
E U R O P E A N J O U R N A L O F C A N C E R 4 4 ( 2 0 0 8 ) 2 4 7 7 – 2 4 8 4

. sc iencedi rec t . com
ava i lab le a t www
journal homepage: www.ejconl ine.com
Endometrioid and clear cell ovarian cancers – A comparative
analysis of risk factors 5
Christina M. Naglea,*, Catherine M. Olsena,b, Penelope M. Webba, Susan J. Jordana,b,
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A B S T R A C T

Endometrioid and clear cell subtypes of ovarian cancer are both known to be closely asso-

ciated with endometriosis and endometrial pathology, and so have often been combined in

studies of causation. We have examined these ovarian cancers separately for potentially

distinct risk factors in our population-based, Australia-wide case control study of 142

women with incident invasive endometrioid, 90 with clear cell ovarian cancers and 1508

population controls. Multivariate logistic regression was used to calculated odds ratios

(ORs) and 95% confidence intervals (CIs). Increasing parity, and hormonal contraceptive

use for P5 years, strongly decreased the risks of both subtypes. Breast feeding and tubal

ligation were also inversely associated, but significantly so only for the endometrioid sub-

type. As expected endometriosis increased the risk of both subtypes (OR 2.2, 95%CI 1.2–3.9

for endometrioid and OR 3.0, 95%CI 1.5–5.9 for clear cell). Obesity was associated only with

clear cell cancers, where we observed a two-fold increased risk (OR 2.2, 95%CI 1.2–4.1). Also

a significant trend of decreasing risk with increasing intensity of smoking (p trend 0.02) and

education beyond high school was associated with decreased development of clear cell

cancers only. Endometrioid and clear cell ovarian cancers have some shared as well as

some distinct risk factors, and therefore should be considered separately in studies of ovar-

ian cancer.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Ovarian cancer is a morphologically and biologically heterog-

enous disease.1 The most common subtypes are serous and

endometrioid, accounting for about 50% and 10–20%, respec-

tively, of all malignant ovarian neoplasms, and less common

are the mucinous (�5–10%) and clear cell (�5–10%) subtypes.2
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Cancers of both the ovary and uterus have histological classi-

fication schemes that include (amongst others) endometrioid

and clear cell subtypes.3,4 It has long been noted that both the

endometrioid and clear cell subtypes of ovarian tumours are

strongly associated with endometriosis5,6 and with endome-

trial pathology.7–9 These shared associations, combined with

the difficulties associated with obtaining large numbers of
.
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clear cell ovarian cases, have often led researchers to group

endometrioid and clear cell ovarian subtypes together when

investigating causal factors. Yet these types of ovarian cancer

have distinct histological,1 clinical,10 and prognostic pro-

files,11 and so the approach of combining the endometrioid

and clear cell subtypes in previous studies has most likely

introduced errors and limited our understanding of these

potentially distinct subtypes.

In an effort to characterise distinct aetiologies for endome-

trioid and clear cell ovarian cancers, we have evaluated an ar-

ray of personal, lifestyle, reproductive and hormonal

exposures as potential risk factors for each of these subtypes

separately, using data from a large Australian population-

based case–control study.

2. Materials and methods

A detailed description of the study population and data col-

lected had been provided previously.12 A flow chart detailing

recruitment of cases and controls is provided in Fig. 1. Briefly,

3550 women with suspected ovarian (or fallopian tube or per-

itoneal) cancer were identified by trained nurses through the

major treatment centres and state-based cancer registries

throughout Australia. Of these, 307 died before contact could

be made, physicians refused to give consent to contact 133,

and 194 women could not be contacted. A further 171 women

were excluded on the basis of language difficulties (70), men-

tal incapacity (35) and illness (66). The remaining 2745 women

with a clinically suspected diagnosis of ovarian cancer were

invited to participate (prior to surgery, to facilitate fresh tissue

collection) and, of these, 2319 (85%) agreed to take part. After

surgery, pathology reports were obtained for all women and a

further 608 women were excluded because their final diagno-

sis was a benign, non-epithelial or metastatic tumour and not

primary epithelial ovarian cancer, 25 because their cancer

was first diagnosed before the start of the study period and

one woman was excluded because she was not an Australian

resident at the time of her initial diagnosis. Two researchers

independently abstracted information on tumour site, histo-

logical subtype and tumour behaviour (invasive versus bor-

derline) from the diagnostic histopathology reports.

Discrepancies were resolved by consensus. To check the qual-

ity of the abstracted data the pathology reports and full set of

diagnostic slides for a sample of 200 women were reviewed by

a gynaecological pathologist; agreement with the abstracted

data was >95% for tumour subtype and site, and 99% for tu-

mour behaviour. Of the final 1685 eligible participants, 1591

(94%) returned a questionnaire.

Controls were randomly selected from the national elec-

toral roll (enrolment is compulsory) and were frequency

matched by age (in 5-year age bands) and state of residence

to the case group. Selected women were mailed an invitation

letter and information brochure explaining the study and then,

where possible, followed up by telephone. Of the 3613 women

contacted and invited to participate, 171 women were excluded

due to illness (63) and language difficulties (97), and 11 women

had died after initial contact. Of the remaining 3442 women,

1613 agreed to participate and returned a questionnaire

(47%). Six of them reported a history of ovarian cancer and 99
reported a previous bilateral oophorectomy, and thus were ex-

cluded from this study leaving 1508 population controls.

All study participants (cases and controls) completed a

comprehensive health and lifestyle questionnaire, which in-

cluded questions about demographic factors, physical charac-

teristics, family history of cancer, lifestyle habits,

reproductive and hormonal factors and other potential risk

factors. Exposures that occurred in the 12 months before

diagnosis in cases (or date of first approach for controls) were

excluded because they were not considered aetiologically rel-

evant. It was also considered that for cases recent behaviours

may have been affected by preclinical disease. The variables

of particular interest in this study were those related to oes-

trogenic effects, in particular smoking, body mass index

(BMI) and oestrogen replacement therapy. We also examined

self-reported history of gynaecologic conditions (endometri-

osis, fibroids) and menstrual characteristics variously re-

ported to be associated with endometrioid and clear cell

ovarian cancers and/or hormonal exposures.

Ethics approval was received from the Human Research

Ethics Committees at the Queensland Institute of Medical Re-

search, Peter MacCallum Cancer Centre, University of Mel-

bourne, all participating hospitals and cancer registries.

Case–control comparisons were used to assess the main ef-

fects on ovarian cancer risk. Odds ratios (ORs) and 95% confi-

dence intervals (CIs) were obtained from univariate and

multivariate logistic regression models adjusting for age (in

10-year age-groups), education (secondary school, technical

college/apprenticeship, university), parity (0, 1–2, 3 or more

full term births), hormonal contraceptive use (none,

<60 months, P60 months use) and body mass index, 1 year

prior to diagnosis/recruitment (BMI). BMI was classified using

the World Health Organisation (WHO) definitions of obesity:

<18.5 ‘underweight’, 18.5–24.9 ‘normal weight’, 25–29.9 ‘over-

weight’ and P30 kg/m2 ‘obese’. Further adjustment for factors

including perineal talc use, history of hysterectomy or tubal

ligation, menopausal status, use of hormone replacement

therapy (HRT), family history of breast or ovarian cancer in a

first degree relative, breast feeding and state of residence did

not substantially alter risk estimates (changed point estimates

10% or less), thus these factors were not routinely included in

the final models. Tests for linear trend were performed using

the maximum likelihood test, with the ordinal categorical

variables of interest entered as a continuous term. All analy-

ses were performed using the SAS system V 9.1 (SAS Institute

Inc., Cary, NC).

3. Results

Cases for the current analysis included 142 women with inva-

sive endometrioid cancer, 90 women with invasive clear cell

ovarian cancer and 1508 population controls. Women with

endometrioid ovarian cancers were on average a little youn-

ger at diagnosis than women with clear cell cancers (mean

age 57.4 compared with 58.5 years), and the mean age of con-

trol women was 56.4 years (Table 1). There was a decreased

risk of clear cell ovarian cancer amongst those with a post-

school education (OR 0.5, 95% CI 0.3–0.8 and OR 0.4, 95% CI

0.2–0.9, for women who had a technical college and university



Suspected ovarian cancer=3550 

No contact=194 Ineligible=611

Deceased=307
Doctor refused contact=133 
Language difficulties=70 
Mental incapacity=35  
Ill health=66 

Agreed to participate=2319 

Excluded=634

Not ovarian cancer=608 
Ovarian cancer diagnosed prior to study=25 
Not an Australian resident=1 

Participated=1591

Surgery and histopathology review 

Eligible participants=1685 

Potential controls contacted 
and invited to participate=3613 

Declined=1829

Deceased=11 
Language difficulties=97 
Ill health=63 

Agreed to participate and 
returned a questionnaire=1613

Ineligible=105

Past history of ovarian cancer=6 
Previous bilateral oophorectomy=99 

Participated=1508

Excluded=171

CONTROLS

CASES

Fig. 1 – The recruitment of cases and controls for the study.
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education, respectively, compared to those with only school

education). Having a first degree relative with breast or ovar-

ian cancer was not associated with risk of either subtype.

Smoking was not associated with endometrioid ovarian

cancer. However, there was an inverse association with for-

mer smoking in clear cell ovarian cancers (OR 0.4, 95% CI

0.2–0.7), and a significant trend of decreasing risk associated

with increasing pack-years (p = 0.03) (Table 1). When we

examined the components of pack-years (intensity and dura-

tion of smoking) separately for the clear cell ovarian cancers
we found a significant trend of decreasing risk with increas-

ing intensity of smoking (p = 0.02), but there was no associa-

tion with increasing duration of smoking. Obese women

(BMI 30+, 1 year prior to diagnosis/recruitment) had an in-

creased risk of both the endometrioid and clear cell subtypes,

but this was significant only for clear cell cancers (OR 2.2, 95%

CI 1.2–4.1). There was also a clear trend of increasing risk of

clear cell cancers with increasing BMI (p = 0.01).

Having a term pregnancy was associated with a decreased

risk of both the endometrioid and clear cell ovarian cancers,



Table 1 – Distributions, adjusted odds ratios (95% confidence intervals) for the association between selected personal and
lifestyle factors and risk of endometrioid and clear cell ovarian cancers

Controls n (%) Endometrioid n (%) Endometrioid
ORa (95% CI)

Clear cell n (%) Clear cell
ORa (95% CI)

Age (mean ± standard deviation) 56.4 ± 12.4 57.4 ± 10.2 58.5 ± 10.3

Level of education

High school 740 (49) 68 (48) 1.0 56 (62) 1.0

Technical college/trade certificate 550 (37) 51 (36) 0.9(0.6–1.4) 25 (28) 0.5 (0.3–0.8)

University 218(14) 23 (16) 1.0(0.6–1.6) 9(10) 0.4 (0.2–0.9)

Family history of ovarian or

breast cancer (in first degree relative)

196(13) 24(17) 1.4(0.9–2.3) 14(16) 1.5(0.8–2.8)

Smoking statusb

Never 902 (60) 84 (59) 1.0 65 (72) 1.0

Ex-smoker 436 (29) 42 (29) 1.2(0.8–1.8) 12(13) 0.4 (0.2–0.7)

Current 165(11) 15(11) 0.9(0.5–1.8) 13(14) 1.1 (0.6–2.3)

p = 0.78 p = 0.32

Total pack-years of smokingb

Never smoker 902 (60) 84 (59) 1.0 65 (72) 1.0

1–14.9 years 378 (25) 34 (24) 1.2(0.8–1.8) 14(16) 0.7(0.4–1.2)

15–29.9 years 128 (8) 13(9) 1.0(0.5–2.0) 7(8) 0.6(0.2–1.6)

P30 years 98(7) 11 (8) 1.1 (0.6–2.3) 4(4) 0.3(0.1–1.1)

p for trend 0.71 p for trend 0.03

BMI last yearc

<18.5 33(2) 2(2) 0.9 (0.2–4.0) 3(4) 2.9(0.8–11.1)

18.5–24.9 662 (44) 52 (40) 1.0 23 (30) 1.0

25–29.9 453 (30) 46 (35) 1.3(0.8–2.0) 27 (35) 1.7(0.9–3.0)

30+ 341 (23) 30 (23) 1.2(0.7–1.9) 25 (32) 2.2(1.2–4.1)

p for trend 0.41 p for trend 0.01

a Adjusted for age, education, parity, hormone contraceptive use.

b ORs additionally adjusted for BMI last year.

c ORs additionally adjusted for smoking status.
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and there was a significant trend of decreasing risk of both

subtypes with increasing number of pregnancies (p 6 0.001)

(Table 2). Similarly a history of breast feeding was associated

with reduced risk, however the results were only significant

for the endometrioid subtype (OR 0.6, 95% CI 0.4–1.0). Use of

hormonal contraceptives for P5 years was associated with a

reduced risk of both the endometrioid and clear cell cancer

subtypes, with statistically significant trends of decreasing

risk with increasing duration of use (p < 0.0001 and p =

0.0002 for endometrioid and clear cell cancers, respectively).

We found no evidence that hysterectomy, perineal talc use

or menopausal status was associated with either subtype. We

observed modest inverse relations for both the subtypes with

tubal ligation, but this association was only significant for the

endometrioid subtype (OR 0.4, 95% CI 0.3–0.7). There was a

suggestion of a positive association between post-meno-

pausal status and the risk of clear cell ovarian cancer, but

no association with endometrioid ovarian cancer. Whilst

there appeared to be no relation between ever-use of HRT

and risk of both the subtypes (results not shown), use of

HRT that contained oestrogens only was associated with

modest, non-significant, increase in risk of endometrioid

ovarian cancer only (OR 1.4, 95% CI 0.8–2.4). We also found a

reduced risk of clear cell ovarian cancer amongst users of

HRT containing oestrogen and progestagens. The odds ratio

comparing never HRTusers to users of HRT containing oestro-

gen and progestagens was 0.5 (95% CI 0.2–1.0). These results
were unchanged when we restricted the analyses to peri-

menopausal and menopausal women.

Finally whilst there appeared to be no association between

fibroids and endometrioid and clear cell cancers (Table 2), wo-

men with endometriosis had a three-fold increased risk of

clear cell ovarian cancer (OR 3.0, 95% CI 1.5–5.9) and two-fold

increased risk of endometrioid ovarian cancer (OR 2.2, 95% CI

1.2–3.9). Because we had excluded control women with a his-

tory of bilateral oophorectomy (who are no longer at risk of

ovarian cancer) and these women were also more likely to

have had endometriosis (20%), we repeated the analysis

including this group (n = 99). In this sensitivity analysis, the

associations with clear cell cancers and endometrioid cancers

were maintained although somewhat attenuated (ORs, 2.3,

95% CI 1.2–4.6 and 1.7, 95% CI 1.0–3.0, respectively). Menstrual

cycle characteristics (regularity and duration of periods, his-

tory of dysmenorrhoea) were not associated with either

subtype.

4. Discussion

We have presented detailed case–control analyses comparing

the aetiologies of invasive endometrioid and clear cell ovarian

cancers in a large group of Australian women. Our results

suggest that factors that suppress ovulation such as parity,

hormonal contraceptives and breast feeding are important

determinants of both subtypes, and these risk factors closely



Table 2 – Distributions, adjusted odds ratios (95% confidence intervals) for the association between reproductive and
hormonal factors and risk of endometrioid and clear cell ovarian cancers

Controls
n (%)

Endometrioid
n (%)

Endometrioid
ORa (95% CI)

Clear cell
n (%)

Clear cell
ORa (95% CI)

Number of pregnancies

Nulliparous 180 (12) 33 (23) 1.0 31 (34) 1.0

1–2 645 (43) 55 (39) 0.5 (0.3–0.8) 35 (39) 0.2 (0.1–0.4)

>3 683 (45) 54 (38) 0.4 (0.2–0.7) 24 (27) 0.1 (0.07–0.2)

p for trend 0.001 p for trend <0.0001

Ever breastfedb 943 (73) 64 (63) 0.6(0.4–1.0) 33 (62) 0.8 (0.4–1.4)

Hormone contraceptive use

Never 325 (22) 50 (35) 1.0 35 (39) 1.0

<5 years 365 (24) 42 (30) 0.7(0.4–1.1) 26 (29) 0.9 (0.5–1.5)

P5 years 813 (54) 49 (35) 0.3 (0.2–0.5) 28 (32) 0.4 (0.2–0.6)

p for trend <0.0001 p for trend 0.0002

Previous hysterectomy 291 (20) 32 (22) 1.2 (0.8–1.9) 18 (20) 0.9 (0.5–1.6)

Previous tubal ligation 406 (27) 19(14) 0.4 (0.3–0.7) 15 (17) 0.7 (0.4–1.2)

Ever use talc in the perineal region 668 (45) 70 (49) 1.3 (0.9–1.8) 40 (45) 1.1 (0.7–1.7)

Menopausal status

Pre-menopausal 398 (26) 35 (25) 1.0 13 (14) 1.0

Peri-menopausal 108 (7) 11 (8) 0.9 (0.4–2.0) 5 (6) 1.5 (0.5–4.8)

Post-menopausal 1002 (67) 96 (67) 0.8 (0.4–1.7) 72 (80) 2.9 (0.9–9.4)

Type of hormone replacement therapy

No hormone replacement therapy 956 (68) 94 (69) 1.0 62 (73) 1.0

Oestrogen only 281 (20) 23 (17) 1.4 (0.8–2.4) 11 (13) 0.9 (0.5–1.9)

Oestrogen and progestagens 162 (12) 19 (14) 0.7 (0.4–1.2) 12 (14) 0.5 (0.2–1.0)

Endometriosis (ever)c 87 (6) 18 (13) 2.2 (1.2–3.9) 13 (15) 3.0 (1.5–5.9)

Fibriods (ever) 271 (18) 33 (23) 1.3 (0.8–2.0) 20 (23) 1.3 (0.8–2.3)

a Adjusted for age, education, parity and hormone contraceptive use.

b Restricted to parous women only.

c Additionally adjusted for BMI (last year).
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parallel those for most other ovarian cancer subtypes and the

serous subtype in particular.13–16 However, the risk profile for

clear cell ovarian cancer is distinctive regarding two key life-

style factors: obesity and smoking. We found that obese wo-

men had a two-fold increased risk of clear cell ovarian

cancer. We also observed an inverse association with former

smoking in clear cell ovarian cancers, and a significant trend

of decreasing risk associated with increasing intensity of

smoking.

Our findings in relation to clear cell cancers and lifestyle

factors cast doubt on the extent of a shared aetiology of these

two subtypes of ovarian cancer. Since this is one of the few

studies addressing this question,13–15,17,18 we have limited

context in which to embed our findings. We therefore com-

pared our findings with the epidemiological evidence from

endometrial cancers of the uterus because they also are clas-

sified into endometrioid or type I (85%) and clear cell/serous

or type II (15%) histological subtypes.19,20 Unlike their ovarian

counterparts however, endometrioid cancers of the uterus ap-

pear to be strongly oestrogen dependant with clear cell/ser-

ous cancers less so.20 Our results, contrary to these data

and to our expectations, showed that clear cell ovarian can-

cers were associated with a greater number of oestrogen-re-

lated factors (BMI, smoking) than endometrioid ovarian
cancers. Both ovarian clear cell and endometrioid cancers

are strongly linked to endometriosis21,22 (perhaps explaining

the decreases in risk with tubal ligation), but beyond that

our results suggest divergent paths to causation. Indeed clear

cell ovarian cancers may be the subtype that is the more ame-

nable to prevention through modulation of oestrogenic expo-

sure. Interestingly molecular studies have shown that clear

cell ovarian cancers have a remarkably similar gene expres-

sion profile to clear cell cancers in the endometrium, and it

has been postulated that they may share a common transfor-

mation pathway.23 By contrast, although similar in histologi-

cal appearance, endometrioid cancers of the ovary and uterus

have been shown to have different gene expression

patterns.24

Our results are generally consistent with those of other

studies13–15,18,25–28 which show that parity and oral contracep-

tive use significantly and appreciably reduce risk of both

endometrioid and clear cell subtypes of ovarian cancer. In

addition to this, lactation and tubal ligation both appeared

to convey protection, supporting evidence from some but

not all previous studies.13–15,18,28,29 Our results showed no

association between hysterectomy and risk of either subtype

which is consistent with other studies that have considered

this exposure.14,18,26,28 Our findings in relation to risk of both
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subtypes of ovarian cancer and type of HRTuse are interesting

given the role of unopposed oestrogens in endometrial cancer

risk.30,31 We had expected to find a strong positive association

between oestrogen-only HRT use and the endometrioid sub-

type of ovarian cancer, but instead found no association.

Our finding of a decreased risk of clear cell ovarian cancer

amongst users of combined oestrogen and progestagens

HRTwas interesting given the role of progestagens as a poten-

tial chemopreventive agent in ovarian cancer, but all these

HRT results should be interpreted with caution because of

the small number of cases involved, and the potential for mis-

classification of exposure. Like others5,32 our results con-

firmed a significant association between endometriosis

(self-reported) and both ovarian cancer subtypes, but as pre-

viously reported by us no association with other subtypes

(serous, mucinous).12 Although it has long been suspected

that endometriosis is a precursor to ovarian cancer, a recent

study has demonstrated clonal progression in 10 cases of

ovarian cancer (endometrioid n = 6; clear cell n = 4) with coex-

isting endometriosis.21 In the present analysis also we found

a weak, but statistically significant, inverse association be-

tween higher levels of education and clear cell ovarian cancer,

but no association with endometrioid cancers. A similar find-

ing, albeit non-significant, was recently reported by Kurian

and colleagues.13 They speculate that this finding may reflect

an associated reproductive factor, such as later age at first

pregnancy.13

The strengths of our study are the population-based de-

sign, the size of the study population, particularly for the

clear cell ovarian cancers, which is larger than most previ-

ous studies, and the detailed information collected on a

wide range of reproductive, health and lifestyle exposures.

We also undertook a thorough abstraction of the pathologic

data from the diagnostic histopathology reports. We do

however note a number of limitations. Despite our clear cell

cancer group being large compared to previous studies, the

small number of clear cell cases overall means that true

modest associations may not be detected or may not reach

statistical significance. Another potential limitation was the

relatively low participation rate amongst controls (47%). To

assess the impact of this we had previously compared the

distribution of key variables in our control group with data

from the Australian National Health Survey (NHS),33 a na-

tional survey with a 90% response rate. We found that the

distributions of most key exposures (education level, parity,

BMI) amongst our control women were almost identical to

those from the NHS.34 Our controls were however less likely

than NHS women to be current smokers, although the rates

of ever- and ex-smoking were identical. We also found that

hormonal contraceptive use in women younger than

50 years was 5% higher in our controls than in the popula-

tion, which would have biased our estimates slightly away

from null.

Another possible source of error is recall bias. Whilst it is

possible that cases were more likely to recall a history of

endometriosis than controls, it is unlikely to have been a ma-

jor influence on our results since reporting is unlikely to differ

amongst women with different subtypes of ovarian cancer

and the association with endometriosis was observed for
the endometrioid and clear cell cancer subtypes only, and

not for any other subtypes.12

Finally, we had excluded 99 controls with a past history of

previous bilateral oophorectomy because they were no longer

at risk of developing ovarian cancer. However, endometriosis

is a possible indication for oophorectomy, and the excluded

controls had a higher prevalence of endometriosis than those

included in the study. When we repeated our analyses includ-

ing these women the associations with clear cell cancers and

endometrioid cancers were maintained although somewhat

attenuated.

In summary, this study provides new evidence that the

endometrioid and clear cell subtypes of ovarian cancer have

some common risk factors and others that are different.

Although both are associated with reproductive risk factors

and endometriosis, differences in the effects of BMI and

intensity of smoking support the idea that these two subtypes

may develop along different pathways. Our results support

the notion that these two ovarian cancer subtypes, like

the serous and mucinous subtypes, represent distinct

disease entities as defined by traditional histopathologic

classifications.
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