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Abstract

Pre-clinical and epidemiologic studies provide rationale for evaluating lipophilic statins for breast 

cancer prevention. We conducted a single-arm, biomarker modulation trial of lovastatin among 

women with increased risk of breast cancer. Eligibility criteria included a deleterious germline 

mutation in BRCA1, BRCA2, CDH1, or TP53; lifetime breast cancer risk of ≥20 % as estimated 

by the Claus model; or personal history of estrogen receptor and progesterone receptor-negative 

breast cancer. Participants received 40 mg of lovastatin orally twice daily for 6 months. We 

evaluated the following biomarkers before and after lovastatin use: breast duct cytology (primary 

endpoint), serum lipids, C-reactive protein, insulin-like growth factor-1, IGF binding protein-3, 

lipid peroxidation, oxidative DNA damage, 3-hydroxy-3-methylglutaryl CoA reductase genotype, 

and mammographic density. Thirty women were enrolled, and 26 (86.7 %) completed the study. 

For the primary endpoint of changes in breast duct cytology sampled by random periareolar fine 

needle aspiration, most participants [57.7 %, 95 % confidence interval (CI) 38.9–74.5 %] showed 

no change after lovastatin; 19.2 % (CI 8.1–38.3 %) had a favorable change in cytology, 7.7 % 

(95 % CI 1.0–25.3 %) had an unfavorable change, and 15.4 % (95 % CI 5.5–34.2 %) had 

equivocal results due to acellular specimens, usually after lovastatin. No significant changes were 

observed in secondary biomarker endpoints. The study was generally well-tolerated: 4 (13.3 %) 

participants did not complete the study, and one (3.8 %) required a dose reduction. This trial was 

technically feasible, but demonstrated no significant biomarker modulation; contributing factors 

may include insufficient sample size, drug dose and/or duration. The results are inconclusive and 

do not exclude a favorable effect on breast cancer risk.
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Introduction

Breast cancer is the most common cancer among women in the United States, and is the 

second leading cause of cancer deaths in women [1]. The burden of disease is also high 

worldwide, with an estimated 1.4 million new cases and 458,000 deaths in 2008 [2]. 

Currently approved drugs for prevention of breast cancer, such as tamoxifen and raloxifene, 

significantly reduce a woman’s risk of developing hormone-receptor positive [estrogen 

receptor (ER) and/or progesterone receptor (PR)-positive] breast cancer, but not hormone-

receptor negative (ER/PR-negative) breast cancer [3–5]. There is an urgent need for risk-

reduction strategies directed against ER/PR-negative breast cancer, given its high incidence 
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among young women who carry inherited cancer susceptibility gene mutations, especially 

BRCA1 and BRCA2 (BRCA1/2), and its poor prognosis. In lieu of large, phase III cancer 

prevention trials that require thousands of participants and multiple years of follow-up, 

short-term biomarker-based trials evaluating surrogate markers, such as cytology, have been 

proposed [6]. If a drug appears to be promising based on these proof-of-biological concept 

trials, then the substantial resource investment required for phase III trials may be 

worthwhile.

Chemoprevention generally requires treatment of healthy patients over several years, such 

that long-term tolerability must be considered when choosing a candidate drug [3, 5]. 3-

Hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors, known as 

“statins,” are appealing candidates, given their proven safety profile and tolerability [7]. Pre-

clinical studies have shown that lipophilic statins have a more potent effect on growth 

inhibition of ER-negative cell lines as opposed to ER-positive cell lines [8]. Furthermore, 

some epidemiologic studies reported an association of breast cancer risk reduction among 

lipophilic statin users [9]. Based on these findings, we conducted a prevention trial using 

lovastatin for modification of breast-cancer associated biomarkers in high-risk women. Our 

main hypothesis was that oral lovastatin, given daily at a total dose of 80 mg for 6 months, 

would result in a 25 % decrease in the rate of abnormal breast duct cytology (either 

proliferative without atypia or proliferative with atypia as measured by random periareolar 

fine needle aspiration (RPFNA) of breast duct cells) in women at high inherited breast 

cancer risk.

We studied several breast-cancer associated biomarkers related to inflammation, oxidative 

stress, and breast density in this clinical trial. In various epidemiologic studies, serum C-

reactive protein (CRP) has been reported to be weakly associated with breast cancer risk 

[10], but the results have not been consistent [11]. In addition, an association between 

circulating insulin-like growth factor-1 (IGF-1) and breast cancer risk has been reported by 

several studies [12]. This relationship could possibly be modified by serum IGF binding 

protein-3 (IGFBP-3). Therefore, we evaluated all three inflammatory markers including 

CRP, IGF-1, and IGFBP-3. [13]. As surrogate markers of oxidative stress, we aimed to assay 

a marker of lipid peroxidation (isoprostane) and of oxidative DNA damage [8-oxo-7,8-

dihydro-2′-deoxyguanosine (8-oxo-dG)], both of which can be measured in the urine [14, 

15]. Mammographic density has been associated with an increase in breast cancer risk [16]. 

There is a reported association between mammographic density and abnormal breast duct 

cytology [17, 18]. For our trial, mammographic density was evaluated via methods 

previously described by Boyd et al. [19].

Materials and methods

Study design

We conducted a single-arm, non-randomized trial of lovastatin among women with an 

increased risk of developing breast cancer. Figure 1 presents the study schema. Patients 

underwent pre-treatment evaluation with RPFNA (described below), serum studies including 

complete blood count, metabolic comprehensive panel and cholesterol panel, urine and 

serum collection for biomarker evaluation, and a mammogram (for exclusion of suspicious 
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findings and evaluation of density). All participants received a prescription for lovastatin, at 

a dose of 40 mg, which they were advised to take twice daily (a total dose of 80 mg daily) 

for 6 months. They subsequently underwent a post-treatment evaluation, which repeated all 

the tests performed pre-treatment. The primary study endpoint was breast ductal cytology, as 

collected by RPFNA. Secondary endpoints included serum cholesterol [total and low density 

lipoprotein (LDL), serum CRP, serum IGF-1, serum IGFBP-3, urine lipid peroxidation 

(isoprostane), urine oxidative DNA damage (8-oxo-dG), mammographic density, and HMG-

CoA reductase (HMGCR) genotype]. To monitor for lovastatin toxicity, serum 

transaminases (aspartate aminotransferase, AST and alanine aminotransferase, ALT) and 

creatine phosphokinase (CPK) were evaluated pre-treatment, post-treatment, and after 3 

months of lovastatin use. Lovastatin dose modification or discontinuation was required for 

persistently elevated serum transaminases and evidence of muscle dysfunction with or 

without CPK elevation. Adherence was monitored by pill counting at the end of the study. 

The clinical trial was registered at http://www.clinicaltrials.gov/ (ClinicalTrials.gov 

Identifier: NCT00285857).

Eligibility criteria

Women were eligible to participate in the trial if they had increased risk of developing breast 

cancer, defined as having any of the following: (1) a deleterious germline mutation in a 

cancer susceptibility gene, including BRCA1/2, TP53, or CDH1; (2) a lifetime breast cancer 

risk of 20 % or greater, estimated by the Claus model [20]; (3) a risk-associated breast lesion 

including atypical hyperplasia or lobular carcinoma in situ; (4) a prior history of ER/PR-

negative breast cancer, given evidence that such patients have increased risk of contralateral 

ER/PR-negative breast tumors [21]. Additional criteria included good performance status 

(Eastern Cooperative Oncology Group 0–1 [22]), normal bone marrow, renal, hepatic and 

muscle function, normal CPK, and no evidence of breast abnormality on mammography, 

magnetic resonance imaging (MRI, if clinically indicated [23]) and clinical breast 

examination. Patients with cancer history were eligible if they had survived at least 5 years 

without recurrence. Exclusion criteria were as follows: (1) evidence of breast mass or other 

finding suspicious for malignancy on pre-study physical exam, MRI or mammogram; (2) use 

of tamoxifen or raloxifene within the last 5 years; or (3) evidence of malignant cytology on 

RPFNA. The study protocol and informed consent document were approved by the Stanford 

University Institutional Review Board.

Random periareolar fine needle aspiration and cytologic evaluation

The RPFNA technique was used as previously described with certain modifications [6, 24]. 

All RPFNA procedures were conducted jointly by a clinical cytopathologist (EJS) and 

medical oncologist (AWK and SV). After local anesthesia, we performed fine needle 

aspiration to sample periareolar cells in the bilateral upper inner and upper outer breast 

quadrants (four sites in total), using either 23- or 25-gauge needles. We used a smaller gauge 

needle than in prior studies in order to minimize patient discomfort. Depending on the 

patient’s tolerance of the procedure, several passes were made in each quadrant to obtain an 

adequate sample. We evaluated the samples from upper and inner quadrants separately. For 

all samples, part of the aspirate smears was air-dried, while the remainder was fixed in 

methanol with 3 % acetic acid for Diff-Quik and Papanicolaou staining, respectively. A 
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cytopathologist (EJS) examined the slides immediately after each procedure to evaluate for 

cellularity. We assessed cytology qualitatively and quantitatively, using the Masood semi-

quantitative scale to assign a number to each specimen, with higher numbers indicating 

increasing degrees of abnormality, as follows: non-proliferative breast disease, 6–10; 

proliferative breast disease without atypia, 11–14; proliferative breast disease with atypia, 

15–18; and carcinoma in situ and invasive cancer, 19–24 [25]. If no cells could be obtained 

after multiple RPFNA attempts, the classification was acellular. Slides were processed by 

the Stanford Cytopathology Laboratory. Independent cytologic review and scoring was 

performed for all samples by a second pathologist (KJ).

3-Hydroxy-3-methylglutaryl CoA reductase (HMGCR) receptor genotyping

Whole blood was collected at specified time points (Fig. 1) and frozen at −80 °C until 

batched analysis of all study samples. Genomic DNA was isolated from whole blood 

samples using the Gentra Puregene Blood kit (Qiagen Inc., Valencia, CA). Given prior 

reports that HMGCR genotype may affect serum lipid response to statin therapy, we tested 

participants for carriage of the A/A, A/T, or T/T genotype, with the T/T genotype associated 

with resistance to statins [26]. A ready-to-use single nucleotide polymorphism (SNP) 

genotyping assay for detecting the rs12654264 polymorphism in HMGCR was purchased 

from Applied Biosystems. The assay was performed using TaqMan® Universal PCR Master 

mix on an Applied Biosystems 7900HT Real-Time PCR System.

Serum biomarkers

Serum was collected at specified time points (Fig. 1) and frozen at −80 °C until batched 

analysis of all study samples. Lipid levels were measured as a drug-specific marker, since 

they are modulated by statins and were used as a functional pharmacodynamic marker of 

lovastatin delivery. Serum lipid levels, including total cholesterol, LDL, high density 

lipoprotein (HDL), and very low density lipoprotein (VLDL), were measured by Stanford 

University Hospital clinical laboratory.

In addition, CRP, IGF-1, and IGFBP-3 were evaluated as breast cancer risk-associated 

biomarkers, which may be modulated by lovastatin. Commercially available human enzyme-

linked immunosorbent assay (ELISA) kits were used (Raybiotech Inc.) according to the 

manufacturer’s instructions for CRP, IGF-1, and IGFBP-3.

Urine biomarkers

Urine was collected at specified time points (Fig. 1) and frozen at −80 °C until batched 

analysis of all study samples. Urine lipid peroxidation was measured using the urinary 

isoprostane ELISA kit (Oxford Biomedical Research), which was normalized using the 

colorimetric microplate assay for creatinine (Oxford Biomedical Research) according to the 

manufacturer’s instructions. Oxidative DNA damage levels were determined using the HT 8-

oxo-dG ELISA Kit (Trevigen) according to the manufacturer’s instructions.

Mammographic density

Bilateral mammography was performed in all participants at study entry and at study 

conclusion. Mammograms before and after lovastatin therapy were compared in order to 
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assess for a decline in mean breast density before and after therapy. All pre- and post-

lovastatin mammograms were evaluated at the same time by a radiologist specialized in 

breast imaging (JL). We used the American College of Radiology Breast Imaging Reporting 

and Data System (BI-RADS) composition system for mammographic density assessment: 1 

(predominantly fatty), 2 (scattered fibroglandular densities), 3 (heterogeneously dense), and 

4 (extremely dense) [27]. We used the computer-assisted Cumulus method [28, 29] for 

assessing mammographic breast density on a quantitative continuous scale on a subset of our 

patients.

Statistical methods

A pre-study sample size calculation was performed. We justified the sample size in terms of 

power against null hypotheses defined by published reports of historical controls. A prior 

randomized trial using RPFNA reported a change in cytologic category of approximately 

25 % in the control arm [18]; accordingly, we concluded that a decrease of greater than 25 % 

would provide evidence of a treatment effect. The statistical design for the trial included two 

study populations: (1) women without cytologic abnormality at baseline and (2) women with 

cytologic abnormality at baseline. The intent was to enroll 60 women in two cohorts: women 

without cytologic abnormality at baseline would form the prevention cohort, and women 

with cytologic abnormality, defined as proliferative cytology with or without atypia, would 

form the treatment cohort. Twenty-four women in the atypia “treatment” cohort and 36 

women in the atypia “prevention” cohort, for a total of 60 women in the study, would 

provide 90 % power to detect a 20–30 % absolute improvement in cytologic category (29 % 

for improvement from atypical to non-proliferative or proliferative without atypical 

cytology, and 22 % for prevention of progression from non-proliferative or proliferative 

without atypical to atypical cytology) after treatment with lovastatin. Given our lower than 

expected accrual to the trial, the endpoints were evaluated for the entire study population, 

instead of splitting between prevention and treatment cohorts as planned. Participant 

characteristics were tabulated, with descriptive statistics including means and standard 

deviations (SD) (for continuous data) or proportions and 95 % confidence intervals (CI) (for 

categorical data). Means were compared using the t test, two-sided.

Results

Participant characteristics

The trial opened to enrollment at Stanford University Hospital and Clinics in November 

2005, and closed in May 2010. A total of 30 participants were enrolled; the trial was closed 

due to slow accrual in later years of the study, at which point we concluded that reaching the 

initial goal of 60 appeared infeasible. Participant characteristics are presented in Table 1. 

The median age was 45 years, with a range from 25 to 62 years; 54 % carried a BRCA1/2 
mutation. One-third of patients had prior breast cancer, mostly ER/PR-negative. Forty 

percent were pre-menopausal; 10 % were taking oral contraceptive pills, 3 % were taking 

hormone replacement therapy, and 7 % had previously taken tamoxifen.

Vinayak et al. Page 6

Breast Cancer Res Treat. Author manuscript; available in PMC 2017 July 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Primary endpoint: breast duct cytology

Four participants (13.3 %) underwent an initial RPFNA and were provided with lovastatin, 

but never returned for evaluation. Twenty-six participants (86.7 %) had paired pre- and post-

treatment cytology specimens available for analysis (Table 2). There was a median delay of 

41 days (range 5–169 days) between stopping lovastatin and returning for post-treatment 

RPFNA. An independent cytologic review by a second pathologist (KJ) yielded no 

significant difference from the primary pathologist’s (EJS) evaluation. At study entry, 13 

(50 %, 95 % CI 32.1–67.9 %) participants had specimens that were non-proliferative, 12 

(46.2 %, 95 % CI 28.8–64.6 %) had specimens that were proliferative without atypia, and 

one (3.8 %, 95 % CI 0–20.5 %) had an acellular specimen. At study conclusion, 14 (53.8 %, 

95 % CI 34.5–71.3 %) participants had specimens that were non-proliferative, 9 (34.6 %, 

95 % CI 19.3–53.9 %) had specimens that were proliferative without atypia, and 3 (11.5 %, 

95 % CI 3.2–29.8 %) had acellular specimens. Using the semi-quantitative Masood cytology 

scale [25], the mean score at study entry was 10.5 (SD 1.56), and the mean score at study 

conclusion was 10.4 (SD 1.47). The difference in post-treatment, compared to pre-treatment, 

cytology category was coded as unchanged, favorable (consisting of a change from 

proliferative without atypia to non-proliferative), unfavorable (consisting of a change from 

non-proliferative to proliferative without atypia), or equivocal (consisting of an acellular 

specimen at any time point, which could not be evaluated). Most participants (57.7 %, 95 % 

CI 38.9–74.5 %) had unchanged cytology; 19.2 % (95 % CI 8.1–38.3 %) had a favorable 

change in cytology category, 7.7 % (95 % CI 1.0–25.3 %) had an unfavorable change, and 

15.4 % (95 % CI 5.5–34.2 %) were equivocal due to an acellular specimen, mostly at the 

post-treatment time point. No participant had atypical or malignant cytology. Examples of 

non-proliferative and proliferative without atypia cytology from study participants are shown 

in Fig. 2.

Study adherence and lovastatin toxicity

Study adherence and lovastatin toxicity are reported in Table 3. As described above, 26/30 

(86.7 %, 95 % CI 69.7–95.3 %) participants completed the study, with 4/30 (13.3 %, 95 % 

CI 4.7–30.3 %) who did not return after pre-treatment RPFNA and initiating lovastatin. Post-

study pill counts determined that 25/26 (96.1 %, 95 % CI 79.6–100 %) participants who 

completed the study had taken ≥5 months of lovastatin therapy. One patient required a 50 % 

dose reduction because of myalgias despite normal CPK (this was a protocol-specified dose 

reduction, given concern for statin-associated rhabdomyolysis), and two reported dyspepsia 

and joint pain, which resolved spontaneously without any change in lovastatin dose. No 

patient required lovastatin discontinuation due to toxicity.

Secondary endpoints

Table 4 presents secondary endpoints, including serum and urine biomarkers, 

mammographic density, and HMGCR genotype. We observed little change in total 

cholesterol (pre-treatment mean 202, SD 45.7; post-treatment mean 194, SD 39.6) or LDL 

(pre-treatment mean 121, SD 34.3; post-treatment mean 115, SD 32.1). Similarly, we 

observed no significant post-treatment versus pre-treatment change in mean levels of CRP, 

IGF-1, IGFBP-3, or IGF-1/IGFBP-3 ratio. We found no difference in mean levels of urine 
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lipid peroxidation or oxidative DNA damage post-treatment versus pre-treatment. Mean 

mammographic density was 2.77 (SD 1.11) pre-treatment, and 2.67 (SD 1.08) post on the 

BI-RADS scale. There was also no difference in the quantitative mammographic density 

using the computer-assisted Cumulus method post-treatment versus pre-treatment. The 

HMGCR genotype distribution (50.0 % A/A, 38.5 % A/T, 11.5 % T/T) was consistent with 

previously published reports [26], and we observed no correlation between HMGCR 

genotype and changes in cholesterol or LDL levels.

Discussion

We conducted a 6-month, non-randomized, biomarker modulation trial of lovastatin as a 

breast cancer prevention agent among women with an increased risk of developing breast 

cancer. The study drug and primary endpoint procedure, RPFNA for assessment of breast 

duct cytology, were well tolerated, with 87 % of participants completing the trial; however, 

enrollment proved slow, and the trial ultimately closed without reaching its accrual goal. We 

observed no significant change in the primary study endpoint, breast duct cytology, or in the 

secondary endpoints of serum and urine biomarkers involved in inflammatory and oxidative 

DNA damage pathways [15], or the imaging biomarker of mammographic density.

Epidemiologic and pre-clinical laboratory studies have suggested a role for statins in breast 

cancer risk reduction. Early observational studies reported large relative risk reductions for 

breast cancer among statin users [30]; however, subsequent meta-analyses have not generally 

confirmed such an effect [31–34]. Notably, a study in the Kaiser Permanente Northern 

California cohort reported a statistically significant 37 % reduction in the odds of ER/PR-

negative breast cancer with lipophilic statin use [35]; two other observational studies, 

including the Three States Cancer Registries [36] and the Women’s Health Initiative cohort 

[9], reported breast cancer risk reduction with lipophilic statin use, although others did not 

[37]. In the laboratory, lipophilic statins selectively inhibit the growth of ER-negative cell 

lines as opposed to ER-positive cell lines [8]. These intriguing pre-clinical findings, coupled 

with a drug safety profile acceptable to healthy patients, led us and others to conduct early-

stage clinical trials of statins for breast cancer risk reduction [38, 39].

Given the substantial participant numbers and lengthy follow-up period required of 

definitive phase III cancer prevention trials [3, 5, 40], early-stage trials with surrogate 

endpoints of breast duct cytology on RPFNA or ductal lavage [6, 24] or mammographic 

density might offer an early efficacy signal, prior to more substantial resource investment. A 

caveat to this approach is the potential for uncertainty in interpretation of trial results. Our 

findings of no effect on breast duct cytology may result from inadequate statistical power, 

from inadequate drug dose or treatment duration, secondary to heterogeneity in patient 

characteristics that affect breast cellularity including age, menopausal status, prior oral 

contraceptive pill or hormone replacement therapy use, prior treatment for cancer and prior 

oophorectomy; or, more broadly, from selection of surrogate endpoints whose modulation 

(or lack thereof) does not predict an agent’s impact on breast cancer development [41]. As 

heterogeneous patient characteristics may confound results, we would recommend excluding 

subjects with concomitant use of hormones or prior oophorectomy for future prevention 

studies. Of note, we anticipated a higher prevalence of pre-treatment atypical cytology, as 
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has been reported among women at increased breast cancer risk [42, 43]. The absence of 

atypical cytology in our study may relate to the high prevalence of early menopause due to 

prophylactic oophorectomy or prior cancer treatment, and might have reduced our ability to 

observe a drug effect. To date, other biomarker-based statin trials have reported a decrease in 

serum estrone sulfate concentrations with statin use but no change in other biomarkers, 

including mammographic density [39]. An additional biomarker-based prevention trial, 

evaluating the use of atorvastatin is ongoing (ClinicalTrials.gov Identifier: NCT00637481).

This study illustrates several challenges in the clinical development of cancer prevention 

agents. Although we initially proposed accruing 60 participants, enrollment proved less 

brisk than we had expected despite intensive recruitment attempts, and after 5 years the trial 

was closed with 30 participants enrolled. This experience is consistent with under-utilization 

of FDA-approved breast cancer prevention agents: a recent study using the National Health 

Interview Survey found that only 0.08 % of women accepted prophylactic tamoxifen [44], 

whereas 16 % were eligible according to FDA-approval guidelines [45]. One barrier to 

patient and physician acceptance of prevention drugs may be the term “chemoprevention”; 

some have recommended that “preventive therapy” should be used instead, to minimize any 

association with chemotherapy [46]. The absence of a well-established surrogate endpoint 

may decrease enthusiasm for breast cancer prevention drugs among physicians and patients, 

since a patient’s benefit cannot readily be monitored [47]. In our study, it is possible that we 

chose a primary surrogate endpoint, breast cytomorphology, which is not modulated by 

lovastatin. For future prevention trials, we recommend that investigators consider 

preliminary pilot studies of biomarker modulation by an investigational agent. Moreover, we 

found that the study RPFNA procedure to collect breast duct cytology was not acceptable to 

many eligible women. A surprising result was the lack of significant change in cholesterol 

levels, which we measured as an indirect marker of lovastatin adherence and effect. 

Although post-study pill counts were consistent with high adherence, we experienced 

difficulty in insuring that participants return for timely follow-up RPFNA, such that the 

delay between stopping lovastatin and post-treatment evaluation was a median of 41 days 

(range 5–169 days). We aimed for a uniform duration of lovastatin use among participants, 

and therefore we did not specify that lovastatin should be continued until the post-treatment 

visit. This finding again reflects the challenges of obtaining protocol adherence and timely 

follow-up in a cancer-free study population; future cancer prevention trials would benefit 

from requiring post-treatment evaluation before cessation of the study drug.

In summary, a 6-month biomarker-based trial of lovastatin was technically feasible and 

generally well-tolerated in women at increased risk of developing breast cancer, but accrual 

proved difficult, and we observed no effect on the primary or secondary endpoints. These 

results do not exclude a potential benefit of lovastatin for breast cancer prevention. The 

challenges and limitations encountered may inform the design of future biomarker-based 

cancer prevention trials.
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Fig. 1. 
Study schema. BRCA1 and BRCA2 (BRCA1/2), estrogen receptor and progesterone 

receptor (ER/PR), C-reactive protein (CRP), insulin-like growth factor-1 (IGF-1), IGF 

binding protein-3 (IGFBP-3), 3-hydroxy-3-methylglutaryl CoA reductase (HMGCR)
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Fig. 2. 
a Example of non-proliferative breast disease (Masood score 6–10) from Participant #20, 

and b Example of proliferative breast disease without atypia (Masood score 11–14) from 

Participant #18

Vinayak et al. Page 14

Breast Cancer Res Treat. Author manuscript; available in PMC 2017 July 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Vinayak et al. Page 15

Table 1

Participant characteristics

Characteristics (N = 30) Number Range or %

Median age (years) 45 25–62

Ethnicity

 Non-Hispanic White 27 90.0

 NH White, Ashkenazi Jewish   9 30.0

 NH Asian/Pacific Islander   1 3.3

 NH Black   1 3.3

 Hispanic   1 3.3

Personal history of breast cancer 10 33.3

Prior ER and PR-negative breast cancer   8 26.7

BRCA1 mutation carriera 11 36.7

BRCA2 mutation carriera   5 16.7

TP53 mutation carrier   1 3.3

No mutation, lifetime risk ≥20 % estimated by the Claus model   8 26.7

Pre-menopausal 12 40.0

Post-menopausal, taking hormone replacement therapy (HRT)   1 3.3

Post-menopausal, no HRT 17 56.7

Current use of oral contraceptive pills   3 10.0

Prior tamoxifen treatment for breast cancer   2 6.7

a
One participant had both BRCA1 and BRCA2 mutations
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Table 2

Primary study endpoint: breast duct cytology pre- and post-treatment with lovastatin

ID Entry criterion Pre-treatment cytology (Masood 
score)a

Post-treatment cytology 
(Masood score)a

Change in cytology

1 BRCA1 mutation carrier Non-proliferative (10) Non-proliferative (9) Unchanged

2 BRCA1 mutation carrier Non-proliferative (10) Non-proliferative (9) Unchanged

3 BRCA1 mutation carrier Non-proliferative (10) Non-proliferative (9) Unchanged

4 BRCA2 mutation carrier Non-proliferative (10) Non-proliferative (10) Unchanged

5 BRCA2 mutation carrier Proliferative without atypia (11) Proliferative without atypia (12) Unchanged

6 BRCA2 mutation carrier Proliferative without atypia (11) Proliferative without atypia (12) Unchanged

7 BRCA1 mutation carrier Proliferative without atypia (11) Non-proliferative (9) Favorable

8 BRCA1 mutation carrier Proliferative without atypia (12) Non-proliferative (10) Favorable

9 BRCA2 mutation carrier Proliferative without atypia (13) Non-proliferative (9) Favorable

10 BRCA1 mutation carrier Non-proliferative (9) Proliferative without atypia (11) Unfavorable

11 BRCA1 and BRCA2 mutation carrier Non-proliferative (8) Acellular Equivocal

12 Lifetime risk ≥20 %, Claus model Non-proliferative (9) Non-proliferative (10) Unchanged

13 Lifetime risk ≥20 %, Claus model Proliferative without atypia (13) Proliferative without atypia (14) Unchanged

14 Lifetime risk ≥20 %, Claus model Proliferative without atypia (12) Proliferative without atypia (12) Unchanged

15 Lifetime risk ≥20 %, Claus model Non-proliferative (9) Non-proliferative (10) Unchanged

16 Lifetime risk ≥20 %, Claus model Proliferative without atypia (12) Proliferative without atypia (11) Unchanged

17 Lifetime risk ≥20 %, Claus model Proliferative without atypia (13) Non-proliferative (10) Favorable

18 Lifetime risk ≥20 %, Claus model Non-proliferative (10) Proliferative without atypia (12) Unfavorable

19 Lifetime risk ≥20 %, Claus model Non-proliferative (8) Acellular Equivocal

20 Personal history of breast cancer Non-proliferative (10) Non-proliferative (9) Unchanged

21 TP53 mutation carrier Proliferative without atypia (11) Proliferative without atypia (12) Unchanged

22 ER/PR-negative breast cancer Proliferative without atypia (12) Proliferative without atypia (11) Unchanged

23 ER/PR-negative breast cancer Non-proliferative (8) Non-proliferative (8) Unchanged

24 ER/PR-negative breast cancer Proliferative without atypia (11) Non-proliferative (10) Favorable

25 ER/PR-negative breast cancer Non-proliferative (9) Acellular Equivocal

26 ER/PR-negative breast cancer Acellular Non-proliferative (9) Equivocal

Summary of cytology change, comparing post-treatment to pre-treatment cytology category

Change Number of participants (percentage, 95 % CI)

Unchanged 15/26 (57.7 %, 38.9–74.5 %)

Favorable   5/26 (19.2 %, 8.1–38.3 %)

Unfavorable   2/26 (7.7 %, 1.0–25.3 %)

Equivocal   4/26 (15.4 %, 5.5–34.2 %)

a
Masood scale: non-proliferative breast disease, 6–10; proliferative breast disease without atypia, 11–14; proliferative breast disease with atypia, 

15–18; and carcinoma in situ and invasive cancer, 19–24 [25]
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Table 3

Study adherence and toxicity

Participant numbers, N = 30 (%)

Adherence

 Completed the study according to the protocol 26 (86.7 %)

 Did not return for post-treatment study evaluationa 4 (13.3 %)a

 Drug compliance (≥5 months, by pill count)b 25 (96.1 %)b

Toxicity

 Myalgias 1 (3.3 %)

 CPK elevation 0

 Liver transaminase elevation 0

 Otherc 2c (6.7 %)

 Lovastatin dose-reduced per study protocold 1d (3.3 %)

 Lovastatin discontinued per study protocol 0

a
Two participants were lost to follow-up despite multiple contact attempts. For the two others, one participant was dropped from the study due to 

inadequate initial breast cytology, and the other did not return for post-treatment evaluation, after having discontinued lovastatin due to unrelated 
health problems

b
Drug compliance for ≥5 months reported for participants who completed the study (N = 26)

c
Dyspepsia and joint pain in two different participants; resolved spontaneously

d
Dose reduced by 50 % due to myalgias

Breast Cancer Res Treat. Author manuscript; available in PMC 2017 July 13.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Vinayak et al. Page 18

Table 4

Secondary endpoints: serum, urine, and radiographic correlative studies

Secondary endpoints Pre-treatment Mean (SD) Post-treatment Mean (SD) p Value (t test)

Serum lipid levels

 Total cholesterol (mg/dl) 202 (45.7) 194 (39.6) 0.51

 LDL (mg/dl) 121 (34.3) 115 (32.1) 0.53

Serum markers

 CRP (pg/mL 1.22 (1.77) 0.973 (1.22) 0.61

 IGF-1 (ng/mL) 17.4 (4.38) 15.3 (4.96) 0.16

 IGFBP-3 (ng/mL) 19.9 (5.45) 20.6 (5.62) 0.69

 IGF-1/IGFBP-3 ratio 0.915 (0.313) 0.778 (0.274) 0.15

Urine markers

 Lipid peroxidation (pg/mg) 8,422 (5451) 8,241 (6537) 0.91

 Oxidative DNA damage (8-oxo-dG) (ng/mL)   104 (84.3)   138 (97.3) 0.18

 Mammographic density, BI-RADSa 2.77 (1.11) 2.67 (1.08) 0.79

Genotype (%, 95 % CI)

HMGCR genotypeb A/A (50.0 %, 32.1–67.9 %)b

A/T (38.5 %, 22.4–57.5 %)

T/T (11.5 %, 3.2–29.8 %)

Lipid levels were available for 25 participants, serum markers for 20 participants, and mammographic density for 18 participants. Lipid 
peroxidation, oxidative DNA damage, and HMGCR genotypes were available for all 26 participants

a
BI-RADS composition system for mammographic density assessment: 1 (predominantly fatty), 2 (scattered fibroglandular densities), 3 

(heterogeneously dense), and 4 (extremely dense) [27]

b
No correlation was observed with HMGCR genotype and changes in lipid levels
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