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Abstract

Objective—Recent data suggest patients with epithelial ovarian cancers on statin therapy have

improved survival. We have hypothesized that statins influence ovarian cancer outcome through
alteration of lipoprotein profiles, and sought to determine correlations between lipoprotein levels
and survival in women with advanced stage disease.

Methods—After IRB approval, we identified patients with stage 111C/IV epithelial ovarian
cancer with banked prediagnostic fasting serum. Serum was assayed for levels of total cholesterol
(TC), high-density lipoprotein (HDL), and triglycerides (TG). LDL was calculated by subtraction
of TG/5 and HDL from TC. Data were examined using Fisher's exact, Kaplan—Meier, and Cox
regression analyses.

Results—One hundred thirty-two patients were studied. Twenty-six percent of patients had
elevated LDL; 18% had elevated TC; 32% had elevated TG; and 48% had elevated HDL. No
univariate associations were identified between elevated TC, HDL, TG, LDL and age, stage 1V
disease, high grade, or optimal cytoreduction. Median progression-free survival for patients with
normal LDL levels was 27 months, compared to 12 months for patients with elevated LDL (p =
0.0004). Overall disease-specific survival was longer for patients with normal LDL levels (59
months) compared to those with elevated LDL (51 months, p = 0.04). Multivariate analysis
indicated that LDL retained significance as an independent predictor of survival, after controlling
for age, stage, grade, and suboptimal cytoreduction (p = 0.003).

Conclusions—These data suggest LDL is a significant predictor of clinical outcome, and

warrant the further study of lipoproteins and statins on epithelial ovarian cancer biology.
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Introduction

Cardiovascular disease continues to be the leading cause of death in the United States, and
the role of dyslipidemias in its pathogenesis is well documented. With the discovery of 3-
hydroxy-3-methylglutaryl-CoA (HMG-CoA) reductase inhibitors, or statins, application of
these highly effective lipid-lowering therapeutics has grown in prevalence. While data
examining statin use and risk of cancer remain controversial, other observational studies
have suggested statins may significantly influence clinical outcome in hormone-driven solid
malignancies. For example, in a large cohort of early stage breast cancer survivors, initiating
statin therapy after diagnosis was associated with improved prognosis, and risk of recurrence
decreased statistically with increasing duration of statin use [1]. In prostate cancer, the
Health Professionals Follow-up Study identified a significantly lower risk of metastatic and
fatal disease in statin users, and the risk of advanced disease was also statistically lower with
longer statin use [2].We have previously examined an institutional cohort of women with
advanced stage epithelial ovarian cancers, and observed a statistically longer time to
progression and improved overall survival for those patients also on statin therapy. In this
analysis, statin use retained significance as an independent positive prognostic factor [3].

The mechanisms by which statins modulate cancer biology and clinical outcome are not well
established. Potential pro-apoptotic and antimetastatic properties of statins may result from
altered cellular signaling pathways through inhibition of isoprenylation in the cholesterol
cascade. Peptide dependent on this process include Ras, nuclear lamins, transducin g,
rhodopsin kinase, Rho, and all of the heterotrimeric and small G proteins [reviewed in [4].
Alternatively, statins may modulate cancer growth and metastasis directly through lowering
serum lipoprotein abundance. Cholesterol is a critical component in cell membranes, and in
vitro studies, including in ovarian epithelial cells, suggest lipids promote tumor growth [5—
7]. Furthermore, cholesterol is a known precursor in steroid hormone synthesis, which may
underscore the potential mechanism by which lipid-lowering medications might impact
breast, prostate, and ovarian malignancies.

In order to further explore the underlying relationship between statins and epithelial ovarian
cancer biology, we have hypothesized that elevated lipoproteins correlate with clinical
outcome in advanced stage disease. Our objectives in this study were to characterize lipid
profiles in a cohort of women with stage 111 or 1V epithelial ovarian or primary peritoneal
cancer, and identify potential associations with clinico-pathologic prognostic factors and
survival.

Materials and methods

The Gynecologic Oncology service at Cedars-Sinai Medical Center maintains an
Institutional Review Board (IRB)-approved prospective database of patients with banked
tissue and serum. Patients undergoing surgery by a gynecologic oncologist are routinely
approached to participate in donation of tissue and/or serum prior to diagnostic surgery. We
queried this database under a separate IRB-approved protocol for patients with epithelial
ovarian or primary peritoneal carcinoma with available pre-diagnostic fasting serum. We
specified selection criteria to include patients who had undergone primary exploratory
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laparotomy with the intent of complete surgical resection of metastatic disease, followed by
at least six cycles of platinum- and taxane-based adjuvant chemotherapy. Only patients with
stage 111 or 1V disease were included for study, and no patients underwent intraperitoneal
chemotherapy. Patients on concurrent statin therapy were specifically excluded from this
cohort. Finally, patients with other malignancies, non-epithelial tumor histologies,
borderline tumors, and those who underwent neoadjuvant chemotherapy were also excluded.

We defined optimal surgical resection as residual disease less than 1 cm. Patients with
subsequent recurrent disease were treated with surgery and/or chemotherapy at the
discretion of the treating physician.

We assayed frozen serum for levels of total cholesterol (TC), high-density lipoprotein
(HDL), and triglycerides (TG) using the ATAC 8000 Random Access Chemistry System
(Elan Diagnostics, Brea, CA). By convention, LDL was calculated by subtraction of TG/5
and HDL from TC. Medical records for all eligible patients were reviewed and abstracted
data included clinico-pathologic factors and time to disease recurrence and death. Patients at
our institution do not undergo routine lipid evaluations prior to diagnostic exploratory
laparotomy, and so those with hyperlipidemias and/or hypertriglyceridemias were presumed
to be undiagnosed. All lipid assays were performed after recruitment of the retrospective
cohort, and thus no data regarding elevated levels were available to clinicians prior to
surgery.

For statistical considerations, we followed guidelines published by the American Heart
Association, and defined elevated lipid levels as TC>201, LDL>101, TG>151, and HDL>51
mg/dl [8]. Data were analyzed using Fisher's exact test, Chi square, Kaplan—Meier survival,
and Cox regression analyses. A p value of less than 0.05 was considered to be statistically
significant.

One hundred thirty-two patients were included in this analysis. The mean age of the entire
cohort was 60 years (range, 30—-89). The majority of patients had stage I11 (115, or 87%) and
grade 3 disease (122, or 92%) with papillary serous histology (122, or 92%). One hundred
nineteen patients (92%) underwent optimal cytoreductive surgery at initial exploration to
residual disease less than 1 cm. No patients in this cohort were taking statins at time of
diagnosis.

Lipoprotein assays revealed mean levels as follows: TC, 155.68 mg/dl (range, 42.15—
302.20); HDL, 42.12 mg/dl (range, 14.55-85.50); TG, 155.80 mg/dl (range, 49.00-
1717.50); and LDL, 84.91 mg/dl (range, 30.82-188.18). Twenty-four (18%) patients were
considered as having elevated TC levels; 63 (48%) with elevated HDL; 42 (32%) with
elevated TG; and 35 (27%) patients with elevated LDL.

To determine whether specific lipoproteins correlated with established clinical and
pathologic prognostic factors in this disease, we performed univariate analyses for TC,
HDL, TG, and LDL. There were no statistical associations between TC, HDL, or TG and
age, stage IV disease, high grade tumors, non-serous histology, or incidence of suboptimal
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surgical cytoreduction (data not shown). For LDL, distribution of age, stage and grade of
disease, incidence of non-serous histologies, and incidence of suboptimal resection were
also evenly matched (Table 1).

To examine correlations between elevated lipoprotein levels and disease progression and
overall survival, we performed Kaplan-Meier survival analyses. In this cohort, no patients
died of non-disease related events. Using a 2-sided log-rank test, a statistical difference in
time to recurrence was observed for patients with normal LDL levels (median progression-
free survival of 27 months) compared to those with elevated LDL (12 months, p = 0.0004;
Fig. 1). A statistically significant difference was also identified for overall disease-specific
survival, with a median survival of 59 months for patients with normal LDL levels,
compared to 51 months for those with elevated LDL (p = 0.04; Fig. 2). Analyses for both
progression-free and overall disease-specific survival did not identify statistical differences
for patients with elevated TC, TG, or HDL.

While outcome data in this analysis was abstracted for disease-specific survival,
dyslipidemias may be associated with patient co-morbidities that could influence treatment
plans. Review of admission data from the gynecologic oncologist, the referring internist, and
from nursing records could not identify statistical differences in the incidence of
hypertension (21% for those with elevated LDL compared to 29% with normal LDL levels,
p = 0.63), diabetes mellitus (3% compared to 7%, p = 0.68), or coronary artery disease (3%
compared to 9%, p = 0.44). The mean body mass index was 25.1 mg/m?2 for women with
and without elevated LDL.

Finally, in order to determine the independent prognostic impact of LDL levels in this
cohort, we performed multivariate Cox regression analyses. Established prognostic factors
as well as LDL levels (examined as a continuous variable) were included in the analysis. We
observed that LDL levels retained statistical significance after controlling for age, stage,
grade and optimal cytoreduction (p = 0.003; Table 2).

Discussion

We have hypothesized that statin use may influence epithelial ovarian cancer biology
through alteration of lipoprotein profiles. In this study, we sought to determine potential
correlations between lipoprotein levels and survival in women with advanced stage disease.
While the high prevalence of grade 3 and stage 111 disease may have limited identifying
differences in these factors between patients with and without elevated LDL levels, we did
identify a statistically significant association between elevated LDL levels and progression-
free and overall survival. We also observed that LDL levels retained significance as an
independent prognostic factor. We did not identify correlations in survival in patients with
abnormal TC, HDL, or TG levels.

There remains a relative paucity of data examining the influence of lipid parameters on
survival in women with gynecologic malignancies. Several older studies, representing large
population-based health screening trials, have not consistently demonstrated a significant
relationship between elevated lipoprotein levels and cancer mortality. For example, two
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reports from Scotland and the Netherlands could not identify any consistent significant
trends between total cholesterol and deaths due to gastrointestinal, breast, lung, or ovary in
their female cohorts [9,10]. Similarly, in a subcohort of Greek men from an international
prospective study conducted from 1960 to 2000 (the Seven Countries study), an analysis of
total serum cholesterol did not reveal any associations between higher values and overall
cancer mortality [11]. In contrast, a Swedish health screening trial of 46,570 women,
initiated in the 1960s, found that the relative risk of cancer mortality decreased with
increases in serum cholesterol [12]. The inconsistencies in these findings may have resulted
from a potentially confounding factor common to all of these studies: plasma cholesterol
levels were routinely assayed from a casual, non-fasting blood draw.

More recently, studies have examined lipid levels and cancer in more focused cohorts of
patients with specific disease sites. Bahl and colleagues [13] examined fasting lipid panels
from 520 women with early staged breast cancer, and observed that both elevations in TC
and LDL correlated weakly with disease recurrence. Elevated total cholesterol was also
associated with poorer overall survival in 99 patients with colorectal cancer [14]. In patients
with epithelial ovarian cancers, however, studies have not demonstrated consistent trends in
lipid profiles in patients with malignancies compared to benign controls [15-17].
Furthermore, examination of serum lipoproteins in the context of clinical outcome has not
been reported.

Molecular studies support a role for elevated LDL in ovarian cancer biology.
Chemoresistant ovarian carcinoma cells may overexpress ABCA2, an ATP-binding cassette
transporter, which functions in the trafficking of LDL-derived free cholesterol [reviewed in
[18]. More recently, Scoles and colleagues [7] identified a dose-dependent increase in
cellular proliferation of ovarian carcinoma cell lines CaOV3, OVCAR3, and SKOV3 with
increasing oxidized LDL concentrations. They also observed that oxidized LDL reduced
cisplatin sensitivity of both platinum-sensitive CaOV3 and platinum-resistant SKOV3 cells.
While these data remain limited, they suggest abnormal lipoprotein profiles may promote
aggressive tumor biology.

Our study is limited by its retrospective design, the correlative nature of the analyses, and
the relatively small cohort; in addition, examination of a single pretreatment LDL level may
not adequately reflect the variances in lipoprotein profile over the clinical course of this
disease. Furthermore, patients with undiagnosed hyperlipidemias may have additional co-
morbidities influencing survival. However, these data are the first to examine fasting lipid
panels as a predictor of clinical outcome in this disease, and suggest one mechanism by
which statins may favorably influence epithelial ovarian cancer biology could potentially be
through a LDL-lowering mechanism (in addition to potential direct effects on tumor
biology). Further molecular studies examining statins and lipoproteins are underway to
support the potential use of statins in the management of women with this disease.
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Fig. 1.

Effect of LDL levels on progression-free survival. Median progression-free survival was
statistically longer in patients with normal LDL (27 months), compared to those with
elevated LDL (12 months, p = 0.0004).
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Fig. 2.

Effect of LDL levels on overall disease-specific survival. Overall disease-specific survival
was statistically longer in patients with normal LDL (59 months) compared to those with
elevated LDL (51 months, p = 0.04).
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Multivariable Cox proportional hazard analysis of potential prognostic factors on survival.

Table 2

Variable Hazard ratio 95% Confidenceinterval pvalue
Aged 1.0471 0.6138-1.7861 0.86
StageD 0.9795 0.6247-1.5371 0.93
Grade@ 0.9363 0.5302-1.6537 0.82
Optimal cytoreduction  0.9988 0.9938-1.0038 0.64
LDL2 1.0087 1.0029-1.0146 0.003

a . . )
Examined as a continuous variable.

b
Stage Il versus stage IV.
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