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Abstract

Objective To evaluate the clinical and pathological features of endometrial cancer (EC) following breast cancer and to assess
the effect of the breast cancer hormone receptor status on subsequent EC.

Materials A retrospective study based on SEER data of EC patients with a history of breast cancer.

Results A total of 2142 cases met the inclusion criteria. Compared to that of the general population, the incidence of EC
following estrogen receptor-positive (ER+) breast cancer and hormone receptor-negative (HR—) breast cancer increased by
approximately 16-fold and 15-fold, respectively. Histologically, the proportions of type II EC following ER+ breast cancer,
HR-— breast cancer and primary EC were 39.6%, 39.4% and 31.2%, respectively (P <0.001). The proportions of G3 ECs
were 26.9%, 28.2% and 19.8%, respectively (P <0.001). The proportion of patients who died from miscellaneous malignant
tumors among EC patients following breast cancer was significantly higher than the proportion of patients among primary
ECs. The overall survival rate was worse for EC patients with a history of breast cancer (P <0.001). There were no significant
differences between patients with EC following ER+ breast cancer and those with EC following HR— breast cancer with
regard to stage, lymphatic metastasis, outcome or cause of death.

Conclusions Compared to the general population, the incidence of EC in patients with breast cancer was increased mark-
edly. Patients with EC following ER+ or HR— breast cancer shared the same clinicopathological features and prognoses.
All patients need close monitoring regardless of breast cancer hormone receptor status.
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Introduction early 1980s, endocrine therapy, including estrogen receptor
inhibitors and aromatase inhibitors (Als), has been glob-
Breast cancer is the most common cancer in women,  ally used for hormone receptor (HR)-positive breast cancer

accounting for 25% of cancers in female patients worldwide  patients [3—5]. Tamoxifen (TAM) can significantly reduce
[1]. More than 70% of breast cancer patients are diagnosed  breast cancer recurrence and the risk of contralateral breast
with estrogen receptor-positive (ER+) disease [2]. Since the cancer but has some side effects [6, 7]. The most significant
and deleterious effect appears to be a proliferative effect
on the endometrium, which can result in endometrial can-
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hormone dependence, which is the pathogenic basis of both
endometrial and breast cancer, is absent. The characteristics
of patients with EC after HR— breast cancer remain unclear.
There is no study evaluating the effect of hormone receptor
status in breast cancer on subsequent EC. The purpose of
this study is to provide data for the prevention and treatment
of EC after breast cancer from two perspectives. The first is
an exploration of the clinical and pathological characteristics
of EC in patients with the history of breast cancer compared
with those of primary EC (with/without the history of breast
cancer). The second is an evaluation of whether hormone
receptor status in breast cancer matters in terms of the prog-
nosis of subsequent EC.

Materials and methods

With permission from the Surveillance, Epidemiology, and
End Results (SEER) program of the United States National
Cancer Institute, clinicopathological, treatment and survival
information of women diagnosed with EC or breast cancer
during the period from January 1, 2004, to December 31,
2015, was collected. Patients were selected in tabular format
in the “Case Listing” option of the SEER* Stat software.
Eligibility criteria included the following: (1) a primary
diagnosis of breast cancer from 2004 to 2015, (2) estrogen
receptor-positive (ER+) status (regardless of progesterone
receptor status) or hormone receptor-negative (HR—) sta-
tus, including estrogen receptor-negative and progesterone
receptor-negative status, (3) EC that was diagnosed after
breast cancer during the same period, and (4) confirmation
of all diagnoses by positive histology.

A total of 2142 patients met the inclusion criteria, and
another 105,418 cases with one primary diagnosis of EC
alone were extracted as controls. The recorded data included
age at diagnosis, histology, grade, stage, lymphatic metasta-
sis, surgery, time interval, cause of death (COD) and overall
survival (OS) month. Patients were classified into three age
groups: less than 50 years, 50-60 years, and greater than
60 years. Endometrioid adenocarcinoma was classified as
type I cancer, and type II EC includes serous adenocarci-
noma, clear cell adenocarcinoma, and Mullerian mixed
tumors, etc. The differentiation of tumor was reported using
a four-grade system: grade 1 (well differentiated), grade 2
(moderately differentiated), grade 3 (poorly differentiated)
and undifferentiated. Staging was recorded from stage I to
IV. Lymph node metastasis was recorded in two categories:
yes or no. Patients with unknown or non-applicable lymph
node metastasis status were excluded when calculating P
values. Furthermore, survival was calculated as the number
of months from cancer diagnosis to death, and each patient’s
cause-specific death was recorded.
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Clinical and pathological characteristics were compared
using Pearson’s Chi-squared and Fisher’s exact tests. The
Kaplan—Meier and log-rank tests were used to estimate sur-
vival and compare differences between groups, respectively.
P values less than 0.05 were considered to indicate statistical
significance.

Result

The SEER data included more than 542,000 ER+ and
118,000 HR— breast cancer patients from 2004 to 2015, of
which 2142 patients were diagnosed with EC afterwards.
A total of 1792 patients had ER+ cancer, and 350 patients
had HR— cancer. Overall morbidity of EC was 0.32% in
the breast cancer population, 0.33% in the ER+ group and
0.30% in the HR— group. The clinicopathological features of
the patients are shown in Table 1. The average age at diagno-
sis of patients with a history of breast cancer and of patients
with primary cancers was 66 and 58 years, respectively. The
EC patients with ER+ breast cancer were older than those
with HR— breast cancer (diagnosed at over 60 years of age:
70.9% vs. 63.7%, P=0.006). Histologically, patients with
EC following breast cancer were characterized as having
more type II ECs (39.5% vs. 31.2%, P <0.001) and grade
3 ECs (28.7% vs. 19.8%, P<0.001). These characteristics
existed for both ER+ and HR— patients, and there were no
significant differences between the two groups. When com-
paring patients with EC following breast cancer with those
diagnosed with primary EC alone, there were no significant
differences in the distributions of stage, pelvic metastasis
or para-aortic metastasis. The above indicators were also
not significantly different between the ER+ and HR— cases.

The overall survival rate of EC following breast cancer
was worse than that of primary EC, while there was no dif-
ference in the survival rate between the patients with EC
following ER+ and HR— cancer (Fig. 1). Regarding propor-
tional COD, the rates of death from miscellaneous cancer
(MC) in patients with primary EC and those with EC fol-
lowing breast cancer were 2.5% and 11.7%, respectively.
The rates of death from EC of the two groups were 28.8%
and 23.2%, respectively. The rates of death from diabetes
were 2.0% and 1.4%, respectively. The rates of death from
cardiovascular and cerebrovascular disease were 12.8% and
11.0%, respectively. Differences of death from MCs and ECs
were significant between the EC patients with a history of
breast cancer and those with primary ECs. There was no
difference in the rate of other COD between the two groups.
Between the ER+ and HR— groups, there was no difference
in the rate of COD.

Most patients with EC (70.7%) were diagnosed within
5 years after the diagnosis of breast cancer. This high pro-
portion was more pronounced among patients with ER+
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Table 1 Clinicopathological Varible

. . EC following breast cancer Primary EC P2
characteristics of EC following
ER+ and ER- breast cancer (%) ER+ HR- P1 Total
N=1792 N=350 N=2142 N=105,418

Age 0.006 <0.001
Less 50 5.5 4.6 54 14.4
50-60 23.6 31.7 24.9 334
Over 60 70.9 63.7 69.7 522

Race 0.001 0.018
White 81.7 75.7 80.8 81.5
Black 9.9 17.1 11.0 9.6
Others 8.3 7.1 8.2 8.9

Histology 0.962 <0.001
I 60.4 60.6 60.5 68.8
I 39.6 39.4 39.5 31.2

Grade 0.976 <0.001
1 34.0 333 33.9 44.7
2 23.7 242 23.8 28.6
3 26.9 28.2 28.7 19.8
Undifferentiated 13.4 14.3 13.6 6.4

Stage 0.722 0.07
I 70.3 68.3 70.0 72.4
I 8.4 9.3 8.6 7.3
I 14.7 14.3 14.7 13.5
v 6.6 8.1 6.8 6.8

Pelvic 0.610 0.610
Yes 13.5 12.0 133 12.7
No 86.5 88.0 86.7 87.3

Para 0.778 0.784
Yes 10.6 11.6 10.8 10.4
No 89.4 88.4 89.2 89.6

COD 0.587 <0.001
Breast 20.2 244 - -
EC 18.7 16.7 23.2 28.8 0.009
Uterus, NOS 21.9 17.8 26.8 28.8 0.367

Diabetes 1.3 0 1.4 2.0 0.377
MC 8.5 133 11.7 2.5 <0.001
CCD 8.7 8.9 11.0 12.8 0.267
Others 20.8 18.9 259 25.1 0.684

Interval -
Within 1 year 23.3 16.6 222 -
1-5 years 48.9 46.0 48.5 -
Over 5 years 27.8 37.4 29.4 -

P1 Value indicates the difference between ECs following ER+ and HR— breast cancers. P2 Value indicates
the difference between ECs following breast cancer and primary only ECs

Tumor differentiations in 423 ECs patients with ER+ and 77 ECs patients with HR— breast are unknown.
Stages in 196 ECs patients with ER+ and 28 ECs patients with HR— breast are unknown. Lymph node
metastasis in patients diagnosed before 2010 is not applicable. Pelvic lymph node status is included in 987
patients (821 in ECs with ER+ breast cancer and 166 in ECs with HR— breast cancer). Para-aortic lymph
node status is included in 567 patients (481 in ECs with ER+ breast cancer and 86 in ECs with HR— breast
cancer). 461 ECs patients in ER+ group and 90 ECs patients in HR— group die. 115 patients dead from
breast cancers are excluded when comparing the COD of primary and subsequent ECs

MC miscellaneous malignant cancer, CCD cardiovascular and cerebrovascular disease
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Fig. 1 Survival comparison among EC patients with ER+ and HR—
breast cancer and primary ECs. P1: comparison of patients with ER+
and HR— breast cancer; P2: comparison of three groups

breast cancer (72.2% vs. 62.6%, P <0.001). The risk of EC
in ER+ breast cancer patients decreased gradually with
increasing time interval, while a small peak reappeared
6-7 years after the diagnosis of HR— breast cancer (Fig. 2).

Discussion

EC with a history of breast cancer is a specific condition. We
found that compared to the general population, the incidence
of EC in patients with previous breast cancer increased. In
the general population, the incidence of EC in the United
States is 0.019% [10]. In our research, based on data from
the SEER database, the incidence of EC following ER+ and
HR— breast cancers is 0.33% and 0.30%, which is approxi-
mately 16 times and 15 times higher, respectively.
Hormone therapy is globally used in patients with HR+
breast cancer. TAM is a representative drug and is widely
used, especially in premenopausal patients [11]. A meta-
analysis based on four RCTs shows that extended adjuvant
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TAM is associated with an increase in EC [12]. However,
our data show that in patients with HR— breast cancers who
do not use TAM, the incidence of EC is still as high, which
indicates that EC occurs after breast cancer seems to be
mainly derived from intrinsic abnormalities. Genetic car-
cinogenesis is most likely a factor.

Recent cancer genome studies have led to the identifica-
tion of scores of cancer genes. There are multiple proven
pathogenic genes whose alterations increase susceptibility
to breast cancer, including BRCA-1, BRCA-2, P53, HER-
2, and PTEN [13-15]. In BRCA-1 mutation carriers, the
security of genomic safeguard combined with estrogen sur-
veillance is endangered, resulting in accumulated mutations
both in mammary and endometrial tissues [16]. Women car-
rying breast cancer susceptibility genes also preferentially
develop EC [17]. PTEN is the most common mutation in
type I EC. In type II EC, the most common gene mutations
include P53, HER-2 and P16 [18]. It is documented that
BRCA-1 expression levels were downregulated in response
to transcriptional repression by p53 [19, 20]. Synergistic
downregulation of BRCA-1 and p53 accelerates tumor
occurrence. Several studies have highlighted the association
between breast cancer and high-risk EC subtypes. A multi-
center prospective cohort study including 1083 women with
a deleterious BRCA-1 or BRCA-2 mutation demonstrated
that BRCA-14 women are at increased risk of serous/serous-
like EC [21]. A study by Liang et al. suggested that women
with a prior diagnosis of breast cancer who subsequently
developed EC were more likely to have type II cancer, and
this effect was independent of TAM exposure [22]. These
studies have revealed that predisposing genetic factors may
be common to cancers, which also explains the high inci-
dence of type II and high-grade cancers in our study.

In our study, the prognosis and COD between the three
groups show several notable features. The first, patients with
EC following breast cancer have a worse prognosis than
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Fig. 2 Relationship between distribution of endometrial cancer and interval time. (B1: ER+ breast cancer; B2: HR— breast cancer)
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patients with primary EC, and the results of COD show
that its real reason is not due to the EC specific mortal-
ity. Approximately 20% of the patients died of breast can-
cer in the group of patients with subsequent EC, which we
speculated may be responsible for the poor overall survival.
The second, the proportion of women dying of MC among
patients with EC following breast cancer is five times higher
than that of patients with primary EC, although the over-
all number of cases is small. MC are interpreted as other
types of malignant tumors other than breast and endome-
trial cancer. We speculate that this is probably attributable
to pathogenic gene mutations as discussed, although we do
not know the genetic background or mutation characteris-
tics of these cancers. The co-occurrence of endometrial and
breast cancer is a high risk factor for miscellaneous can-
cers. The third, there has no significant difference between
patients with EC following ER+ breast cancer and those
patients with EC following HR— breast cancer in terms of
clinicopathological features and prognoses. This deserves
our attention and consideration. Many studies have deter-
mined that TAM is closely related to the occurrence of type
II and high-grade EC [23]. Doctors are always very anxious
about using it, which limits its clinical application to a cer-
tain extent. Although in this study, TAM detailed medication
information is not available, hormone receptor status can
be as a proxy for hormone therapy. There are no significant
differences regarding the survival and COD of EC patients
in the non-TAM population represented by HR— patients
compared with ER+ patients. Some studies have also shown
that although the proportion of patients with high-risk EC
with a history of breast cancer is increasing, the increase has
nothing to do with hormone therapy [24, 25]. Therefore, it
can be concluded that TAM may have no adverse effects
on the prognosis of EC following ER+ breast cancer. The
effect of TAM on the EC requires further study. Finally, what
needs to be pointed out is that cardiovascular and cerebro-
vascular diseases are still an important cause of death in EC
patients with a history of breast cancer, although it is fewer
in patients with primary EC. It is well known that type I
EC is considered to be a metabolic syndrome with high-
risk factors, including hypertension, obesity, and diabetes
which is closely related to cardiovascular and cerebrovascu-
lar accidents. Metabolic syndrome also has an association
with breast cancer which should be considered during the
follow-up of EC patients with a history of breast cancer [26].

Surveillance is an effective way to prevent disease from
progressing into an advanced stage. There were no differ-
ences in lymph node metastasis, advanced stage or cancer-
specific survival between the patients with EC following
breast cancer and those diagnosed with primary EC alone,
although the proportions of G3 and type II cancer were
significantly higher in the former group. This difference
is probably related to clinical monitoring in breast cancer

patients. Based on our results, we have the following sug-
gestions for the surveillance of patients with EC follow-
ing breast cancer. (1) Patients with breast cancer should
be alert to the occurrence of EC from the date of diag-
nosis regardless of hormone receptor status and whether
TAM is used. The risk of EC decreases with increasing
interval time, and endometrial monitoring should last for
at least 5 years. However, vigilance is recommended as
there is still a small peak of EC in HR— breast cancer
patients 5 years after diagnosis. Endometrial monitoring
methods include ultrasound and hysteroscopy. Ultrasono-
graphic abnormalities (including in the uterine body and
endometrium) and abnormal uterine bleeding should be
further examined by pathology, especially for postmeno-
pausal patients. Endometrial biopsy guided by hysteros-
copy should be proposed to women with ultrasonographic
abnormalities and/or with uterine bleeding. (2) Other sys-
temic tumors should also be emphasized in the follow-
up of patients with EC following breast cancer. MC is
an important cause of death among these patients. Early
detection and intervention is critical to management. (3)
Cardiovascular and cerebrovascular accidents remain an
important problem for patients with EC following breast
cancer. It is necessary to strengthen multidisciplinary
treatment including internal medicine to control metabolic
diseases and reduce the risk of death.

Since the exact hormone therapy plan in ER+ breast can-
cer was unavailable, our research is limited. TAM and Als
are the most commonly used drugs, but their pathogenic
effects on EC are different. Therefore, the influencing fac-
tors are manifold in EC following ER+ breast cancer. How-
ever, until 2015, AI was recommended as the first choice for
initial endocrine therapy for postmenopausal women with
HR+ early breast cancer by National Comprehensive Cancer
Network (NCCN) and European Society for Medical Oncol-
ogy (ESMO) [27-30]. Our cases range from 2004 to 2015
in which TAM is still generally recommended and accepted
for clinical practice. Theoretically, most of the HR+ patients
were exposed to TAM in our research. Therefore, we com-
pared the ER+ cases as a whole with HR— cases and pri-
mary EC cases, and our data should not have been biased
with respect to the incidence of high-risk EC following
breast cancer and its prognosis.

In conclusion, there were higher incidences of EC in
patients both with ER+ and HR— breast cancer than in the
general population. These EC patients with a history of
breast cancer were characterized by higher grade, more type
IT cancer and poorer overall survival. The clinicopathologi-
cal features of the patients with EC following ER+ breast
cancer were comparable to those of the patients with EC
following HR— breast cancer. Additionally, there were no
significant differences between the two groups with regard
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to outcomes. All patients need close monitoring regardless
of breast cancer hormone receptor status.
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