
INTRODUCTION

Uterine carcinosarcoma/malignant mixed Müllerian tumor 
(UC/MMMT) is an uncommon and aggressive gynecological 
malignancy with poor prognosis. Tumors arise from mono-
clonal carcinoma cells derived from embryonal mesoderm, 
which exhibit sarcomatous metaplasia. UC/MMMT usually 
occurs in postmenopausal women and accounts for 2%–5% 
of all uterine malignancies [1,2]. The five-year survival rates are 
particularly poor (21%–39%). Several case reports and case 
series describe UC/MMMT occurring after tamoxifen therapy 
for breast cancer [3-9]. Retrospective studies suggest that the 
increased incidence of these high-risk malignancies is greater 
than the observed increase in incidence of endometrial 
tumors generally following tamoxifen therapy [10-13], though 
the number of subjects with UC/MMMT in any of these stud-
ies is small. The increase in uterine cancers generally following 
tamoxifen therapy is thought to be driven by the estrogen 
receptor alpha (ERa) through a positive trophic effect on the 
uterine corpus. Although tamoxifen binds ERβ with equal 
affinity, there is no observed activation of this receptor [14,15]. 
Whether ER activation exerts any positive effect on UC/
MMMTs remains equivocal. Other studies suggest that tamoxi-
fen may upregulate expression of the HER2/neu oncogene in 
UC/MMMT cells [16,17], although any potential effect on the 
behavior of these malignancies is far from clear. As tamoxifen 
metabolites can covalently bind DNA, principally forming (E)- 
and (Z)-a-(deoxyguanosin-N2-yl)-4-hydroxytamoxifen adducts 

[18], the possibility that tamoxifen therapy is inherently carci-
nogenic has also been considered. However, tamoxifen-DNA 
adduct formation in uterine tissues following oral administra-
tion occurs at levels too low to be consistent with this being 
the mechanism driving such endometrial cancers [19].

We identified two unrelated women who developed UC/
MMMT as a second primary malignancy following BRCA1-
associated breast cancer. Neither of these women received 
hormone therapy, as their tumors were histologically 
determined to be unresponsive to hormone therapy (i.e., ER-/
progesterone receptor [PR]-). Patient 1 had BRCA1 c.5503C>T 
(p.Arg1835*), developed breast cancer at 36 years, which 
was managed with lumpectomy and local radiotherapy, and 
subsequently developed UC/MMMT at 48 years. Patient 2 had 
BRCA1 c.2560_2561dupGC (p.Gln855fs), developed breast 
cancer at 34 years, again treated with lumpectomy and local 
radiotherapy, and was found to have UC/MMMT at 56 years. 
Although BRCA1 mutation carriers are at increased risk of 
developing endometrial cancers compared to the general 
population, most of this risk is attributable to tamoxifen use 
[20]. It has also been suggested that BRCA1 mutations may 
predispose carriers to uterine papillary serous carcinoma 
specifically [21,22]. However, UC/MMMT is not recognized as 
part of the BRCA1 phenotype. Prompted by this unexpected 
finding, we conducted a retrospective population-based 
study to establish whether an association exists between 
breast cancer and UC/MMMT generally and whether a breast 
tumor being ER-/PR- has any bearing on this.

METHODS

We reviewed data from all 387 patients in the Northern 
and Yorkshire Cancer Registry who were diagnosed with UC/
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MMMT between January 1998 and December 2007. We also 
analyzed data for all 85,930 women who could have potential-
ly developed UC/MMMT following breast cancer during this 
period, i.e., any woman alive for any part of the study period 
who had been diagnosed with breast cancer at any time prior 
to the study end date. Data included age at cancer diagnoses 
and whether hormone therapy had been given at any time for 
this, as a proxy for ER/PR status of the breast cancer. All study 
information was released to us in fully anonymized form. As 
cancer registration is a statutory requirement in the UK, we 
expect our dataset to be fully representative of the registry 
population, although we cannot exclude the possibility of mi-
nor omissions in the recording of therapies that were started 
after the registered treatment period. 

RESULTS AND DISCUSSION

Three hundred eighty-seven patients were diagnosed with 
UC/MMMT between January 1998 and December 2007, 
accounting for 5.7% of all recorded uterine malignancies. The 
mean age at diagnosis was 71 years (range, 28 to 101 years). 
85,930 women were alive for at least part of the study period 
having been diagnosed with breast cancer. In 87 of UC/MMMT 
cases (22.5%), UC/MMMT represented a second primary 
malignancy following breast cancer, with an interval of 10–20 
years. In a further six UC/MMMT patients (1.6%), UC/MMMT 
preceded a diagnosis of breast cancer. This co-occurrence of 
breast cancer together with UC/MMMT in 24% of UC/MMMT 
patients is significantly higher (p<0.001) than the breast cancer 
rate (3.0%) seen, at the midpoint of the study period, in women 
>20 years of age without UC/MMMT. Kaplan-Meier estimates 

were used with a Cox proportional hazards regression to test 
the effect of hormone therapy on time to UC/MMMT following 
breast cancer, against the hypothesis that there would be no 
difference between the groups. Hormone therapy, as a proxy 
for hormone receptor status, has no significant effect on the 
development of UC/MMMT following breast cancer (p=0.55) 
(Fig. 1). However, the number of cases of UC/MMMT occur-
ring in women following an independent diagnosis of breast 
cancer (87 out of 85,930) is higher than expected (p<0.001).

This study comprises the largest cohort of UC/MMMT pa-
tients to date and suggests that receipt of hormone therapy 
for breast cancer has negligible effect on the incidence of 
these tumors. However, the observation that UC/MMMT is 
overrepresented in our breast cancer population suggests 
that there may be an as yet unknown, possibly genetic, com-
ponent to the development of such malignancies. Another 
potential explanation is that systemic treatment for a primary 
cancer, i.e., chemotherapy, may increase the likelihood of a 
second malignancy among treated individuals; however, our 
patients were managed with surgery and local radiotherapy 
only. Having identified unrelated women diagnosed with UC/
MMMT following ER-/PR-, BRCA1-associated breast cancers, it 
may be that these aggressive gynecological tumors are a rare 
manifestation of this high risk genetic cancer predisposition 
syndrome, which may be avoided by prophylactic hysterec-
tomy. While the risk-reducing role of prophylactic bilateral 
salpingo-oophorectomy in promoting long-term survival 
among BRCA1/2 carriers is already established [23], a similar 
approach may not be clinically practicable for malignancies 
as rare as UC/MMMT. Further genetic studies of the UC/
MMMT population are required to properly establish whether 
BRCA1/2―or other genes―make a substantial contribution to 
this clinical phenotype. If so, newer, targeted therapies, such 
as the PARP inhibitors [24], may be considered as potential 
candidates to reduce mortality associated with UC/MMMT.
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Fig. 1. Kaplan-Meier estimates of time to uterine carcinosarcoma/
malignant mixed Müllerian tumor (UC/MMMT) following breast cancer 
diagnosis, with and without hormone therapy for the breast cancer. 
There is no difference between the groups.
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