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Abstract

Objective—Although the epidemiology of typical endometrial carcinomas (grades 1–2

endometrioid or Type I) is well established, less is known regarding higher grade endometrioid or

non-endometrioid carcinomas (Type II). Within a large Gynecologic Oncology Group trial

(GOG-210), which included central pathology review, we investigated the etiologic heterogeneity

of endometrial cancers by comparing risk factors for different histologic categories.

Methods—Based on epidemiologic questionnaire data, risk factor associations, expressed as

odds ratios (OR) with 95% confidence intervals (CI), were estimated comparing grade 3

endometrioid and Type II cancers (including histologic subtypes) to grades 1–2 endometrioid

cancers.

Results—Compared with 2,244 grades 1–2 endometrioid cancers, women with Type II cancers

(321 serous, 141 carcinosarcomas, 77 clear cell, 42 mixed epithelial with serous or clear cell
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components) were older; more often non-white, multiparous, current smokers; and less often

obese. Risk factors for grade 3 endometrioid carcinomas (n=354) were generally similar to those

identified for Type II cancers, although patients with grade 3 endometrioid tumors more often had

histories of breast cancer without tamoxifen exposure while those with Type II tumors were more

frequently treated with tamoxifen. Patients with serous cancers and carcinosarcomas more

frequently had breast cancer histories with tamoxifen treatment compared to patients with other

tumors.

Conclusions—Risk factors for aggressive endometrial cancers, including grade 3 endometrioid

and non-endometrioid tumors, appear to differ from lower grade endometrioid carcinomas. Our

findings support etiologic differences between Type I and II endometrial cancers as well as

additional heterogeneity within Type II cancers.

Keywords

endometrial cancer; Type II endometrial cancer; serous endometrial cancer; mixed malignant
müllerian tumors; etiology; epidemiology

INTRODUCTION

In 1983, Bokhman proposed that endometrial cancers could be divided into two broad types

based on fundamental differences in endocrine and metabolic functioning and accepted

endometrial cancer risk factors [1]. Specifically, he proposed that the numerically

predominant endometrioid form of endometrial cancer has a hormonally driven etiology

(i.e., relative excess estrogen exposure), develops from endometrial hyperplasia,

pathologically is more well-differentiated, and portends a favorable prognosis. In contrast,

other endometrial cancers were viewed as unrelated to typical endometrial cancer risk

factors, not associated with endometrial hyperplasia, and pathologically high grade, often

resulting in death.

Following Bokhman's seminal contribution, clinicopathologic studies led to the view that the

predominant form of endometrial cancer (referred to as Type I) corresponds histologically to

endometrioid adenocarcinomas, whereas other forms (Type II) encompass most non-

endometrioid histologic types, with serous carcinoma representing the prototype [2].

Consistent with this view, it is widely accepted that atypical endometrial hyperplasia is an

immediate precursor of endometrioid adenocarcinoma, whereas serous carcinoma generally

arises in an atrophic background [3], possibly as a result of malignant change in the

endometrial surface epithelium [4]. Studies showing differences in molecular markers

according to histology support that there may be at least two broad classes of endometrial

carcinoma [5, 6].

Many pathologists and gynecologists have embraced the view that there are at least two

main biological types of endometrial cancer (and possibly more), but most epidemiologic

studies have assessed risk factors for endometrial cancer overall--which essentially represent

the risks for the predominant Type I tumors, especially in largely Caucasian populations [7].

Registry data consistently have shown Type II cancers to more frequently occur among

older and non-white women [8]. In addition, some epidemiologic investigations have found
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that Type II cancers are less strongly linked to classic Type I risk factors, such as obesity,

nulliparity, and hormones [7, 9–11]. However, these studies have had relatively limited

numbers of non-endometrioid cancers, incomplete collection of relevant risk factors and

lacked centralized pathological review. In addition, in some investigations it has been

difficult to distinguish effects related to different histologies from those associated with

other correlated clinical parameters, such as stage and grade.

To address limitations of prior studies investigating etiological heterogeneity in endometrial

cancer, we analyzed detailed epidemiologic questionnaire data collected in a large

Gynecologic Oncology Group (GOG) molecular staging trial. Given that grades 1–2

endometrioid carcinomas are associated with generally better outcomes, this case-case

comparison involving relatively large numbers of Type II cancers offered an opportunity to

assess risk factors for more lethal forms of endometrial cancer using a nationwide sample

with central pathology review.

METHODS

Study Population

Beginning in September 2003, endometrial cancer patients were approached for

participation in GOG 210, a molecular and surgico-pathological staging study of

endometrial carcinoma, conducted at 62 U.S. institutions. For the current investigation,

patients were recruited from 53 institutions (131 treatment sites), and had to have had a

histologic diagnosis of endometrial carcinoma or carcinosarcoma by an endometrial biopsy

or dilation and curettage and completion of full surgical staging. All stages, grades, and

histologic types were eligible.

A total of 3,838 cases were enrolled prior to September 24, 2007, when eligibility criteria

changed from unrestricted enrollment to poor prognosis tumors and those occurring among

non-obese and non-white patients. Prior to surgery, patients were asked to complete a

questionnaire that asked about established endometrial cancer risk factors, including

demographic factors, reproductive and medical history (including prior breast cancer), and

family history. A total of 3,499 (91.2%) trial patients agreed to complete this questionnaire

and had valid pathologic information (grade, stage and histology). The study was approved

by institutional review boards at the NCI and participating study centers. All patients

provided informed consent for completing the questionnaire. After completion,

questionnaires were centrally scanned, and computer readable files created and checked for

completeness and consistency of responses.

Of the patients from whom questionnaires were obtained, 11 were excluded because they

never underwent surgery, 1 had a second primary, 24 had the wrong histology, 27 had the

wrong primary site, 1 had inadequate pathologic material for review and 1 had improper

surgery, leaving 3,434 patients for the present analyses.

Central Pathology Review

Pathologic diagnoses were made at participating GOG institutions and then reviewed by

rotating teams of GOG pathologists. Stage information was determined post-operatively and
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coded according to FIGO 1988 criteria [12]. A review of data from approximately the first

800 cases indicated the need for a specialized review for tumors that did not show a high

degree of diagnostic concordance between pathologists, notably carcinosarcomas and

serous, mucinous and clear cell tumors; grade 3 endometrioid adenocarcinomas; and tumors

involving the cervix or with non-nodal metastases. Specific classification criteria were

determined by six GOG pathologists, and each case underwent specialized review by two

pathologists. Cases for which there was disagreement between the two pathologists were

reviewed by the remaining pathologists. According to FIGO criteria, nuclear grading was

given precedence for clear cell, serous and squamous carcinomas, and almost all were

judged to be grade 3 tumors.

Statistical Analyses

To assess risk factor associations, logistic regression was performed to estimate odds ratios

(OR) with 95% confidence intervals (CIs) as a measure of association by histologic tumor

type [13]. Given uncertainty of the significance of grade 3 endometrioid tumors in the

literature, both the Type II and the grade 3 endometrioid cancers were compared to a

referent group comprised of grades 1–2 endometrioid tumors (there was little variation in

risk factors between the grades 1 and 2 tumors). ORs exceeding 1.0 indicated that the factor

was more common amongpatients with Type II or grade 3 endometrioid tumors than among

those with lower grade endometrioid tumors, while ORs less than 1.0 indicated less common

exposures. However, given that this study comprised only endometrial cancer patients, ORs

less than 1.0 could still imply increased risk compared to non-affected controls and ORs

greater than 1.0 did not necessarily imply increased risk.

All regression models included age at diagnosis (continuous variable), year of enrollment

and race (white, black, other, unknown). For serous carcinomas, the only non-endometrioid

histological type for which we had sufficient numbers to allow detailed analyses, we

conducted multivariable logistic regression to determine the independence of risk factor

associations [13, 14]. In a separate analysis, we further adjusted for stage to rule out its

independent effect on these associations.

Chi square testing was used to determine p values for differences across exposure categories

and linear hypothesis testing was used to compare the equality of ORs between specific case

groups (e.g., Type II or grade 3 vs. grades 1-2 endometrioid cancers; Type II vs. grade 3

endometrioid cancers; specific histologic groupings of Type II tumors vs. grades 1-2

endometrioid tumors). In these analyses, a p-value <0.05 was considered considered

statistically significant [11]. All statistical analyses were conducted using SAS version 9.2

(Cary, NC).

RESULTS

Study Population

A total of 55.9% of the patients were 60 years of age or older, and 11.0% were non-white.

The patients were generally educated and affluent, with 29.7% college graduates and 24.8%

with annual household incomes of $70,000 or greater. A total of 65.4% were diagnosed with
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grades 1-2 endometrioid and 10.3% with grade 3 endometrioid cancers. The remaining

patients were diagnosed with serous tumors (9.4%), carcinosarcomas (4.1%), clear cell

cancers (2.2%), mixed epithelial tumors with serous or clear cell components (1.2%) and

other malignant tumors (7.3%), the latter of which primarily consisted of mixed epithelial

malignancies not otherwise specified. The majority of all graded and staged endometrial

cancers were low grade (72.4% grades 1 or 2) or early stage (74.9% stage 1), reflective of

the broad eligibility criteria during the initial trial years.

Patients with grade 3 endometrioid tumors, as well as those who we considered as having

Type II tumors (comprised of serous, carcinosarcomas, and clear cell tumors) and those with

tumors of other histologies (mixed epithelial, other malignant tumors), were diagnosed at

significantly older ages than patients with grades 1-2 endometrioid cancers; the largest

differences with grades 1-2 endometrioid cancers (median age 59.6 years) were for patients

with serous cancers (67.4 years), carcinosarcomas (66.8 years), clear cell cancers (66.1

years) and mixed epithelial tumors with serous or clear cell compoents (66.6 years) (Table

1). Furthermore, grade 3 endometrioid and Type II patients were more often non-white than

patients with grades 1-2 endometrioid tumors. Black patients were rarely diagnosed with

low-grade endometrioid cancers, whereas larger percentages were observed for the other

tumors. Type II tumors were more often diagnosed at high grades and stages.

Risk Factors for Type II Cancers Compared to Grades 1-2 Endometrioid Cancers

Even after adjusting for age differences, patients with Type II tumors had a higher odds of

being postmenopausal than those with grades 1-2 endometrioid cancers (OR=1.39, 95% CI

0.99–2.02). After adjustment for age, enrollment year and race, patients with type II tumors

had a higher odds of being multiparous, being current cigarette smokers, and having

histories of breast cancer diagnoses that had been treated with tamoxifen (comparison with

low-grade endometrioid tumors showed elevated ORs and significant p values for

heterogeneity for all factors) (Figure 1). In contrast, obesity was less frequent among

patients with Type II than Type I tumors, with decreasing ORs observed with increasing

categories of BMI. Relationships for Type II vs. low-grade endometrioid tumors were not

significantly different for age at menarche, use of menopausal hormones, menopause status,

prior oophorectomy, history of infertility, or use of oral contraceptives (data not shown).

Figure 1 also demonstrates ORs for the grade 3 endometrioid tumors as compared to grades

1-2 endometrioid tumors. These tumors for the most part demonstrated ORs similar to those

calculated for Type II tumors. However, women with grade 3 endometrioid tumors had

somewhat later ages at menarche and higher rates of prior breast cancer without tamoxifen

treatment as compared to those with grades 1-2 endometrioid tumors.

In further analyses, we compared risk factors for the three most specific histologic

subgroups of Type II tumors (serous, carcinosarcoma, clear cell), using as a comparison

grades 1-2 endometrioid cancers (Figure 2). There were some distinctive differences in risk

factor patterns within the histologic subgroups. Later ages at menarche, multiparity, and

current cigarette smoking were more commonly reported by women with carcinosarcomas.

Multiparity and current smoking also were more common among women with clear cell

cancers. In contrast, obesity was less common among women with either serous or clear cell
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cancers. Histories of breast cancer treated with tamoxifen were especially represented

among women with either serous cancers or carcinosarcomas; in contrast, such a history did

not appear related to the odds of clear cell cancers.

Risk Factors for Serous Carcinomas Compared to Grades 1-2 Endometrioid Cancers

We conducted multi-variable logistic regression to identify factors significantly and

independently related to serous cancers, the type II cancer where we had sufficient power to

conduct such analyses (Table 2). Associations persisted for multiparity, BMI and the

combined parameter of breast cancer and tamoxifen treatment. The association with a

history of breast cancer without tamoxifen exposure was not statistically significant

(OR=1.57, 0.78–3.14), whereas breast cancer with tamoxifen treatment was significantly

elevated (3.20, 1.87–5.50). We considered how risk estimates were affected by additional

adjustment for stage, given that previous studies have shown risk factors to vary by this

clinical parameter; however, this had marginal impact on the magnitude of the associations

(data not shown).

DISCUSSION

Our analysis of epidemiological data for endometrial cancers, classified centrally by a

pathology panel, showed that relationships of several established endometrial cancer risk

factors - obesity, parity, and smoking - differ significantly for Type II vs. grades 1-2

endometrioid cancers. In support of extensive prior clinical and incidence surveys, we also

found that Type II tumors are diagnosed more often among older and non-white women [8,

15–20]. These differences in risk factor relationships, in combination with the more frequent

occurrence of Type II cancers after menopause, provide some of the strongest epidemiologic

support that endometrial cancers are etiologically heterogeneous.

Varying definitions of Type I and II endometrial cancers, including inconsistent

classification of grade 3 endometrioid tumors, have complicated the interpretation of results

from previous investigations. Some grade 3 endometrioid carcinomas show concomitant

grade 1 patterns, suggesting that the former represents tumor progression of the latter and a

shared etiology, whereas others may arise from atrophic endometrium. Our central

pathology review was based on a limited number of slides per patient, precluding our

evaluating whether grade 3 endometrioid carcinomas were associated with lower grade

patterns of carcinoma or arose from hyperplastic or inactive benign endometrium. Our

findings, however, suggested that grade 3 endometrioid tumors more closely resembled

Type II than grades 1-2 endometrioid tumors, arguing for the inclusion of grade 3

endometrioid carcinomas as Type II cancers [21, 22]. Future molecular analyses comparing

the profiles of grade 3 endometrioid carcinomas to lower grade tumors, as has been done

between low-grade endometrioid and serous carcinomas (23), may provide insights as to

their origins.

The importance of excess estrogen in the etiology of Type I cancers is firmly established by

data linking risk to unopposed estrogen use [23–25]. The strong links between

postmenopausal obesity and increased circulating estrogen levels and between obesity and

endometrial cancer risk are consistent with these observations [26, 27]. Thus, the weaker
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link between obesity and Type II cancers in this and prior analyses [7, 10] provides evidence

for etiological differences between tumor types, and a less hormonally dependent etiology of

Type II cancers. However, given that we did not have unaffected women in our study, we

could not eliminate some effect of obesity on Type II tumors. Other investigations have

noted obesity related to risk of serous carcinomas, albeit to a lesser extent than for type I

cancers [28–30].

We also found further support for etiologic heterogeneity of endometrial cancer through

higher exposure rates of multiparity and current cigarette smoking among patients with Type

II than grades 1-2 endometrioid tumors. Both risk factors have consistently been associated

with reduced risks of endometrial (mainly endometrioid) cancers [31, 32]. In comparison to

grades 1-2 endometrioid cancers, both of these exposures were more prevalent for clear cell

carcinomas and carcinosarcomas, implying a less protective role for these latter tumors.

Although the mechanisms that account for the effects of parity on endometrial cancer risk

are undefined, it is likely that a hormonal mechanism is involved with the apparent

protective effect of cigarette smoking [33].

Our failure to observe large differences between grades 1-2 endometrioid and Type II

tumors with respect to exogenous hormone use may have reflected a limitation of our

questionnaire and/or inability to distinguish effects of long-term use of unopposed estrogens

from combined estrogen plus progestin therapy, which is controversial with respect to its

relationship to endometrioid cancers. Further, the interpretation may have been complicated

by modifying effects of body mass index, given that exogenous hormone use primarily

affects risk among thin women [25]. A recent meta-analysis concluded that evidence argues

against significant variations in hormone usage by histologic subtypes, but further

investigations appear warranted [34].

Although it is well recognized that women with a history of breast cancer are at an increased

risk of developing subsequent endometrial cancer [35], the histologic specificity of these

subsequent cancers has not been well elaborated. A number of previous studies have noted

the development of uterine serous cancers among women with breast cancer [7, 36–39], but

our results expand on these findings by showing that breast cancer predisposes to serous

cancers as well as carcinosarcomas and grade 3 endometrioid tumors. Several hypotheses

have been proposed for the excess of endometrial cancers among women with prior breast

cancer, including similar risk profiles, radiation treatment of proximate organs,

manifestations of rare inherited cancer syndromes (e.g., Li-Fraumeni and Lynch

syndromes), or the result of mutations in cancer predisposing genes [40, 41]. Some of these

factors might explain the increased risk that we observed for high-grade endometrioid

tumors. Further, although we could not fully account for effects of all treatments these

women experienced, those who developed serous cancers or carcinosarcomas in our study

had unusually high rates of exposure to tamoxifen. This relationship is consistent with

previous observations supporting an important role of tamoxifen in the etiology of Type II

cancers [37, 38, 42–46]. The association with tamoxifen might be unexpected given that it is

a weak estrogen, but data also suggest that it can form DNA adducts, which could produce

cancers via non-hormonal effects. Tamoxifen has also been associated with the development
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of benign endometrial polyps, which may undergo malignant transformation, as suggested

from several small clinical series of both serous carcinomas and carcinosarcomas [47, 48].

Although our study had a number of strengths, including large numbers of carefully clinico-

pathologically characterized rare cancers and extensive information on postulated

endometrial cancer risk factors, there were also some limitations. Cases were recruited into

the trial at multiple sites and there could have been associated selection biases. The lack of a

control group might also be viewed as a limitation, although the validity of our approach is

reinforced by the commonality of results with those derived from a recent cohort study [10]

that involved a smaller number of cases but a comparison group of non-diseased study

subjects. Further, our risk factor questionnaire was self-completed by patients, and there

could have been some errors in completion; the amount of unknown responses, however,

indicated good comprehension. Finally, although the study was quite large, we still had

relatively small numbers of the rare cancers, including clear cell cancers, limiting our ability

to fully define risk predictors.

Despite these limitations, this investigation offered an unprecedented opportunity for

epidemiologically testing the hypothesis that there are distinctive etiologic differences

between Type I and II endometrial cancers. Our findings demonstrated that risk factors for

aggressive endometrial cancer, including grade 3 endometrioid and non-endometrioid

tumors, differ from lower grade endometrioid carcinomas. Furthermore, we demonstrated

that within Type II tumors that there could be additional etiologic heterogeneity based on

tumor histology. These findings may have value for improving cancer surveillance and

support the need for molecular profiling of endometrial cancers.
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Highlights

➢ Substantial differences in epidemiologic risk factors were seen between

patients with Type I and II endometrial cancers.

➢ Risk factors for grade 3 endometrioid cancers were generally similar to Type

II cancers.

➢ There was evidence of etiologic heterogeneity within Type II cancers, e.g.,

higher rates of tamoxifen exposure among serous and carcinosarcoma

patients.
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Figure 1.
Odds ratios for Type II and Grade 3 Endometrioid Endometrial Cancers (as compared to Grade 1–2 endometrioid cancers),

N=3,179
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Figure 2.
Odds ratios for Histological Subgroups of Type II Endometrial Cancers (as compared to Grade 1–2 Endometrioid Cancers),

N=2,783
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