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OVERVIEW

Green tea, which has higher concentrations of polyphenols than other teas, has been correlated with reduced risk of various
malignancies with most data supporting a potential protective role in prostate neoplasia. Preclinical studies over the last 25 years
implicate constituent green tea catechins, epigallocatechin-3-gallate (EGCG) being the predominant form, as the main mechanistic
ingredient in the observed biologic effects, which vary from proapoptotic effects to inhibition of androgen receptor and signal
transduction pathways. There have been few prospective clinical trials of green tea polyphenols (GTP), especially with well-
characterized formulations and doses. Although there have been hints of beneficial clinical activity in prostate neoplasia, other studies
have raised concerns about the limited bioavailability and very low target-tissue concentrations of GTPs. At present there is no proven
role for GTP supplementation in the prevention of genitourinary (GU) malignancies, but novel GTP formulations and further clinical
testing may still support a future for GTP supplementation in GU cancer prevention.

The marked geographic/cultural differences and known
migration shifts in the risk of prostate and bladder can-

cer strongly implicate an environmental role in their carci-
nogenesis.1 Most of the focus of environmental exposure has
been on dietary differences across and within world regions/
cultures. One of the strongest dietary correlations with re-
duced risk of various malignancies has been tea ingestion,
especially green tea, which originates from, and is predomi-
nantly consumed in, Asia and the Middle East.2 Green tea,
along with black and oolong tea, is derived from the plant
species Camellia sinensis, but they differ in their handling
and preparation of the tea leaves, with green tea resulting
from the steaming of fresh leaves. This results in less oxida-
tion of the main constituents (polyphenols) and thus, higher
concentrations of polyphenols, as compared with the greater
oxidation and thus, lower concentrations of polyphenols
that occur in black and oolong tea. The steeping of green tea
leaves in near boiling water releases into the liquid a rich col-
lection of polyphenolic compounds (catechins, anthocya-
nins, phenolic acids), caffeine, theanine, tannins, trace
elements, and vitamins.3 One cup of green tea contains on
average 100 mg of polyphenols and 50 mg of caffeine. The
main green tea constituent polyphenols are catechins (fla-
vanols) with the predominant and most studied catechin be-
ing epigallocatechin-3-gallate (EGCG) and lesser amounts of
epicatechin-3-gallate (ECG), epigallocatechin (EGC), and
epicatechin (EC). The strong antioxidant and other pur-
ported intracellular and extracellular effects of green tea

polyphenols (GTPs) along with many epidemiologic studies
have led to the study of their preventive and therapeutic po-
tential in many diseases and malignancies.

EPIDEMIOLOGY OF GREEN TEA POLYPHENOLS IN
GU MALIGNANCIES
The relationship between green tea consumption and many
different malignancies has been studied, and there are nu-
merous reviews available.2,3 The historic stark contrast in
prostate cancer incidence between North America and some
Asian countries has resulted in much of the epidemiologic
focus on green tea and prostate cancer. Our review3 found six
published case-control or cohort studies, and a Cochrane
Database review2 that included four of the prior mentioned
six studies. All studies evaluated quartiles or quintiles of
green tea consumption (e.g.,� 1 cup/day, 1 to 2 cups/day, up
to � 5 cups/day) in populations (cohort studies of 25,000 to
90,000 patients; case control 130 to 140 patients) from Japan
or China. Half the studies observed a signifıcant (p � 0.05)
risk reduction in prostate cancer incidence with increasing
ingestion of green tea. With the exception of one study, even
the negative studies reported a smaller, but not statistically
signifıcant, relative decreased risk with increasing green tea
consumption. Not included in the above discussion is one
cohort study with contrary fındings4 in which approximately
8,000Hawaiians of Japanese ancestry underwent prospective
analysis of demographics and diet and were observed to have
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a nonsignifıcant increased risk of developing prostate cancer
with increased green tea consumption. Interestingly, this
study also found an increased risk in patients who regularly
consumed soy and tofu.
Epidemiologic studies assessing the relationship between

green tea consumption and bladder cancer risk have been
more limited and mainly characterized by numerous small
case-control studies in Asia and a few large, well-controlled
cohort studies.5 A recent meta-analysis of published studies
found no relationship between green tea consumption and
bladder cancer risk.5 A population-based case-control study
in the United States examined tea consumption (they did not
specify tea type) relative to risk of bladder and kidney cancer
and observed a possible association between the highest tea
consumption group (� 5 cups/day) and bladder cancer
(overall risk 0.7; 95%CI 0.5, 1.0).6 Overall the study could not
fınd evidence of a dose-response relation between tea con-
sumption and risk.

PRECLINICAL RESEARCH EXPLORING THE
ANTICANCER EFFECTS OF GTPs
Some of the aforementioned epidemiology studies in the
1980s led to the preclinical study of green tea constituents by
H.Mukhtar, initially in skin carcinogenesismodels, followed
shortly by animal modeling, and in vitro research in other
neoplasia including prostatic.7-10 Early research observed
that a polyphenolic component of green tea was critical to its
antitumor effects and these main polyphenolic constituents
were the aforementioned catechins EGCG, EGC, ECG and
EC.9,11 EGCG, the most abundant and studied catechin, has
signifıcant in vitro growth-inhibitory properties in prostate
cancer cells that vary with length of exposure as well as the
cell line that was used.12 A compelling observation was the
marked differential toxicity between neoplastic and normal

prostate cells; normal epithelial cells treatedwith EGCGhave
no observable toxicity at doses that are used for cancer inhi-
bition studies.8 As reviewed by us and others, there have been
many observed extracellular and intracellular effects that
might explain the observed inhibitory effects on uroepithelial
carcinogenesis.3,13 Some of the more prominent GTP effects
that have been observed by multiple labs include proapop-
totic effects and G0/G1 cell cycle arrest; inhibitory effects on
NF-kB and COX-2 pathways of inflammation; decreased
phosphorylation of MAP kinases, phosphoinositide 3-kinase,
andproteinkinaseC;decreased tissue expressionanddecreased
extracellular concentrations of insulin-like growth factor
1(IGF-1) with corresponding decreased IGF-1/insulin-like
growth factor-bindingprotein3 (IGFBP-3) ratio; anddecreased
androgen receptor expression.3

CLINICAL TRIALS OF GTP
Despite the wide-spread consumption of green tea, prospec-
tive clinical study is limited. A phase I dose-escalation study
of an oral green tea extract (only 13%EGCG, but 7% caffeine)
observed dose-limiting toxicities secondary to caffeine.14 A
dose of 1 g/m2 three times daily (equivalent to eight Japanese
cups of green tea three times a day) was recommended for
future longer-term studies. Chow et al.15,16 performed single-
and multidose phase I comparative pharmacokinetic analy-
ses of supplemental EGCG alone and polyphenon E (a pro-
prietary formulation of green tea catechins), each formulated
to contain 200 mg EGCG per capsule. They observed no
difference in EGCG pharmacokinetics (free EGCG Cmax—

KEY POINTS

� The majority of epidemiologic studies have observed a
correlation between increased green tea consumption and
reduced risk of prostate cancer.

� Preclinical study of green tea constituents strongly
implicate green tea catechins as the main purveyor of the
multitude of observed intra- and extracellular effects,
which might lead to beneficial health effects.

� The bioavailability of green tea polyphenols/catechins is
relatively poor, and there has been no evidence of target-
tissue accumulation.

� There have been very few well-controlled clinical trials of
green tea polyphenols to date, but there has been
evidence of potential beneficial effects for early prostate
neoplasia in small, prospective trials.

� New formulations of natural products like green tea
polyphenols may circumvent the poor bioavailability and
lead to a greater benefit-risk ratio.

TABLE 1. Glossary

Green tea The liquid drink, made from steeping fresh (green)
tea leaves from the Camellia sinensis plant,
contains various polyphenols and caffeine.

Black tea The liquid drink, made from steeping withered
(black) tea leaves from the Camellia sinensis
plant, contains various polyphenols (in smaller
amounts than green tea) and caffeine.

Oolong tea The liquid drink, made from steeping slightly
withered tea leaves from the Camellia sinensis
plant, contains various polyphenols (in slightly
smaller amounts than green tea) and caffeine.

Green tea polyphenols A mixture of the polyphenolic components
(catechins, anthocyanins, phenolic acids) of
green tea without caffeine but is often used
interchangeably to mean the main green tea
catechins.

Green tea catechins A group of flavanols that are the most abundant
polyphenols in green tea.

Green tea extract A solid mixture of all the components of green
tea including caffeine.

EGCG Epigallocatechin-3-gallate, the predominant
polyphenolic component of green tea and
hypothesized to be the main contributor toward
observed mechanistic effects.

Polyphenon E Proprietary formulation of green tea catechins
predominated by EGCG and dosed according to
the amount of EGCG administered.
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200 to 400 ng/mL, AUC—90 to 140 minutes-ug/mL; and
half-life—2 hours) between the two formulations, no accu-
mulation of EGCG after multiple doses, and no difference in
adverse events between the patients taking the placebo and
those taking the GTP. These data confırm the relatively poor
oral bioavailability and high interpatient variability in EGCG
pharmacokinetics. EGCG undergoes extensive biotransfor-
mation to methylated, sulfated, and glucuronidated forms
through the action of enzymes including liver cytosolicUDP-
glucuronsyl transferase, sulfotransferase, and catechol-O-
methyltransferase (COMT).17 Functional polymorphisms in
these enzymes may contribute to some of the observed vari-
ability in pharmacokinetics.
Early clinical trials of GTP in prostate cancer were charac-

terized by single-arm studies in patients with advanced
disease with no accompanying mechanistic studies and un-
certain formulations of GTP. In a study by Jatoi et al.18 pa-
tients with castration-resistant advanced prostate cancer
were administered 6 g of green tea daily. Although the safety
of green tea was confırmed in these patients, no clinical ben-
efıt was observed. Similarly, Choan et al.19 found that admin-
istration of green tea extract (250 mg twice daily) resulted in
no patients having a PSAdecline greater than 50% frombase-
line, although six of the 15 patients demonstrated slowing of
PSA progression lasting 1 to 4 months. These relatively neg-
ative results need to be interpreted relative to the advanced
disease status of the patients, the uncertainties of the formu-
lations, and the delivery of relatively small amounts of EGCG
or other catechins (� 400 mg/day).
More recent studies of GTP in prostate cancer have used

formulations with standard, reproducible amounts of cat-
echins andmore controlled trial designs. Because high-grade
prostatic intraepithelial neoplasia is closely linked to prostate
cancer and may be a precursor lesion, Bettuzi et al. studied
GTP in this population.20 They performed a randomized,
double-blinded, placebo-controlled trial of GTP (EGCG 600
mg, EGC, EC) daily for 1 year in 60 men with high-grade
prostatic intraepithelial neoplasia. Prostate biopsies done af-
ter 6 and 12 months on study observed nine of 30 patients
administered the placebowith progression to prostate cancer
as compared with one of 30 patients given GTP. Additional
years of follow-up continued to show a decreased progres-
sion to prostate cancer in patients assigned GTP.21 GTP was
tolerated well with no increased toxicity as compared with
the placebo, illustrating the safety of long-term administra-
tion of GTP along with the aforementioned signs of potential
biologic activity in prostate neoplasia.
Recently McLarty et al. published the results of a single-

arm study of 26 men who were given GTP (800 mg EGCG
once a day) for 12 to 214 (median 35) days before prostatec-
tomy for early-stage prostate cancer.22 Comparing patients’
values from baseline to day of surgery revealed a signifıcant
reduction in multiple biomarkers including serum PSA,
IGF-1, IGF-1/IGF-BP3 ratio, hepatocyte growth factor and
vascular endothelial growth factor (VEGF). Eighteen of the
26 patients had their serumPSA decrease after taking EGCG,

and the longer a patient took GTP the more likely there was
to be a decrease in PSA. Of the 18 patients with a decrease in
serumPSA, 10 patients had a decline of 20% ormore over the
course of the study. Not surprisingly, reductions in IGF-1/
IGF-BP3, VEGF, and hepatocyte growth factor corre-
sponded with PSA reduction in 14 of these 18 patients, and
those patients with the greatest reduction in PSA appeared to
have the greatest reduction in IGF-1 and VEGF. They also
observed good tolerance with minimal to no signs of toxicity
at 800 mg (EGCG dose) daily. Because it was not a blinded,
placebo-controlled study, the results need to be interpreted
cautiously.
Researchers at the University of Arizona evaluated the sys-

temic and prostate-tissue effects of polyphenon E (800 mg
EGCG) or a placebo daily for 3 to 6 weeks preceding a
planned prostatectomy for early-stage prostate cancer in 48
men (mean age 63, mean serum PSA 6.7 � 4 with 70% with
Gleason 3�3) in a randomized, double-blinded trial.23
There was no difference in toxicity between polyphenon E
and the placebo with 18 and 39 adverse events respec-
tively, but there was one patient given polyphenon E with
grade 1 increase in serum alanine transaminase. Plasma
EGCG concentrations sampled 12 to 24 hours after the last
dose averaged 150 pmol/L. Five of 15 patients adminis-
tered polyphenon E had detectable concentrations of EGC
(18 to 60 pmol/g) in prostate tissue recovered at surgery
done 24 or more hours after the last dose. Only one patient
administered polyphenon E had detectable concentrations
of EGCG, EC, or ECG in prostate tissue. Two of 19 patients
assigned the placebo also had detectable concentrations of
EGC in their prostate tissue at surgery. They noted minimal
histologic changes in prostate neoplasia between the groups.
There were nonsignifıcant trends toward decreased serum
IGF-1, IGF-1/IGFBP-3 ratios, and decreased leukocyte
DNA 8-dydroxy-2-deoxyguanosine/2-deoxyguanosine ra-
tios in patients given polyphenon E from pre- to poststudy
drug as comparedwith the patients assigned the placebo. The
lack of signifıcant concentrations of green tea catechins
within the prostate tissue after 3 to 6 weeks of daily EGCG at
800 mg is potentially concerning.
There has been minimal clinical assessment of GTPs in

bladder cancer whether as a preventive or therapy. Recently
we performed a presurgical study of polyphenon E adminis-
tered before trans-urethral resection of a bladder tumor for
suspected superfıcial bladder cancer (Bailey, unpublished)
similar to the aforementioned study by Nguyen in prostate
cancer.23 In a randomized, double-blind trial, 31 men and
women were administered a placebo, 800, or 1,200 mg of
EGCG (polyphenon E) daily for 2 to 4 weeks preceding a
planned trans-urethral resection of a bladder tumor. Prelim-
inary assessment of the recently completed study revealed no
evidence of increased toxicity (adverse events) in the two
treatment arms as compared with the placebo and assess-
ment of uroepithelial green tea catechin concentrations is
underway.
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OTHER INDICATIONS/USES OF GTPs
GTPs have been studied more extensively in other disease
states, especially cardiovascular and metabolic diseases.
There have been prospective, controlled studies that have ob-
served evidence of GTPs inducing benefıcial metabolic ef-
fects (altered insulin resistance to slight weight loss), and
similar studies have observed mixed results related to direct
vascular effects of GTPs.24 Additional observations relative
to cancer and GTPs that are pertinent to the oncologist in-
clude recent data describing objective therapeutic effıcacy of
high-dose (�2,000 mg/day of EGCG) GTPs in chronic lym-
phocytic leukemia.25 Shanafelt et al. administered polyphe-
non E (EGCG 2,000 mg twice daily) to 42 patients with stage
zero to II chronic lymphocytic leukemia and observed more
than 20% of the patients had transient improvement in leu-
kocytosis and 69% had objective evidence of benefıt in terms
of improved adenopathy and/or biologic markers of disease.
Besides the potential effectiveness, it is important to note the
relative common occurrence of transient increases in serum
hepatic transaminase levels (45% with grade 1 to 2 increases
in aspartate aminotransferase or alanine transaminase) while
taking increased dose of GTPs. Whether this could be a con-
cern with larger populations at lower doses is yet to be deter-
mined.

NEW FORMULATIONS OF GTPs
A common issue with the application of most nutrient-
derived novel anticancer agents has been poor bioavailabil-
ity. The concentration of the green tea catechins observed in
human studies has routinely been lower than that associated
with many of the in vitro studies. Studies examining tissue
concentrations of green tea catechins have observed low to
undetectable levels without evidence of tissue accumulation
over a few weeks of daily administration.23 Therefore re-
searchers are applying new formulation technologies to nat-
ural products like GTPs.26 Currently multiple researchers
are applying forms of encapsulation to natural products us-
ing liposomes, biodegradable polymers, dendrimers, and vi-
rus and magnetic nanoparticles.26 An example of this is the
Mukhtar laboratory’s examination of GTP nanoformula-
tions.27 They tested EGCG loaded in polylactic acid-
polyethylene glycol nanoparticles against human prostate
cancer cells, under in vitro and in vivo conditions. They ob-
served encapsulated EGCG retained its biologic effectiveness
with over 10-fold dose advantage over nonencapsulated
EGCG for exerting proapoptotic and angiogenesis inhibi-
tory effects. This study constitutes evidence the effective che-
mopreventive concentration of EGCG in both in vitro and
in vivo systems, could be lowered by nanoformulation.27
Multiple other approaches for encapsulation of GTP/EGCG
(bovine serum albumin nanoparticles, carbohydrate matrix
of gum Arabic and maltrodextrin, radioactive gold nano-
particles, and diblock copolymer of polyactic co-glycolic
acid-polyethylene glycol [-COOH]) are being pursued by in-
vestigators.28 Given the effective use of novel encapsulation

formulations in cancer therapeutics there may be signifıcant
promise for “nanochemoprevention” approaches to improve
target tissue pharmacokinetics without increased toxicity.

FUTURE OF GTPs IN THE PREVENTION OF
PROSTATE AND BLADDER CANCER
In many respects, the area of cancer chemoprevention starts
withmedical dictum“donoharm”or safety, followed later by
effectiveness at decreasing the development of clinically sig-
nifıcant cancers. This ratio of safety/effectiveness will likely
be viewed differently as we continue to improve our ability to
predict populations’ and eventually individual’s risk of clin-
ically signifıcant cancers. The ancient history of and evidence
of the growing popularity of green tea ingestion suggests
safety and, to some extent, health benefıts. The limited clini-
cal trials experience with green tea derivatives suggests that
drinking large amounts of tea or ingesting green tea extracts
containing substantial amounts of caffeine can and will in-
duce side effects consistent with increased caffeine ingestion.
Green tea products that contain predominantly GTPs with
negligible amounts of caffeine are better tolerated, but at
higher doses (� 2,000mgEGCGper day) do have side effects
like gastrointestinal upset and transient elevations in hepatic
transaminases. For these reasons the recommended EGCG
dose for cancer chemoprevention studies has been 800 mg
daily.
Despite a growing amount of preclinical data observing de-

sirable biologic effects of GTPs and the existence of numer-
ous, supportive epidemiologic studies for health benefıts of
GTPs, prospective clinical trials evidence is limited. In the
authors’ opinion, this should be viewed asmore related to the
relatively few clinical trials performed rather than a biologi-
cally ineffective agent. There is more evidence to support the
potential benefıts of GTPs in prostate cancer prevention than
uroepithelial cancer prevention at this point. Issues that
should be addressed while assessing GTPs potential to pre-
ventGUmalignancies includewhether bioavailability and/or
tissue delivery matter, and if so, can this be overcome with
novel formulations like nanoparticle delivery; our research
and others suggest that GTPs’ effects vary depending on
where in the neoplastic process it is included (e.g., “it is much
easier tomove the stream at its beginning rather thanwhen it
is a river”); and can suffıciently large but economical pro-
spective studies be performed to discern its value in cancer
prevention when segments of the population and funding
agencies have already decided natural productsmust work or
they will never work as preventive agents.
Because the clinical research question “does GTP ingestion

lead to a decreased incidence of prostate or bladder cancer”
has yet to be asked in a randomized, prospective clinical trial
in the United States or a comparable population, there is
no clinical data to recommend GTPs as agents for the
prevention of GU malignancies at this time. However, the
existing epidemiologic and preclinical research data lead us
and other researchers to continue studying its role in cancer
prevention.
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