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Abstract

Objectives—Data suggest that post-menopausal women with larger ovaries are at increased risk
for endometrial carcinoma; however, analyses comparing ovarian volume to serum hormone levels
are limited. Accordingly, we assessed ovarian volumes in relation to serum sex hormone levelsamong
post-menopausal women with endometrial carcinoma who participated in a multi-center case control
study.

Methods—Data for established risk and protective factors for endometrial carcinoma were collected
via in-person interviews. Ovarian volumes were estimated from pathology reports. Associations
between exposures and age-adjusted ovarian volumes were analyzed for 175 cases with available
data. For a subset of 135 cases, we analyzed relationships between ovarian volume, adjusted for age
and body mass index (BMI), and serum hormone levels by analysis of variance.

Results—Ovarian volume declined progressively from 1.83 cm3 among women ages 55-59 years
to 1.23 cm3 among women age 70 years or older (p-trend = 0.02). Larger ovarian volume was
associated with early menarche (p-trend = 0.03), having given birth (p = 0.01), and weakly with
elevated BMI (p- trend = 0.06). After adjustment, increased ovarian volume, was associated with
higher estradiol (p - trend = 0.007); albumin-bound estradiol (p - trend = 0.01); and free estradiol (p
- trend = 0.006) levels; androstenedione, estrone and estrone sulfate showed similar, though non-
significant associations.

Conclusions—Among women with endometrial carcinoma, larger ovaries were associated with
higher serum levels of estrogens. Further studies examining the role of the ovaries in post-menopausal
hormonal carcinogenesis are warranted.
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Introduction

Exposure to excess estrogens relative to progestins is a central mechanism underlying most
endometrial carcinoma risk factors [1]. After menopause, most estrogens are synthesized from
androgens in adipose tissue, thereby linking obesity, elevated circulating estrogen levels, and
heightened endometrial carcinoma risk [2-5]. Elevated serum androgen levels are also
associated with increased endometrial carcinoma risk [4,5]; however, factors that affect
androgen levels are poorly characterized.

After menopause, androgen synthesis occurs in the adrenals and the ovaries [6-8]. Historically,
the importance of ovarian androgen production among older women was questioned; however,
recent studies have consistently found that older women who have undergone oophorectomy
have lower serum levels of testosterone and androstenedione, than those with intact ovaries,
consistent with continued ovarian endocrine function after menopause [9-11]. Menopausal
ovaries consist largely of stroma, which includes hormone synthesizing cells. In one post-
mortem study, ovaries of women over age 60 years with prominent stroma were twice as large
as ovaries with scant stroma. Larger ovaries were more likely to contain luteinized cells and
hilar cells, overall suggesting a link between size and potential for hormone synthesis [12].
Therefore, post-menopausal ovarian volume may be related to androgen levels (previous or
current) and carcinoma risk, but evidence for this proposal is fragmentary.

Ala-Fossi et al [13] found significantly higher median ovarian vein testosterone levels among
women with ovarian stromal hyperplasia (n=13) compared to those without hyperplasia (n=39).
In a study of 112 women with endometrioid endometrial carcinoma and 47 women with benign
diseases, Jongen et al [14] found that increasing degrees of ovarian stromal hyperplasia were
related to significantly higher levels of ovarian vein androstenedione and testosterone
concentrations and endometrial carcinoma. Similarly, Sluijmer et al [15] in a smaller
investigation reported significant associations between ovarian stromal hyperplasia and venous
androgen levels. Lucisano et al [16] also found significant associations between ovarian
stromal hyperplasia and ovarian vein androgen levels, but not with endometrial carcinoma
based on an analysis of 35 cancer patients and 23 patients with benign diseases. In contrast, in
a study that compared ovarian morphology of 100 endometrial carcinoma patents to 100
cancer-free women, Marcus [17] reported that ovarian stromal hyperplasia was significantly
related to endometrial carcinoma. Finally, a nested case-control analysis of transvaginal
ultrasound data from an ovarian cancer screening trial of post-menopausal subjects that
included 123 endometrial carcinoma cases and 20,881 controls found that large ovaries were
associated with a significantly elevated twofold risk, adjusted for potential confounders [18].

Stimulated by these findings, we tested the hypothesis that ovarian volume among post-
menopausal women diagnosed with endometrial carcinomais related to serum hormone levels.
Accordingly, we evaluated case pathology data from an endometrial carcinoma study to
determine associations of ovarian volume, epidemiologic factors and serum sex hormone
levels.

Materials and Methods

Subjects

We analyzed data for post-menopausal cases included in a multi-center endometrial carcinoma
case-control study conducted in the United States from 1987-1990, as described elsewhere
[19]. Surgical pathology reports and microscopic slides for cases were centrally reviewed.

We analyzed data for a subset of 498 eligible consented cases who met all inclusion criteria:
completed a risk factor questionnaire (n = 434); were naturally post-menopausal at diagnosis
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(n =304); had endometrioid histology (n = 267); did not report recent hormone use (n = 208);
did not have significant ovarian pathology and had surgical pathology reports that included
ovarian measurements of at least one benign non-cystic ovary (n = 175). Relatively few pre-
menopausal women met inclusion criteria and we excluded these cases to avoid difficulties in
evaluating hormonal levels among such women. Previous analyses of data from this study
[20] showed that non-endometrioid carcinomas (e.g. serous carcinomas) are associated with
different risk factors and serum hormone levels than “usual” endometrioid endometrial
carcinomas and consequently, we excluded these women. We assessed relationships between
ovarian volume and serum hormone levels for a subgroup of the 175 women (n = 135) who
had donated blood that was previously assayed for hormones [5]. The age distribution for this
subgroup was very similar to that of the group of 175 women.

Ovarian Volume, Epidemiologic Exposures and Serum Hormone Levels

Analysis

Results

Ovarian volumes were estimated as the product of the three ovarian dimensions X 0.523 [15,
21,22]. Ovaries that contained cysts > 1.0 cm in maximum dimension (or multiple cysts
measuring > 1.0 cm in aggregate) or benign tumors were excluded. Although all women had
two ovaries removed, volume estimates were based on one ovary for 33 women and for both
ovaries for 142 women. For 10 women, we excluded one ovary that was cystic to avoid
measurement error and for 23 women the surgical pathology report did not include the 3
dimensions required for volume computation. The mean ovarian volumes and hormone levels
for subjects with one ovarian measurement were similar to those with two measurements (data
not shown). For the latter, each woman’s average ovarian volume was analyzed.

Data related to oral contraceptive use (0-1 month vs. >1 month); smoking (never, past, current);
age at menarche (<12, 12, 13, 14 or > 15 years); parity (0 vs. 1+); age at menopause; and past
menopausal hormone therapy (HT) were obtained via in-person interviews. Body mass index
(BMI) was determined using measured weight and height (Kg/m?2). Obesity was defined as a
BMI > 30 Kg/mZ.

Serum levels of estrone, estrone sulfate, estradiol, androstenedione and sex-hormone-binding
globulin (SHBG) and estimates of free- and albumin-bound estradiol were determined as
described previously [5].

Ovarian volumes for each risk factor stratum are presented as age-adjusted geometric means.
To compare ovarian volumes across exposure strata, we performed analysis of variance using
the log-transformed ovarian volume for each study subject, and assessed differences across
categories using an F test. We also used an F test to assess trends in ovarian volume with
increasing category of exposure, modeled as a continuous variable. We also examined
relationships of ovarian volume (tertiles) to log-transformed hormone and SHBG levels,
adjusted for age (<55; 55-59; 60-64; 65-69; >70 years) and BMI (<25.0; 25.0-29.9; 30.0-
34.9; >35.0), and assessed comparisons using similar methods. We repeated this analysis
stratifying on obesity (BMI > 30.0).

Relationship of Epidemiologic Factors and Ovarian Volume

We assessed associations between epidemiologic factors and ovarian volume among 175 post-
menopausal cases, of whom 156 (89.1%) were Caucasian; 13 (7.4%) were African-American
and 6 (3.4%) were either Hispanic or of unknown race/ethnicity (Table 1). Ovarian volume

declined progressively from 1.83 cm3 among women ages 55-59 to 1.23 cm? among women
age 70 years or older (p-trend = 0.02). Menarche before age 12 years was associated with larger
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ovaries (mean = 1.76 cm?3) than menarche after age 14 years (mean = 1.02 cm?, p-trend = 0.03).
An association of larger ovaries among parous than nulliparous women was also noted (p =
0.01). BMI and weight were positively associated with ovarian volume, though not quite
significantly. Age at menarche and BMI were correlated (r - Spearman = —0.22, p = 0.004),
however, early menarche remained associated with larger ovarian volume after adjusting for
BMI (p-trend = 0.06). Age at menopause, height, past oral contraceptive use, past HT use and
smoking were not significantly associated with ovarian volume (Table 1 and data not shown).
Mean ovarian volumes, adjusted for age and BMI were similar for women with stage 1
carcinomas (n = 140; 1.44 cm3) and those with more advanced stages (n = 35; 1.57 cm3, p =
0.58).

Serum hormone levels by ovarian volume

Increased ovarian volume, adjusted for age and BMI, was associated with significantly higher
levels of estradiol (p - trend = 0.007); albumin-bound estradiol (p -trend = 0.01); and free
estradiol (p - trend = 0.006; Table 2). Associations between ovarian volume and estradiol
remained significant after adjusting for age at menarche. Highest tertiles of ovarian volume
were also associated with higher levels of androstenedione, estrone, and estrone sulfate levels,
but the associations were not statistical significant. Within each ovarian volume stratum,
androstenedione levels did not differ consistently by obesity status. In contrast, within each
ovarian volume stratum, obesity was associated with higher estrogen levels (data not shown).

Discussion

This analysis suggests that greater ovarian volume, as estimated directly from measurements
made at the surgical pathology bench, is associated with higher serum sex-hormone levels
among post-menopausal women with endometrial carcinoma, independent of age and BMI.
Our analysis did not include a control group of women without carcinoma. However, ovaries
of larger size have been linked to increased hormone production among healthy women (see
Introduction for summary) and women with polycystic ovarian syndrome [23]. In addition,
previous analyses have linked ovarian enlargement to increased endometrial carcinoma risk
[14,17,18]. Based on these findings, we previously hypothesized that large post-menopausal
ovaries may represent a marker of past and/or current hormonal imbalances, perhaps
resembling a mild form of polycystic ovary syndrome [18]. We think that the current data
provide additional support for future studies examining the contribution of post-menopausal
ovarian enlargement in hormonal carcinogenesis.

In this analysis, increased ovarian volume was associated with younger age, early menarche,
having had children and higher BMI/weight, although the last association was not statistically
significant. Studies of healthy women that have assessed associations of epidemiologic factors
with ovarian volumes determined by ultrasound have reported similar inverse associations
between volume and age [21,22]. Associations between greater ovarian volume and higher
BMI were found in at least one prior analysis based on ultrasound data [18], but not in other
studies based on radiologic assessment [21,22]. Previous analyses have also found inverse
associations between ovarian volume and use of oral contraceptives [21] or menopausal HT
[22], consistent with non-significant results in our limited analysis. A positive association of
ovarian volume and height has also been reported [22]. The isolated differences between the
current results and those of previous investigations may reflect the fact that most prior analyses
were conducted using ultrasound data collected from large groups of apparently healthy women
undergoing ovarian carcinoma screening, rather than pathologic assessment of ovaries
removed at the time of hysterectomy for endometrial carcinoma.

Our results show that greater ovarian size is associated with significantly increased circulating
levels of total, free-, and albumin-bound estradiol and non-statistically significant elevations
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in estrone, estrone sulfate and androstenedione levels. Increased ovarian volume could be
related to increased androgen synthesis without producing markedly higher serum levels (i.e.
androstenedione) if conversion to estrogen is rapid. This view is supported indirectly by several
studies that have found that ovarian stromal hyperplasia is associated with elevated androgen
concentrations in ovarian vein blood, but not with higher levels in peripheral venous blood
[13,14,16]. Although some prior reports have found that higher BMI was associated with
elevated testosterone levels [4,24], we found that the relationship between ovarian volume and
androstenedione concentrations was unaffected by obesity status, as previously reported [25].
In contrast, ratios of estrogens to androgens were higher among obese women. If confirmed,
these findings would suggest that ovarian volume is a marker of the availability of substrate
for estrogen synthesis (i.e. androgen), whereas obesity affects the degree of conversion.

Ovarian enlargement and elevated androgen levels are key features of Polycystic Ovarian
Syndrome (PCOS). Total or stromal ovarian volume may be linked to hyperandrogenism
among women with PCOS [23]. Although pre-menopausal women with PCOS have been
frequently studied, data for post-menopausal women are limited. One small analysis suggests
that polycystic ovaries, hyperandrogenemia and hirsutism may be found after menopause
[26]. Anecdotally, we noted that nine women with a surrogate finding of PCOS (having
histories of both menstrual irregularity plus either acne or hirsutism) had a mean age- and BMI-
adjusted ovarian volume of 1.99 cm3 compared to 1.45 cm3 for women without such a finding,
although this comparison was not statistically significant. Accordingly, some post-menopausal
women with ovarian enlargement and elevated serum androgen levels may have manifestations
of PCOS or a similar, perhaps less severe syndrome. Ideally, longitudinal studies in which
women with PCOS were followed through the menopausal transition could be performed to
evaluate this hypothesis.

In summary, our study suggests that ovarian enlargement among endometrial carcinoma
patients is associated with elevated serum concentrations of sex-hormones. However, our
conclusions are limited by the lack of hormone data and ovarian measurements for controls
and the small sample size. Nonetheless, our data provide impetus for further research on the
relationship of ovarian endocrine function after menopause to risk for hormonally-related
carcinomas, non-neoplastic diseases and protection against deleterious effects of aging.
Clinical interest in this topic is heightened by recent studies supporting ovarian preservation
for post-menopausal women at the time of hysterectomy for benign uterine diseases [27]..
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Table 1
Geometric Mean Ovarian VVolume by Epidemiologic Factors Among Post-Menopausal Women with Endometrial
Carcinoma
Epidemiologic Factor Ovarian Volume Mean (cm?3) P-Value
Age (Years)
<55 (n=21) 1.67 0.02*
55-59 (n=27) 1.83
60-64 (n=47) 1.62
65-69 (n=44) 1.26
>70 (n=36) 1.23
Age at Menarche (Years)
15 (n=15) 1.02 003*
14 (n=23) 1.32
13 (n=47) 1.54
12 (n=59) 1.55
<12 (n=31) 1.76
Parity
Nulliparous (n=30) 1.09 0.01t
Parous (n=145) 1.60
Age at Menopause (Years)
<45 (n:20) 1.91 0.72*
45-49 (n=55) 139
50-54 (n=72) 1.46
>55 (n=22) 1.67
Body Mass Index (Kg/m?2)
<25.0 (n=40) 1.25 0.06"
25.0-29.9 (n=33) 1.49
30.0-34.9 (n=40) 1.46
>35.0 (n=62) 1.72
Oral Contraceptive Use
No (n=161) 1.52 055"
Yes (n=14) 1.33
Smoking
Never (n=129) 1.50 0.83"
Past (n=31) 1.40
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Epidemiologic Factor

| Ovarian Volume Mean (cm?) | P-Value

Current (n=11)

| 163 |

Adjusted for age group. Ovarian volume estimated as product of three dimensions X 0.523. Missing values: age at menopause (n = 6); smoking status

(n=4).
*
P-trend

TP-vaIue.
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