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Abstract

Background—Observational and experimental data support a potential breast cancer
chemopreventive effect of green tea.

Methods—We conducted an ancillary study using archived blood/urine from a phase 1B
randomised, placebo-controlled dose escalation trial of an oral green tea extract, Polyphenon E
(Poly E), in breast cancer patients. Using an adaptive trial design, women with stage -1l breast
cancer who completed adjuvant treatment were randomised to Poly E 400 mg (n = 16), 600 mg (n
=11) and 800 mg (n = 3) twice daily or matching placebo (n = 10) for 6 months. Blood and urine
collection occurred at baseline, and at 2, 4 and 6 months. Biological endpoints included growth
factor [serum hepatocyte growth factor (HGF), vascular endothelial growth factor (VEGF)], lipid
(serum cholesterol, triglycerides), oxidative damage and inflammatory biomarkers.
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Results—From July 2007-August 2009, 40 women were enrolled and 34 (26 Poly E, eight
placebo) were evaluable for biomarker endpoints. At 2 months, the Poly E group (all dose levels
combined) compared to placebo had a significant decrease in mean serum HGF levels (-12.7%
versus +6.3%, P = 0.04). This trend persisted at 4 and 6 months but was no longer statistically
significant. For the Poly E group, serum VEGF decreased by 11.5% at 2 months (P = 0.02) and
13.9% at 4 months (P = 0.05) but did not differ compared to placebo. At 2 months, there was a
trend toward a decrease in serum cholesterol with Poly E (P = 0.08). No significant differences
were observed for other biomarkers.

Conclusions—Our findings suggest potential mechanistic actions of tea polyphenols in growth

factor signalling, angiogenesis and lipid metabolism.

Keywords
breast cancer; chemoprevention; tea polyphenols

Introduction

Observational studies have correlated green tea intake with reduced risk of breast cancer
incidence and recurrence (Seely et al., 2005; Sun et al., 2006; Ogunleye et al., 2010). The
most abundant and possibly most potent polyphenol in green tea is epigallocatechin-3-
gallate (EGCG; Yang et al., 2009). In preclinical studies, EGCG inhibits growth factors,
such as hepatocyte growth factor (HGF), which influences tumour cell growth, migration
and invasion (Bigelow & Cardelli, 2006), and vascular endothelial growth factor (VEGF),
which is involved in angiogenesis (Masuda et al., 2002; Sartippour et al., 2002). In addition,
tea polyphenols have potent antioxidant and anti-inflammatory effects in in vitro and animal
models (Senthil Kumaran et al., 2008), as well as human studies (Hakim et al., 2003; Hsu et
al., 2007; Nguyen et al., 2012). EGCG has also been proposed to promote weight loss and
have a favourable effect on metabolic markers related to obesity (Moon et al., 2007). These
same pathways have been implicated in breast cancer development.

Secondary cancer prevention trials targeting breast cancer survivors are useful clinical
models for studying the effects of potential chemopreventive agents on biomarker endpoints
(Stearns et al., 2004; Crew et al., 2012). These women have a risk of developing
contralateral breast primaries of 0.5-1% per year (Malone et al., 2010). One study
demonstrated a high concordance of 70% among women diagnosed with a hormone receptor
(HR)-negative primary breast cancer having a HR-negative contralateral breast cancer
(Swain et al., 2004). Therefore, these women who are not candidates for adjuvant hormonal
therapy represent a highly motivated patient population for testing chemopreventive agents
targeting HR-negative breast cancer.

We conducted a phase IB dose escalation trial in 40 women with a history of stage I-111 HR-
negative breast cancer given an oral green tea extract, Polyphenon E (Poly E), at three
different dose levels or matching placebo for 6 months (Crew et al., 2012). The primary
outcome of the parent trial was to determine the maximum tolerated dose (MTD) of Poly E,
defined as the dose that causes a dose-limiting toxicity (DLT; grade 2 or higher) in
approximately 25% of participants. We present the results of secondary exploratory
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biomarker analyses using archived blood and urine samples collected from this trial to
evaluate the effects of Poly E on biomarkers associated with breast cancer risk.

Materials and methods

Study population

From July 2007 to August 2009, 40 women were enrolled at four sites, as described
previously (Crew et al., 2012). Institutional review board approval was obtained at each
participating site (Columbia University, MD Anderson Cancer Center, Memorial Sloan-
Kettering Cancer Center and Baylor College of Medicine) and all participants provided their
written informed consent in English or Spanish (NCT00516243).

Eligible participants, as described previously (Crew et al., 2012), included women aged 21—
65 years with a history of histologically-confirmed resected stage I-111 oestrogen receptor
(ER)-negative and progesterone receptor (PR)-negative breast carcinoma without evidence
of disease and a minimum of 6 months since completing adjuvant treatment. Participants
had to abstain from all tea consumption, including supplements that contain tea compounds,
for 30 days prior to baseline and during the 6-month intervention.

Of the 40 participants, 34 completed their 6-month study evaluations (26 Poly E and eight
placebo) and were included in the secondary biomarker analyses. In total, 28 participants
completed the drug intervention (20 Poly E and eight placebo), four were lost to follow-up
(two Poly E and two placebo), five developed a DLT and had to come off study drug, as per
protocol (five Poly E, including four who completed their study assessments), and three
were non-adherent to the study drug (three Poly E, including two who completed their study
assessments; Crew et al., 2012).

Study design and intervention

The study design was a randomised, double-blinded, placebo-controlled, dose escalation
trial of Poly E 400, 600 or 800 mg of EGCG (2-4 capsules) twice daily or matching placebo
(3 : 1 randomisation) for 6 months (Crew et al., 2012). Participants and study investigators
were blinded to drug assignment (Poly E versus placebo) but not to dose level. Assignment
to dose level was based upon the time-to-event continual reassessment method (TITE-CRM,;
Cheung & Chappell, 2000), which assesses long-term toxicity with staggered enrollment
and, on average, allocates more participants to the MTD. Of the 30 participants randomised
to Poly E, 16 were assigned to 400 mg, 11-600 mg and 3-800 mg of Poly E twice daily.
There were no intra-participant dose modifications.

Poly E is a well-defined pharmaceutical-grade decaffeinated oral green tea extract,
containing 65% EGCG and lesser amounts of epicatechin, epigallocatechin and epicatechin
gallate (Chang et al., 2003). Each capsule contains 200 mg of EGCG, equivalent to two to
three cups of brewed green tea. Therefore, the doses tested in this trial were equivalent to the
EGCG content of eight to 24 cups of brewed green tea daily. Five DLTs occurred during this
phase I trial (Crew et al., 2012), including indigestion, transaminitis, insomnia, rectal
bleeding (all grade 3) and weight gain (grade 2). Based upon these findings, Poly E 600 mg
twice daily was defined as the MTD with a DLT rate of 27% (three of 11).
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Measurement of biomarkers

Blood samples and spot urine samples were collected at baseline, and at 2, 4 and 6 months
during the 6-month drug intervention. Biological endpoints included growth factor (serum
HGF, VEGF), lipid (total serum cholesterol, triglycerides), oxidative damage [urine 8-
oxo-7,8-dihydrodeoxyguanosine (8-0xodG) and 15-F,-isoprostanes (15-Fo-1soP), plasma
protein carbonyls] and inflammatory [serum high-sensitivity C-reactive protein (hsCRP),
urine prostaglandin E; metabolite (PGE-M)] biomarkers, as well as total urinary tea
polyphenols. An enzyme-linked immunosorbent assay (ELISA) (R&D Systems,
Minneapolis, MN, USA) was used to detect serum HGF and VEGF levels. Duplicate
aliquots of each sample were run and averaged, and concentrations were determined based
on standard curves. Pretreatment and post-treatment samples from the same patients were
assayed in the same batch for the ELISA. The intra-assay coefficient of variation for HGF
and VEGF was <7.0% and the interassay coefficient of variation for HGF and VEGF was
<9.0%. Standard serum lipid panels (total cholesterol, triglycerides) were measured at the
clinical core laboratory of each participating site. Urine 8-oxodG was measured by a
competitive ELISA (Rossner et al., 2006) and 15-F»-1soP by immunoassay kits (Oxford
Biomedical Research, Oxford, MI, USA). Both biomarkers were expressed as nmol mmol =1
L1 urinary creatinine. Each sample was analysed in duplicate; the interassay coefficients of
variation for 8-oxodG and 15-Fy-1soP were 25% and 8.5%, respectively. Plasma protein
carbonyls were measured by a noncompetitive ELISA (Winterbourn & Buss, 1999) and
serum hsCRP was measured by ELISA (United Biotech, Mountain View, CA, USA).
Urinary PGE-M levels were measured using a liquid chromatography/tandem mass
spectrometric method (Murphey et al., 2004). The lower limit of detection of PGE-M was
40 pg and the coefficient of variation was 7.2%. Five urinary metabolites of tea catechins
[epicatechin, epigallocatechin, methylepigallocatechin (4’-MeEGC), 5-(3/,4’,5’-
trinydroxyphenyl)-y-valerolactone (M4) and 5-(3’,4’-dihydroxyphenyl) -y-valerolactone
(M6)] were assayed by high-performance liquid chromatography, which allows the
determination of free and conjugated forms of tea catechins, as described previously (Inoue-
Choi et al., 2010). These urinary metabolites were summed as a total tea polyphenols index
and the concentration was expressed in units of urinary creatinine by weight (mmol g~1 Cr)
to account for varying urine volumes. All samples were run in the same batch at the same
facility and analysed in a blinded fashion.

Statistical analysis

Descriptive statistics were conducted on each of the biomarker endpoints for the Poly E and
placebo groups. Because of the small numbers and the fact that urinary tea polphenols did
not differ significantly by dose level (data not shown), all three dose levels of Poly E were
combined for the biomarker analyses. We calculated the mean absolute change and
percentage change from baseline for each biomarker. Paired t-tests and two-sample t-tests
were used to compare within-group and between-group differences for the Poly E and
placebo groups, respectively. Linear regression was used to evaluate absolute change in each
biomarker with treatment and baseline values as covariates. Repeated measure analysis of
variance was used with a time interaction term using treatment and dose levels as main
effects. There was no correction for multiple comparisons as a result of the exploratory

J Hum Nutr Diet. Author manuscript; available in PMC 2016 June 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Crew et al.

Results

Page 5

nature of these secondary biomarker endpoints. All analyses were two-sided and conducted
using sas, version 9.2 (SAS Institute, Cary, NC, USA).

The baseline characteristics of the 34 participants included in the secondary biomarker
analyses are summarised in Table 1. The Poly E and placebo groups were well balanced in
terms of baseline characteristics. Median age was 55 years (range 39-65 years), 79% were
post-menopausal and the median body mass index was 29 kg m=2 (range 21-41 kg m=2).
Over half had stage 11111 breast cancer, 88% had prior chemotherapy, and the median time
since diagnosis was 34 months (range 10-170 months). Because the participants were at
least 6 months post-adjuvant therapy prior to enrollment, we anticipated minimal residual
effects of these treatments on our biomarker end-points.

Systemic biomarker analyses are summarised in Table 2. There was an almost 10-fold
increase from baseline in total urinary tea polyphenols in the Poly E-treated group.
Compared to placebo, these differences were statistically significant at 2, 4 and 6 months (P
< 0.001). Mean urinary tea polyphenol levels peaked at 2 months and decreased slightly at 4
and 6 months in the Poly E group (Fig. 1). At 2 months, mean serum HGF levels decreased
by 12.7% for Poly E compared to a 6.3% increase for placebo (P = 0.04). This trend
persisted at 4 and 6 months (Fig. 1) but was no longer statistically significant. Within the
Poly E group, mean serum VEGF levels decreased by 11.5% at 2 months (P = 0.02) and
13.9% at 4 months (P = 0.05). However, these changes were not significant compared to
placebo. There was a trend toward a decrease in total cholesterol with Poly E treatment,
which did not reach statistical significance. No significant differences were observed in the
biomarkers of oxidative damage or inflammation after treatment with Poly E compared to
placebo (Table 2). No significant trends were observed with the serial blood and urine
biomarkers by Poly E dose level or over time (data not shown). The results remained
consistent after adjustment for baseline biomarker values.

Discussion

We demonstrated a significant reduction in serum HGF and a favourable trend in serum
VEGF and total cholesterol during a 6-month intervention of Poly E compared to placebo in
women with a history of hormone receptor-negative breast cancer. Given the small sample
size and a lack of adjustment for multiple comparisons, these results need to be interpreted
with caution and confirmed in a larger study. Nevertheless, the findings are consistent with
published results of Poly E or green tea compounds in other study populations (McLarty et
al., 2009; Stendell-Hollis et al., 2010; Wu et al., 2012).

Hepatocyte growth factor binds to a receptor tyrosine kinase called c-MET and plays a key
role in epithelial- mesenchymal transition and tumour invasion (Birchmeier et al., 2003).
The c-MET receptor is often overexpressed in breast cancer and is associated with a poor
prognosis (Raghav et al., 2012). In an ER-negative breast cancer cell line, EGCG blocked
HGF-induced phosphorylation of c-MET and AKT, and also decreased cell invasion
(Bigelow & Cardelli, 2006), which supports our findings in a population of women with
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hormone receptor-negative breast cancer. In terms of angiogenesis, EGCG has been shown
to decrease VEGF mRNA and protein levels (Masuda et al., 2002; Sartippour €t al., 2002)
and disrupt VEGF-receptor 2 dimerisation (Rodriguez et al., 2006). In animal models,
EGCG and green tea compounds suppressed angiogenesis in a lung tumourigenesis model
(Liao et al., 2004) and tumour microvessel density in a murine gastric cancer model (Zhu et
al., 2007). In human studies, short-term administration of Poly E 800 mg daily for 2-6
weeks in patients with early stage prostate or breast cancer was associated with reductions in
serum HGF and VEGF (McLarty et al., 2009; Campbell et al., 2010). These results support
potential mechanisms of action of green tea extract in HGF signalling and angiogenesis.

Tea polyphenols are considered potent antioxidants. In in vitro and animal models, EGCG
caused reduced oxidative damage and decreased levels of protein carbonylation and lipid
peroxidation (Senthil Kumaran et al., 2008). In human studies, patients on hemodialysis
given green tea catechins for 3 months had reduced CRP and other pro-inflammatory
markers compared to controls (Hsu et al., 2007). In a randomised controlled trial of heavy
smokers, four cups of decaffeinated green tea daily for 4 months reduced urinary 8-oxodG
by 31% (Hakim et al., 2003). In addition, a randomised controlled trial of Poly E 800 mg
daily for 3-6 weeks in 103 men with localised prostate cancer observed a favourable trend in
oxidative DNA damage in blood leukocytes (Nguyen et al., 2012). We did not observe
significant changes in oxidative damage or inflammatory biomarkers in this trial, possibly as
a result of the small sample size. Another explanation for these inconsistent findings may be
that the antioxidative effects of EGCG are only apparent in the presence of excessive
oxidative stress (Yang et al., 2009).

Epigallocatechin-3-gallate has been proposed to promote weight loss and have a favourable
effect on metabolic markers of obesity (Moon et al., 2007). In a randomised controlled trial
of Poly E 400 or 800 mg daily for 2 months in 103 healthy post-menopausal women, low-
density lipoprotein cholesterol, glucose and insulin decreased significantly with Poly E
compared to placebo (Wu et al., 2012). To determine the effects of green tea on metabolic
parameters, weight and body composition, 54 overweight breast cancer survivors were
randomised to 6 months of daily decaffeinated green tea versus placebo tea (Stendell-Hollis
et al., 2010). Green tea intake was associated with a significant increase in high-density
lipoprotein cholesterol and nonsignificant trends in decreased body weight and improved
glucose homeostasis. We also observed a trend toward decreased total serum cholesterol
with 6 months of Poly E compared to placebo, although this did not reach statistical
significance. No significant change in body weight was observed in the Poly E group
compared to placebo (data not shown). Therefore, a potential cancer preventive mechanism
of tea catechins may be through targeting insulin resistance and the metabolic syndrome.

The strengths of the present study include the randomised controlled design, the relatively
long-term drug intervention and the placebo group, which provided reference levels for all
biomarkers. A weakness is the relatively small sample size, particularly the number of
placebo controls. Although 34 (85%) of the participants completed the study evaluations,
only 28 (70%) completed the 6-month drug intervention, partly as a result of the five DLTs
that warranted stopping the study drug. Mean urinary tea polyphenols peaked at 2 months on
Poly E but decreased slightly over time during the 6-month intervention, most likely as a
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result of drop-outs and drug compliance. As a result, the greatest biomarker changes
occurred at 2 months and decreased over time. Because effective chemopreventive drugs
will likely require prolonged chronic use, safety, tolerability and long-term compliance with
these agents all need to be addressed to maintain their efficacy.

There are currently limited data available regarding the effects of tea catechins for breast
cancer prevention from human intervention trials. An ongoing randomised double-blind
placebo-controlled trial is examining the effects of a 1-year intervention of an oral green tea
extract in 800 post-menopausal women on mammaographic density and other circulating
biomarkers of breast cancer risk (NCT00917735). The results of our trial may inform the
choice of systemic biomarkers for this larger primary prevention study.

In summary, our results suggest potential mechanisms of action of tea polyphenols in HGF
signalling, angiogenesis and lipid metabolism. The optimal dose, duration and formulation
of green tea and target population for breast cancer prevention have yet to be determined. In
general, the public perception is that dietary supplements are safe and therefore they may
gain wider acceptance in the prevention setting compared to pharmacological drugs.
However, these agents need to be rigorously tested in future studies before translating to
clinical practice.
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Figure 1.

Changes in systemic biomarkers among women with previously treated hormone receptor-
negative breast cancer given Polyphenon E (Poly E) versus placebo (n = 34) HGF,
hepatocyte growth factor; VEGF, vascular endothelial growth factor. *P-value < 0.05,
paired t-test comparing mean absolute change from baseline within Poly E or placebo
groups. ~ P-value <0.05, two-sample t-test comparing mean absolute change from baseline
in Poly E versus placebo groups.
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Table 1
Baseline demographic and clinical characteristics of the subset of women with previously
treated hormone receptor -negative breast cancer, participating in a Polyphenon E (Poly
E) intervention study, and evaluable for biomarker analyses (n = 34)
Characteristics Poly E(n=26) Placebo(n=8) Total (n=34)
Median age, years (range) 54.5 (39-65) 56.5 (47-61) 55 (39-65)
Menopausal status, n (%)
Premenopausal 5(19) 2 (25) 7(21)
Post-menopausal 21(81) 6 (75) 27 (79)
Race, n (%)
White 15 (58) 5 (63) 20 (59)
Hispanic 5(19) 2(25) 7 (20)
Black 5 (19) 1(12) 6 (18)
Asian 1(4) 0(0) 1(3)
Median body mass index (kg m=2) (range) 28 (21-41) 29 (23-34) 29 (21-41)
Stage, n (%)
1 13 (50) 2 (25) 15 (44)
Il 727 4 (50) 11 (32)
1 6 (23) 2 (25) 8 (24)
Breast cancer treatments, n (%)
Chemotherapy 23(88) 7(88) 30 (88)
Trastuzumab 4 (15) 3(38) 7(21)
Radiation therapy 19 (73) 7 (88) 26 (76)
Median time since diagnosis, months (range) 31 (10-170) 40 (17-73) 34 (10-170)
Dose level of Poly E, n (%)
400 mg bid 14 (54) -
600 mg bid 11 (42) -
800 mg bid 1(4) -
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