou smear results. A cervical mass indicates ad-
vanced disease. Serum CA125 levels may be elevated in
cervical carcinosarcoma patients ?!. Carcinosarcoma of
the vagina is much more uncommon, and only few cases
have been reported in the literature. Pelvic radiotherapy
has been reported as a risk factor for carcinosarcoma of
the vagina, with 50% of patients having a history of ra-
diotherapy 1.

Treatments

The optimal treatment regimens for carcinosarcomas
of the female genital tract have not been established. Ac-
cording to the NCCN guidelines, routine treatment of
OCS and UCS is similar to that of advanced endometrial
carcinoma and high-grade serous ovarian cancer 722,

Surgery

Surgery is the primary treatment, and is the mainstay
therapy for gynecological carcinosarcomas. In patients
with early stage disease (especially stage I and II), radical
surgery should be performed as soon as possible, which
includes peritoneal lavage for cytology, total abdominal
hysterectomy and bilateral salpingo-oophorectomy, dis-
section of the pelvic and para-aortic lymph nodes, and
omentectomy and multi-peritoneal biopsies. For patients
with advanced disease, maximal tumor debulking surgery
is recommended with optimal cytoreductive surgery,
which is defined as surgery after which there is no mea-
surable residual disease. Rutledge et al ** showed that
postoperative residual disease correlated with survival
in 31 advanced carcinosarcoma patients who underwent
cytoreductive surgery. Similarly, Edward et al ?¥ stud-
ied 44 advanced UCS patients and found a trend toward
improved survival after optimal debulking surgery com-
pared to that after tumor excision alone [overall survival
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(OS): 52.3 vs. 8.6 months; P < 0.0001]. Several studies
have suggested that lymphadenectomy is correlated with
improved survival. Gunjal et al ' analyzed 2758 UCS
and 924 OCS cases in the SEER database, and found that
lymphadenectomy reduced that mortality rates by 33%
[hazard ratio (HR) = 0.67,95% confidence interval (CI),
0.61-0.74] and 34% (HR = 0.66,95% CI, 0.56-0.78) in the
UCS and OCS cases, respectively.

Radiation therapy

Radiation therapy has been utilized as a treatment ap-
proach for UCS. However, its impact on patient survival
remains controversial. In an European Organization for
Research and Treatment of Cancer (EORTC) study ¢,
224 FIGO stage I-II uterine sarcomas, 91 of which were
carcinosarcomas, were randomized between an observa-
tion arm (OA) and a radiation therapy arm (RT). All pa-
tients underwent a hysterectomy and bilateral salpingo-
oophorectomy, but peritoneal lavage for cytology and
pelvic lymph node sampling were optional. The results
showed no difference in either the OS (RT vs. OA, 8.5 vs.
6.8 years) or disease-free survival (RT vs. OA, 6.2 vs. 4.9
years) but increased local control for the carcinosarcoma
patients receiving radiation (RT vs. OA, 61% vs. 47%). In
a study of 1819 patients in the SEER database, Wright et
al ¥ reported a 21% reduction in the mortality rate for
the patients who underwent radiotherapy. Thus, radia-
tion reduced the mortality rate by 25% in carcinosarcoma
patients who did not undergo node dissection, but had
only a marginal effect on survival in patients who under-
went node dissection.

However, a phase III trial performed by the Gyne-
cologic Oncology Group (GOG) ! from 1993 to 2005
showed no advantage for radiotherapy in 206 stage I-IV
UCS patients. All patients underwent a hysterectomy,
bilateral salpingo-oophorectomy and maximal debulking
surgery, and optional peritoneal cytology and/or pelvic
lymph node dissection with residual disease < 1 cm. Ab-
dominal radiotherapy was performed in 105 patients and
ifosfamide-cisplatin-mesna was administered to 101 pa-
tients after complete resection. The chemotherapy group
showed an improved recurrence rate (21% lower; HR =
0.789, 95% CI 0.530-1.176) and death rate (29% lower;
HR =0.79, 95% CI 0.53-1.18), although there was no sta-
tistically significant survival benefit.

There has been little use or rationale for radiotherapy
in OCS patients, and thus far, no studies have reported
that radiation therapy may improve survival in early-
stage OCS patients ..

Chemotherapy

Although surgery remains the mainstay of treatment
for early-stage carcinosarcoma patients, postoperative re-
current tumors are common in most patients. For women
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with advanced disease, adjuvant chemotherapy and/or
radiotherapy is not recommended owing to the high
risk of abdominopelvic recurrence. Therefore, postop-
erative adjuvant chemotherapy has a significant role in
preventing recurrence. However, there is no consensus
recommendation of chemotherapy for carcinosarcoma
patients. Most studies recommended chemotherapy as
a postoperative adjuvant therapy in patients with stage
I or II disease, or as a palliative treatment for advanced
and recurrent diseases. Several single chemotherapeutic
agents have been investigated, including ifosfamide [re-
sponse rate (RR) = 29%-36%], cisplatin (RR = 28%—-42%),
doxorubicin (RR = 10%—-25%) or paclitaxel (RR = 18%) 3
for UCS; and doxorubicin (RR = 10%) B or cisplatin (RR
= 20%) B2 for OCS.

Several studies have noted the increasing value of com-
bination chemotherapy over single chemotherapeutic
agents, but a consensus regimen has not been established.
Carcinosarcomas are often responsive to platinum-based
chemotherapies and may be tested in combination with
other agents. Combination chemotherapeutic agents are
recommended as summarized below.

(1) Paclitaxel and carboplatin. Powell er al 3% reported
an overall RR of 54% (95% CI, 37%—67%) in a series of
46 UCS patients with advanced and/or recurrent disease.
Most of the patients received 3-6 cycles of paclitaxel (175
mg/m?, >3 h) and carboplatin (AUC = 6) chemotherapy;
the main toxicities were hematologic, fatigue, and periph-
eral neuropathy. Similar results were found in a phase II
prospective study by Lacour et al®3. A time to progres-
sion (TTP) of 9.5 months and an OS of 21.1 months were
reported in 23 advanced/recurrent UCS patients. Com-
mon toxicities included fatigue, neutropenia, and alope-
cia. Rauh et al '® demonstrated an overall RR of 62% in
50 OCS patients treated with carboplatin and paclitaxel
after surgery. In contrast, among 100 matched controls
with serous epithelial ovarian cancer, the RR was 83%
(P=0.03).

(2) Ifosfamide and cisplatin. Sutton et al3* reported an
RR of 34.8% using ifosfamide alone in a phase II trial of
UCS. In a later phase III trial, the RR of the combination
of ifosfamide and cisplatin was shown to be significantly
greater than that of ifosfamide alone (54% vs. 36%). How-
ever, there was no statistically significant difference in
the median survival between the combination and single-
agent treatment (4.0 vs. 6.0 months, P> 0.05) *°.. Advan-
tages of the combination of ifosfamide and cisplatin can
also been found in the treatment of OCS. A retrospective
study of 27 OCS patients conducted by Rutledge er al *¥
found that ifosfamide-cisplatin improved progression-
free survival (PFS) (P = 0.05) and OS (P = 0.03), but was
associated with more toxicities, including alopecia and
neutropenia, compared to paclitaxel and carboplatin.

(3) Ifosfamide and paclitaxel. The advantage of com-
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bination chemotherapy consisting of ifosfamide and pa-
clitaxel in 179 advanced/recurrent UCS patients was dis-
cussed by Homesley er al .. A significant difference was
noted in the PFS (5.8 vs. 3.6 months) and OS (13.5 vs.
8.4 months) between the combination chemotherapy and
ifosfamide alone. Further, the estimated death rate was
31% lower in the combination chemotherapy group (HR
= 0.69, 95% CI 0.49-0.97, P=0.03). Alopecia and severe
sensory neuropathy were the most common toxicities in
the combination chemotherapy group.

(4) Paclitaxel, carboplatin, and ifosfamide. Forty pa-
tients, 34 with primary UCS and 6 with fallopian tube
or OCS, with no prior chemotherapy, were treated with
this combination in the series studied by Kosmas ¥’.. The
chemotherapy regimen was administered at the follow-
ing doses: paclitaxel, 175 mg/m? day 1; ifosfamide, 2.0 g/
m? on days 1 and 2; carboplatin, AUC = 5 mg/mL/min on
day 2; and prophylactic G-CSF from day 3. The RR was
67.5% (20/40), with 11 complete responses and 16 par-
tial responses, while 10 patients had stable disease, and 3
developed progressive disease. The median response du-
ration was 9 months, median PFS was 13 months, and
median OS was 18 months. Grade 3/4 neutropenia was
recorded in 55% of patients, which was endurable.

Additional chemotherapeutic agents include topo-
tecan, cisplatin/ifosfamide/mesna, gemcitabine, and
docetaxel. However, outcomes did not differ among these
agents, and more toxic effects were reported.

Targeted therapy

Recently, molecular-targeted therapy has been uti-
lized in the treatment of gynecological tumors. ABL
gene, fibroblast derived growth factor receptor-f (FDG-
FR-B) and Her-2 are overexpressed in up to 45%, 100%,
and 19% of gynecological carcinosarcomas, respectively,
and that other molecules, including PR, ER, VEGF, and
EGFR, have slightly high expression levels 8. The over-
expression of certain proteins could be a focus for poten-
tial therapeutics in a number of studies. A phase II trial
of sorafenib, an oral agent that inhibits VEGFR, demon-
strated that 5% of patients with uterine carcinoma had a
partial response and 42.5% achieved stable disease; the
median OS was 11.4 months. However, no patient had an
objective response, with 25% achieving stable disease 3.
In a phase II trial of imatinib, a tyrosine kinase inhibitor,
1 0of 23 UCS patients had a PFS > 6 months, while all other
patients had progressive disease or tumor response could
not be assessed . Trastuzumab, a humanized monoclo-
nal antibody that acts through the HER2/neu extracel-
lular domain, exhibits therapeutic efficacy in HER2/neu-
overexpressing cancers in vitro and in vivo . The effect
of treatment with trastuzumab on patient survival needs
to be explored in further studies.
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Prognosis

Female genital tract carcinosarcomas have very poor
prognosis. UCS has significantly worse prognosis than en-
dometrial carcinoma (6.660 vs. 17.760 months; P< 0.001)
2 and the overall prognosis for early-stage (stage I) OCS
is worse than that for high-grade serous ovarian carcino-
mas of a similar FIGO stage [5-year OS: 65.3% (95% CI,
58.0%—-71.4%) vs. 80.6% (95% CI, 58.0%-71.4%)]. Mean-
while, 5-year OS of advanced carcinosarcomas and serous
carcinomas is 18.2% and 33.3% ¥, respectively. Carcino-
sarcoma of the vagina has a poor prognosis with a 5-year
OS of only 17% 4. Recurrence of carcinosarcomas occurs
in 56% of patients after primary surgical and adjuvant
therapy ). Even in early-stage disease, the recurrent rate
is estimated between 47% and 64%, and up to 80% of cas-
es will develop distant metastases . The most common
sites of metastatic foci include the lung (49%), peritoneum
(44%), pelvic or para-aortic lymph nodes (35%), adrenal
gland or bone (19%), heart or pericardium (9%), and/or
the brain (7%) . Lymph node metastasis, tumor size,
lymphovascular invasion, histological subtype, pathologi-
cal subtype, cervical invasion, and myometrial invasion
are considered prognostic factors for UCS ). OCS has a
recurrent rate of up to 70%, and the major prognostic fac-
tors are stage/grade of tumor, pathological subtype, and
myometrial invasion &,

Conclusions

In conclusion, carcinosarcoma of the female genital
tract is a rare, rapidly progressing neoplasm with a poor
prognosis. Although the optimal management modality
remains controversial, maximal cytoreductive surgery
and adjuvant therapy may improve survival outcomes.
Thus, further research is needed to improve the under-
standing and management of these tumor subtypes. Novel
therapies associated with less severe adverse effects and
higher efficacy need to be established.
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