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Abstract
Epidemiologic data support an inverse association between green tea intake and breast cancer risk
and numerous experimental studies have demonstrated the anti-tumor effects of its main
component, epigallocatechin gallate (EGCG). We conducted a phase IB dose escalation trial in
women with a history of stage I-III hormone receptor-negative breast cancer of an oral green tea
extract, Polyphenon E (Poly E) 400mg, 600mg, 800mg bid or matching placebo for 6 months. The
primary endpoint was to determine the maximum tolerated dose (MTD), defined as the dose that
causes 25% dose limiting toxicity (DLT, grade≥2). Assignment to dose level was based upon an
adaptive design, the continual reassessment method. A mammogram and random core biopsy of
the contralateral breast were obtained at baseline and 6 months and serial blood/urine collections
every 2 months for biomarker analyses. Forty women were randomized: 10 to placebo, 30 to Poly
E (16 at 400mg, 11 at 600mg, 3 at 800mg). There was 1 DLT at 400mg (grade 3 rectal bleeding),
3 DLTs at 600mg (grade 2 weight gain, grade 3 indigestion and insomnia), and 1 DLT at 800mg
(grade 3 liver function abnormality). The DLT rate at 600mg was 27% (3/11). Pharmacologic
levels of total urinary tea polyphenols were achieved with all three dose levels of Poly E. Using a
novel phase I trial design, we determined the MTD for Poly E to be 600mg bid. This study
highlights the importance of assessing toxicity for any chemopreventive agent being developed for
chronic use in healthy individuals.
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Introduction
Chemoprevention with selective estrogen receptor modulators (SERMs), tamoxifen (1) and
raloxifene (2), or the aromatase inhibitor (AI), exemestane (3), reduces breast cancer
incidence among high-risk women, however, uptake has been poor in the prevention setting.
In addition, these agents have no effect on the incidence of hormone receptor (HR)-negative
cancers, which account for about a third of all breast carcinomas and are associated with a
poorer prognosis. The high costs of large-scale chemoprevention studies have prompted the
search for intermediate markers of cancer development. A greater emphasis has been placed
on developing novel clinical trial designs which use surrogate endpoint biomarkers in lieu of
cancer occurrence in order to improve the efficiency and reduce the cost of chemoprevention
trials. Therefore, priorities in breast cancer chemoprevention include developing safe and
tolerable agents that are effective against HR-negative breast cancer and validating
intermediate biomarkers which correlate with breast cancer risk.

Breast cancer is the most common cancer among women worldwide, with a six-fold
variation in incidence between high-risk regions (e.g., North America and Europe) and low-
risk regions (e.g., Asia) (4). This geographic variation is often attributed to the Asian diet,
which is rich in soy-based products and antioxidant-containing foods and beverages, such as
green tea. A recent meta-analysis, encompassing 5,617 breast cancer cases, reported an
inverse association between green tea consumption and breast cancer incidence (RR 0.81;
95% CI, 0.75-0.88) among case-control studies (5). In two Japanese cohort studies (6, 7),
green tea intake among breast cancer patients was associated with a decrease in risk of
recurrence (pooled RR 0.73; 95% CI, 0.56-0.96). A population-based, case-control study of
Asian American women found that green tea intake was associated with decreased breast
cancer risk with >85.7 ml/day (OR 0.53, 95% CI 0.35-0.78) (8). Interestingly, the protective
effect of green tea was observed only among individuals who possessed at least one low-
activity polymorphism in catechol-O-methyltransferase (COMT), which is involved in the
methylation of green tea constituents (9).

The most abundant and possibly most potent polyphenol in green tea is epigallocatechin-3-
gallate (EGCG) (10). EGCG has anti-oxidative, anti-inflammatory, anti-proliferative, and
anti-angiogenic properties that are relevant for cancer prevention (11). In vitro studies
demonstrated cytotoxic effects of EGCG on breast cancer cells regardless of estrogen
receptor status (12). A major challenge is translating these preclinical findings into human
intervention trials.

Polyphenon E (Poly E) is a well-defined pharmaceutical-grade decaffeinated green tea
catechin mixture, including epicatechin (EC), epigallocatechin (EGC), epicatechin gallate
(ECG), and most abundantly, ~65% EGCG (13). Each capsule contains 200mg of EGCG,
which is equivalent to about 2-3 cups of brewed green tea. In phase I pharmacokinetic trials
of Poly E 200-800mg daily (equivalent to 2-12 cups of green tea without caffeine) given as a
single-dose or 4-week administration in healthy individuals, high plasma EGCG levels were
achieved (14, 15). All adverse events were rated as mild, including nausea, abdominal pain,
heartburn, excess gas, headache, dizziness, and muscle pain (15).

We conducted a phase IB randomized, double-blinded, placebo-controlled, dose escalation
trial of a 6-month intervention of Poly E in women with a history of HR-negative breast
cancer. Women with HR-negative breast cancer provide a relevant population for
conducting secondary prevention research, since they are not candidates for adjuvant
hormonal therapy and may be particularly motivated to participate in chemoprevention
trials. The primary objective of this dose-finding study was to determine the maximum
tolerated dose (MTD) of Poly E given over a 6-month period. Secondary objectives were to
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determine the dose-related biologic effects of Poly E on intermediate biomarkers correlated
with breast cancer risk, including breast tissue-based biomarkers, mammographic density,
and serum hormone levels, as well as COMT genotype and urinary tea polyphenols.

Subjects and Methods
Subjects

Women were enrolled at four sites: Herbert Irving Comprehensive Cancer Center, Columbia
University, New York, NY; University of Texas, M.D. Anderson Cancer Center, Houston,
TX; Memorial Sloan-Kettering Cancer Center, New York, NY; Dan L. Duncan Cancer
Center, Baylor College of Medicine, Houston, TX. The study was approved by the
institutional review boards at each participating site. All participants provided written
informed consent in English or Spanish. The study was registered prior to initiating
enrollment (http://clinicaltrials.gov, NCT00516243).

Eligible participants were women age 21 to 65 years with a history of histologically-
confirmed resected stage I-III estrogen receptor (ER)-negative and progesterone receptor
(PR)-negative (defined as <10% ER and PR expression) breast carcinoma without evidence
of disease at trial entry and a minimum of six months since completion of breast surgery,
adjuvant chemotherapy (including trastuzumab) and radiation therapy. Other eligibility
criteria included an Eastern Cooperative Group performance status of 0-1, at least one intact
breast (no radiation therapy, mastectomy, or breast implant), and normal organ and marrow
function, including total bilirubin and transaminases within normal institutional limits.

Exclusion criteria included bilateral breast cancer or metastatic disease, history of
gastrointestinal (GI) bleeding, uncontrolled or significant co-morbid illness, and current use
of hormone replacement therapy, tamoxifen, or raloxifene. Both premenopausal and
postmenopausal women were included in this study. Postmenopausal status was defined as
the absence of menses for >12 months, history of bilateral oophorectomy, or serum follicle-
stimulating hormone (FSH) >20 mIU/ml.

Participants had to abstain from all tea consumption (including herbs, vitamin and mineral
supplements that contain tea compounds) and limit total daily caffeine consumption to <375
mg for 30 days prior to the baseline evaluation and during the 6-month study intervention.

Trial Design and Intervention
The trial was a randomized, double-blinded, placebo-controlled, dose escalation study in
which participants received either Poly E delivering 400mg, 600mg, or 800mg of EGCG
(2-4 capsules) twice daily (total of 800mg, 1200mg, or 1600mg EGCG daily) with food or
matching placebo for 6 months (10 subjects in the placebo arm, 30 subjects in the study arm
with participant assignment to dose level as per the adaptive study design). The Poly E oral
capsules and matching placebo were supplied by the National Cancer Institute (NCI),
Division of Cancer Prevention (DCP) under an IND. Participants and investigators were
blinded to Poly E or placebo, but not to dose level.

The primary objective of this phase I dose escalation study was to determine the maximum
tolerated dose (MTD) of Poly E in this study population. All participants were evaluable for
toxicity from the time of their first dose of study drug. Safety was assessed by monitoring
routine clinical and laboratory parameters at baseline, every two weeks during the first
month, then monthly for the duration of the study. The starting dose of Poly E 400mg bid
was chosen based on previous clinical safety data (14, 15). The MTD was defined as a dose
that causes a dose-limiting toxicity (DLT) in approximately 25% of participants during the
6-month intervention. A DLT was initially defined according to the NCI Common
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Terminology Criteria for Adverse Events (Version 3.0) as any grade 2 or higher toxicity.
After the first two grade 2 toxicities occurred during the trial, the protocol was amended to
define the DLT as any grade 2 or higher toxicity which was at least possibly related to study
drug, persisted for at least one week or required stopping the study drug. A lower threshold
for a DLT was used compared to cancer treatment trials as Poly E is an agent being
developed for chemoprevention where prolonged use can be anticipated.

The time-to-event continual reassessment method (TITE-CRM) is a novel statistical
methodology that considers long-term toxicity in dose escalation, allows staggered
participant entry, and on average allocates more participants at the correct MTD (16).
According to the TITE-CRM, the decision for escalation was made after every 5 subjects
treated with Poly E were evaluated for toxicity at a single dose. Dose escalation took place
with 5 non-toxic observations. Once a DLT was observed, the dose-toxicity curves were re-
assessed and the next group of 5 were given a dose according to the TITE-CRM. Once a
DLT occurred at any time in the 6-month window in any subject, new subjects were
considered at the most updated MTD estimate. A participant who developed a DLT was
taken off of study drug, but was encouraged to complete the 6-month evaluations. There
were no intra-participant dose modifications.

Correlative Studies
Secondary objectives of this study were to investigate the dose-related biologic effects of
Poly E. Participants underwent a digital mammogram and random core biopsy of the
contralateral breast at baseline and after the 6-month intervention for mammographic density
assessment and immunohistochemical (IHC) analyses of Ki-67 (proliferation marker) and
ER-α. Due to changes in breast density and breast tissue proliferation with the menstrual
cycle, mammograms and breast biopsies were obtained during day 7-14 of the menstrual
cycle in premenopausal women. Mammographic percent density (proportion of the breast
with dense tissue) from the cranio-caudal view of the contralateral breast was assessed using
semiautomated methods by the Cumulus software (17). All mammographic density readings
were conducted by an investigator blinded to treatment assignment and the timing of the
mammograms (baseline or 6 months). A random core biopsy from the upper outer quadrant
of the contralateral breast approximately 1 cm from the areolar edge was obtained at
baseline and 6 months. Tissue was placed in a vial of 10% formalin for a maximum of 24
hours prior to embedding and processing. IHC analysis of Ki-67 (Clones MIB-1 and M7240
mouse monoclonal, 1:50; Dako, Carpinteria, CA) and ER-α (Clones 1D5 and M7047 mouse
monoclonal, 1:60; Dako, Carpinteria, CA) was performed on paraffin-embedded sections.
Quantitative changes of the expression of markers based upon percentage of positive cells
were scored in a blinded fashion.

Blood samples were collected at baseline, 2, 4, and 6 months for measurement of serum
hormone levels: estradiol, testosterone, insulin-like growth factor-1 (IGF-1), IGF binding
protein-3 (IGFBP-3), and sex hormone binding globulin (SHBG). Radioimmunoassays were
used to measure serum estradiol and testosterone levels (Diagnostic Systems Laboratories).
The lowest limit of detection for estradiol and testosterone were 5.0 pg/ml and 20 ng/dl,
respectively. Assays for IGF-1, IGFBP-3, and SHBG were immunometric using enzyme/
substrate for detection (Diagnostic Systems Laboratories).

Spot urine samples were collected every 2 months during the 6-month intervention. Five
metabolites of tea catechins (EGC, EC, methylepigallocatechin [4’-MeEGC], 5-(3’,4’,5’-
trihydroxyphenyl)-γ-valerolactone [M4], and 5-(3’,4’-dihydroxyphenyl)-γ-valerolactone
[M6]) were assayed by high performance liquid chromatography, which allows the
determination of free and conjugated forms of tea catechins in urine, as previously described
(18). The lower limit of detection for each catechin was 0.02 μM. For each subject, we
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summed the EGC, EC, 4’-MeEGC, M4, and M6 levels to create a total tea polyphenols
index. The concentration of total tea polypenols was expressed in units of urinary creatinine
by weight (μmol/g Cr) to account for varying volumes between the spot urine samples.

Genomic DNA was extracted from blood cells (10 ml/sample) taken at baseline using
standard RNase/proteinase K technique and genotyping for COMT (G/A transition at codon
158, rs4680) was conducted using the Taqman 5′-Nuclease Assay (Applied Biosystems,
Foster City, CA). The fluorescence profile of each well was measured in an ABI 7500HT
Sequence Detection System and the results were analyzed with Sequence Detection
Software (Applied Biosystems).

A questionnaire on quality of life (SF-36) was self-administered at baseline and 6 months.
The short form of the Medical Outcomes Study (SF-36) is comprised of 36 items across
eight scales: physical functioning, role function-physical, bodily pain, general health,
vitality, social functioning, role function-emotional, and mental health (19).

Statistical Considerations
Before the actual implementation of the trial, computer simulations were used to evaluate
the operating characteristics of the TITE-CRM approach to dose assignment (Table 1). A
robust dose-toxicity model was calibrated according to Cheung and Chappell (20). Overall,
the design would be able to identify the correct MTD with a probability over 0.60 when the
neighboring doses had DLT rates of 10% and 35%, respectively. If the neighboring doses
had DLT rates significantly different from the target of 25%, the probability of correct
selection of the MTD would be higher. The TITE-CRM has been shown to generally yield a
high probability of selecting the correct MTD even with a small sample size. Only the 30
participants receiving active study drug participated in the dose escalation study. In
principle, as few as 12 participants could be recruited with the TITE-CRM, but having at
least 10 participants at the MTD would avoid too much variability in the comparisons to
placebo. Assuming a 10% drop-out rate, 36 of the 40 participants would be evaluable for the
long-term toxicity and efficacy endpoints. This sample size would ensure that estimates of
any binary variable, including incidence of toxicity, would have a 95% confidence interval
of width < 0.36. All participants who received any study drug were included in the report of
toxicities. The percentage of participants with each toxicity was compared between the
intervention groups using a Fisher's exact test of proportions at a two-sided 0.05 level of
significance.

Of the 40 participants, 28 completed the drug intervention (8 placebo, 20 Poly E) and 34
completed their 6-month assessments (8 placebo, 26 Poly E) and were included in the
secondary endpoint analyses. There were missing data for some of the endpoints due to
inability to collect some of the specimens or inadequate samples for biomarker analysis. The
missing rates of the submitted biospecimens were 1.4% for serum/urine biomarkers, 2.5%
for COMT genotyping, 9% for mammographic density readings, and 12% for IHC tissue
biomarkers. Descriptive statistics were performed on each of the biomarker endpoints within
each intervention group. Due to skewness in the distributions of these variables, Wilcoxon
signed rank tests were used to compare between-group and within-group differences for the
Poly E and placebo groups for each of the outcome measures using a continuous scale. We
also calculated the mean absolute change and percent change from baseline for each group
to account for differences in baseline measures. Between-group comparison for continuous
data was performed using repeated-measure analyses of variance (ANOVA) with a time-
interaction term using treatment and dose levels as main effects. These secondary endpoints
were not corrected for multiple comparisons due to their exploratory nature. All analyses
were two-sided and performed using SAS software version 9.1.3 (SAS Institute, Cary, NC).
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Results
Participant Characteristics

Among 508 women screened, 168 met initial eligibility criteria (Figure 1). From July 2007
to August 2009, 40 participants were randomized 3:1 to Poly E (n = 30; 16 at 400mg, 11 at
600mg, 3 at 800mg) or placebo (n = 10). Baseline characteristics are presented in Table 2.
Median age was 52 years (range 36-64). The study population was diverse by race/ethnicity
(42% minorities), 75% were postmenopausal, and 74% had a body mass index (BMI) of 25
kg/m2 or greater. Over three-quarters (78%) of participants had stage I or II breast cancer
and the median time since diagnosis was 33 months (range 10-170). Twenty-eight (70%)
women completed the 6-month drug intervention, 3 (8%) were non-adherent (did not
complete the 6-month drug intervention, 4 (10%) were lost to follow-up, and 5 (12.5%)
developed a DLT (Figure 1). A total of 34 out of 40 (85%) participants had 6-month
biomarker data available for analysis.

Toxicities
Figure 2 shows the course of participant flow, including dose escalation and de-escalation in
the study. The figure illustrates that after 5 non-toxic observations at the first dose level
(Poly E 400mg bid or total of 800mg EGCG daily), dose escalation occurred. Initial
escalation to dose level 3 (Poly E 800mg bid or total of 1600mg EGCG daily) occurred
before the two DLTs occurred at dose level 2 (Poly E 600mg bid or total of 1200mg EGCG
daily). However, additional participants were assigned to the lower dose groups because the
study design is able to account for late toxicities. In total, there were 5 DLTs during the trial
(in sequential order): grade 2 weight gain (day 138 on study drug) and grade 3 indigestion
(day 40) at dose level 2; grade 3 ALT elevation (day 91) at dose level 3; grade 3 insomnia
(day 6) at dose level 2; and grade 3 rectal bleeding (day 18) at dose level 1. The episode of
grade 3 rectal bleeding occurred in a woman with pre-existing diverticulosis and required
hospitalization. After this serious adverse event, the protocol was amended to exclude
women with a prior history of a GI bleed. All DLTs occurred in participants receiving active
Poly E. The frequency of DLTs was 6.25% (1/16) for dose level 1, 27% (3/11) for dose level
2, and 33% (1/3) for dose level 3. These DLT rates are similar to what was predicted with
the computer simulations (Table 1). Based upon these findings, dose level 2 (600mg bid)
was defined as the MTD for Poly E, because it was the closest to the prespecified toxicity
level of 25%.

Additional toxicities are summarized in Table 3. The toxicity profile of Poly E was
consistent with the published literature, with the most common adverse events (mainly grade
1) being GI in nature. There were a handful of grade 2 toxicities in the Poly E and placebo
arms that did not meet criteria for a DLT based upon investigator assessment, since they did
not require stopping study drug. The toxicities did not differ significantly by Poly E dose
level (data not shown) or compared to placebo.

Biomarker Analyses
Secondary biomarker endpoints are summarized in Table 4. No significant trends were
observed with the serial blood/urine biomarkers over time (data not shown), therefore, only
the baseline and 6 month data are presented. Baseline and 6 month biomarker data were
available for 26 participants in the Poly E group and 8 in the placebo group. The Poly E-
treated group had a greater increase in mean total urinary tea polyphenols compared to
placebo (+152.1 ±186.4 vs. +11.8 ±13.7 μmol/g Cr, p=0.001). However, the levels of
urinary tea polyphenols did not differ significantly by dose level of Poly E (data not shown).
Due to small numbers, the three dose levels of Poly E were combined for all biomarker
analyses. There was about a 70% reduction in serum estradiol levels (p=0.05) and a
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significant decrease in SHBG (p=0.03) at 6 months compared to baseline in the Poly E
group. However, these changes did not differ significantly compared to the placebo group,
with the magnitude of changes in the placebo arm being greater but not statistically
significant due to smaller numbers. Serum IGFBP-3 showed a greater mean increase for
those on Poly E relative to placebo, but again this did not reach statistical significance (+462
±921 vs. +250 ±782 ng/ml, p=0.53). The IGF-1/IGFBP-3 ratio decreased by 31% in the Poly
E group compared to a 2.5% reduction among those who received placebo (p=0.26).

In terms of target tissue effects, no significant changes in the Ki-67 proliferation index or
mammographic density were seen after 6 months of Poly E compared to placebo. These
results did not differ when stratified by menopausal status (data not shown). Of note, mean
baseline Ki-67 levels in the random core breast biopsies of the women in the Poly E and
placebo arms were low (1.5 ±1.4% and 0.8 ±1.1%, respectively). There was a favorable but
nonsignificant decrease in mean ER-α expression with Poly E and placebo (−4.4 ±14.9%,
p=0.23 vs. −10.2 ±21.4%, p=0.25). Supplementary Figure 1 provides a graphical
representation of these results.

The genotypic distribution of COMT among study subjects was: GG, 28%; GA, 54%; and
AA, 18%. In the Poly E-treated group, mean urinary total tea polyphenol levels did not
differ significantly among those who carried at least one high-activity COMT allele (GG and
GA genotype) compared to individuals possessing the homozygous variant genotype (AA).
Finally, no significant change in quality of life as assessed by the SF-36 was observed in
either treatment group (data not shown).

Discussion
This study represents a novel approach to conducting a phase I trial evaluating long-term
safety and determining the optimal dose of a potential chemopreventive agent, Polyphenon
E. We encountered 5 DLTs during the trial: 2 occurring within the first month on study drug
and the others up to nearly 5 months on study drug. Other toxicities were generally mild and
did not differ significantly compared to placebo. Although there were transient increases in
liver function tests and pancreatic enzymes, there was no evidence of clinically significant
liver or pancreatic disease.

The TITE-CRM is a novel statistical methodology that considers long-term (e.g., 6-month)
toxicity in dose escalation, while allowing staggered participant entry. Therefore, the trial
was conducted in a continuous fashion without accrual suspension. The TITE-CRM on
average allocates more participants at the correct MTD, thus enhancing comparison between
the placebo and the MTD on other secondary endpoints. However, in our study more women
were assigned to the 400mg dose (n = 16) rather than 600mg dose (n = 11). The main
advantage of the TITE-CRM is that it allows for the evaluation of long-term toxicities,
unlike a conventional dose escalation method with one month of observation which may
underestimate late toxicities. Thus, by allowing additional participants to be enrolled at
lower dose levels, the TITE-CRM will account for late toxicities that occur after months of
treatment, as well as acute toxicity that may appear in the first month. With this trial, we
were able to demonstrate that an adaptive method of dose escalation that has been used
extensively in cancer treatment trials may also be useful in an early phase chemoprevention
trial. An alternative to defining the optimal dose by the MTD (dose with a 25% DLT rate) is
to determine the minimal effective dose. One could argue that since there was no difference
in urinary tea catechin levels and biomarker effects at the three dose levels of Poly E, the
dose of 400mg bid (total of 800mg EGCG daily) may be preferable with a DLT rate of 6%.
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This study highlights the importance of assessing long-term toxicity for any
chemopreventive agent being developed for chronic use in healthy individuals. The
toxicities that we observed with Poly E were consistent with the published literature. For
example, we had a case of grade 3 rectal bleeding and liver function abnormalities. A 9-
month study in Beagle dogs demonstrated significant GI toxicity and mortality when Poly E
was administered in the fasting compared to the fed state (21). Therefore, Poly E was
administered within one hour after a substantial meal in this trial to minimize GI toxicities.
A recent review reported 34 cases of hepatitis following consumption of green tea
supplements used as weight loss products (22). In a phase I dose escalation trial of Poly E
400mg to 2000mg twice daily in patients with chronic lymphocytic leukemia, 33%
developed grade I transaminitis (23). Although the pervading public perception is that
dietary supplements are generally safe, these toxicities need to be taken into account when
weighing the risk:benefit ratio of any chemopreventive agent.

Since individual dietary components have not been successful in preventing cancer (24-28),
perhaps using a polyphenolic mixture may be more effective. In a mouse model of lung
carcinogenesis, the mixture of catechins with Poly E had more anti-tumor activity than
EGCG alone (29). Bioavailability is another common issue with dietary supplements and
often the doses used in preclinical studies are not always achievable in humans. Previous
studies have found low bioavailability of tea catechins (15, 30). However, when large
pharmacological doses of polyphenols are orally administered, peak plasma EGCG
concentrations of 5-7 μM are observed in humans, compared to 0.5 μM with green tea
consumption (11). We tested pharmacologic doses of Poly E (400-800mg twice daily or a
total of 800-1600mg of EGCG daily) with the EGCG content equivalent to 8-24 cups of
brewed green tea daily. We demonstrated high levels of urinary EGC and related
metabolites (>150 μmol/g Cr) at these doses, compared to individuals who drink upwards of
4-5 cups of green tea daily with urinary metabolites in the 50-100 μmol/g Cr range (18).

For the secondary exploratory analyses, we focused on systemic biomarkers which have
been correlated with breast cancer risk, such as circulating sex steroid hormones (31) and
IGF axis markers (32). Observational studies have correlated these biomarkers of breast
cancer risk with green tea intake. In a cross-sectional study from Japan, higher serum IGF-1
levels, which have been hypothesized to promote rather than prevent cancer growth, were
positively associated with green tea consumption (33). Green tea intake has also been
correlated with lower circulating estrogen levels in premenopausal and postmenopausal
women (34, 35). Proposed mechanisms include tea polyphenols preventing binding of
estrogen to its receptor in breast cancer cells (36) and inhibition of aromatase activity (37,
38). In our trial, the Poly E intervention resulted in favorable but not statistically significant
changes in serum estradiol and IGF-1/IGFBP-3 ratio. Since we did not adjust for multiple
comparisons, we should interpret these trends in biomarker changes with caution given the
small sample size. Our results are consistent with a recently published trial of 103
postmenopausal women randomized to a 2-month intervention of placebo vs. Poly E 400mg
or 800mg daily (39). Administration of Poly E did not produce consistent patterns of
changes in estradiol, testosterone, SHBG, IGF-1, and IGFBP-3. Other explanations for the
negative biomarker results include the relatively short-term drug intervention or Poly E
mediating its effects via alternative pathways.

The most well-documented modifiable biomarkers of breast cancer risk include
mammographic density (40), Ki-67 (41) and ER (42) expression in benign breast tissue. One
study demonstrated that daily green tea drinkers had significantly lower percent
mammographic density (19.5%) than non-tea drinkers (21.7%, P=0.002) (43). We did not
observe a significant change in breast density or the Ki-67 proliferation index after 6 months
of Poly E. Of note, the yield of epithelial cells from the random core biopsies and low
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baseline levels of Ki-67 staining in benign breast tissue may have limited our ability to
detect change over time with this drug intervention. In addition, the 1-month washout period
for tea consumption may have been insufficient to change baseline breast density
measurements among regular green tea drinkers. ER expression in benign breast epithelium
increases with age, postmenopausal status, and increasing morphologic abnormality,
supporting a positive correlation with breast cancer risk (42, 44, 45). We observed a
nonsignificant decrease in mean ER-α expression in the Poly E and placebo groups. We did
not measure catechin levels at the tissue level and a potential reason for these negative
results may be due to low achievable tissue concentrations of these polyphenols. A recent
trial of Poly E 800mg daily for 3-6 weeks in prostate cancer patients demonstrated low
bioaccumulation of green tea polyphenols in prostate tissue (46). Therefore, bioavailability
at the tissue level may have influenced the effects of Poly E on breast tissue-based
biomarkers.

Bioavailability of green tea is also influenced by host-related factors, such as genetic
polymorphisms which modulate the metabolism of tea polyphenols. A single G to A
transition at codon 158 of COMT results in an amino acid change causing a 3- to 4-fold
decrease in enzymatic activity (47). Data from the Shanghai Cohort Study showed that
individuals who were homozygous for the low-activity associated COMT genotype (AA)
had significantly lower urinary levels of tea polyphenol metabolites relative to those who
had at least one high-activity allele (18). We did not observe a significant association
between COMT genotype and urinary tea polyphenols among Poly E-treated women.
However, our sample size was likely too small to show an association given the 18%
incidence of the low-activity (AA) genotype.

We demonstrated the feasibility of enrolling breast cancer survivors in an early phase
chemoprevention trial with frequent study visits and involving invasive procedures (e.g.,
core breast biopsy). Secondary prevention trials in breast cancer survivors evaluating the
contralateral breast for surrogate endpoint biomarkers is a useful clinical model for testing
novel chemopreventive agents (48). These women have a risk of developing contralateral
breast primaries of 0.5-1% per year (49). One study demonstrated a high concordance of
70% among women diagnosed with an ER-negative primary breast cancer having an ER-
negative contralateral breast cancer (50). Therefore, this serves as a relevant clinical model
for testing chemopreventive agents targeting ER-negative breast cancer.

Strengths of this study include the novel adaptive study design for assessing long-term
toxicity of a potential chemopreventive agent. The placebo group provided the background
rate of lower grade toxicities, as well as important reference levels for all biomarkers. We
had relatively good participant retention with 85% completing the 6-month evaluations. The
main weakness is the relatively small sample size for assessing secondary biomarker
endpoints. Future studies using this clinical model will need to account for rates of missing
data due to inadequate samples for biomarker analysis, particularly for the tissue
biomarkers. Our goal was to obtain preliminary data on the biological effects of Poly E,
which may elucidate potential mechanisms of action that would inform future clinical
efficacy trials. Ongoing trials of green tea in breast cancer include a study in 50 women with
newly diagnosed ductal carcinoma in situ given Poly E 600mg daily for 4-6 weeks prior to
surgical resection (http://clinicaltrials.gov, NCT01060345) and a placebo-controlled trial of
a 1-year intervention of a green tea extract (800mg EGCG daily) in postmenopausal women
with high mammographic density (NCT00917735). These trials include biomarker
endpoints, such as Ki-67 and mammographic density.

In conclusion, using a novel clinical trial design for phase I testing which evaluates long-
term toxicity, we determined the MTD for Polyphenon E to be 600mg bid (total of 1200mg
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EGCG daily), which will serve as the upper safety limit in future long-term intervention
trials. We also demonstrated the bioavailability of Poly E at pharmacologic levels and the
feasibility of conducting an early phase chemoprevention trial in a highly-motivated group
of women with hormone receptor-negative breast cancer. However, in order to conduct more
efficient chemoprevention studies, we need to validate surrogate endpoint biomarkers for
short-term breast cancer risk assessment. In general, the public perception is that dietary
supplements are safe and therefore may gain wider acceptance in the prevention setting
compared to pharmacologic drugs. These agents need to be rigorously tested and future
studies should evaluate the clinical efficacy of Poly E on biomarkers of breast cancer risk.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Flow diagram for subjects who were accrued into the study. DLT, dose limiting toxicity.
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Figure 2.
Participant flow throughout the course of the trial. Participants who received active Poly E
(n = 30) are presented in chronological order from left to right with dose levels on the
vertical axis (1=400mg bid, 2=600mg bid, 3=800mg bid). Open circles indicate participants
who did not develop a dose-limiting toxicity (DLT) and crosses indicate participants who
developed a DLT. Note the dose escalations and de-escalations that occurred with ongoing
data collection on DLTs. The first participant at dose level 3 was enrolled before the two
participants at dose level 2 developed a DLT.
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Table 1

A priori operating characteristics under each scene based upon 5000 computer simulations.

Dose 400 mg 600 mg 800 mg Average #DLT

Scene 1: 400 mg is the MTD

DLT rate 25% 35% 35%

P (Select) 0.73 0.23 0.04 8.5

Average #allocation 20 8 2

Scene 2: 600 mg is the MTD

DLT rate 10% 25% 35%

P (Select) 0.13 0.64 0.22 6.6

Average #allocation 10 14 6

Scene 3: 800 mg is the MTD

DLT rate 5% 10% 25%

P (Select) 0.00 0.19 0.80 4.7

Average #allocation 6 10 14

DLT, Dose-limiting toxicity. Average #allocation, average number of participants allocated to each dose level. Numbers in bold indicate the pre-
specified target DLT rate (25%) and probability of selecting that dose as the correct maximum tolerated dose (MTD).
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Table 2

Participant characteristics

Characteristics Poly E (n = 30) Placebo (n = 10) Total (n = 40)

Age, years

    Median 52 53.5 52

    Range 36-64 40-59 36-64

Menopausal status, n (%)

    Premenopausal 7 (23) 3 (30) 10 (25)

    Postmenopausal 23 (77) 7 (70) 30 (75)

Race, n (%)

    White 18 (60) 5 (50) 23 (58)

    Hispanic 6 (20) 3 (30) 9 (22)

    Black 5 (17) 2 (20) 7 (18)

    Asian 1 (3) 0 1 (2)

Body mass index, kg/m2

    Median 28.2 28.7 28.6

    Range 21.1-40.7 22.6-37.3 21.1-40.7

Breast cancer stage at diagnosis, n (%)

    I 14 (47) 2 (20) 16 (40)

    II 9 (30) 6 (60) 15 (38)

    III 7 (23) 2 (20) 9 (22)

Breast cancer treatments, n (%)

    Chemotherapy 29 (97) 10 (100) 39 (98)

    Trastuzumab 5 (17) 2 (20) 7 (18)

    Radiation therapy 23 (77) 8 (80) 31 (78)

Months since breast cancer diagnosis

    Median 31.5 37 33

    Range 10-170 15-73 10-170
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Table 3

Adverse events by treatment group. Only toxicities that were possibly related to study drug with at least a 5%
incidence rate are listed.

Any Toxicity n (%)
Poly E (n = 30) Placebo (n = 10)

P-value
*

Grade 1 Grade 2 Grade 3 Total n (%) Grade 1 Grade 2 Grade 3 Total n (%)

Gastrointestinal

    Nausea 8 0 0 8 (27) 2 0 0 2 (20) 0.31

    Diarrhea 2 1 0 3 (10) 1 1 0 2 (20) 0.17

    Constipation 3 0 0 3 (10) 0 0 0 0 0.41

    Indigestion 9 0
1
^ 10 (33) 2 0 0 2 (20) 0.20

    Abdominal pain 1 0 0 1 (3) 2 0 0 2 (20) 0.14

    Flatulence 0 1 0 1 (3) 1 0 0 1 (10) 0.19

    GI bleed 0 0
1
^ 1 (3) 0 0 0 0 0.75

    Weight gain 0
1
^ 0 1 (3) 0 0 0 0 0.75

Cardiopulmonary

    Palpitations 1 0 0 1 (3) 1 0 0 1 (10) 0.38

    Dyspnea 0 0 0 0 1 0 0 1 (10) 0.25

    Cough 0 0 0 0 1 0 0 1 (10) 0.25

Metabolic/Hematologic

    Transaminitis 2 0
1
^ 3 (10) 0 0 0 0 0.41

    Hyperbilirubinemia 0 0 0 0 1 0 0 1 (10) 0.25

    High alkaline phos 2 0 0 2 (7) 0 0 0 0 0.56

    High lipase 1 1 0 2 (7) 0 0 0 0 0.56

    Hyperuricemia 1 0 0 1 (3) 1 0 0 1 (10) 0.38

    Proteinuria 3 0 0 3 (10) 1 0 0 1 (10) 0.44

    Anemia 2 0 0 2 (7) 0 0 0 0 0.56

Neurologic

    Headache 0 2 0 2 (7) 2 0 0 2 (20) 0.11

    Confusion 0 0 0 0 1 0 0 1 (10) 0.25

    Insomnia 3 0
1
^ 4 (13) 0 0 0 0 0.30

Endocrine

    Irregular menses 1 0 0 1 (3) 1 0 0 1 (10) 0.38

    Hot flashes 0 1 0 1 (3) 0 0 0 0 0.75

    Flushing 0 0 0 0 1 0 0 1 (10) 0.25

    Vaginal symptoms 0 0 0 0 1 0 0 1 (10) 0.25

*
Comparison using Fisher's exact test.

^
Indicates a dose-limiting toxicity (DLT).
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Table 4

Secondary biomarker endpoints

Biomarker Poly E (n = 26) Placebo (n = 8) P-value
2

Baseline 6 months Baseline 6 months

Total urinary tea polyphenols, μmol/g Cr

    Mean (SD) 16.8 (29.2) 163.8 (176.8) 8.0 (7.0) 19.9 (18.6)

    Mean absolute change from baseline (SD) 152.1 (186.4) 11.8 (13.7) 0.001

    Percent change from baseline 905 148

    P-value
1 <.001 0.05

Estradiol, pg/ml

    Mean (SD) 19.4 (39.5) 6.3 (13.3) 20.0 (35.1) 3.4 (2.6)

    Mean absolute change from baseline (SD) −13.6 (34.2) −19.7 (37.7) 0.98

    Percent change from baseline −70.1 −98.5

    P-value
1 0.05 0.18

Testosterone, ng/dl

    Mean (SD) 18.9 (14.3) 16.9 (9.7) 22.0 (17.1) 17.5 (11.9)

    Mean absolute change from baseline (SD) −2.3 (9.5) −5.1 (8.6) 0.58

    Percent change from baseline −12.2 −23.2

    P-value
1 0.29 0.14

SHBG, nmol/l

    Mean (SD) 53.1 (22.2) 43.9 (18.0) 68.4 (40.1) 52.2 (14.9)

    Mean absolute change from baseline (SD) −7.2 (15.9) −16.5 (30.5) 0.81

    Percent change from baseline −13.5 −24.1

    P-value
1 0.03 0.17

IGF-1, ng/ml

    Mean (SD) 157.3 (48.1) 147.8 (43.2) 159.9 (45.0) 170.8 (35.1)

    Mean absolute change from baseline (SD) 0.3 (34.7) 2.7 (36.8) 0.89

    Percent change from baseline 0.2 1.7

    P-value
1 0.97 0.84

IGFBP-3, ng/ml

    Mean (SD) 4077 (1200) 4383 (1003) 4122 (947) 4506 (1257)

    Mean absolute change from baseline (SD) 462 (921) 250 (782) 0.91

    Percent change from baseline 11.3 6.1

    P-value
1 0.02 0.40

IGF-1/IGFBP-3

    Mean (SD) 0.048 (0.056) 0.034 (0.008) 0.040 (0.011) 0.040 (0.012)

    Mean absolute change from baseline (SD) −0.015 (0.062) −0.001 (0.006) 0.25

    Percent change from baseline −31.3 −2.5
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Biomarker Poly E (n = 26) Placebo (n = 8) P-value
2

Baseline 6 months Baseline 6 months

    P-value
1 0.24 0.77

Ki-67, %

    Mean (SD) 1.5 (1.4) 2.5 (2.8) 0.8 (1.1) 1.3 (1.7)

    Mean absolute change from baseline (SD) 1.0 (3.1) 0.5 (2.4) 0.76

    Percent change from baseline 66.7 62.5

    P-value
1 0.19 0.58

ER, %

    Mean (SD) 32.0 (17.6) 27.6 (14.8) 26.2 (16.2) 15.9 (14.4)

    Mean absolute change from baseline (SD) −4.4 (14.9) −10.2 (21.4) 0.76

    Percent change from baseline −13.8 −38.9

    P-value
1 0.23 0.25

MD, %

    Mean (SD) 16.4 (15.6) 17.1 (16.1) 15.5 (10.4) 16.6 (12.1)

    Mean absolute change from baseline (SD) 0.7 (5.6) 1.1 (4.0) 0.73

    Percent change from baseline 4.3 7.1

    P-value
1 0.58 0.46

Abbreviations: SHBG (sex hormone binding globulin), IGF-1 (insulin-like growth factor-1), IGFBP-3 (IGF binding protein-3), ER (estrogen
receptor), MD (mammographic density)

1
Comparing follow-up to baseline by paired t-test.

2
Comparing the absolute change from baseline in the Poly E vs. placebo groups using Wilcoxon rank sum test.
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