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Introduction

Endometrial cancer is the most common malignancy of
the female reproductive tract in the United States [1].
Multiple primary cancers can occur in the same patient.
Colon, ovarian, and breast cancers [2-6] have been report-
ed previously to be the malignancies most commonly
associated with endometrial cancer. Other associated
malignancies are those arising in the bladder, small intes-
tine, skin, and soft tissue [7]. However, these associations
may be influenced by referral and ascertainment biases,
which may be present in analyses of patients from tertiary
care centers. In fact, there is a high likelihood that a
greater proportion of patients with high-risk histologic
features, in poor medical condition, or both are referred to
tertiary care centers, resulting in an artificial increase in
the number of patients with the above characteristics
(referral bias). Patients with endometrial cancer who are
referred to tertiary care centers are more likely to have
advanced lesions, history of other malignancies, and more
comorbid conditions than local patients [8]. Similarly, the
rate of malignancies reported during follow-up is
decreased among referred endometrial cancer patients
[3]. This last finding demonstrated that less accurate fol-
low-up, as may occur in patients who live far from terti-
ary care centers, may lead to ascertainment bias.

The aims of the present study were to evaluate the inci-
dence and prevalence of other associated malignancies in
a cohort of women with endometrial cancer and to assess
the potential influence of referral and ascertainment bias-
es on the above associations.

Patients and Methods

With approval by the Mayo Clinic Institutional Review
Board, we identified 1,109 patients whose endometrial cancer
was managed surgically at Mayo Clinic, Rochester, Minnesota,
between 1984 and 1996. A portion of this cohort of patients has
been described in detail in our previous analyses [9,10]. All
patients had epithelial endometrial cancer, and their treatment
included hysterectomy and removal of existing adnexal struc-
tures. Overall, 81 patients were excluded from the present
analysis because they did not authorize use of their information
for research [11], or follow-up information on associated malig-
nancies was inadequate. The remaining 1,028 patients form the
cohort of the current study.

As previously described [9], all hematoxylin-eosin–stained
slides of the endometrial cancers were reviewed retrospectively
to confirm the original diagnosis of adenocarcinoma and to
determine histologic grade and subtype. Staging was also de -
fined according to the International Federation of Gyne co logy
and Obstetrics (FIGO) surgical staging system [12]. For patients
who received treatment before 1988, stage was determined ret-
rospectively on the basis of the surgical and pathologic assess-
ments. Histologic classification was performed according to the
World Health Organization classification [13]. Architectural
grading was based on the degree of glandular differentiation in
accordance with the FIGO guidelines [12].

The presence of other associated tumors was verified by histo-
logic diagnosis in all patients undergoing surgery at Mayo Clinic,
and the diagnosis was confirmed by pathology review. When
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patients had surgery outside Mayo Clinic, the diagnosis of an
associated cancer was abstracted from the medical records of the
other medical facilities or from letters from outside physicians.

For distinguishing synchronous tumors of the ovary and
endometrium from ovarian metastases, the criteria of Ulbright
and Roth [14] were used. All endometrial cancers with associat-
ed ovarian involvement had been reviewed and appropriately
classified as either synchronous primary or metastatic.

History of malignancy was defined as the diagnosis of anoth-
er invasive malignant disease before or at the time of the opera-
tion, including also the immediate 30 days after the operation
for endometrial cancer (prevalence) or during the subsequent
follow-up (incidence). As previously described [9], if sufficient
follow-up information about survival, recurrence, or presence of
other malignancies was not available in the clinical records,
death certificates were obtained, and letters were sent or tele-
phone calls were made to patients and family physicians to
obtain the information.

The expected number of other primary malignancies was esti-
mated from Surveillance Epidemiology and End Results
(SEER) data for the year 2000, using the age-adjusted rate of the
female population [15]. The incidence and prevalence statistics
were generated by the locally developed SAS “personyrs” pro-
cedure [16]. We determined the age-specific person-years of fol-
low-up and compared expected to observed numbers of subse-
quent malignancies. For comparison with SEER data, the preva-
lence information was limited to the ten years before the
endometrial cancer diagnosis. However, information about inci-
dence was considered even beyond ten years after the diagnosis
of endometrial cancer.

The standardized incidence ratio (SIR) and standardized
prevalence ratio (SPR) were calculated according to the SEER
statistics manual [15]. All the analyses were performed with
SAS version 8 software (SAS Institute Inc, Cary, NC).

When we analyzed the incidence and prevalence of “all can-
cers” in the SEER database, we subtracted the rate of endome-
trial cancers. Moreover, according to the definition of “all can-
cers” in the SEER database [15], in our analysis we included in
the definition of “other malignancy” all invasive cancers (i.e., no
in situ malignancies, except for in situ cancer of the urinary
bladder), excluding basal and squamous cell carcinomas of the
skin (except when squamous cell carcinomas occurred on the
vulva). Furthermore, for the analysis of incidence and preva-
lence of different tumors, we considered the following cancer
sites altogether: colon together with rectum; kidney with renal
pelvis; and lung with bronchus. For the definition of cancer of
the urinary bladder, we included in situ carcinoma; for lym-
phoma, we grouped together both Hodgkin’s and non-
Hodgkin’s lymphoma.

When a patient had multiple independent cancers (not recur-
rences) at the same site diagnosed at different time periods (for
example, 2 different breast cancers diagnosed 4 years apart), for
the purpose of the analysis of incidence and prevalence (and the
count of the overall number of associated cancers), only the first
appearance of the cancer at a given anatomic site was consid-
ered. For the evaluation of possible referral and ascertainment
biases, we performed a stratified analysis subdividing the cohort
by residency at initial diagnosis (i.e., coming from within or
beyond a 50-mile radius from our institution), using residency
information from the Mayo Clinic database. Constancy of the
risk estimates from one geographic area to the next would be
evidence for nearly complete ascertainment of subsequent
malignancies throughout the study; but a decline from the level
attained where follow-up is most reliable (i.e., locally) would
suggest underascertainment among referred patients [3].

Results

Characteristics of the 1,028 patients with endometrial
cancer are summarized in Table 1. The mean (SD) age at
surgery for endometrial cancer was 64.7 (11.0) years
(median, 65 years). Mean body mass index (BMI) was
30.3 (8.3) (median, 28.6).

Analysis of the referral pattern at the Mayo Clinic

Altogether, 218 patients (21%) were living within a 50-
mile radius of our institution at the time of their surgery;
182 patients (18%) were living between 51 and 100 miles
away; 197 (19%) were living between 101 and 200 miles
away; and the residence area of 431 patients (42%) was
beyond 200 miles from our institution (Table 1).
Compared with the 218 patients living within a 50-mile
radius, the 810 living beyond 50 miles did not differ sig-
nificantly by age, stage of endometrial cancer, depth of
myometrial invasion, histologic grade, or subtype.

Table 1. — Characteristics of 1,028 patients at the time of dia -
gnosis of epithelial endometrial cancer undergoing surgery at
Mayo Clinic between 1984 and 1996. 

Characteristic No. (%)a Mean (SD)

Age at diagnosis (years) 64.7 (11.0)
Body mass index, diagnosis 30.3 (8.3)
Follow-up (months)b 74.1 (44.9)
Vital status at last follow-up

Deceased 297 (30)
Alive 708 (70)
Missing informationc 23

Associated other tumorsd

Yes 208 (20)
No 820 (80)

Stage
I 706 (69)
II, III, IV 322 (31)

Depth of myometrial invasion (%)
� 50 773 (76)
> 50 246 (24)
Missing information 9

Histologic grade
1 430 (42)
2 346 (34)
3 250 (24)
Missing information 2

Histologic subtype
Endometrioid 911 (89)
Nonendometrioid 117 (11)

Referral patterns, mie

� 50 218 (21)
51-100 182 (18)
101-200 197 (19)
> 200 431 (42)

a Percentage excludes missing patients.
b Months from diagnosis of endometrial cancer to last known.
c No available information after discharge from the hospital at the time of
hysterectomy.
d Excluding skin cancers other than melanoma and in situ cancers other than
bladder cancer. Some patients had multiple primary cancers.
e Distance in miles from Rochester, Minnesota.
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However, patients living within 50 miles of Mayo Clinic
had a mean BMI of 30.1 (0.3) compared with 31.3 (0.6)
for those living beyond 50 miles (p < 0.05).

Frequency of other tumors

In total, 242 patients (24%) had a history of another
malignancy. In 34 patients, however, the additional malig-
nancy was skin cancer other than melanoma (i.e., basal
cell carcinoma or localized squamous cell carcinoma
other than vulvar cancer). Because these 34 women
would be considered as having no history of associated
malignancy according to the SEER definition [15], they
were excluded. Thus, 208 patients (20%) were catego-
rized with a history of associated malignancy. Overall,
238 malignancies occurred in these 208 patients.

According to the pathology reports, the most frequent
malignancies associated with endometrial cancer were
carcinomas of the breast in 98 patients (10%), colon in 30
patients (3%), and ovary in 36 patients (4%). However,
after the 36 patients listed as double primary ovarian and
endometrial cancer were reviewed, nine were categorized
as ovarian metastases of an endometrial tumor according
to published criteria. Therefore, 27 patients (3%) were
listed as double tumors of the ovary and endometrium.

Of the 73 patients who had breast cancer either before or
at the time of the diagnosis of endometrial cancer, 20 (27%)
had been (or still were) receiving tamoxifen treatment.

We observed ten lung tumors (< %). Overall, nine of
the ten patients with lung cancer had a histologic diagno-
sis of adenocarcinoma, carcinoid, neuroendocrine, or
small cell lung tumor. Only one patient had a diagnosis of
squamous cell cancer (7 years before the diagnosis of
endometrial cancer).

Of the five patients who developed bladder cancer after
treatment for endometrial cancer, two had radiotherapy as
part of their primary treatment for the uterine neoplasm.

Prevalence of other tumors associated with endometrial
cancer

At the time of surgery for endometrial cancer, the
prevalence of lymphoma (SPR = 2.9; p = 0.003), breast
cancer (SPR = 1.8; p < 0.001), and ovarian cancer (SPR

= 12.7; p < 0.001) was higher than expected for the gen-
eral population (Table 2). All ovarian cancers had been
diagnosed at the time of surgery for endometrial cancer.
The higher prevalence of breast and ovarian cancers was
confirmed both in local patients and referred patients,
whereas the higher prevalence of lymphoma was
observed only in referred patients (Table 2).

Incidence of other tumors associated with endometrial
cancer

Median follow-up was 69 months after the diagnosis of
endometrial cancer. During this period of follow-up, the
incidence of lung cancer was significantly lower than
expected (SIR = 0.4; p < 0.05), whereas the incidence of
lymphoma was significantly higher (SIR = 2.4; p =
0.008) (Table 3).

Among the endometrial cancer patients living within a
50-mile radius, the incidence of breast (SIR = 1.9; p <
0.05), colorectal (SIR = 3.1; p < 0.001), and bladder (SIR
= 5.4; p = 0.001) cancer and lymphoma (SIR = 4.7; p <
0.001) was significantly higher than that among the gener-
al US population. However, none of these risks were ele-
vated among patients residing beyond the 50-mile radius
(Table 3). The finding of a decreased incidence of lung can-
cer was consistent in all subgroups analyzed (i.e., within or
beyond the 50-mile radius) (p = 0.08 after stratification
for residence area within or beyond the 50-mile radius).

Discussion

Patients who have already had a malignancy present a
high likelihood of having a second primary cancer diag-
nosed during their lifetime. The overall rate of other asso-
ciated cancers in patients with endometrial cancer was
20% in our series. Similarly, the frequency of synchro-
nous or metachronous tumors associated with corpus can-
cer has been previously reported to be between 10% and
23% [3, 6, 17-20]. However, these percentages are only
crude rates. To determine a true figure of the epidemiolo-
gy of multiple tumors, we described separately the preva-
lence and the incidence of different cancers, comparing
the results with data for the general US population [15].

Table 2. — Prevalence of other cancers in women with endometrial cancer compared with the general population and stratified by
residency (≤/> 50 mi from Rochester, Minnesota)a. 

All patients (N = 1,028) � 50 mi (n = 218) > 50 mi (n = 810)

Cancer O/E SPR (95% CI) p value O/E SPR (95% CI) p value O/E SPR (95% CI) p value

Breast 48/27.3 1.8 (1.3-2.3) < .001 12/5.6 2.1 (1.1-3.7) .007 36/21.7 1.7 (1.2-2.3) .002
Colorectal 8/6.6 1.2 (0.5-2.4) .60 1/1.4 0.7 (0.0-3.8) .71 7/5.2 1.3 (0.5-2.8) .42
Ovary 26/2.1 12.7 (8.3-18.6) < .001 7/0.4 16.9 (6.8-34.9) < .001 19/1.6 11.6 (7.0-18.1) < .001
Lung 2/3.2 0.6 (0.1-2.2) .50 0/0.6 0.0 (0.0-5.8) .42 2/2.6 0.8 (0.1-2.8) .72
Bladder 0/1.7 0.0 (0.0-2.1) .19 0/0.4 0.0 (0.0-10.0) .54 0/1.4 0.0 (0.0-2.7) .24
Kidney 1/1.1 0.9 (0.0-5.2) .95 1/0.2 4.6 (0.1-25.8) .09 0/0.8 0.0 (1.5-4.3) .36
Lymphoma 7/2.4 2.9 (1.2-6.1) .003 0/0.5 0.0 (0.0-7.5) .48 7/1.9 3.7 (1.5-7.7) < .001
Melanoma 4/2.2 1.8 (0.5-4.6) .24 1/0.5 2.1 (0.1-12.0) .43 3/1.8 1.7 (0.3-4.9) .36
Thyroid 1/1.1 0.9 (0.0-5.1) .93 1/0.2 4.4 (0.1-24.7) .10 0/0.9 0.0 (0.0-4.3) .35

O/E, observed/expected; SPR, standardized prevalence ratio; CI, confidence interval.
a Shaded cells indicate significant values (p < 0.05). To compare our data with the SEER database (15), we included only patients from our series who had a diagnosis of
another tumor either synchronous (including the immediate 30 days after hysterectomy) or during the previous ten years before hysterectomy (see note c of Table 1).
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We observed that the prevalence of breast and ovarian
cancers in patients with endometrial malignancy was
higher than that in the general population (Table 2). This
is probably due to shared risk factors [3, 5] or to familial
clustering [7], and it agrees with previously reported find-
ings [3, 7]. However, an interesting observation of this
study, not reported in the previous analysis from Mayo
Clinic [3], was the significantly lower incidence of lung
cancer in patients with endometrial tumors than in the
general US population (Table 3). Our new observation
might be explained by the fact that some of the “lung can-
cers” may have been diagnosed as “lung recurrences” in
our series. Alternatively, we must emphasize that patients
with lung cancer have different epidemiologic character-
istics than those with endometrial cancer [21]. In fact,
smoking, which is the most important risk factor for lung
cancer, has been previously reported to be negatively
associated with endometrial cancer [22]. In accord with
the above observations, we reported that most lung can-
cers in our series were adenocarcinomas or other types
different from the squamous lung malignancy and not
related to smoking. This finding is also consistent with
the fact that, in North America, the incidence of adenocar-
cinoma of the lung now exceeds that of squamous cell
cancer [23].

The higher incidence of colon and bladder cancers
(Table 3) may be explained by a genetic predisposition,
like the familial hereditary nonpolyposis colorectal can-
cer-related syndrome [2]. In a minority of patients, the
postoperative administration of radiotherapy [24] may
have contributed to the higher incidence of bladder can-
cer (Table 3). However, our data are insufficient to sup-
port or reject this hypothesis.

It is possible that the patients managed in a particular
institution and included in a certain study may not be rep-
resentative of all patients with endometrial cancer. In fact,
epidemiologic analyses from tertiary care institutions that
do not account for possible differences between referred
and local patients may lead to inaccurate results [3,8]. For
the above reasons, in the present study we planned to ana-
lyze the association of other malignancies with endome-
trial cancer, stratifying for residence area. The 50-mile

radius, which we used for defining local patients, permit-
ted us to focus on a stable cohort, including patients who
tend to return to Mayo Clinic for subsequent treatment.
This area excluded the Minneapolis-St. Paul metropolitan
statistical area, which includes patients more likely to be
referred to other metropolitan hospitals for postoperative
management.

In our patients, when stratified for residence area, we
observed significant variations in incidence and preva-
lence of the associated malignancies (Tables 2 and 3).
These findings may be simple artifacts, due to the rela-
tively low numbers observed in the stratified subgroups.
Alternatively, referral bias may explain the finding that
the observed higher prevalence of lymphoma was limited
to referred patients (Table 2). In fact, it is possible that
patients were more likely to be referred to our hospital if
they had a history that was “complicated” by the presence
of lymphoma. Similarly, the higher incidences of breast,
colorectal, and bladder cancers and lymphoma observed
only in local patients and not in referred patients may be
attributable to ascertainment bias (Table 3). Moreover, it
is possible that the follow-up information was less accu-
rate in patients living far from Mayo Clinic than it was in
those living nearby.

Compared with the general US population, endometri-
al cancer patients present a higher likelihood of develop-
ing various malignancies during their lifetime (i.e., breast,
ovarian, colorectal, and bladder cancers and lymphoma).
Moreover, due to different epidemiologic risk factors,
patients with endometrial cancer present a low risk of
developing lung cancer. Our stratified analysis allowed us
to characterize separately local and referred patients, and
some significant differences were observed. Thus, results
of epidemiologic studies from tertiary care centers must
be interpreted with caution and can be misleading if they
do not account for referral and ascertainment biases. In
particular, for the analysis of cancer associations, ascer-
tainment bias may artificially decrease the incidence of
patients with double tumors in referred patients.
Conversely, referral bias may artificially increase the
prevalence of double tumors in patients who are attended
at tertiary care centers.

Table 3. — Incidence of other cancers in women with endometrial cancer compared with the general population and stratified by
residency (≤/> 50 mi from Rochester, Minnesota)a. 

All Patients (N = 1,028) � 50 mi (n = 218) > 50 mi (n = 810)

Cancer O/E SIR (95% CI) p value O/E SPR (95% CI) p value O/E SIR (95% CI) p value

Breast 25/24.9 1.0 (0.6-1.5) .99 10/5.3 1.9 (0.9-3.5) .04 15/19.6 0.8 (0.4-1.3) .30
Colorectal 12/11.3 1.1 (0.5-1.8) .84 8/2.6 3.1 (1.3-6.1) < .001 4/8.7 0.5 (0.1-1.2) .11
Ovary 1/3.2 0.3 (0.0-1.7) .22 1/0.7 1.4 (0.0-8.0) .71 0/2.5 0.0 (0.0-1.5) .11
Lung 5/13.7 0.4 (0.1-0.8) .02 0/2.9 0.0 (0.0-1.3) .09 5/10.8 0.5 (0.1-1.1) .08
Bladder 5/2.5 2.0 (0.6-4.6) .12 3/0.6 5.4 (1.1-15.8) .001 2/2.0 1.0 (0.1-3.7) .98
Kidney 2/1.8 1.1 (0.1-4.1) .85 1/0.4 2.6 (0.1-14.6) .31 1/1.4 0.7 (0.0-4.0) .75
Lymphoma 9/3.8 2.4 (1.1-4.5) .008 4/0.8 4.7 (1.3-12.1) < .001 5/3.0 1.7 (0.5-3.9) .24
Melanoma 1/2.2 0.4 (0.0-2.5) .42 0/0.5 0.0 (0.0-7.5) .48 1/1.7 0.6 (0.0-3.2) .59
Thyroid 1/0.8 1.2 (0.0-6.6) .87 0/0.2 0.0 (0.0-19.7) .67 1/0.7 1.5 (0.0-8.4) .67

O/E, observed/expected; SIR, standardized incidence ratio; CI, confidence interval.
a Shaded cells indicate p < .10.
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