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ABSTRACT

Purpose: Although preclinical, epidemiological and prior clinical trial data suggest
that green tea catechins (GTCs) may reduce prostate cancer (PCa) risk, several preclinical
studies and case reports have reported liver toxicities and acute gastrointestinal
bleeding. Based on these observations, regulatory bodies have required stringent
inclusion criteria with frequent, excessive toxicity monitoring and early stopping rules
in clinical trials. These requirements have impeded recruitment and retention of subjects
in chemoprevention trials and subsequent progress in agent development efforts.

Experimental Design: We conducted a placebo-controlled, randomized clinical
trial of Polyphenon E® (PolyE®), a proprietary mixture of decaffeinated GTCs,
containing 400 mg (—)-epigallocatechin-3-gallate (EGCG) per day, in 97 men with
high-grade prostatic intraepithelial neoplasia (HGPIN) and/or atypical small acinar
proliferation (ASAP). PolyE® containing 200 mg EGCG was administered with food,
BID. A secondary study endpoint in this trial was a comparison of the overall one-year
treatment related adverse events and grade 3 or higher adverse event on the two
study arms. Monthly assessments of toxicity (CTCAE 4.0), concomitant medications
and organ function, including hepatic panel, PT/PTT and LDH, were performed.

Results: Daily intake of a standardized, decaffeinated, catechin mixture
containing 200 mg EGCG BID taken with food for 1 year accumulated in plasma and
was well tolerated and did not produce treatment related adverse effects in men with
baseline HGPIN or ASAP.

Conclusion: The current data provides evidence of safety of decaffeinated,
catechin mixture containing 200 mg EGCG BID to be further tested for prostate cancer
prevention or other indications.

INTRODUCTION such as China, Japan, Korea, and India for centuries
[1-5]. The catechins present in Green tea include

Green tea, extracted from the leaves of the Camelia (—)-epigallocatechin-3-gallate (EGCG), (—)-epicatechin
sinensis species of the Theaceae family has been (EC), (—)-epigallocatechin (EGC), and (—)-epicatechin-
extensively consumed as a beverage in Asian countries 3-gallate (ECG) [32]. Among these green tea catechins
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(GTC), in vitro and animal studies have demonstrated that
(—)-epigallocatechin-3-gallate (EGCG) is bioavailable
and targets the molecular pathways implicated in prostate
carcinogenesis. [2, 4—7]. GTC tested in preclinical [2-4, 7-
10] and Phase I/II studies for durations of interventions no
longer than 3 months,, have demonstrated bioavailability
at doses anywhere between 200-1200 mg EGCG per day
[11-17]. Several caveats critical to ensure safety in the
design of phase II clinical trials have evolved from these
earlier reports. In animal and phase I clinical trials, it has
been shown that bioavailbility is increased when GTCs
are consumed in a fasting state [18]. However, toxicity,
including hepatotoxicity is increased. [19-27]. In these
cases, terminating administration of GTC normalized
liver function while restarting supplementation with GTC
elevated markers of hepatotoxicity [28, 29]. In addition,
the National Cancer Institute’s Division of Cancer
Prevention communicated a case of acute rectal bleeding
with EGCG supplements. On the other hand, Pisters et al.
[30] reported that the neurological and gastrointestinal
adverse events observed with oral green tea extracts
administered to adult patients with solid tumors were
caffeine-related, and not from catechins. However,
Bettuzzi et al. reported no toxicities with green tea
catechins in men with HGPIN randomized to receive 300
mgs EGCG per day for one year [10—11]. Although this
was the only clinical trial of one-year duration, the study
had several limitations. For example, GTC supplement
used in the study were not put through rigorous testing
for stability of catechin content over the duration of the
trial. The study, in addition, did not collect nor report
objective data on compliance, adherence or dose-related
toxicity, including liver toxicity [10, 11]. Current data
fail to provide safety and tolerance information with
substantial duration of exposure to GTC, relevant for
clinical application for chemoprevention. Despite the lack
of evidence, the use of various formulations of GTC as a
dietary supplement or as an ingredient in functional foods
have increased significantly over the past decade [31],
leading to concerns regarding safety with prolonged use
of GTC. Based on the toxicities reported in case reports
and preclinical data, the Food and Drug Administration
(FDA), has imposed stringent criteria for subject selection,
periodic and comprehensive monitoring of toxicity and
rules for early stopping of study agent for all grades of
toxicity, including for grades I-II. This has impeded
recruitment and retention of populations at high risk for
cancer in well-designed clinical trials using GTC. With
the current evidence supporting the evaluation of GTC
for cancer chemoprevention in larger cohorts of men
diagnosed with precursor lesions (high-grade prostatic
intraepithelial neoplasia) or on active surveillance,
which may require longer periods of interventions
[32], underscores the need for information on safety of
prolonged use of GTC in well-designed clinical trials is
much needed.

To further evaluate the effectiveness and safety of
GTCs for prostate cancer chemoprevention, administered
for a duration of 12 months, we conducted a randomized,
trial of Polyphenon E® (PolyE), a proprietary mixture of
green tea catechins, in 97 men diagnosed with atypical
small acinar proliferation (ASAP) or/and HGPIN [32].
Each capsule of PolyE contained 200 mg epigallocatechin
gallate, 48.5 mg epigallocatechin, 34.2 mg epicatechin, 20
mg epicatechin gallate, and other tea catechins, 28.8 mg
pregelatinized starch, 2.25 mg colloidal silicon dioxide,
and 2.25 mg magnesium stearate (Mitsui Norin Co.,
Ltd., Shizuoka, Japan), in compliance with current good
manufacturing practice regulations. The effectiveness
of the agent compared to placebo has been reported
previously by our team [18, 32]. Secondary outcome
measures that were proposed in this trial included a
comparison of treatment emergent adverse events (AEs)
with 12 month administration of PolyE as measured by
the number of participants with AEs possibly or probably
related to treatment and grade 3 or higher adverse event on
the two study arms [32].

RESULTS

After screening men for eligibility, ninety seven
men (97) were randomized to the trial, with 49 subjects
randomized to the treatment arm (PolyE) group and 48
to the placebo group of the trial. Seventy (70) subjects
completed the full one year intervention and an additional
four reached the six months point with a biopsy at that
point. The demographic data regarding the study subjects
are displayed in Table 1. The two study arms were matched
equally on biomarkers of known risk for prostate cancer.
Based on the results, concentrations of plasma EGCG were
significantly higher in men in the treatment arm compared
to those in the placebo arm of the trial. (Table 2). Change
in plasma EGCG concentrations in individual subjects was
observed to be greater in the treatment arm (Poly E) at 6
and 12 months compared to placebo. In spite of multi-level
verification of compliance by the use of pill counts and
diaries, and specific instruction to take the agent 1-2 hours
prior to coming in for blood draw to determine catechin
levels, individual EGCG concentrations decreased in
subjects in the PolyE arm after 6 months. We were unable
to detect or other catechins other than EGCG or they were
below quantifiable concentrations in subjects in both the
treatment and placebo arms of the trial. Nutrient intake of
macro and micronutrients in both the treatment and placebo
arms remained unchanged from start to end of study [32].

We present in Table 3 toxicity summary by
maximum grade (definite, probable, possible, unlikely,
and unrelated) and the toxicities by final attribution are
presented in Tables 3—4 respectively. Compared to the
placebo group, more possible and probable events related
to study agent was observed in the men treated with the
study agent, Among these events observed, only one (1)
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Table 1: Demographic characteristics of all study participants randomized to the clinical trial (N=97)

Poly E (N=49)  Placebo (N=48)

Variables Levels P value*
N (%) N (%)
Age (years) Mean (SD) 62.0 (7.9) 64.1(7.9) 0.24
Black Or African American 8(16.3) 12 (25.0)
Race 0.32
White 41 (83.7) 36 (75.0)
Hispanic 6(12.2) 3(6.3)
Ethnicity Non-Hispanic 42 (85.7) 45 (93.8) 0.40
Unknown 1(2.0) 0 (0.0)
) ) N 42 (85.7) 45 (93.8)
Family History of Prostate Cancer 0.32
Y 7(14.3) 3(6.3)
Body Mass Index
(Weight in Kgs/height in m?) Mean (SD) 29.6 (4.9) 29.8 (4.9) 0.91
PSA (ng/ml) Mean (SD) 4.5 (1.8) 4.6 (2.1) 0.67
Subjects with baseline HGPIN 32(65.3) 34(70.8) 0.66
No. of cores with baseline HGPIN Mean (SD) 1.8 (1.4) 2(1.1) 0.13
Subjects with baseline ASAP 17 (34.7) 14(29.2) 0.66
No. of cores with baseline ASAP Mean (SD) 1.3 (0.6) 1.5 (0.8) 0.44

Abbreviations: ASAP, atypical small acinar proliferation; HGPIN, high-grade prostatic intraepithelial neoplasia; PSA,
prostate-specific antigen; SD, standard deviation.
*P values were computed by Fisher’s exact test for categorical variables, Wilcoxon rank-sum test for continuous variables

Table 2: Plasma concentrations of EGCG from baseline to post intervention by study arm (N=74)

Placebo Polyphenon E®
Time o, 0 0 0 P
(months) N(EGCG>0) leléslr/:ile “:edia“ Q17lir/:ile N lelzsir/:ile Median Q171:51r/toile value*
ng/mL g/mL ng/mL (EGCG>0) ng/mL ng/mL ng/mL
0 0/38 0 0 0 0/36 0 0 0 1
6 2/37 0 0 0 22/35 0 6.6 21.8 <.0001
12 1/31 0 0 0 13/28 0 0 11.5 0.0002

*P value comparing all individual patients’ plasma EGCG concentrations at each time point between placebo vs. poly E was
calculated from Wilcoxon rank-sum test, 2-sided.

event was categorized as a Grade III AE (nausea) that excessive bleeding or clotting disorders. Subjects in both
was possibly related to PolyE. All other events were arms reported musculosketal pain. However, these reports
grade I-II metabolic abnormalities such as changes did not differ significantly between the two arms of the
in LFTs observed primarily from monthly laboratory study with some of these events present in those using
testing (CMP and CBC, LFTs) and not events reported statins (Placebo: 3/5 and Poly E 9/13 events). A greater
by subjects. Similarly, relatively more events of changes number of events of pain were reported in the treatment
in PT/PTT in the Poly E arm compared to the placebo., arm compared to placebo, although these symptoms were
Additionally, we did not observe any differences between determined unrelated to study agent. [Placebo: 9 (19%)
groups related to serum PT/PTT that were indicative of and Poly E: 17 (35%) (P =0.08)].
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Table 3: Summary of Toxicities by Final Attribution and Treatment Arm - All Patients (N=97)

Final Attribution Treatment Arms

N (%) Placebo Polyphenon E® Total
Definite 0(0) 0 (0) 0(0)
Possible 3(1.78) 7(3.30) 10(2.62)
Probable 1(0.59) 5(2.36) 6(1.57)
Unlikely 9(5.33) 7(3.30) 16(4.20)
Unrelated 156(92.31) 193(91.04) 349(91.60)
Total 169(44.36) 212(55.64) 381(100.0)

Table 4: Comparison of all Adverse events by Group and Toxicity Symptom category: (n=97)

Toxicity Category Placebo # Subjects (%) Poly E # Subjects (%) P value*
Allergy/Immunology 4(8) 3(6) 0.77
Auditory/Ear 1(2) 0(0) K
Blood/Bone Marrow 16(33) 15(31) 0.84
Cardiac Arrhythmia 2(4) 1(2) *k
Cardiac General 1(2) 1(2) *ok
Coagulation 5(10) 11(22) 0.12
Constitutional Symptoms 9(19) 11(22) 0.71
Death 0(0) 1(2) o
Dermatology/Skin 3(6) 7(14) 0.24
Endocrine 0(0) 2(4) ok
Gastrointestinal 12(25) 17(35) 0.31
Hepatobiliary/Pancreas 1(2) 1(2) ok
Infection 2(4) 5(10) 0.28
Lymphatics 0(0) 1(2) *ox
Metabolic/Laboratory 37(77) 34(69) 0.49
Musculoskeletal/Soft Tissue 3(6) 9(18) 0.07
Neurology 3(6) 3(6) ok
Ocular/Visual 1(2) 3(6) *
Pain 9(19) 17(35) 0.08
g‘élsrgi‘;gfgympper 7(15) 7(14) 1
Renal/Genitourinary 11(23) 11(22) 1
Other Symptoms 1(2) 2(4) *ox

* Barnard test for toxicity category ** p-values are not provided if the total number of toxicities was 3 or fewer.
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During the trial period and as directed by Food and
Drug Administration, 11 subjects from the treatment arm
and 7 in the placebo arm, met off-study criteria due to
AEs. (Data not shown). On the other hand, the numbers
of subjects with specifically, grade I-II liver toxicity
and the off-study criteria set forth by the FDA were not
statistically significantly different between the two groups
[32]. The single grade IV toxicity was a reported suicide,
unrelated to study agent.

We did not observe any change in Lower Urinary
Tract Symptoms and Quality of Life scores between the
two arms of the study from baseline to end of study.

DISCUSSION

Our study is the first randomized clinical trial of the
safety of a GTC containing 400 mgs EGCG administered
in divided doses and non-fasted condition for duration
of 1 year. One year administration of 400 mgs EGCG
administered in a fed state and in divided doses of 200
mgs EGCG twice a day did not produce liver or other
toxicities in men at elevated risk for prostate cancer.
With the exception of a single grade III nausea reported
that may possibly be related to PolyE, no other dose
limiting toxicities were observed at this dose and mode of
administration.

In preclinical chronic toxicity studies performed
in dogs administered during a fasting state have
revealed some distinctive limiting toxicities, including
gastrointestinal, hepatic and renal toxicities [21]. The
GTC mixture used in these studies were formulated
primarily with EGCG [>55%] in addition to 10% each
of epigallocatechin, epicatechin, and epigallocatechin
gallate [21]. Using the same dose levels, when these
studies were conducted in non-fasted dogs, toxicities
were unremarkable, suggesting that the fasting condition
may have contributed to the increased vulnerability of
the target organs to toxicity with GTC. In a preclinical
study [17] targeting TRAMP mice with several doses of
a standardized GTC-PolyE, we failed to observe liver
or other toxicities. Similarly, in animal studies with
EGCG, Isbrucker et al. [37] did not observe toxicities,
including liver toxicities. In the past few years, several
case reports of liver toxicity including liver failure have
been reported with oral green tea extracts when used for
weight loss or for other indications [20-25]. The dose
of GTC used in these case reports ranged from 375 mgs
[22-24] for 4 months to 1.8 grams GTC per day [25],
predominantly used as weight loss supplements along
with other ingredients. However, the liver toxicities
reported have included non-standardized formulations
with varying doses, compositions and duration of use of
GTC. Additionally, the intake was predominantly self-
reported cases with poor documentation of other potential
contaminants as well as concomitant medications that may
have been consumed with the green tea. The results of our

trial, however, failed to demonstrate differences in liver
toxicity between the treatment and placebo arms when
GTCs were administered at a dose of 200 mgs EGCG
BID in a non-fasting state. Based on a case report of
rectal bleeding with high doses of GTC, communicated
by NCI-DCP, the FDA required addition of a criterion
to exclude men with history of medical conditions that
may predispose them to gastrointestinal bleeding (acute
or chronic gastritis or colitis, or acute diverticulitis or
hemorrhoids). However, based on our findings, we did
not observe significant differences between toxicities due
to bleeding or elevated serum PT/PTT between the two
arms of the study. With subjects at risk of gastrointestinal
bleeding disorders already excluded from our trial, we
are unable to ascertain if the absence of these toxicities
were related to this exclusion or if this was simply
a symptom that we did not observe. However, other
phase I-II clinical trials [11, 13, 18, 35, 38, 39] did not
specifically examine these changes and adverse events
related to gastrointestinal bleeding with GTC have
not been reported. Study subjects in both the treatment
and placebo arms reported symptoms of pain including
musculoskeletal pain, with several more events reported
by men in the treatment arm. These grade I-II events
were all in men on statins. Notably, musculoskeletal
conditions, arthropathies, injuries, and pain are relatively
more common among statin users than among nonusers
[40—43]. One of the most common symptoms observed
in over 25% of statin users is myopathy characterized
by symptoms of cramping, weakness and muscle fatigue
[40—43]. Musculoskeletal pain, particularly in the lower
extremities, among individuals without arthritis has
been reported [40]. Although the mechanisms implicated
in statin-induced myopathy have not been elucidated,
research suggests that apoptosis of myofibers [42] may
contribute to musculoskeletal conditions related to
statin use [42]. Although the sample size in this clinical
trial was too small to examine and characterize other
contributing factors such as physical activity, arthritis
or other contributory conditions, future studies should
continue to monitor these symptoms. LUTS represent
a common cluster of symptoms including of storage,
voiding, and post-micturition, with reported debilitating
effect on quality of life [32, 33, 44, 45]. LUTS is reported
more commonly in men over age 60 and those diagnosed
with benign prostatic hyperplasia [11, 12, 32, 33, 44,
45]. Subjects in our clinical trial study were generally
asymptomatic at baseline and post intervention in both the
treatment arm receiving PolyE® and placebo.

Although findings of chemoprevention interventions
with 5-alpha-reductase inhibitors, finasteride and
dutasteride have previously reported reduced risk of PCa,
their use was also associated with increased detection
of high-grade disease, severely limiting their clinical
adoption as prostate cancer prevention agents [47]. Based
on these observations, we observed rates of PCa at one
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year, serum PSA as well as Gleason scores of men who
progressed to PCa within the year in this study population.
Rates of PCa at 1 year as well as Gleason scores in men
treated with Poly E were lower compared to the placebo
arm. Although the sample sizes were small, these
observations indicate that PolyE may not be associated
with increased risk of detection of high-grade disease.
In men with HGPIN without ASAP at baseline, we did
not observe any progression to ASAP (0/26) in the Poly
E arm compared to (5/25) in the placebo arm who were
subsequently diagnosed with ASAP [32].

In summary, our study provides strong evidence that
a daily intake of a standardized, decaffeinated catechin
mixture containing 400 mg EGCG per day for 1 year
administered with food (non-fasting), in two divided
doses, accumulated in plasma, was well tolerated and
did not produce treatment related adverse effects in men
with ASAP or HGPIN. Additionally, GTC at this dose and
duration of intervention was not associated with increased
risk of detection of high-grade disease in group of men at
end of study (EOS).

MATERIALS AND METHODS

Selection and description of participants

The study and the consent procedures were
approved by the institutional review boards of all
participating institutions. A consort diagram depicting
the number of subjects screened, enrolled, randomized
and completed intervention as well as detailed materials
and methods for this study have been previously reported
[32]. Briefly, men between ages 30-80 with a biopsy-
proven diagnosis of HGPIN and/or ASAP less than 3
months before randomization, with no history of cancer,
hepatic or renal disease, restricted from taking steroid or
other supplements, or more than 6-12 cups of green tea a
day, were eligible. All prostate biopsies were reviewed by
a central pathology laboratory and all pathologists were
unaware of the treatment-group assignment. Discordant
interpretations were arbitrated by a referee pathologist
(senior pathologist at Moffitt Cancer Center), and
concordance was achieved in all cases. Participants were
enrolled at the Moffitt Cancer Center, James A. Haley VA
Hospital, Tampa and University of Florida, Jacksonville,
Florida from September 2008 to March 2013.

Technical information

After eligibility was confirmed and consent
obtained, participants were assigned to the intervention or
placebo arm (1:1 randomization) using the SRAR system,
a web-delivered subject registration application, stratified
by diagnosis (HGPIN or ASAP). At randomization,
baseline assessments of lower urinary tract symptoms
(LUTS) using the LUTS Symptoms Scale [33], quality

of life (QOL), using the Rand Short-form (SF)-36 [34],
prostate specific antigen (PSA) and plasma catechin levels
were obtained. Total serum PSA was determined using
radioimmunoassay methods for determining total PSA
by Quest Diagnostics. (Tampa, Florida). Blood samples,
urine and tissue from diagnostic biopsy were collected for
baseline measurements and banked for future studies.
Although increased oral bioavailability occurs when
GTCs are consumed in a fasting state [18], increased
toxicity has been reported when EGCG is taken in a fasting
state than when taken in a fed state. Studies on single doses
in fasting and fed conditions using 400, 800 and 1200 mgs
EGCG have reported higher plasma EGCG concentrations
in fasting conditions relative to fed conditions [19, 21].
Similarly, the bioavailability and tolerance to a multiple
dosing schedule compared to a single daily dose of
EGCG has been reported [35]. Based on these studies,
participants were instructed to take the agent in divided
doses of one capsule (200 mg EGCG) twice a day on a full
stomach, one capsule with breakfast and one with dinner,
to provide a continuous dose of EGCG while reducing
any gastrointestinal symptoms and to minimize toxicity.
With reports of liver toxicity in clinical and preclinical
trials [22-27], the FDA also required liver function tests
performed at baseline and repeated every four weeks while
subjects were on treatment. Following any elevation in
ALT, the FDA required that study drug be withheld (grade
1) or discontinued (grade 2), and liver function monitored
until recovery to normal. With reports of rectal bleeding
reported in case study of a woman who took mega-doses
of EGCG for weight loss, criteria for exclusion included
those subjects with any chronic rectal bleeding. Serum
PT/PTT were also monitored monthly for excessive
bleeding or bleeding disorders based on a case report of
rectal bleeding (personal communication from DCP) with
high doses of GTC. Criteria for exclusion included men
with history of medical conditions that may predispose
the subject to gastrointestinal bleeding (acute or chronic
gastritis or colitis, or acute diverticulitis or hemorrhoids).
LUTS [31], QOL [34], plasma catechin levels, PSA
and nutritional intake data were evaluated at baseline,
3 and 6 months, and at end-of-study (EOS). Monthly
assessments of toxicity (CTCAE 4.0), concomitant
medications and organ function, including hepatic panel,
PT/PTT and LDH, were performed. Repeat biopsies were
performed at six months for: (a) PSA velocity >0.75ng/
ml, or; (b) documentation of a prostate nodule on digital
rectal examination. All participants who did not have PCa
detected on an interim biopsy underwent EOS biopsy at
1 year. Any toxicities (adverse events) occurring during
the study were reviewed by the treating physician and
managed according to standard medical practice. The
intervention was terminated if a participant developed PCa
or a serious adverse event. All subjects were contacted 7+3
days following the 1-year intervention to assess toxicity
and concomitant medications. Toxicities were monitored
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continuously through the trial by the PI and study
physician at each site. The study was monitored following
a monitoring plan developed by the Protocol Review and
Monitoring System at the Moffitt Cancer Center and an
External Data and Safety Monitoring Board (EDSMB).

Compliance with study agent intake was measured
during monthly visits via pill counts and self-reported
daily study-agent intake logs. Adherence was assessed by
measuring plasma catechin levels at baseline, 6 months
and EOS. A validated liquid chromatography triple
quadrupole mass spectrometry (LC/MS/MS) method
(Thermo Scientific, San Jose, CA) was used to determine
plasma catechin levels. We were able to successfully
quantitate the four catechins (EGCG, EGC, ECG and EC)
using methods previously described [13, 18, 35].

Results of the primary endpoint comparing the
cumulative number of PCa diagnoses at 1-year on the two
study arms have been published. Secondary endpoints
included comparisons of overall: (a) treatment-related
adverse events; (b) AEs definitely, possibly or probably
related to treatment; and (c) AEs grade 3 or higher per
treatment arm from baseline to 6 and 12 months. (Clinical
Trials.gov NCT00596011).

Statistical analysis

Baseline participant characteristics were compared
between the two groups using Fisher exact tests for
categorical variables and Wilcoxon rank-sum test for
continuous variables. Trend for adverse events by group,
grade and causality were compared using the Jonckheere-
Terpstra test and toxicity symptoms using the Barnard
unconditional test [36] Plasma EGCG levels, nutritional
intake, LUTS and QOL were compared by study arm from
baseline to end of intervention using 2-sided Wilcoxon
rank-sum test. The overall rate of PCa diagnoses among
men with HGPIN or ASAP on baseline biopsy in the two
treatment groups was compared using the log-rank test,
with event times at either 6 or 12 months. A pre-specified
secondary endpoint comparing the cumulative 1-year rate
of PCa plus ASAP among men with HGPIN without ASAP
at baseline was performed using the Barnard unconditional
test, as no cases of PCa were detected before the 12 month
EOS biopsy in this group. An intention-to-treat analysis
was used for the primary efficacy endpoint. We estimated
the overall treatment effect on serum PSA between the
two arms using the GEE model which accounts for all 74
patients with PSA values at 6 and 12 months. To assess
the effect of treatment on PCa grade in subjects who
developed PCa while on study, we compared Gleason
categories using a Fisher exact test at oo = .05 for the 2x4
contingency table.

ACKNOWLEDGMENTS

None.

CONFLICTS OF INTEREST

The authors of this manuscript have no potential
conflicts of interest to report.

GRANT SUPPORT

The research funding for this work was awarded
to Nagi B Kumar by the National Institute of Health -
National Cancer Institute RO1 CA12060-01A1.

REFERENCES

1. Ito K. Prostate cancer in Asian men. Nat Rev Urol. 2014;
11:197-212.

2. Jian L, Xie LP, Lee AH, Binns CW. Protective effect of
green tea against prostate cancer: a case-control study in
southeast China. Int J Cancer. 2004; 108:130-135.

3. Kelloff GJ, Crowell JA, Hawk ET, Steele VE, Lubet RA,
Boone CW, etal. Clinical Development Plan: Tea extracts,
green tea polyphenols, epiggocathechin gallate. J Cell
Biochem. 1996; 26:236-257.

4. Lee J, Demissie K, Lu SE, Rhoads GG. Cancer incidence
among Korean-American immigrants in the United States
and native Koreans in South Korea. Cancer Control. 2007;
14:78-85.

5. Yuan JM. Cancer prevention by green tea: evidence
from epidemiologic studies. Am J Clin Nutr. 2013;
98:1676S-16818.

6. Connors SK, Chornokur G, Kumar NB. New insights
into the mechanisms of green tea catechins in the
chemoprevention of prostate cancer. Nutr Cancer. 2012;
64:4-22.

7. Kazi A, Daniel KG, Smith DM, Kumar NB, Dou QP.
Inhibition of the proteasome activity, a novel mechanism
associated with the tumor cell apoptosis-inducing ability of
genistein. Biochem Pharmacol. 2003; 66:965-976.

8. Adhami VM, Siddiqui IA, Sarfaraz S, Khwaja SI, Hafeez
BB, Ahmad N, Mukhtar H. Effective prostate cancer
chemopreventive intervention with green tea polyphenols
in the TRAMP model depends on the stage of the disease.
Clin Cancer Res. 2009; 15:1947-1953.

9. Khan N, Mukhtar H. Modulation of signaling pathways
in prostate cancer by green tea polyphenols. Biochem
Pharmacol. 2013; 85:667-672.

10. Nam S, Smith DM, Dou QP. Ester bond-containing tea
polyphenols potently inhibit proteasome activity in vitro
and in vivo. ] Biol Chem. 2001; 276:13322-13330.

11. Bettuzzi S, Brausi M, Rizzi F, Castagnetti G, Peracchia G,
Corti A. Chemoprevention of human prostate cancer by oral
administration of green tea catechins in volunteers with
high-grade prostate intraepithelial neoplasia: a preliminary
report from a one-year proof-of-principle study. Cancer Res.
2006; 66:1234-1240.

www.impactjournals.com/oncotarget

Oncotarget



13.

14.

16.

17.

19.

20.

21.

22.

23.

24.

Brausi M, Rizzi F, Bettuzzi S. Chemoprevention of human
prostate cancer by green tea catechins: two years later. A
follow-up update. Eur Urol. 2008; 54:472-473.

Chow HH, Cai Y, Alberts DS, Hakim I, Dorr R, Shahi F,
Crowell JA, Yang CS, Hara Y. Phase I pharmacokinetic
study of tea polyphenols following single-dose
administration of epigallocatechin gallate and polyphenon
E. Cancer Epidemiol Biomarkers Prev. 2001; 10:53-58.

Gupta S, Hastak K, Ahmad N, Lewin JS, Mukhtar H.
Inhibition of prostate carcinogenesis in TRAMP mice by
oral infusion of green tea polyphenols. Proc Natl Acad Sci
U S A.2001; 98:10350-10355.

Harper CE, Patel BB, Wang J, Eltoum 1A, Lamartiniere CA.
Epigallocatechin-3-Gallate suppresses early stage, but not
late stage prostate cancer in TRAMP mice: mechanisms of
action. Prostate. 2007; 67:1576-1589.

Khan N, Adhami VM, Mukhtar H. Review: green tea
polyphenols in chemoprevention of prostate cancer:
preclinical and clinical studies. Nutr Cancer. 2009;
61:836-841.

Kim SJ, Amankwah E, Connors S, Park HY, Rincon
M, Cornnell H, Chornokur G, Hashim Al, Choi J, Tsai
YY, Engelman RW, Kumar N, Park JY. Safety and
chemopreventive effect of Polyphenon E in preventing early
and metastatic progression of prostate cancer in TRAMP
mice. Cancer Prev Res (Phila). 2014; 7:435-444.

Chow HH, Hakim IA, Vining DR, Crowell JA, Ranger-
Moore J, Chew WM, Celaya CA, Rodney SR, Hara
Y, Alberts DS. Effects of dosing condition on the oral
bioavailability of green tea catechins after single-dose
administration of Polyphenon E in healthy individuals. Clin
Cancer Res. 2005; 11:4627-4633.

Kapetanovic IM, Crowell JA, Krishnaraj R, Zakharov A,
Lindeblad M, Lyubimov A. Exposure and toxicity of green
tea polyphenols in fasted and non-fasted dogs. Toxicology.
2009; 260:28-36.

Schmidt M, Schmitz HJ, Baumgart A, Guedon D, Netsch
MI, Kreuter MH, Schmidlin CB, Schrenk D. Toxicity of
green tea extracts and their constituents in rat hepatocytes
in primary culture. Food Chem Toxicol. 2005; 43:307-314.

Wu KM, Yao J, Boring D. Green tea extract-induced lethal
toxicity in fasted but not in nonfasted dogs. Int J Toxicol.
2011;30:19-20.

Bonkovsky HL. Hepatotoxicity associated with supplements
containing Chinese green tea (Camellia sinensis). Ann
Intern Med. 2006; 144:68-71.

Mazzanti G, Menniti-Ippolito F, Moro PA, Cassetti F,
Raschetti R, Santuccio C, Mastrangelo S. Hepatotoxicity
from green tea: a review of the literature and two
unpublished cases. Eur J Clin Pharmacol. 2009; 65:331-341.
Molinari M, Watt KD, Kruszyna T, Nelson R, Walsh M,
Huang WY, Nashan B, Peltekian K. Acute liver failure
induced by green tea extracts: case report and review of the
literature. Liver Transpl. 2006; 12:1892-1895.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Rohde J, Jacobsen C, Kromann-Andersen H. [Toxic
hepatitis triggered by green tea]. Ugeskr Laeger. 2011;
173:205-206.

Ulrich RG. Idiosyncratic toxicity: a convergence of risk
factors. Annu Rev Med. 2007; 58:17-34.

Vial T, Bernard G, Lewden B, Dumortier J, Descotes J.
[Acute hepatitis due to Exolise, a Camellia sinensis-derived
drug]. Gastroenterol Clin Biol. 2003; 27:1166-1167.
Federico A, Tiso A, Loguercio C. A case of hepatotoxicity
caused by green tea. Free Radic Biol Med. 2007; 43:474.

Verhelst X, Burvenich P, Van Sassenbroeck D, Gabriel C,
Lootens M, Baert D. Acute hepatitis after treatment for hair
loss with oral green tea extracts (Camellia Sinensis). Acta
Gastroenterol Belg. 2009; 72:262-264.

Pisters KM, Newman RA, Coldman B, Shin DM, Khuri FR,
Hong WK, Glisson BS, Lee JS. Phase I trial of oral green
tea extract in adult patients with solid tumors. J Clin Oncol.
2001; 19:1830-1838.

Frank J, George TW, Lodge JK, Rodriguez-Mateos AM,
Spencer JP, Minihane AM, Rimbach G. Daily consumption
of an aqueous green tea extract supplement does not
impair liver function or alter cardiovascular disease risk
biomarkers in healthy men. J Nutr. 2009; 139:58-62.
Kumar NB, Pow-Sang J, Egan KM, Spiess PE, Dickinson
S, Salup R, Helal M, McLarty J, Williams CR, Schreiber
F, Parnes HL, Sebti S, Kazi A, Kang L, Quinn G, Smith T,
et al. Randomized, Placebo-Controlled Trial of Green Tea
Catechins for Prostate Cancer Prevention. Cancer Prev Res
(Phila). 2015; 8:879-887.

Marberger M. Medical management of lower urinary tract
symptoms in men with benign prostatic enlargement. Adv
Ther. 2013; 30:309-319.

McHorney CA, Ware JE, Jr., Raczek AE. The MOS 36-Item
Short-Form Health Survey (SF-36): II. Psychometric and
clinical tests of validity in measuring physical and mental
health constructs. Med Care. 1993; 31:247-263.

Chow HH, Cai Y, Hakim IA, Crowell JA, Shahi F, Brooks
CA, Dorr RT, Hara Y, Alberts DS. Pharmacokinetics
and safety of green tea polyphenols after multiple-dose
administration of epigallocatechin gallate and polyphenon E
in healthy individuals. Clin Cancer Res. 2003; 9:3312-3319.

Lydersen S, Fagerland MW, Laake P. Recommended
tests for association in 2 x 2 tables. Stat Med. 2009;
28:1159-1175.

Isbrucker RA, Edwards JA, Wolz E, Davidovich A, Bausch
J. Safety studies on epigallocatechin gallate (EGCG)
preparations. Part 2: dermal, acute and short-term toxicity
studies. Food Chem Toxicol. 2006; 44:636-650.

McLarty J, Bigelow RL, Smith M, Elmajian D, Ankem
M, Cardelli JA. Tea polyphenols decrease serum levels
of prostate-specific antigen, hepatocyte growth factor,
and vascular endothelial growth factor in prostate cancer
patients and inhibit production of hepatocyte growth factor

WWw

.impactjournals.com/oncotarget

70801

Oncotarget



39.

40.

41.

and vascular endothelial growth factor in vitro. Cancer Prev
Res (Phila). 2009; 2:673-682.

Nguyen MM, Ahmann FR, Nagle RB, Hsu CH, Tangrea
JA, Parnes HL, Sokoloff MH, Gretzer MB, Chow HH.
Randomized, double-blind, placebo-controlled trial
of polyphenon E in prostate cancer patients before
prostatectomy: evaluation of potential chemopreventive
activities. Cancer Prev Res (Phila). 2012; 5:290-298.
Buettner C, Rippberger MJ, Smith JK, Leveille SG, Davis
RB, Mittleman MA. Statin use and musculoskeletal pain
among adults with and without arthritis. Am J Med. 2012;
125:176-182.

Cham S, Evans MA, Denenberg JO, Golomb BA. Statin-
associated muscle-related adverse effects: a case series of
354 patients. Pharmacotherapy. 2010; 30:541-553.

42.

43.

44.

45.

Dirks AJ, Jones KM. Statin-induced apoptosis and
skeletal myopathy. Am J Physiol Cell Physiol. 2006;
291:C1208-1212.

Mansi I, Frei CR, Pugh MJ, Makris U, Mortensen EM.
Statins and musculoskeletal conditions, arthropathies, and
injuries. JAMA Intern Med. 2013; 173:1-10.

Hung SF, Chung SD, Kuo HC. Increased serum C-reactive
protein level is associated with increased storage lower
urinary tract symptoms in men with benign prostatic
hyperplasia. PLoS One. 2014; 9:e85588.

Liao CH, Chung SD, Kuo HC. Serum C-reactive protein
levels are associated with residual urgency symptoms in
patients with benign prostatic hyperplasia after medical
treatment. Urology. 2011; 78:1373-1378.

www.impactjournals.com/oncotarget

70802

Oncotarget



