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Background: Uterine carcinosarcoma, a rare gynecological malignancy, often presents at the advanced stage 
with a poor prognosis because current therapies have not improved rates of survival. Genetic characterization 
of this tumor may lead to novel, specifically targeted drug targets to provide better treatment options for patients 
with this malignancy.
Methods: We present a case of a woman aged 61 years with uterine carcinosarcoma and retrospectively ana-
lyzed 100 study patients with uterine carcinosarcoma. From this group, 9 study patients underwent targeted 
sequencing of 1,321 genes.
Results: All 9 study patients had at least 1 mutation in JAK2, KRAS, PIK3CA, CTNNB1, PTEN, FBXW7, TP53, 
and ERBB2; of these, TP53 was the most frequently mutated gene (6/9). In addition, ARID1A and KMT2C, 
which have been described and identified as part of a set of chromatin-remodeling genes, were also found in 
our analyses. From our 100-person cohort clinical analyses, study patients with stage 1 cancer had a median 
survival rate of 33 months (95% confidence interval, 19–109) compared with a median survival rate of 
6 months (95% confidence interval, 3–12) in those with stage 4 disease.
Conclusions: Disease stage alone predicted the rate of clinical survival. Up to 50% in the study group were 
identified at having early stage disease (stage 1/2), indicating improved rates of overall detection compared 
with previously reported data. Our mutational analysis findings add to the number of tumors in which these 
mutations have been found and suggest that chromatin-remodeling dysregulation may play a role in the tu-
morigenesis of carcinosarcoma.

Introduction
Uterine carcinosarcomas are rare gynecological tu-
mors that make up fewer than 5% of all uterine ma-
lignancies; however rare, these tumors account for 
a disproportionate percentage of associated mortal-
ity.1,2 Their classic presentation has been described as 
a triad of symptoms: pain, severe vaginal bleeding, 
and the passage of necrotic tissue through the vagi-
na.1 More than one-half of patients (53%) present with 
advanced stage disease, and 20% of patients with lo-
calized disease at presentation are upstaged during 
laparotomy.3,4

Staging is the most significant prognostic indicator 

and reflects a poor overall, 5-year, disease-specific sur-
vival rate (36.4% for all stages; 62.3% for stage 1 and 0% 
for stages 2 to 4).5 Risk factors are similar to those seen 
in endometrial carcinoma and include nulliparity, ad-
vanced age, obesity, exposure to exogenous estrogens, 
history of pelvic irradiation, and the long-term use of 
tamoxifen.2,6

The histology of the tumor is mixed with epithe-
lial and mesenchymal elements, thus designating it a 
carcinosarcoma. The tumor is classified based on the 
sarcomatous portion as either homologous (consisting 
of mesenchymal elements found in the female genital 
tract) or heterologous (consisting of mesenchymal ele-
ments foreign to the female genital tract). Within the 
uterus, carcinosarcomas commonly arise from the pos-
terior wall of the uterine body near the fundus. The 
mass usually grows to fill and distend the uterus, and 
most carcinosarcomas are visualized as exophytic le-
sions. The extent of myometrial invasion of these tu-
mors is sometimes controversial, but it is generally ac-
cepted that the degree of myometrial invasion is a poor 
prognostic indicator and likely a predictor of metastasis.7

The origin of the tumor is thought to follow the em-
bryological development path of the Müllerian ducts 
and is most likely derived from a pluripotent stem cell 
that differentiates into both epithelial and mesenchymal 
cell types. Further characterization of the tumor histol-
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ogy supports the “conversion” theory, which states that 
an epithelial-to-mesenchymal transition occurs because 
the sarcomatous portion of the tumor exhibits markers 
consistent with an epithelial origin.8

Historically, this tumor was considered to be uter-
ine sarcoma, and treatment was directed at the sarco-
matous element. However, the carcinoma portion of 
the tumor is now favored as the primary determinant 
of tumor aggressiveness, with recent advances in treat-
ment directed toward those elements.9 Regardless, 
standards of therapy (surgical debulking, lymphad-
enectomy, and adjuvant chemotherapy) have not im-
proved overall survival rates, particularly in those with 
advanced disease. Therefore, improving our under-
standing of tumor biology (molecular profile and onco-
genic drivers) should be a priority. 

In that regard, somatic mutations (eg, KRAS, PI3K-
CA) known to be carcinogenic drivers in other tumors 
(eg, lung adenocarcinomas, colon adenocarcinomas) 
have been demonstrated in carcinosarcomas.10 This 
increased our curiosity on a more detailed molecular 
analysis of these tumors. Thus, we present a case pa-
tient with uterine carcinosarcoma and report on our 
clinical and molecular analysis findings for a cohort of 
patients with this disease.

 
Case Report
Presentation
A 61-year-old postmenopausal, gravida 3, para 3 
woman with uncontrolled type 2 diabetes mellitus, 
hypertension, and a 32-pack-year smoking history 
(quit 12 years prior) but no history of gynecological 
cancer or exogenous estrogen exposure presented 
with urinary retention for 2 days and weight loss 
of 24 pounds during the previous 2 to 3 months. She 
denied abdominal pain, hematuria, abnormal vaginal 
bleeding, changes in her bowel pattern, night sweats, 
shortness of breath, and cough. She had undergone 
tubal ligation after her last pregnancy and also report-
ed abnormal results on a Papanicolaou test 6 months 
before her presentation. Findings on physical examina-
tion were benign, except for a palpable but nontender 
mass above the pubic symphysis. Serum levels of can-
cer antigen 125, cancer antigen 19-9, and carcinoem-
bryonic antigen were all within normal limits. 

Computed tomography (CT) revealed a large, 
16-cm heterogeneous intrapelvic mass with no inva-
sion into the surrounding structures, no mesenteric or 
retroperitoneal lymphadenopathy, and no ascites. Sec-
ondary to the large pelvic mass, external compression 
of the bilateral distal ureters was present that resulted 
in severe bilateral hydroureteronephrosis and urethral 
obstruction. Based on these findings, the diagnosis 
of uterine malignancy was suggested and surgical de-
bulking was recommended for diagnostic and thera-
peutic purposes to relieve the urethral obstruction and 

bilateral hydroureteronephrosis.
Exploratory laparotomy, modified radical hysterec-

tomy, bilateral salpingo-oophorectomy, and tumor de-
bulking were performed. Physical examination under 
anesthesia revealed a fixed mass involving the entire 
uterus and gross tumor spillage in the vagina. Midline 
laparotomy confirmed a grossly necrotic tumor in the 
cul-de-sac, arising from the uterus, and all visible tu-
mors were excised and submitted for pathology.

Results
Histopathology with uterine carcinosarcoma was con-
sistent with the diagnosis of high-grade primary uterine 
heterologous carcinosarcoma. The carcinoma compo-
nent was endometrioid adenocarcinoma and the sarco-
matous component was rhabdomyosarcoma (Fig 1).

Fluorodeoxyglucose positron emission tomog-
raphy/CT was obtained of the skull base to the 
midthigh and revealed at least 5 metabolically ac-
tive pulmonary nodules (2 nodules on the right and 
3 nodules on the left; Fig 2). CT angiography of the 
chest showed pulmonary thromboembolism in the 
left lower lobe and also confimed bilateral pulmo-
nary metastases (Fig 3). The patient was started 
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Fig 1A–B. — Histopathological features of uterine carcinosarcoma.  
(A) Adenocarcinoma. (B) Rhabdomyosarcoma.
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Fig 3. — Postoperative computed tomography obtained for the case patient. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2. — Postoperative positive emission tomography obtained for the case patient. 



64  Cancer Control January 2016, Vol. 23, No. 1

on carboplatin and paclitaxel therapy but did not re-
spond. Subsequently, she died from complications of 
progressive disease.

Cohort Analysis
Clinical
We accessed clinical and tissue data from the Total 
Cancer Care protocol, which was approved by the In-
stitutional Review Board of the H. Lee Moffitt Cancer 
Center & Research Institute (Tampa, Florida); patients 
also provided prospectively written informed con-
sent.11 Analysis of our study patient cohort included 
staging by either clinical or pathological staging, with 
the composite stage being the higher of the 2 scores. 
We used the composite stage to describe our cohort.

Deidentified clinical data, including age, race, sex, 
smoking status, stage of disease, histology, and type of 
treatment, were obtained through an “honest broker” 
web-based system designed by Moffitt Cancer Center 
to protect confidential patient information following 
the regulations set forth by the Health Insurance Porta-
bility and Accountability Act. Tissue samples had been 
collected using common protocols for tissue preserva-
tion, processing, and data annotation.

Molecular
Tumor samples from Total Cancer Care were sub-
jected to genomic capture and massively parallel se-
quencing. Sequences were aligned to the hs37d5 hu-
man reference with the Burrows-Wheeler Alignment 
tool.12 Insertion/deletion realignment, quality score 
recalibration, and variant identification were per-
formed with the Genome Analysis ToolKit (Broad In-
stitute, Cambridge, Massachusetts).13 Sequence vari-
ants were annotated with ANNOVAR (http://annovar.
openbioinformatics.org).14 Additional contextual 
information was incorporated, including allele fre-
quency in other studies (eg, 1000 Genomes, National 
Heart, Lung, and Blood Institute’s “Grand Opportuni-
ty” Exome Sequence Project), in silico function impact 
predictions, and observed impacts from select data-
bases such as ClinVar (www.ncbi.nlm.nih.gov/clinvar) 
and the Collection of Somatic Mutations in Cancer 
(COSMIC; version 61; Wellcome Trust Sanger Insti-
tute, Cambridge, UK).15 Mutation frequencies were 
compared with data from The Cancer Genome Atlas 
(TCGA) using the cBioPortal for Cancer Genom-
ics tool (Memorial Sloan Kettering Cancer Center, 
New York, New York).16,17

To enrich for somatic mutations, we excluded any 
positions observed in 1,000 genomes or at a frequen-
cy larger than 5% in a local normal population. We 
eliminated any variants with a variant quality score 
recalibration tranche level equal to 100 and required 
a genotype quality of at least 10 to include the variant 
of a particular sample.

Results
Clinical Analysis: The Total Cancer Care cohort in-
cluded 100 study patients diagnosed with uterine car-
cinosarcoma seen at Moffitt Cancer Center or an af-
filiated hospital between 1996 and 2012. Most study 
patients at presentation were between the ages of 60 
and 79 years, female, white, and diagnosed in an ear-
ly composite stage (1/2). Tumor grade was most often 
poorly differentiated. The first course of treatment was 
distributed between surgery alone, surgery and che-
motherapy, and combination surgery, chemotherapy, 
and radiotherapy. The strongest predictor of survival 
was stage at presentation, with stage 1 having a medi-
an survival rate of 33 months (95% confidence interval, 
19–109) and stage 4 having a median survival rate of 6 
months (95% confidence interval, 3–12; Fig 4).

Genetic Mutation Analysis: Nine of the 100 study 
patients were part of a targeted sequencing study cov-
ering 1,321 genes.10 We examined their mutation pro-
files, comparing observed frequencies to 31 patients 
with carcinosarcoma in a previous study of 15 cancer 
genes.10 We focused on those positions seen more 
than 5 times in COSMIC.15 Mutations in JAK2, KRAS, 
PIK3CA, CTNNB1, PTEN, FBXW7, TP53, ARID1A, and 
ERBB2 were identified (Fig 5; Supplemental Table). All 
9 samples had at least 1 mutation in these genes, with 
TP53 being the most commonly mutated (6 of 9). If 
TP53 is removed, then 8 of the 9 samples had at least 1 
mutation in the remaining genes, suggesting that these 
pathways play an important role in carcinosarcoma. 
Many of these genes are mutated at recurrent posi-
tions, including PIK3CA (R88Q, H1047R/Y), FBXW7 
(R465H, R658X), ERBB2 (V842I), JAK2 (V617F), and 
CTNNB1 (S37F, T41A).16,17 Truncating mutations in 
PTEN (R233X, Q97X), TP53 (2 different nonsense 
mutations, 1 splice-altering mutation), KMT2C (1 non-
sense mutation), and ARID1A (2 nonsense mutation) 
were also observed, consistent with previous obser-
vations of truncating mutations in these genes in dif-
ferent tumor types (TCGA via cBio Portal).16,17 A single 
KRAS G12D mutation was also identified.

Many of these genes (PIK3CA, KRAS, TP53, PTEN, 
and CTNNB1) were observed in an earlier study and 
were part of the 15-gene panel used by Penson et al.10 
ARID1A, KMT2C, and FBXW7 were identified in a re-
cent study by Jones et al.18 Two of these genes were 
observed to be commonly mutated in uterine carcino-
sarcoma (TCGA via cBio Portal): ARID1A at 18% and 
FBXW7 at 39%.16,17 However, although we observed 
1 mutation in PPP2R1A (the most significantly mutated 
gene in uterine carcinosarcoma via the cBio Portal, as 
of publication), this exact mutation was not observed 
in TCGA data.16,17 Furthermore, CTNNB1 mutations 
were observed in our study as well as in Penson et al10 
but not in TCGA data.16,17

A single sample, DS–90250, had many mutations 
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across these commonly mutated driver genes (Fig 5; 
see Supplemental Table). Upon further examination, 
we identified a POLE proofreading-domain mutation, 
V411L, in this sample. After reviewing uterine carcino-
sarcoma data from TCGA, we identified a single sam-
ple with a POLE mutation in the same region, P286R; 
the sample also had a high number of mutations.16 
Thus, although these mutations are uncommon (ie, less 
common than those reported in uterine corpus endo-
metrial carcinoma19), our findings suggest that POLE 
mutations can be observed in uterine carcinosarcoma.

Discussion
The patient discussed in our case report presented in 
the sixth decade of life with stage 4 disease and more 
than 50% myometrial invasion, so her prognosis was 
poor. She was referred to our gynecological oncology 
clinic and received chemotherapy with carboplatin and 
paclitaxel. She tolerated 2 cycles of chemotherapy be-
fore she died from her disease. 

Most women in our cohort were white and their 
stages of presentation were equally distributed 
throughout the group. This is in contrast to other epi-
demiological studies, which have included higher per-
centages of black or non–white women and those like-
ly to present with advanced-stage disease.20,21

In our examination of mutations in 1,321 genes 
thought to be associated with cancer in a small cohort 
of individuals diagnosed with uterine carcinosarcoma 
(n = 9), we reproduced some earlier mutations. Direct 

comparisons of frequency between studies are limit-
ed by small sample size, but general similarities exist. 
Therefore, we can conclude that mutations in PIK3CA, 
KRAS, PTEN, TP53, ARID1A, KMT2C, and FBXW7 are 
important drivers of uterine carcinosarcoma. However, 
some differences in mutation frequencies are appar-
ent, perhaps reflecting the pathological heterogeneity 

Fig 4. — Characteristics of the 100-person cohort. TNM = tumor, node, metastasis.

Fig 5. — Mutations in commonly mutated cancer-related genes. Mutation 
matrix shows missense (blue) and truncating (black) mutations in each 
study patient (n = 9) for the listed genes. 
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of this disease. The large number of potential driver 
genes suggests that uterine carcinosarcoma is a geneti-
cally heterogeneous disease.

Genetic investigation of additional samples will 
be needed to more accurately determine incidence, to 
identify lower-frequency genetic events, and to asso-
ciate status with clinical phenotype. However, we ob-
served a mutation in at least 1 well-characterized on-
cological gene for every sample analyzed, suggesting 
that, although uterine carcinosarcoma may be driven 
by heterogeneous events, these drivers are already 
known to be important for the development of other 
cancer types.

Given poor overall survival rates for uterine carci-
nosarcoma, genetic characterization offers the poten-
tial to improve our understanding and treatment of 
this rare type of cancer. Our preliminary investigation 
demonstrated that pathways altered in other cancer 
types are also altered here, suggesting that therapeutic 
options (including targeted therapies) may also be ef-
fective in uterine carcinosarcoma. We also confirmed 
the presence of mutations in chromatin-remodeling 
genes in this disease, suggesting a possible therapeutic 
strategy via histone deacetylase inhibitors. 

In addition, we observed a POLE proofreading-
domain mutation resulting in a large mutational load 
in uterine carcinosarcoma. Large mutation load has 
been linked to durable response to immune check-
point–inhibitor therapy in non–small-cell lung cancer 
and melanoma, suggesting another possible strategy 
for this disease.22,23 Future studies will also need to 
incorporate clinical outcome information to further 
understand the progression and prognosis of this ma-
lignant disease. 

Conclusions
Given the genetic heterogeneity reported here, knowl-
edge of the mutational profile of any given tumor could 
be linked to a differential prognosis or therapeutic re-
sponse, and mutation profiles described here and else-
where suggest new therapeutic options.10,18 Potential 
exists for personalized understanding and treatment op-
tions for patients with uterine carcinosarcoma; however, 
given the rarity of the disease, collaborative efforts will 
be critical to understanding the relationships between 
molecular alterations and clinical features.

Acknowledgments: Total Cancer Care is enabled 
in part by the generous support of the DeBartolo fam-
ily, and we thank the many patients who have provid-
ed tissue to the Total Cancer Care Consortium. We also 
thank Rasa Hamilton for editorial assistance.

References
 1. Doss LL, Llorens AS, Henriquez EM. Carcinosarcoma of the 
uterus: a 40-year experience from the state of Missouri. Gynecol Oncol. 
1984;18(1):43-53.
 2. Arend R, Doneza JA, Wright JD. Uterine carcinosarcoma. Curr 

Opin Oncol. 2011;23(5):531-536.
 3. Temkin SM, Hellmann M, Lee YC, et al. Early-stage carcinosar-
coma of the uterus: the significance of lymph node count. Int J Gynecol 
Cancer. 2007;17(1):215-219.
 4. Kernochan LE, Garcia RL. Carcinosarcomas (malignant mixed 
Müllerian tumor) of the uterus: advances in elucidation of biologic and 
clinical characteristics. J Natl Compr Canc Netw. 2009;7(5):550-556.
 5. Iwasa Y, Haga H, Konishi I, et al. Prognostic factors in uter-
ine carcinosarcoma: a clinicopathologic study of 25 patients. Cancer. 
1998;82(3):512-519.
 6. McCluggage WG. Uterine carcinosarcoma related to tamoxifen. 
Int J Gynecol Cancer. 2003;13(5):697-698.
 7. Tanaka YO, Tsunoda H, Minami R, et al. Carcinosarcoma of the 
uterus: MR findings. J Magn Reson Imaging. 2008;28(2):434-439.
 8. Cimbaluk D, Rotmensch J, Scudiere J, et al. Uterine carcinosar-
coma: immunohistochemical studies on tissue microarrays with focus on 
potential therapeutic targets. Gynecol Oncol. 2007;105(1):138-144.
 9. Kanthan R, Senger JL. Uterine carcinosarcomas (malignant mixed 
müllerian tumours): a review with special emphasis on the controversies in 
management. Obstet Gynecol Int. 2011;2011:470795.
 10. Penson RT, Goodman A, Growdon WB, et al. Case records of the 
Massachusetts General Hospital. Case 14-2013. A 70-year-old woman 
with vaginal bleeding. N Engl J Med. 2013;368(19):1827-1835.
 11. Fenstermacher DA, Wenham RM, Rollison DE, et al. Implementing 
personalized medicine in a cancer center. Cancer J. 2011;17(6):528-536.
 12. Li H, Durbin R. Fast and accurate short read alignment with Burrows-
Wheeler transform. Bioinformatics. 2009;25(14):1754-1760.
 13. DePristo MA, Banks E, Poplin R, et al. A framework for variation 
discovery and genotyping using next-generation DNA sequencing data. 
Nat Genet. 2011;43(5):491-498.
 14. Wang K, Li M, Hakonarson H. ANNOVAR: functional annotation 
of genetic variants from high-throughput sequencing data. Nucleic Acids 
Res. 2010;38(16):e164.
 15. Bamford S, Dawson E, Forbes S, et al. The COSMIC (Catalogue 
of Somatic Mutations in Cancer) database and website. Br J Cancer. 
2004;91(2):355-358.
 16. Cerami E, Gao J, Dogrusoz U, et al. The cBio cancer genomics 
portal: an open platform for exploring multidimensional cancer genomics 
data. Cancer Disc. 2012;2(5):401-404.
 17. Gao J, Aksoy BA, Dogrusoz U, et al. Integrative analysis of com-
plex cancer genomics and clinical profiles using the cBioPortal. Sci Signal. 
2013;6(269):pl1.
 18. Jones S, Stransky N, McCord CL, et al. Genomic analyses of 
gynaecologic carcinosarcomas reveal frequent mutations in chromatin 
remodelling genes. Nature Comm. 2014;5:5006.
 19. Kandoth C, Schultz N, Cherniack AD, et al; Cancer Genome 
Atlas Research Network. Integrated genomic characterization of endome-
trial carcinoma [Erratum appears in Nature. 2013;500(7461):242]. Nature. 
2013;497(7447):67-73.
 20. Arend R, Bagaria M, Lewin SN, et al. Long-term outcome and natural 
history of uterine adenosarcomas. Gynecol Oncol. 2010;119(2):305-308.
 21. Brooks SE, Zhan M, Cote T, et al. Surveillance, epidemiology, and 
end results analysis of 2677 cases of uterine sarcoma 1989-1999. Gynecol 
Oncol. 2004;93(1):204-208.
 22. Rizvi NA, Hellmann MD, Snyder A, et al. Cancer immunology. Muta-
tional landscape determines sensitivity to PD-1 blockade in non-small cell 
lung cancer. Science. 2015;348(6230):124-128.
 23. Snyder A, Makarov V, Merghoub T, et al. Genetic basis for clini-
cal response to CTLA-4 blockade in melanoma. N Engl J Med. 
2014;371(23):2189-2199.


	_ENREF_1
	_ENREF_4
	_ENREF_2
	_ENREF_3
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20

