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Abstract

Background:

Randomized trials using the biomarker CA125, with or without pelvic ultrasound, have failed to
show a clear benefit of general population screening for ovarian cancer. In part this may be due
to a lack of information about conditions, besides ovarian cancer, that can alter CA125 levels and
affect specificity or sensitivity. We evaluated the association between common medical conditions
and CA125 levels among women without ovarian cancer.

Methods:

We used data and specimens from 2,004 women without ovarian cancer who participated in the
New England Case Control study between 1992 and 2008. Participants completed in-person
interviews and donated blood samples at enroliment. We measured CA125 using the CA125II
assay and calculated the association between medical conditions and log-transformed CA125
using linear regression.

Results:

The median age of participants was 53 years and 1,119 (56%) were postmenopausal. The
average CA125 level was 14.5 units/mL for premenopausal and 11.7 for postmenopausal women.
Among premenopausal women, CA125 was significantly lower for women with colon polyps
(p=0.06) and hysterectomy (p=0.01) and significantly higher with endometriosis (p=0.05). CA125
was also significantly higher in premenopausal women with coronary artery disease (CVD)
(p<0.01, n=2 cases) but not among postmenopausal with CVD (n=79). Further, among
postmenopausal women, CA125 was significantly lower for women with osteoporosis,
hypercholesterolemia, and osteoarthritis (p=0.03, 0.02 and 0.01 respectively) and higher for
women with a history of inflammatory bowel disease (p=0.04).

Conclusion: Several chronic diseases are associated with CA125, which could influence the

interpretation of CA125 in the context of ovarian cancer screening.



Introduction

An estimated 22,240 new cases, and 14,070 deaths from ovarian cancer occur annually in the
United States (1), making it the third most common gynecological cancer in the United States and
the leading cause of deaths associated with cancers of the female genital tract. This high mortality
largely reflects its tendency to be diagnosed at later stages which is associated with poorer
survival (2—4). Development of a reliable screening biomarker would allow earlier detection and

intervention, resulting in reduced morbidity and mortality.

Cancer Antigen (CA) 125 is a high-molecular weight glycoprotein and is recognized by the
monoclonal antibody OC125 (5). CA125 is used clinically to monitor cancer progression and is a
prime candidate for a screening biomarker (6). However, randomized screening trials of CA125
alone, or in combination with transvaginal ultrasound, have not provided clear mortality benefit
(4,7). In addition to searching for more sensitive and specific biomarkers, ovarian cancer
screening might be improved by taking into consideration cofactors that influence CA125 levels

independent of ovarian cancer.

Since MUC16 (the gene that encodes CA125) is expressed in a variety of tissues, including those
lining the gastrointestinal, respiratory, reproductive tracts, and body cavities, CA125 levels can
vary with a range of exposures and conditions affecting those tissues. These include
hysterectomy, parity, oral contraceptive or menopausal hormone therapy use, and history of
endometriosis as well as demographic factors such as race, age, body mass index (BMI) (8—14).
Medical conditions associated with ascites such as heart failure, tuberculosis, and chronic liver
disease may also raise CA125 to levels similar to those detected in women affected by ovarian
cancer (11,15-22). In this study, we examined a list of common medical conditions self-reported

by women without ovarian cancer to determine associations with CA125 levels.



Materials and Methods

Study population

The present analysis was based on women without ovarian cancer (controls) who participated in
the New England Case Control (NEC) study, a population-based study that enrolled newly
diagnosed ovarian cancer cases and controls from eastern Massachusetts and New Hampshire
between 1992 and 2008. A detailed account of the study design has been described previously
(23). Briefly, the controls were identified through random digit dialing, driver’s-license lists, and
town-resident lists. A total of 2100 controls (54%) were eligible and enrolled. Nearly all participants
(>95%) provided blood specimens at the time of enroliment, and the present study included 2,004

women who had a banked blood sample available for CA125 measurement.

Blood Sample Collection and CA125 measurement

The venous blood samples were collected by trained phlebotomists during the in-person interview
in the participants’ homes or other convenient locations. The samples were transported to the
processing laboratory, usually within 24 hours, where samples were centrifuged and separated
into serum, plasma, red blood cells, and buffy coat. Samples were stored at -80°C. CA125 was
measured on plasma samples of 100 pyL each using the CA125Il assay at the Clinical and
Epidemiology Research Laboratory (CERLab) at Boston Children’s Hospital. The reportable
range of the assay was 0.6 to 500 IU/L, with a normal reference interval for females of less than
35 U/ml. We assessed the reproducibility of the assay by including five blinded aliquots of 46

quality control pools. The between batch coefficient of variation (CV) was 1%.

Medical conditions and covariates

All control participants completed an in-person interview. Questions were asked about

sociodemographic variables, reproductive and family history, detailed medical history including



disease diagnoses, hospitalization, and current medication use. We selected medical conditions
based on their known or hypothesized relationship with ovarian cancer or CA125. In addition, we
only included medical conditions with at least 5% prevalence. The questions were asked in the
following format “Did you have any of the following conditions or surgeries before (a reference
date of one year before study enroliment)” and “before (the reference date), did you have any
other medical conditions that lasted six months or longer, or any condition you understand to have
a genetic basis”. Coronary artery disease was defined as myocardial infarction and or angina.
Inflammatory bowel disease included ulcerative colitis and Crohn’s disease. Thyroid disorders
were divided into underactive thyroid (hypothyroidism, Hashimoto’s thyroiditis or thyroidectomy),
overactive thyroid (hyperthyroidism, Grave’s disease), others which included thyroid cysts,
unknown over or under thyroid, thyroid nodule and thyroid cancer. Gall bladder problems include
cholecystitis, cholelithiasis/gall stones and gall bladder surgery. Psychological disorders included
anxiety and depression. Obesity was defined as BMI= 30kg/m?. Other medical conditions
considered include allergies, appendectomy, asthma/bronchitis, bone fracture, non-ovarian
cancers, colon polyps, endometriosis, gastroesophageal reflux/ulcers, headaches/migraines,
hypertension, hypercholesterolemia/atherosclerosis, hysterectomy, osteoarthritis, osteoporosis,

and uterine fibroids.

Data on covariates known to influence CA125, including age, race, menopausal status/age at
menopause, body mass index (BMI, kg/m?), use of oral contraceptives, hysterectomy, hormone
replacement therapy, smoking status, and parity (8,13,14), were also collected during the
interview. Women were classified as premenopausal if they reported that their periods were still
occurring, with or without birth control or menstrual regulatory hormones. Women were classified
as postmenopausal if they reported their periods had stopped or were only occurring because of
menopausal hormones. Women who reported no periods because of a hysterectomy or a medical

condition/treatment were classified as premenopausal if they were age <50 and postmenopausal



if age 250 years. The study was approved by the Institutional Review Board of Brigham and
Women’s Hospital Boston, Massachusetts and Dartmouth College, Hanover, New Hampshire.

Statistical methods

We identified two outliers of CA125 defined as greater than two standard deviations from the
mean, but those observations were included in the analysis given the accuracy of the assay.
CA125 was log-transformed to achieve normal distribution. We assessed geometric mean levels
of CA125 associated with medical conditions according to the woman’s menopausal status (pre-
vs. postmenopausal) at the time of her blood sampling, as differences in CA125 by menopausal
status are well established (13). All models were adjusted for age, race, parity, and smoking.
Models conducted in postmenopausal women were additionally adjusted for hormone
replacement therapy (HRT). All statistical analyses were performed using SAS 9.2 (SAS Institute,

Gary NC, USA).

Results

The average age of participants was 53 years and 60% were over age 50 (Table 1). Most
participants were white (97%), 14% were current smokers, and 39% former smokers. The most
common medical conditions in this study population were anxiety/depression (24%), history of

bone fracture (39%), hypercholesterolemia (15%), hypertension (18%), and obesity (18%).

Among the premenopausal women (Table 2), CA125 was lower in those with a history of colon
polyps (-31%; p=0.06) and in those with hysterectomy (-23%; p=0.01). CA125 levels were higher
in women with endometriosis (14%, p=0.05) and coronary artery disease (221%, p<0.01),
although the later was based on a small number of exposed women (n=2). Among
postmenopausal women, CA125 was higher in women with a history of breast cancer (12%;
p=0.05) and inflammatory bowel disease (14%; p=0.04). CA125 levels were significantly lower in
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women reporting osteoporosis (-12%, p=0.03), hypercholesterolemia/atherosclerosis (-7%,
p=0.02), and osteoarthritis (-9%, p=0.01). Results were similar when the two outliers were

excluded.

We analyzed the association between the number of medical conditions and the percent change
in CA125 levels (Supplemental Table 1) and observed no consistent patterns of change in CA125
levels with the number of medical conditions in pre- or postmenopausal women. Additionally, we
used a multivariable model to simultaneously adjust for all medical conditions that were
associated with CA125 in the univariate analyses (Table 3). In premenopausal women, all
conditions that were associated with a percent change in CA125 when assessed singly in
univariate models (colon polyps, coronary artery disease, endometriosis, and hysterectomy)
remained associated after mutual adjustment. With the exception of endometriosis, for which the
percent increase was attenuated, the percent change in CA125 after adjustment for multiple
medical conditions was similar to that seen in the univariate models. In postmenopausal women,
only osteoporosis remained significantly associated with CA125 after adjustment for medical
conditions, and the percent decrease in CA125 was similar to that observed for osteoporosis in

the univariate model.

We additionally assessed specific medical conditions singly with adjustment for the medication
used to treat that condition. For each medical condition, these models produced results similar to
those seen in the univariate models (Supplemental Table 2). For example, in postmenopausal
women, we assessed medical conditions in relation to CA125 after additional adjustment for
medications such as statins for hypercholesterolemia, bisphosphonates for osteoporosis,
aminosalicylates (sulfasalazine) and aspirin for inflammatory bowel disease and non-steroidal
anti-inflammatory drugs (NSAIDS) for osteoarthritis; adjusting for these medications generally did
not affect the percent of change in CA125 for any condition. We did note, however, an attenuation

in the percent of increase associated with breast cancer when adjusted for Tamoxifen and



Arimidex. We also assessed the association between colon polyps and percent change in CA125
among postmenopausal with and without HRT use and found no difference in the association

(data not shown).

Discussion

In this study, we assessed the association between several commonly diagnosed medical
conditions and CA125 levels in women without an ovarian malignancy. This is the first study to
address in an extensive fashion the role of medical conditions on CA125 in the general population
using a single assay. Our observations suggest that pathological processes in several organ
systems including genitourinary, bone, breast, cardiovascular, and gastrointestinal could affect
CA125 levels in women with no evidence of ovarian cancer. In addition, the importance of these
systems in influencing CA125 levels varied between premenopausal and postmenopausal

women.

We observed increased levels of CA125 in women with a history of coronary artery disease (CAD)
with significant association being limited to premenopausal women. However, this observation
was based on a small number of cases. Postmenopausal women with CAD also had higher
CA125 levels although the difference was not statistically significant. These observations are
consistent with previous reports (24,25). Previous studies suggest pericardial, pleura, or
peritoneal irritations or reactions from effusions as the potential sources of elevated CA125 in
heart diseases including heart failure (26,27). In addition, heart disease results in overexpression
of inflammatory cytokines, especially interleukin-6, which may raise CA125 levels (28-30).
Interestingly, we observed lower CA125 levels in postmenopausal women with a history of
hypercholesterolemia/atherosclerosis. Our findings are similar to those of Joo and colleagues
who reported a significant inverse correlation of CA125 with metabolic syndrome consisting of

dyslipidemia, higher total cholesterol and elevated triglycerides (31).



In our study, the association between endometriosis and elevated CA125 was restricted to
premenopausal women. Previous studies have observed higher CA125 levels in women with
active endometriosis and proposed CA125 as a candidate biomarker for detecting endometriosis
(17,32). We did not observe an association between history of endometriosis and CA125 in
postmenopausal women. Interestingly, in the PLCO study, a history of endometriosis was
associated with significantly lower CA125 in postmenopausal women (7). Since endometriosis is
thought to derive from cells exfoliated from the uterine lining, our observation of no association
between endometriosis and CA125 among postmenopausal women may simply reflect atrophy
of the endometrium and endometriosis that occurs after menopause. Alternatively, the lack of
association may reflect prior hormone suppressive therapy or hysterectomy for treatment of
endometriosis. Notably, adjusting for these factors in the PLCO study attenuated the inverse
association between CA125 and prior endometriosis in that study (8). These results suggested
that there is a complex association of endometriosis, its treatment, and menopausal status with

CA125 levels.

In our study, hysterectomy was associated with lower CA125 levels in premenopausal women
but not in postmenopausal women. Two studies addressing hysterectomy and CA125 in
postmenopausal women showed similar relationships (8,14). Further, we previously observed
lower CA125 levels in premenopausal and postmenopausal women who had had a hysterectomy
in the EPIC cohort, although the association was statistically significant only in postmenopausal
women (13). Whether or not postmenopausal women with hysterectomy were taking menopausal
hormonal therapy may also be a factor since exogenous hormones likely increase CA125 levels
(8,33,34). In our study the average CA125 in hysterectomized postmenopausal women known to
have taken hormone therapy was a little higher (12.3 units/ml) compared to those not known to
have used HRT (11.9units/ml; p=0.28). The two observations that endometriosis raises CA125

and hysterectomy lowers it in premenopausal women suggest the importance of the uterus (or
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perhaps more precisely the uterine lining) in the physiology of CA125. CA125 is indeed expressed
in the endometrium, and in naturally cycling women, CA125 is highest during the menstrual phase

(35,36).

We found two medical conditions related to the colon suggestively associated with CA125 levels.
CA125 is expressed in gastrointestinal tract (37—39) and some reports have previously described
the association between colorectal cancer, gastrointestinal tumors, and CA125 (40—42). In our
study, colon polyps were associated with significantly lower CA125 levels among premenopausal
women and suggestively lower levels in postmenopausal women, although we were not able to
examine the relationship with prior colon cancer due to small number of women with this condition.
Since colon polyps may be precursors to colon cancer, one may have expected to see higher
CA125 levels in women with polyps. However, removal of these polyps could have lowered the
CA125 levels. It is also possible that conditions known to be associated with colon polyps,
including smoking and obesity, could underlie the association since these exposures can lower
CA125 (8). While we adjusted for these potential confounders in our study, the possibility of
residual confounding remains. In contrast, the association we observed between higher CA125
and inflammatory bowel diseases among the postmenopausal women may be due to the
inflammatory nature of these diseases as CA125 is known to increase in some inflammatory

conditions of the gastrointestinal tract (37,43).

We initially observed higher CA125 levels in postmenopausal women with prior breast cancer
cancer but the association became attenuated after additionally adjusting for some medications
used in treating breast cancer including Tamoxifen and Arimidex. CA125 may be elevated at
breast cancer diagnosis and may be used in the management of breast cancer, especially for the
advanced metastatic disease (44—46). Pauler and colleagues reported significantly higher CA125

among women with any prior (non-ovarian) cancers in the UK screening study (14).
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That both osteoporosis and osteoarthritis were related to lower CA125 among the
postmenopausal women is consistent with a correlation previously reported between the degree
of bone mineral density loss and CA125 (48). This may reflect declining CA125 level with an
increasing hypoestrogenic state. Similarly, an increasing hypoestrogenic state in postmenopausal
women may in part underlie osteoarthritis (46) and could explain our observation that
postmenopausal women with osteoarthritis have lower level of CA125. As previously pointed out,
menopausal hormone replacement can raise CA125 levels (33), this may also increase bone

mineral density and reduce the risk for osteoarthritis of the hip (33,49).

We did not find consistent patterns in CA125 levels associated with the number of medical
conditions. This is not surprising, as some medical conditions measured here were associated
with an increase of the percent change in CA125, while others were associated with a decrease.
Consequently, the net change in CA125 corresponding to a given number of comorbidities likely
would reflect the commonness of a morbidity, the frequency with which comorbidities migrate
together, and the strength and direction of their impact on CA125 levels. Interestingly, however,
our data indicated that, in premenopausal women, the influence of individual medical conditions
on CA125 levels was similar when adjusted for multiple comorbidities. After adjusting for
comorbidities in postmenopausal women, only osteoporosis remained associated with a percent
change in CA125 levels, and the observed decrease was comparable to that seen in the univariate
model. We found no evidence that treatments associated with various medical conditions
measured here changed the association between the medical condition and the percent change

in CA125 levels.

Together our results suggest that several common medical conditions may influence CA125

levels in the general population and are worth consideration in the context of measuring CA125
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as a screening biomarker. As known, the CA125 levels vary not only due to the influence of
medical conditions but also with technical and biologic functions as well as normal inter-individual
and within subject biologic variations. In randomized screening trials to date, a single threshold of
35 U/mL is used to classify women as having abnormally high levels that warrant additional
screening. However, adjusting this threshold for abnormal CA125 levels based on personal
characteristics may yield a more sensitive and specific test. Several studies have evaluated non-
medical factors on a much larger scale (8,13,14). However, our study adds many medical
conditions that may be used to further adjust the CA125 screening threshold. The limitations of
our study include lack of comprehensive inclusion of all medical conditions that may influence
CA125, small sample size, self-reported exposures, lack of validation in medical records, a cross-
sectional design that prevents repeated measures of CA125 and precludes assessment of

temporality, and lack of racial diversity in the New England population.

Future work should assess the relationship of these and other medical conditions on CA125 in a
more diverse population. If confirmed, our findings may help identify factors that could influence
false positive and false negative readings for CA125, and ultimately help enhance prevention or

detection of ovarian cancer at an early stage with significant prognosis.
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Table 1: Demographic factors and medical conditions reported by controls in the New England Case Control Study of
Ovarian Cancer, 1992-2008

Characteristic Premenopausal Postmenopausal All participants
n=885 n=1119 n=2004
n (%) n (%) n (%)

Age (years)

Less than 40 344 (39) 0(0) 344 (17)
40 to 49 419 (47) 38 (3) 457 (23)
50 to 59 120 (14) 414 (37) 534 (27)
60 years and above 2 (<1) 667 (60) 669 (33)
Race
White 845 (95) 1096 (98) 1941 (97)
Non-White 40 (5) 23 (2) 63 (3)
Parity
None 226 (26) 141 (13) 367 (18)
One 154 (17) 103 (9) 257 (13)
Two 287 (32) 339 (30) 626 (31)
Three 150 (17) 241 (22) 391 (20)
Four and above 68 (8) 295 (26) 363 (18)

Smoking status

Never smoked 460 (52) 491 (44) 951 (47)
Former smoker 292 (33) 483 (43) 775 (39)
Current smoker 133 (15) 145 (13) 278 (14)

Anxiety/Depression

No 681 (77) 839 (75) 1520 (76)

Yes 204 (23 280 (25) 484 (24)
Allergies

No 723 (82) 867 (77) 1590 (79)

Yes 162 (18) 252 (23) 414 (21)
Appendectomy

No 550 (90) 670 (75) 1220 (81)

Yes 61 (10) 229 (25) 290 (19)

Asthma/Bronchitis
No 813 (92) 1020 (91) 1833 (91)
Yes 72 (8) 99 (9) 171 (9)

Bone fracture
No 385 (63) 529 (59) 914 (61)
Yes 226 (37) 370 (41) 596 (39)

Cancer types (Non-ovarian)

No cancer 843 (95) 950 (85) 1783 (89)
Breast cancer 10 (1) 70 (6) 80 (4)
Basal cell skin cancer 10 (1) 39 (3) 49 (2)
Melanoma 7(1) 12 (1) 19 (1)
Others 15 (2) 48 (4) 63 (3)
Colon polyp

No 603 (99) 760 (85) 1363 (90)
Yes 8(1) 139 (15) 147 (10)
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Coronary Artery Disease
No
Yes

Endometriosis
No
Yes

Gall bladder disorders
No
Yes

Gastroesophageal reflux/Ulcers
No
Yes

Headaches/Migraines
No
Yes

Hypertension
No
Yes

Hypercholesterolemia/Atherosclerosis
No
Yes

Hysterectomy

No
Yes

Inflammatory Bowel Disease
No
Yes

Obesity
No
Yes

Osteoarthritis
No
Yes

Osteoporosis
No
Yes

Thyroid disorders
No thyroid disease
Underactive thyroid disorder
Overactive thyroid disorder
Other thyroid disorders

Uterine fibroids
No
Ye

883 (99)
2 (<1)

821 (93)
64 (7)

831 (94)
54 (6)

847 (96)
38 (4)

771 (87)
114 (13)

845 (95)
40 (5)

854 (96)
31(4)

855 (97)
30 (3)

866 (98)
19 (2)

759 (86)
126 (14)

851 (96)
34 (4)

285 (98)
6(2)

781 (88)
66 (8)
17 (2)
21(2)

785 (88)
100 (11)

1040 (93)
79 (7)

1023 (91)
96 (9)

973 (87)
146 (13)

998 (89)
121 (11)

982 (88)
137 (12)

804 (72)
315 (28)

854 (76)
265 (24)

969 (87)
150 (13)

1067 (95)
52 (5)

870 (78)
240 (22)

894 (80)
225 (20)

452 (86)
76 (14)

864 (77)
174 (16)
37 (3)
44 (4)

935 (84)
184 (16)

1923 (96)
81 (4)

1844 (92)
160 (8)

1804 (90)
200 (10)

1845 (92)
159 (8)

1753 (87)
251 (13)

1649 (82)
355 (18)

1708 (85)
296 (15)

1824 (91)
180 (9)

1933 (96)
71 (4)

1629 (82)
366 (18)

1745 (87)
259 (13)

737 (90)
82 (10)

1645 (82)
240 (12)
54 (3)

65 (3)

1720 (86)
284 (14)
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Table 2: Association between medical conditions and percent change in CA125 levels among pre- and postmenopausal women without
ovarian cancer in the New England Case Control Study

Medical Conditions Premenopausal Postmenopausal
Geometric mean Geometric mean
CA125 (95% ClI) % change? P value? CA125 (95% ClI) % change? P value?

Anxiety/Depression b

No
15 (15, 16) 12 (12, 12)
Yes 15 (14, 16) 35 0.41 12 (11, 13) 0.8 0.80
Allergies
N
° 15 (15, 16) 12 (12, 12)
Yes 15 (14, 16) 3.8 0.41 12 (11, 13) <0.1 0.99
Appendectomy P
N
° 15 (14, 16) 12 (12, 12)
Yes 15 (13, 17) -0.9 0.90 12 (11, 13) -4.5 0.20
Asthma/Bronchitis
No
15 (15,16) 12 (12, 12)
Yes 14 (13, 16) 7.0 0.27 13 (12, 14) 8.7 0.09
Bone fracture ®
N
° 15 (14, 16) 12 (12, 12)
Yes 15 (14, 16) 0.7 0.88 12 (11, 13) 0.4 0.89
Cancer types (non-ovarian)
No cancer (Ref
cancer (Ref) 15 (15, 16) 12 (12, 12)
Breast cancer 17 (12, 23) 12.4 0.49 13 (12, 15) 12.3 0.05
Basal cell skin cancer 16 (11, 22) 1.1 0.95 13 (11, 15) 11.5 0.15
Melanoma 20 (13, 30) 31.2 0.18 14 (11, 19) 18.8 0.20
Others 17 (13, 22) 9.9 0.50 11 (10, 13) 7.7 0.25
Colon polyp b
N
° 15 (15, 16) 12 (12, 13)
Yes 10(7, 15) -30.6 0.06 11 (10, 12) -6.6 0.11
Coronary Artery Disease
N
° 15 (15, 16) 12 (12, 12)
Yes 45 (22, 94) 221.2 <0.01 13 (12, 14) 5.1 0.37
Endometriosis
N
° 15 (15, 16) 12 (12, 12)
Yes 17 (15, 20) 14.4 0.05 11 (10, 12) 3.8 0.44

20



Gall bladder disorders

No
Yes

Gastroesophageal Reflux/Ulcers

No

Yes

Headaches/Migraines
No
Yes

Hypertension

No

Yes

Hypercholesterolemia/Atherosclerosis

No
Yes

Hysterectomy

No

Yes

Inflammatory Bowel Disease
No
Yes

Obesity

No
Yes

Osteoarthritis

No

Yes

Osteoporosis ©
No
Yes

Thyroid disorders

No thyroid disease (Ref)

Underactive thyroid disorder
Overactive thyroid disorder
Other thyroid disorders

15 (15, 16)
14 (12, 16)

15 (15, 16)
16 (13, 19)

15 (15, 16)
14 (13, 16)

15 (15, 16)
16 (14, 19)

15 (15, 16)
15 (12, 18)

15 (15, 16)
17 (14, 22)

15 (15, 16)
16 (14, 17)

15 (15, 16)
16 (13, 19)

15 (14, 16)
15 (10, 23)

15 (15, 16)
16 (14, 18)
15 (12, 19)
16 (13, 21)

-10.6

3.7

-7.7

8.6

-2.7

-22.6

14.2

4.4

3.9

0.2

4.3
-0.7
8.1
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0.14

0.68

0.14

0.35

0.78

0.01

0.29

0.41

0.68

0.99

0.54
0.96
0.51

12 (12, 12)
12 (11, 13)

12 (12, 12)
12 (11, 13)

12 (12, 12)
12 (12, 14)

12 (12, 12)
12 (12, 13)

12 (12, 13)
11 (11, 12)

12 (12, 12)
12 (11, 13)

12 (12, 12)
14 (12, 16)

12 (12, 12)
12 (11, 13)

12 (12, 13)
11 (11, 12)

12 (11, 12)
10(9, 11)

12 (12, 12)
12 (11, 13)
12 (11, 14)
12 (10, 13)

0.6

-1.8

4.9

0.9

-7.3

14.3

<0.1

-11.6

0.89

0.69

0.27

0.78

0.02

0.32

0.04

0.99

0.01

0.03

0.98
0.76
0.55



Uterine fibroids

N
° 15 (15, 16) 12 (12, 12)
Yes 16 (14, 18) 6.4 0.28 12 (11, 13) 25 0.52

aMultivariate model adjusted for age (continuous), race (White/non-White), parity (continuous) smoking status (never, former or current
smoker) and hormone replacement therapy (yes/no — only in postmenopausal model)

bdata available from 1998 -- 2008

cdata available from 2003 -- 2008
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Table 3: Percent change in CA125 level adjusted for all medical conditions that were associated with
CA125 in univariate models, in pre- and postmenopausal women without ovarian cancer*

Medical Conditions Premenopausal Postmenopausal
% change P value % change P value

Breast Cancer NA NA 9.8 0.23
Colon polyp -30.2 0.06 NA NA
Coronary Artery Disease 212.7 0.01 NA NA
Endometriosis 29.3 0.01 NA NA
Hypercholesterolemia/Atherosclerosis NA NA -0.6 0.89
Hysterectomy -27.0 0.01 NA NA
Inflammatory Bowel Disease NA NA 7.7 0.47
Osteoarthritis NA NA -5.8 0.18
Osteoporosis NA NA -11.2 0.04

*OQutcome adjusted for conditions shown above and for other covariates (age (continuous), race
(White/non-White), Parity (continuous) and smoking status (never, former or current smoker) and
hormone replacement therapy (yes/no — only in postmenopausal model)).

NA — conditions that were not significantly associated with percent change in CA125 levels in univariate
models were not assessed here

Supplementary table 1: Association between the number of medical conditions and percent change of CA125 levels among women
without ovarian cancer

Number of Comorbidities Premenopausal Postmenopausal
% change \I:alue % change P value

0 (None) (reference) ref ref ref ref
1 1.2 0.87 1.6 0.82
2 -3.2 0.63 -11.9 0.05
3 0.7 0.92 -12.6 0.01
4 -16.3 0.07 -13.2 0.01
5 and above -9.8 0.32 -7.9 0.03

Multivariate model adjusted for age (continuous), race (white/non-white), parity (continuous) smoking status (never,
former or current smoker) and hormone replacement therapy (yes/no — only in postmenopausal model)
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Supplementary table 2: Association between medical conditions and CA125 levels among women without ovarian cancer
additionally adjusting for medications used in treating the conditions

Medical conditions Premenopausal Postmenopausal

% change P value % change P value

Premenopausal (significant medical conditions)

Colon polyps (further adjusted for Aspirin) -30.7 0.04
Hysterectomy (further adjusted for OCP) -22.4 0.01
Coronary Artery Disease (further adjusted for Aspirin) 230.4 0.00
Endometriosis (further adjusted for Aspirin and OCP) 15.1 0.04

Postmenopausal (significant medical conditions)

Ianammatory bowel dx (further adjusted for Aminosalicylates (Sulfasalazine) and 146 0.04
Aspirin)

Hypercholesterolemia (further adjusted for statin) -10.7 0.03
Osteoarthritis (further adjusted for NSAIDS) -8.3 0.02
Osteoporosis (Plus adjustment for bisphosphonate) -12.9 0.02
Breast cancer (Tamoxifen and Arimidex) 2.8 0.71

Multivariate model adjusted for age (continuous), race (White/non-White), parity (continuous) smoking status (never, former or
current smoker) and hormone replacement therapy (yes/no — only in postmenopausal model)

Additionally, adjusted for medications; for colon polyps - Aspirin; Hysterectomy - Oral contraceptive pills (OCPs); CAD - Aspirin, Endometriosis

- OCP, Aspirin; IBD - Aspirin, Hypercholesterolemia - Statin; Osteoarthritis - NSAIDS; Osteoporosis - Bisphosphonates; Breast cancer —
Tamoxifen and Arimidex
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Abstract

Background: Statins are widely used to lower blood cholesterol and reduce risk for
cardiovascular diseases; but attention has recently focused on a role in cancer prevention or
therapy. Here, we present data from a large case-control study addressing whether statin use can

lower the risk for epithelial ovarian cancer (EOC).

Methods: Between 1992 and 2008, data, including medications used for at least 6 months, was
collected from 2040 cases with EOC and 2100 matched controls without the disease who
participated in the New England Case-Control study. We used unconditional logistic regression
controlling for matching factors and potential confounders to examine the association between
statin use and the risk for EOC.

Results: Overall, women who use statins had 32% lower risk of ovarian cancer compared to non-
users (OR 0.68, 95% CI: 0.55 — 0.85) adjusting for the matching factors and other covariates. The
reduced risk was most apparent in women: taking a “lipophilic statin”; who began use after age
49, and who had used them 2 - 4 years. Statin use was associated with lower risks for both serous
and non-serous histologic subtypes with strongest effect seen for mucinous subtypes (OR 0.40,
95% CI: 0.19 — 0.85). The association did not appear to be confounded by indications for use of
statins or medications used concomitantly.

Conclusion: In this case-control study, statins were found to lower the risk for both serous and

non-serous EOC and especially mucinous EOC.

Keywords: Statin Therapy, Ovarian cancer, Risk reduction
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Introduction

Statins inhibit 3-hydroxy-methylglutaryl (HMG) Co-enzyme A reductase and block a rate-limiting
step in the biosynthesis of cholesterol (1,2). As such they are prescribed for individuals with high
cholesterol who have had or are at risk for atherosclerotic cardiovascular disease. Statins have
become one of the most widely used drugs in the United States and some other parts of the world
(1,3-5). According to the American Heart Association prevention guidelines, up to 31% of

Americans, 45 to 75 years of age, may be using statins (6).

Besides prevention of CVD, statins could impact cancer occurrence or progression based upon
cholesterol’'s roles as a steroid precursor, in cellular homeostasis and biologic function of cell
membranes, and through activation of the inflammasome. Many studies have addressed use of
statins as an adjunct to initial chemotherapy or radiotherapy (7-9), reducing the risk of recurrence
(8,10,11), or as a chemo-preventive agent. Some of the case-control studies (12—14) but not all
(15,16) suggest a chemo-preventive effects of statin on esophageal, colorectal, and breast cancer

(11,13,17-19).

Because of its high case/fatality ratio, chemoprevention is an especially important issue for
ovarian cancer. Although the data on ovarian cancer prevention by statins has also been mixed
(20—24), a meta-analysis of existing studies did suggest lower risk for ovarian cancer associated
with statin use (25). In this study, we investigated the association between statin use and ovarian

cancer risk in the New England Case-Control (NEC) Study.
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Materials and Methods

Study population

The NEC recruited women with ovarian cancer and healthy controls who were residing in the
Eastern Massachusetts or New Hampshire. As described previously (26), there were three
enrollment phases: 1 (1992 — 1997), 2 (1998 — 2002), and 3 (2003 — 2008). Overall, 3957 women
diagnosed with ovarian cancer between ages 18 and 80 years were initially identified through
tumor boards and registries and out of which 3,083 cases were eligible and 2,203 (71%) cases
were eventually enrolled. Information on ovarian cancer characteristics including the histologic
subtypes, grades, and stage of the disease were obtained from case pathology reports. Excluding
128 nonepithelial and 35 mixed mesodermal tumors, 2040 cases with epithelial tumors of ovarian,
primary peritoneal, and fallopian tube origin, including borderline malignancies (henceforth,

epithelial ovarian cancer (EOC) were included.

Controls were identified through random digit dialing, driver-license lists, and town-resident lists.
From 1992 through 1997, 420 (72%) controls were identified through random digit dialing and 102
(51%) through lists agreed to participate. From 1998 to 2008, 4,366 potential controls were
identified using lists, of whom 1,426 (33%) were ineligible. Of the eligible controls, 1,578 (54%)
were enrolled making a total of 2100 controls. The controls were frequency matched to cases by
5-year age groups and region of residence. Written informed consent was obtained in all phases
of the study following which the participants completed an in-person interview. The study was
approved by the Institutional Review Board of Brigham and Women’s Hospital Boston,

Massachusetts and Dartmouth College, Hanover, New Hampshire.

Medical conditions and covariates

Information was obtained about their sociodemographic background, reproductive and family
history. Detailed information on medical history including disease diagnoses, surgeries and
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medications were collected. All questions were asked with respect to a reference date of one year
before diagnosis for those with ovarian cancer (cases) and one year before the date of interview

for controls.

Medications

The participants were asked if they ever used statins prior to their reference date that continued
for at least six consecutive months; age at first use of statins and the duration of use were asked.
The statin dose was recorded as quantity of tablets they took or their usual number of pills per
day, week or per month, and the type of statin characterized by fat (lipophilic) or water
(hydrophilic) solubility. Information on use of aspirin, non-steroidal anti-inflammatory drugs

(NSAIDS), and bisphosphonate was also collected.

Statistical methods

We calculated the frequency of baseline characteristics in cases and controls and used, logistic
regression to estimate odds ratios (OR) and 95% confidence intervals (Cl) to describe the
association between statin use and the risk of ovarian cancer. We initially adjusted for age at
interview, study center (New England or New Hampshire) and study phase (1, 2, and 3) and we
additionally adjusted for body mass index (kg/m?, continuous), parity (continuous), use of oral
contraceptive pills (ever, never), history of tubal ligation (no, yes), family history of ovarian cancer
(no, yes), smoking status (never, former, current) and menopausal status (pre, postmenopausal).
To examine whether statin use itself or the indication for statin use mediates any association with
ovarian cancer, we examined the association between statins and ovarian cancer risk by whether
participants did or did not have common indications for statin use including
hypercholesterolemia/atherosclerosis, hypertension, coronary artery disease, obesity, and
diabetes. Similarly, we stratified by drugs that may be used with or interact with statins. We also

performed a test of interaction by adding interaction terms to models to determine if the indications
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for statin use or concomitant use of other drugs above modify the association observed. The
analysis was performed using SAS v 9.4 (SAS Institute, Gary NC, USA). The 2-sided P value

(Wald test) was used and the level of statistical significance was set at P value < 0.05.

Results

The analysis included 4140 women (2040 cases, 2100 controls) who participated in the three
phases of the New England Case Control (NEC) study from 1992 to 2008. Cases were frequency
matched to controls by 5-year age groups, study phase and study center. Compared to cases,
controls were more likely to be parous, have used oral contraceptive, and were less likely to be

obese or have a family history of ovarian cancer (Table 1).

About 9% of cases had used statins compared to 11% of controls (Table 2). This translated into
an OR (and 95% CI) of 0.75 (0.61-0.93) adjusted only for the matching factors and 0.68 (0.55-
0.85) adjusting for additional covariates. Most statin users were taking a lipophilic type of statin.
Although use of either type was associated with similar ORs, only the OR for use of lipophilic
statins achieved statistical significance. Compared to non-users, women who took lipophilic
statins were 25% less likely to have EOC (OR 0.75, 95% CI: 0.60 — 0.94) adjusted only for
matching factors and 31% less likely to have EOC after additional adjustment for potential
cofounders (OR 0.69, 95% CI: 0.54 — 0.87). The average age at first use of a statin was 58 years
and the average duration of use was 5 years. Compared to non-users, women who used statins
after age 49 had a roughly 36-39% lower risk of EOC. A decreased risk for EOC was most
apparent in women who had used statins for 2 up to 4 years compared to women who never used
statins. When restricted to statin users, there was roughly a 40% reduction in risk for older ages

compared to an age at first use before 50, though not statistically significant (age 50-59 vs. age
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<50 OR: 0.64, 95% CI: 0.31-1.34; age 260 vs age<50 OR: 0.62, 95% CI: 0.23-1.61, data not

shown). Among users, there was no association between duration of use and EOC, p-trend=0.31.

In Table 3, we show the multivariable model of the association between statin use and EOC risk
by histologic subtypes for all users and for age and duration of use subsets. For ever-use, the
decreased risk (OR and 95% CIl) was most apparent for: all invasive cancers, (OR 0.66, 95% CI:
0.52 — 0.83); serous cancers (both borderline and invasive), (OR 0.75, 95% CI: 0.59 — 0.96); and
mucinous cancers (both borderline and invasive), (OR 0.40, 95% CI 0.19 — 0.85). For the serous
tumors, the decreased risk was more apparent in women whose first use began at 60 or older
and had less than 5 years of use. For mucinous tumors, the decreased risk was more apparent
for those who began use at less than 60 years of age and had less than 5 years of use. Including
mucinous, endometrioid, clear cell and others as the group, non-serous cancers, the OR and 95%
Clwas 0.56 (0.40 - 0.78) with significantly decreased risk seen in all categories by age at first use
and duration of use. For all EOC, decreased risk was seen both for early stage (I, 1) and late
stage (lll, IV) disease with the decreased risk mainly apparent in women beginning use at an older

age and having been on the drug for less than 5 years.

In Table 4, stratified analyses were done to separate the effect of the indication for statin use on
ovarian cancer risk from the statin use itself. The inverse association between statins and ovarian
cancer persisted in women who did not have hypertension, coronary artery diseases, obesity, or
diabetes as possible indication for use. For hypercholesterolemia/atherosclerosis, the main
indication for statin use, only about 1% of cases and controls without this diagnosis were taking
a statin compared to 71% of controls and 65% of cases using statins who had this diagnosis. This
translated into lower risk for ovarian cancer for statin users; however, this was not statistically
significant. Concomitant use of aspirin or NSAIDS were shown to be associated with a significant
ovarian cancer risk reduction in statin users compared to non-users, multivariable OR 0.56, ClI:

0.38 — 0.82 for aspirin and multivariable OR 0.65, CI: 0.47 — 0.89 for NSAIDS respectively. Use
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of bisphosphonates did not appear to alter risk reduction associated with statins with significant
decreased risk for EOC in women who either had or had not taken them. We observed a
significant effect modification by obesity (p=0.05) and aspirin (p=0.03). The association between
statin use and lower risk of ovarian cancer was higher among women without obesity (OR 0.57,
95% CI: 0.43 — 0.75) and women who had concomitant use of Aspirin (OR 0.56, 95% CI: 0.38 —
0.82). No significant interaction was found for the observed association between statin use and
lower risk of ovarian cancer among those with hypercholesterolemia and other secondary uses

of statins or among those with concomitant use of NSAIDS or bisphosphonates.

Further analysis for the subgroup of cases with mucinous ovarian cancer risk assessment among
participants who had concomitant use of aspirin or NSAIDS with statins did not reveal ORs

substantially lower than those associated with all EOC (data not shown).

Discussion

In this population-based case-control study, we observed a 32% lower risk of EOC for statin users
compared to non-users (OR 0.68, Cl: 0.55 — 0.85). The reduced risk was most apparent in women
taking a lipophilic statin; who began use after age 49, and for women who had used them 2 — 4
years. Statin use was associated with lower risks of both serous and non-serous histologic
subtypes with strongest effect seen in the mucinous subtype (OR 0.40, CI: 0.19 — 0.85). Although
the reduced risk was less apparent in women who had high cholesterol as an indication for use,
the association did not differ significantly for other potential indication such as hypertension,
obesity, diabetes, or medications used concomitantly such as aspirin, non-steroidal, or
bisphosphonates. Our discussion will focus on the rationale for a role of statins in cancer
occurrence and progression, what has been found for cancer in general and for ovarian cancer,

in particular, and what new information is added by this study.
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Statins’ ability to lower cholesterol has been convincingly linked to lower the risk for
atherosclerotic cardiovascular disease (CVD) in several randomized clinical trial (RCTSs)
(2,27,28). But lowering cholesterol might also impact on cancer risk deriving from cholesterol’s
roles as a steroid precursor, in cellular homeostasis and biologic function of cell membranes,
through activation of the inflammasome and as anti-angiogenic agents (29-31). Although the
RCTs related to CVD prevention would seem ideal for assessing cancer risk as a secondary
endpoint, the facts that these studies were not powered for cancer occurrence and allowed
participants assigned to placebo to go on statins after the trial may explain the largely negative
results (32,33). Thus, there is a need for well-designed cohort and case-control studies to address
the role of statins in reducing cancer risk or progression. Regarding prevention, evidence for a
role for statins is perhaps strongest for esophageal (17,18) and colorectal (12,34,35) cancers;
but studies have also been done on many other cancers. including lung (36), prostate (37),
pancreatic ductal adenocarcinoma (38) and primary liver cell cancer (39). Regarding cancer
recurrence and progression, a role for statins as an adjunct therapy has been suggested for rectal,
colorectal, breast and esophageal cancers (7,8,13,14) while statins have also shown to lower

breast cancer recurrence in a large cohort study (11,20).

Evidence that statins can induce apoptosis in ovarian cancer cell lines (40) suggests a role for
statins in ovarian cancer risk or recurrence. Graaf and colleagues (41) reported a 20% reduction
in ovarian cancer risk among statin users compared to non-users. Liu et al performed a systematic
review and reported a 21% reduction in ovarian cancer risk among statin users overall and a 52%
reduction for long term (> 5 years) statin use (25). Baandrup et al used data from a Danish
nationwide case-control study to look at risk for and survival after EOC. No overall association
with EOC for both risk and survival was observed, but the authors did identify a marginally-
significant decreased risk of mucinous ovarian tumor among statin users (OR 0.63, 95% CI: 0.39

—1.00) (42). In contrast, a recent study from Women’s Health Initiative (WHI) cohort reported an

34



increased risk of ovarian cancer among statin users, especially for the hydrophilic statin,

pravastatin (43).

Our study is in agreement with the overall lower risk for EOC found by Graff et al (41) and Liu et
al (25), although we did not observe clear evidence of a greater effect with longer term use. A
potential limitation of addressing dose-response in our study is that our study began shortly after
statins were introduced in the late 1980’s and the prevalence of use in all subjects only reached
18.3% in the last phase of our study. This limits the number of subjects who could potentially have

had long-term use.

In our study, the greatest reduction in risk was found for mucinous EOC. Among the studies on
ovarian cancer, only the Danish study looked at risk for EOC by subtype. In this study, the only
subtype for whose risk appeared to be decreased by statin use was mucinous. We think this is
noteworthy because the epidemiologic evidence for reduction in cancer risk or progression may
be strongest for cancers of the gastrointestinal (Gl) tract including esophageal, gastric, and
colorectal (12,17,18,34,35,44). Histologic similarities between ovarian cancer and especially
colorectal cancers is appreciated and can be the source of confusion in whether the diagnosis is
a primary mucinous tumor of the ovary or metastasis from a Gl tumor. We do not believe the
stronger association with mucinous tumors occurred in our study because metastatic tumors from
the colon were mistakenly recorded as ovarian primaries. Path reports were uniformly reviewed
and about 75% of cases (at least in Massachusetts) were enrolled from Harvard Teaching

Hospitals with academic pathologists reading the tissue.

Statins have been characterized by their solubility in fat (lipophilic) or water (hydrophilic) and may
differ in their bioavailability and potency, side-effect profiles, and interaction with other drugs or
foods. Lipophilic (fat soluble) statins achieve higher levels in non-hepatic tissue and may be more

potent because of longer half-life, lower dose to achieve maximal effect, and higher volume of
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distribution (45,46). Hydrophilic (water soluble) statins are more hepatoselective and rely mostly
on active transport via the organic anion transporting polypeptide (OATP) expressed in liver
tissues for their hepatic uptake and action (47,48). Several studies suggest that lipophilic statins
are more active (33) and associated with a greater reduction in risk of cancer recurrence and
improved survival (10,11,49), while another study found no difference in the associations between
statins and cancer incidence either by their solubility or other characteristics (24). In our study,
use of either a hydrophilic or lipophilic statin was associated with a 25% reduction in ovarian
cancer risk overall. However, the reduction in risk was significant only for use of a lipophilic statin.
This may be a simple matter of study power since most of our study participants were using a
lipophilic statin (88 vs 12%); but type of statin is an important issue to consider in future

epidemiologic studies of statins and ovarian cancer.

In our study, most women taking a statin had a diagnosis of hypercholesterolemia/atherosclerosis.
Among this group, the decrease in risk for ovarian cancer among statin users was non-significant.
We do not believe that this should be interpreted as confounding by indication for use. If anything
high cholesterol raises, not lowers the risk for ovarian cancer (50,51). Indeed
hypercholesterolemia has been associated with risk of other cancers like esophageal, colorectal,
prostate, malignant melanoma, lung, renal and thyroid cancers (52,53). In women with other
indications for statin use like coronary artery diseases, hypertension, obesity or diabetes, the
effect of statin use on ovarian cancer risk was more apparent in women without these indications
reinforcing the idea that it is the statin use not the indication for statin use that may mediate the
protective effect. In fact, in tests for heterogeneity, the protective effect of statin use was only

present in non-obese women.

We also examined the effect of statins on ovarian cancer risk with concomitant use of other drugs
like aspirin, NSAIDS and bisphosphonates because of previous reports of interactions of these

medications with statins in cancer chemoprevention and because these compounds have also
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been individually associated with lower incidence of common cancers (54-57). In our study, we
found the risk reduction for EOC with combined statins and NSAIDS or combined statin and
aspirin use was greater than that for statins alone or NSAIDS and aspirin; and the test for
interaction was significant for aspirin and statin indication their combined use had greater effect
than either alone. Synergistic effects of statins in combination with aspirin or other NSAIDS in
chemoprevention of some common cancers have been described (57,58) but the reports are

conflicting with regard to their combined effects on ovarian cancer risk (59—-61).

Although a synergistic effect was not found with bisphosphonates where the risk reduction for
EOC was only significant in the group who had not taken bisphosphonates, there is biologic
credibility for such a synergy. Bisphosphonates have been shown to demonstrate anti-proliferative
and pro-apoptotic activities in ovarian cancer cells and in vivo animal models (62,63), inhibit cell
proliferation and angiogenesis, and induce apoptosis and activation of immune cells (64). In
addition, bisphosphonates inhibit mevalonate pathway and they specifically inhibit farnesyl
pyrophosphate synthase which is also along the pathway of mevalonate inhibited by statins (65)
hence their likelihood of interactions with statins. Finally, the use of bisphosphonate with or
without statins have also been reported to be associated with reduced risk of ovarian cancer in
one epidemiologic study (66). The topic of synergy between statins and other drugs that may
individually lower cancer is an important one but may require large studies that have enough
women in combined categories of drug use. Our analysis did not consider the precise timing of
statin use in relation to aspirin, NSAID, or bisphosphonate use which may be another factor that

could impact on ovarian cancer risk.

To our knowledge, this is the first population-based case-control study to report a reduced risk for
EOC along with its major histologic subtypes associated with statin use. There was no indication
this association is due to a confounding effect of ovarian cancer risk factor and no epidemiologic

basis for proposing that high cholesterol as an indication for statin use accounts for the
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association. The association was confined to women over age 50 suggesting benefit for
postmenopausal disease. The fact that the association was seen with relatively short-term use
and in older women could simply reflect the dynamics of statin use in this particular study during
a time when usage was increasing markedly. Alternatively, these observations could reflect that
statins operate relatively late in cancer development in preventing precursor lesions from
progressing - a model that seems to explain the reduction in esophageal or colorectal cancer risk,
at least in part. Over the past several decades, a decline in both the incidence and mortality of
ovarian cancer in the US has been described and attributed to cumulative effects of past oral
contraceptive use (67). We believe that changing patterns of statin use over the past three

decades should also be considered as a possible explanation.

The strengths of our study include the relatively large sample size and an extensive data on
medical history of the participants, and detailed data on the histologic type of ovarian cancer.
Limitations of our study include the fact that medication use was self-reported and not verified
from pharmacy records. Recall bias is unlikely since a reduction of risk, not an elevated one, was
found. Further studies are warranted with an eye towards defining histology-specific relationship
and defining interaction with other medications that may impact on ovarian cancer risk. Because
of the increasing frequency of use and the fact that ovarian cancer is largely a disease of
postmenopausal women, it can be predicted that ovarian cancer incidence will continue to

decrease in the coming years, if the association is causal.
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Table 1: Baseline characteristics of participants by case/control status

Characteristic Cases Controls
(n=2040) (n=2100)
N (%) N (%)

Age (years)

<40 316 (16) 361 (17)

40 to 49 494 (24) 474 (22)

50 to 59 598 (29) 578 (27)

>60 632 (31) 687 (33)
Race

White 1932 (95) 2031 (97)

Non-white 108 (5) 69 (3)
Parity

0 649 (32) 378 (18)

1 289 (14) 267 (13)

2 537 (26) 664 (31)

3 325 (16) 418 (20)

>4 240 (12) 373 (18)
Menopausal Status

Premenopausal 899 (44) 932 (44)

Postmenopausal 1141 (56) 1168 (56)
Hysterectomy

No 1858 (91) 1917 (91)

Yes 182 (9) 183 (9)
Smoking status

Never smoked 959 (47) 1007 (48)

Former smoker 727 (36) 798 (38)

Current smoker 354 (17) 295 (14)
Oral contraceptive use >3months

No 974 (48) 766 (36)

Yes 1066 (52) 1334 (64)
Coronary artery disease

No 1956 (96) 2017 (96)

Yes 84 (4) 83 (4)
Diabetes

No 1956 (96) 2012 (96)

Type 1 27 (1) 29 (1)

Type 2 57 (4) 59 (3)
Hypercholesterolemia/atherosclerosis

No 1784 (87) 1785 (85)

Yes 256 (13) 315 (15)
Hypertension

No 1684 (83) 1728 (82)

Yes 356 (17) 372 (18)
Obesity*

No 1580 (77) 1702 (81)

Yes 458 (23) 389 (18)
History of tubal ligation

No 1763 (86) 1681 (80)

Yes 277 (14) 419 (20)
Family history of ovarian cancer

No 1945 (95) 2046 (97)

yes 95 (5) 54 (3)

*Qbesity defined as BMI>30 kg/m?
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Table 2: Association between duration of statin use and age at first use and ovarian cancer risk.

Characteristic

Cases

N (%)

Controls

N (%)

Adjusted*

OR (95% C1)

Multivariable adjusted®

OR (95% Cl)

Statins use
No
Yes
Type of statin use
Hydrophilic
Lipophilic
Age at first statin (years)
<50
50 to 59 years
60 years and above
Duration of statin use
<2
2 to 4 years
>4 years up to 6 years

Above 6 years

1852 (91)
188 (9)

23 (12)
162 (88)

34 (18)
76 (40)
78 (42)

38 (20)
67 (36)
30 (16)
53 (28)

1855 (88)
245 (11)

29 (12)
211 (88)

26 (11)
110 (45)
107 (44)

54 (22)
94 (39)
32 (13)
63 (26)

1.00 (referent)

0.75 (0.61 - 0.93)

0.76 (0.44 - 1.33)
0.75 (0.60 - 0.94)

1.31(0.78 - 2.20)
0.68 (0.50 - 0.92)
0.69 (0.51 - 0.95)

0.70 (0.46 - 1.07)
0.70 (0.50 - 0.97)
0.91(0.55 - 1.51)
0.81(0.56 - 1.19)

1.00 (referent)
0.68 (0.55 - 0.85)

0.68 (0.38 -1.20)
0.69 (0.54 - 0.87)

1.20 (0.70 - 2.04)
0.64 (0.47 - 0.88)
0.61(0.44 - 0.85)

0.69 (0.45 - 1.08)
0.63 (0.45 - 0.89)
0.76 (0.45 - 1.28)
0.74(0.50 - 1.09)

*Adjusted for matching factors, age (continuous), study phase (categorical), study center (categorical).

tAdditionally, adjusted for, BMI (continuous), parity (continuous), oral contraceptive use (yes/no), tubal ligation (yes/no), family history of ovarian

cancer (yes/no), smoking status (never, former, current smoker), menopausal status (yes/no).
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Table 3: Associations between stain use, age at first use and duration of use and risk of ovarian cancer, by histologic subtypes

Statin use Age at first use (years) Duration of statin use (years)
Characteristic No Yes Adjusted* Adjusted* Adjusted* Adjusted* Adjusted*
N (%) N (%) OR (95% Cl) <60 OR (95% Cl) 260 OR (95% Cl) <5 OR (95% Cl) 25 OR (95% CI)
Controls 1855 (88) 245(12)  1.00 (referent) 136 (56)  1.00 (referent) 107 (44)  1.00 (referent) 148 (61)  1.00 (referent)  95(39)  1.00 (referent)
Ovarian cancer
Invasiveness
Borderline 407 (96)  19(4) 0.70(0.42-1.17) 14 (74) 0.83(0.46-1.45) 5(26) 0.51(0.20-1.31) 7(37) 0.41(0.19-0.90) 12(63) 1.26(0.66-2.41)
Invasive 1445 (90) 169 (10) 0.66 (0.52 - 0.83) 96 (57) 0.73(0.55-0.98) 73(43) 0.57(0.41- 0.80) 98 (58) 0.66 (0.50-0.88) 71(42) 0.65(0.46-0.91)
Histologic Type
Serous 1086 (89) 131 (11) 0.75(0.59 - 0.96) 73(56) 0.82(0.60-1.13) 58(44) 0.68(0.48 - 0.96) 73(56) 0.73(0.53-0.99) 58(44) 0.80(0.56-1.14)
Mucinous 234 (97) 8(3)  0.40(0.19 - 0.85) 4(50) 0.32(0.12-0.90) 4(50) 0.53(0.18 - 1.50) 4(50) 0.32(0.11-0.89) 4(50) 0.55(0.20-1.57)
Endometrioid 301(91) 30(9) 0.70(0.45-1.09) 19(63) 0.78(0.45-1.33) 11(37) 0.61(0.31-1.21) 18(60) 0.73(0.42-1.25) 12(40) 0.68(0.35-1.33)
Clear cell 106 (91) 10(9)  0.67 (0.32-1.38) 8(80) 1.00(0.45-2.21) 2(20)  0.27(0.06 - 1.20) 6(60) 0.69(0.28-1.70) 4(40) 0.61(0.21-1.79)
Others 125(93)  9(7)  0.36(0.18-0.75) 6(67) 0.46(0.20-1.09) 3(33)  0.24(0.07 - 0.81) 4(44) 0.27(0.10-0.75) 5(56) 0.48(0.18-1.23)
All non-serous 766(93) 57(7) 0.56(0.40-0.78) 37(65) 0.63(0.42-0.93) 20(35) 0.46(0.27 - 0.78) 32(56) 0.52(0.34-0.79) 25(44) 0.61(0.38-0.99)
Stage
-1l 991(93)  74(7) 0.64(0.47-0.86) 48 (65) 0.72(0.50-1.04) 26(35) 0.52(0.33-0.83) 41(55) 0.58(0.40-0.84) 33(45) 0.73(0.48-1.13)
-1V 854 (88) 113 (12) 0.69 (0.54 - 0.90) 61(54) 0.76(0.55-1.06) 52(46) 0.63(0.43-0.91) 64 (57)  0.69 (0.50-0.95) 49 (43) 0.71(0.49 - 1.03)

* Adjusted for age (continuous), study site (categorical), study center (categorical), BMI (continuous), parity (continuous), oral contraceptive use (yes/no), tubal ligation (yes/no), family history of
ovarian cancer (yes/no), smoking status (never, former, current smoker), menopausal status (yes/no).
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Table 4: Association between statin use and the risk of ovarian cancer among participants with hypercholesterolemia, hypertension, coronary heart disease, obesity,

diabetes or medication use.

Controls

Cases

Non-users

Statin users

Non-users

Statin users

Adjusted*
OR (95% Cl)

Multivariable Adjusted®

OR (95% Cl)

Variable N (%) N (%) N (%) N (%) for Ovarian Cancer risk for Ovarian Cancer risk P Int
Hypercholesterolemia/atherosclerosis

No 1763 (99) 22(1) 1762 (99) 22(1) 0.93 (0.51 - 1.70) 0.86 (0.46 - 1.60)

Yes 92 (29) 223 (71) 90 (35) 166 (65) 0.78 (0.54 - 1.14) 0.74 (0.49 - 1.09) 0.62
Hypertension

No 1604 (93) 124 (7) 1592 (94) 92 (6) 0.71 (0.53 - 0.95) 0.64 (0.47 - 0.86)

Yes 251 (67 121 (33) 260 (73) 96 (27) 0.82 (0.58 - 1.15) 0.76 (0.53 - 1.08) 0.78
Coronary heart disease

No 1815 (90) 202 (10) 1799 (92) 157 (8) 0.77 (0.61 - 0.97) 0.68 (0.54 - 0.87)

Yes 40 (48) 43 (52) 53 (63) 31(37) 0.54 (0.28 - 1.05) 0.54 (0.27 - 1.09) 0.44
Obesity

No 1525 (90) 177 (10) 1466 (93) 114 (7) 0.62 (0.48 - 0.80) 0.57 (0.43 - 0.75)

Yes 322 (83) 67 (17) 384 (84) 74 (16) 1.12 (0.75 - 1.66) 1.14 (0.76 - 1.71) 0.05
Diabetes

No 1798 (89) 214 (11) 1798 (92) 158 (8) 0.71 (0.57 - 0.89) 0.64 (0.50 - 0.81)

Yes 57 (65) 31 (350 54 (64) 30 (36) 1.25(0.61-2.58) 1.33(0.63-2.79) 0.16
Aspirin use

No 1532 (91) 143 (9) 1499 (92) 125 (8) 0.86 (0.66 - 1.12) 0.79 (0.60 - 1.04)

Yes 323 (76) 102 (24) 353 (85) 63 (15) 0.61 (0.42 - 0.88) 0.56 (0.38 - 0.82) 0.03
NSAIDS use

No 1112 (91) 109 (9) 1162 (92) 99 (8) 0.82(0.61-1.11) 0.76 (0.56 - 1.04)

Yes 743 (85) 136 (15) 690 (89) 89 (11) 0.72 (0.53 - 0.98) 0.65 (0.47 - 0.89) 0.24
Bisphosphonates use

No 1800 (89) 219 (11) 1807 (92) 167 (8) 0.73 (0.59 - 0.92) 0.68 (0.54 - 0.86)

Yes 55 (68) 26 (32) 45 (68) 21(32) 0.98 (0.47 - 2.05) 0.65 (0.27 - 1.54) 0.62

*Adjusted for matching factors, age (continuous), study phase (categorical), study center (categorical)

tAdjusted for age (continuous), study site (categorical), study center (categorical), BMI (continuous), parity (continuous), oral contraceptive use (yes/no), tubal ligation

(yes/no), family history of ovarian cancer (yes/no), smoking status (never, former, current smoker), menopausal status (yes/no).
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