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Abstract Cancer chemoprevention is a new and im-
portant medical science in its own right. On the occasion
of my presentation entitled ``Natural agents and cancer
chemoprevention'' at the 90th AACR Meeting in 1999, I
summarized our recent results on cancer prevention with
green tea. In this article, the present status of clinical
trials supported by the Chemoprevention Branch of the
National Cancer Institute in the United States is ®rst
described by way of introduction. Although various
natural products are now under investigation in phase I
clinical trials, green tea has, perhaps, the greatest po-
tential for further development. In order to expand our
understanding of the e�ects of tea polyphenols and
green tea, I review their ability to inhibit growth and
cause apoptosis of cancer cells, their distribution into
target organs and their other cancer-preventing proper-
ties. In addition, the paper focuses on the signi®cance of
reducing tumor necrosis factor a (TNFa) gene expres-
sion in cells and TNFa release from cells as essential
activities for cancer prevention. As for the amounts of
green tea e�ective in cancer prevention, I present two
results from our Research Institute: a prospective cohort
study with over 8000 individuals in Saitama Prefecture
revealed that the daily consumption of at least ten Jap-
anese-size cups of green tea resulted in delayed cancer
onset, and a follow-up study of breast cancer patients
conducted at our Hospital found that stages I and II
breast cancer patients consuming over ®ve cups per day
experienced a lower recurrence rate and longer disease-

free period than those consuming fewer than four cups
per day. Thus, I propose here, for the ®rst time, the two-
stage approach to analyzing cancer prevention with
green tea: cancer prevention before cancer onset and
cancer prevention following cancer treatment. As an
additional example of cancer prevention with natural
agents, kava, a daily beverage in Fiji, is mentioned. All
the evidence reminds us of the signi®cance of alternative
medicine in practical cancer prevention.

Introduction

On the basis of the modern understanding of cancer
development in humans, multistage carcinogenesis
(Vogelstein et al. 1988; Weinstein et al. 1997) and the
classical concept of carcinogenesis and ®eld cancerizat-
ion (Slaughter et al. 1953), the signi®cance of cancer
prevention as a new medical science in its own right is
now well established (Hong and Sporn 1997). The
Chemoprevention Branch in the Division of Cancer
Prevention and Control at the National Cancer Institute
(NCI) took the initiative in developing cancer-preventive
agents (Kello� et al. 1992), and had its ®rst success with
tamoxifen, the ®rst proved cancer-preventive agent for
breast cancer, in 1998 (Fisher et al. 1998). However,
neither the concept nor the practice of cancer prevention
has been taken on board by cancer researchers in a
practical sense. Although our research group in Japan
has studied ())-epigallocatechin gallate (EGCG), the
main constituent of green tea and green tea extract, as a
cancer preventive for humans since 1983 (Yoshizawa
et al. 1987), it is only recently that green tea has gained
signi®cant acceptance as a cancer preventive (Yang and
Wang 1993; Weisburger 1999; Conney et al. 1999). At
the 90th Annual Meeting of the American Association
of Cancer Research, in Philadelphia this year, I was
invited to give a talk entitled ``Natural agents and cancer
chemoprevention'' at the ``Meet-the-expert'' sunrise
sessions. Since my presentation was well received by the
participants, I will introduce our study of cancer pre-
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vention with green tea to those who work in other re-
search ®elds by means of this Guest Editorial.

Cancer chemoprevention

In 1976, Michael Sporn, who recently left NCI, de®ned
cancer chemoprevention as the prevention of the occur-
rence of cancer by administration of one or more com-
pounds (Sporn et al. 1976; Sporn 1993). Gary Kello�,
Chief of the Chemoprevention Branch, recently extended
the de®nition as follows: intervention with speci®c agents
to prevent, inhibit or reverse carcinogenesis before
malignancy, a relatively new medical science (Kello�
et al. 1997). Before considering cancer chemoprevention
itself, we have to realize that cancer prevention is essen-
tially di�erent from the prevention of infectious diseases,
such asmeasles, smallpox and tuberculosis, since cancer is
a disease of the aging process with many stages, while
infectious disease is the reaction to a pathogen. My own
de®nition of cancer chemoprevention is the administra-
tion of cancer preventives to delay the carcinogenic
processes in humans, no matter when the carcinogenesis
starts, thereby blocking the appearance of clinical
symptoms. If we accept my de®nition, some measure of
cancer prevention can be attained through normal daily
beverages, such as green tea (Fujiki et al. 1999a).

Clinical trials

Although cancer chemoprevention is principally distinct
from chemotherapy, the Chemoprevention Branch has
established the following three clinical trials for devel-
opment of possible cancer-preventive agents, as these
trials are applied to anticancer agents: phase I is con-
cerned primarily with the safety and/or toxicity of a
possible chemopreventive agent, phase II is a small-scale
e�cacy study with the evaluation of the modulation of
an intermediate marker as an endpoint, and phase III is
a large-scale e�cacy study with the evaluation of the
reduction of cancer as the usual endpoint (Kello� et al.
1992). The di�culties with these clinical trials are the
length of time and the enormous ®nancial resources re-
quired to carry out a full clinical evaluation of a possible
chemopreventive agent.

The Chemoprevention Branch is sponsoring various
phase I, II and III trials withmore than 30 agents, listed in
Table 1 (Kello� et al. 1996). Using their own trials, in
April 1998, the Food and Drug Administration in the
United States found that tamoxifen can prevent breast
cancer in humans, making tamoxifen the ®rst recognized
cancer-preventive agent for breast cancer (Fisher et al.
1998). While administration of tamoxifen prevented both
invasive and non-invasive breast cancers, it increased the
incidence of endometrial cancer, which led Richard
Klausner, Director of NCI (commenting in USA Today),
to state that tamoxifen is an imperfect, but very encour-
aging ®rst step and that we need to look for other and
better drugs, i.e., new agents without adverse e�ects.

Natural products

Natural products attract our attention as possible
sources of cancer-preventive agents for obvious reasons
(Wattenberg 1983, 1993; Troll et al. 1992): we believe
them to be non-toxic and they are present in things we
eat and drink every day. As listed in Table 1, seven
products are under investigation in phase I (Kello�
et al. 1996). S-Allyl-L-cysteine is a water-soluble or-
ganosulfur compound found in garlic, and garlic oil has
shown chemopreventive activity in rodent experiments
(Belman 1983). Curcumin is the major yellow pigment
in turmeric and curry, obtained from the rhizome of the
plant Curcuma longa (Steele et al. 1994). Genistein is
the iso¯avone found in soybeans (Naim et al. 1973),
and indole-3-carbinol is a non-nutritive component of
cruciferous vegetables (Brad®eld and Bjeldanes 1987):
Consumption of all these vegetables has been associ-
ated with decreased risk for cancer in humans (Young
and Wolf 1988). Perillyl alcohol is a cyclic monoterpene
occurring in numerous species of plants including
mints, lavender, perilla and citrus fruits (Karp et al.
1990; Ren and Gould 1994). Phenethyl isothiocyanate
occurs naturally as its thioglucoside conjugate in many
cruciferous vegetables including watercress, Chinese
cabbage and broccoli (Buttery et al. 1976; Spence and
Tucknott 1983). The last one is tea, speci®cally green
tea, having ())-epigallocatechin gallate (EGCG), iso-
lated from Camellia sinensis, as its main constituent
(Okuda et al. 1985). Many natural products that are
present in edible plants and vegetables have been re-
ported to inhibit carcinogenesis in rodents (Wattenberg
et al. 1992; Steele et al. 1996), but this does not nec-
essarily mean that all such products will prove to be
cancer preventives for humans. What kinds of agents
will prove to be e�ective cancer preventives? Since
green tea is now acknowledged to prevent cancer in
Japan (Fujiki et al. 1996) and will possibly soon be
recognized as such in other countries, I will review our
work with EGCG and green tea, seeking an answer to
this question.

Table 1 List of possible cancer-preventing agents in NCI trials.
4-HPR, all-trans-(4-hydroxyphenyl) retinamide, DFMO 2-di¯uoro-
methylornithine, DHEA dehydroepiandrosteronedione, EGCG ())-
epigallocatechin gallate (Kello� et al. 1996)

Phase Agents

III Several retinoids (retinol, retinyl palmitate, all-trans-
retinoic acid, 13-cis-retinoic acid), calcium, b-carotene,
vitamin E, tamoxifen, ®nasteride

II 4-HPR alone and in combination with tamoxifen,
DFMO, non-steroidal antiin¯ammatory drugs (aspirin,
piroxicam, sulindac), oltipraz, DHEA

I S-Allyl-L-cysteine, curcumin, genistein, indole-3-carbinol,
perillyl alcohol, phenethyl isothiocyanate, tea extract
(EGCG), DHEA analog, ibuprofen, 9-cis-retinoic acid,
sulindac sulfone, ursodiol, vitamin D analogs,
p-xylylselenocyanate
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EGCG and green tea

In 1987, we ®rst reported, in the new British journal
Phytotherapy Research, that repeated topical applica-
tions of EGCG to mouse skin treated with 7,12-di-
methylbenz[a]anthracene (DMBA) as an initiator
inhibited tumor promotion in a two-stage carcinogenesis
experiment (Yoshizawa et al. 1987). This evidence
opened up a new area of cancer prevention for humans,
and since then many scientists have joined the study of
green tea as a cancer preventive (Yang and Wang 1993;
Weisburger 1999; Conney et al. 1999). Green tea, oolong
tea and black tea are originally derived from the same
plant, Camellia sinensis, green tea being the non-oxi-
dized/non-fermented product that contains several tea
polyphenols, such as EGCG, ())-epicatechin gallate
(ECG), ())-epigallocatechin (EGC) and ())-epicatechin
(EC) (Fujiki and Okuda 1992). Oolong tea is the par-
tially oxidized/fermented product, and black tea is the
fermented product containing low amounts of tea cate-
chins, along with thea¯avins and thearubigins (IARC
Working Group 1991). One of the most important ad-
vantages of green tea as a cancer preventive is its non-
toxicity: the Japanese drink several Japanese-size cups
throughout the day and I myself am used to drinking
over 1 l every day, so I consume as much as 1 g/day of
tea polyphenols, along with ca�eine, which is found in
all of the teas.

Growth inhibition and apoptosis

It is important to know whether each tea polyphenol is
equally active. Figure 1 shows that tea polyphenols in-
hibit growth of human lung cancer cell line, PC-9, dose-

dependently, the order of potency being ECG, EGCG
and EGC. EC was not e�ective (Okabe et al. 1997).
These results suggested that EGCG is the most impor-
tant of the tea polyphenols, because of its high content
(®ve-fold that of ECG) and its activity. Although EC is
the apparently inactive tea polyphenol, my colleague,
Masami Suganuma, recently discovered that EC showed
synergistic e�ects with EGCG on induction of apoptosis
in PC-9 cells (Suganuma et al. 1999a). That is, various
concentrations of EC with 75 lM EGCG enhanced
DNA fragmentation induced by EGCG alone, dose-
dependently and synergistically. Thus, we concluded
that unfractionated green tea has stronger e�ects than
any single tea polyphenol.

Organ distribution

Based on various studies of the inhibitory e�ects of
EGCG and green tea on rodent carcinogenesis and in cell
culture systems, Table 2 summarizes the important fea-
tures of EGCG and green tea as cancer preventives
(Fujiki et al. 1998). Drinking EGCG and green tea in-
hibited cancers in various organs of rodents, such as
those of the digestive tract, including the esophagus,
stomach, duodenum and colon, and the liver, lung,
pancreas, breast, bladder, prostate and skin (Yang and
Wang 1993; NCI, DCPC, Chemoprevention Branch and
Agent Development Committee 1996; Fujiki et al.
1999b; Weisburger 1999). These systemic e�ects of
EGCG and green tea suggested that EGCG and tea
polyphenols are easily distributed from the digestive tract
to various organs. An EGCG solution containing
3.7 MBq [3H]EGCGwith a speci®c activity of 48.1 GBq/
mmol was given directly to mice by gastric tube
(Suganuma et al. 1998). The radioactivity in the blood of
female mice was 24.0 ´ 103 dpm/ml 1 h after adminis-
tration, and reached 235.0 ´ 103 dpm/ml 6 h after.
About 2% of the total administered radioactivity had
been incorporated into the total blood of the mouse 24 h
after incubation. In addition, in feces of female mice,
0.9%, 23.4% and 37.7% of the total administered ra-
dioactivity was excreted at di�erent intervals (within 3 h,
6 h and 24 h); in urine, the amounts were 1.7%, 1.4%
and 6.6% respectively. As for the digestive tract, the
average amounts of total administered radioactivity in
the stomach, small intestine and colon, including the
dietary content, were 30.7%, 40.6% and 3.9% respec-

Fig. 1 Growth inhibition of PC-9 cells by tea polyphenols. PC-9 cells
(2 ´ 105/ml) were treated with various concentrations of ())-epi-
catechin gallate (d), ())-epigallocatechin gallate (s), ())-epigallocate-
chin (m) or ())-epicatechin (n) for 3 days. The number of viable cells
was counted by means of the dye-exclusion method

Table 2 Important features of EGCG and green tea as cancer
preventives (Fujiki et al. 1998)

1. Non-toxic, for rodents and humans
2. Wide-range of target organs, such as digestive tract

including esophagus, stomach, duodenum and colon, liver, lung,
breast, pancreas, bladder, prostate and skin

3. Inhibitory e�ect on growth of cancer cells, associated with
G2/M arrest in PC-9 cell line

4. Inhibitory e�ect on lung metastasis of B16 melanoma cells,
associated with reduction of various cytokine levels
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tively, 1 h after administration, values that had decreased
after 24 h. Speci®cally, the radioactivity per 100 mg tis-
sue in female mice was found to be 328.0 ´ 103 dpm,
213.7 ´ 103 dpm and 269.0 ´ 103 dpm for the stomach,
small intestine and colon respectively, after 24 h. The
radioactivity per 100 mg tissue of various organs 24 h
after administration is shown in Table 3 (Suganuma
et al. 1998). All the results showed that radioactivity was
present in the organs where EGCG and green tea had
previously been shown to inhibit carcinogenesis.

Cancer-preventive activities

Numerous scientists have asked the pertinent question:
what are the mechanisms of action of tea polyphenols?
Table 4 summarizes the results of many reports on the
preventive activities of EGCG, green tea and black tea
(NCI, DCPC, Chemoprevention Branch and Agent
Development Committee 1996; Fujiki et al. 1997; Jan-
kun et al. 1997; Naasani et al. 1998; Cao and Cao 1999).
Initially we found that EGCG inhibited tumor promo-
tion, and proposed as a possible mechanism the sealing
e�ect of EGCG (Fujiki et al. 1992), in which topical
application of EGCG to mouse skin inhibited interac-
tion of tumor promoters, hormones, and various growth
factors with their receptors. Moreover, many scientists
have subsequently reported that EGCG and tea polyp-
henols have antimutagenic (Okuda et al. 1984) and an-
timicrobial activities (Hamilton-Miller 1995), and that
tea polyphenols inhibit various activities of enzymes and
also gene expression of in¯ammatory cytokines related
to carcinogenesis, thereby enhancing the activity of some
biochemical reaction supporting anticarcinogenesis
(Yang and Wang 1993; NCI, DCPC, Chemoprevention
Branch and Agent Development Committee 1996; Fujiki
et al. 1997; Conney et al. 1999). Among these various
preventive activities, various journals have recently re-
ported new ®ndings related to mechanisms of action of
EGCG: inhibition of urokinase (Jankun et al. 1997),
which is involved in metastasis, inhibition of telomerase
activity associated with entering crisis and senescence

(Naasani et al. 1998), inhibition of p38-mitogen-acti-
vated protein kinase activation (Chen et al. 1999) and
inhibition of angiogenesis (Cao and Cao 1999). In short,
tea polyphenols have many functions and are thus
completely di�erent from an enzyme inhibitior, which
has a speci®c function. If this is indeed so, what is the
essential activity for cancer prevention? More and more,
we feel it is the inhibition of the expression and release of
tumor necrosis factor a (TNFa).

Inhibition of TNFa expression and TNFa release

First, I will brie¯y describe the results of our study of
TNFa in carcinogenesis (Fujiki and Suganuma 1999). In
1988, we added the okadaic acid class to the list of tumor
promoters on mouse skin initiated with DMBA (Suga-
numa et al. 1988); okadaic acid is structurally di�erent
from 12-O-tetradecanoylphorbal 13-acetate (TPA) and
inhibits protein phosphatases-1 and -2A (PP-1 and PP-
2A) (Hescheler et al. 1988). In addition, okadaic acid in
drinking water induced tumor promotion in rat glan-
dular stomach initiated with N-methyl-N¢-nitro-N-ni-
trosoguanidine (Suganuma et al. 1992). Repeated i.p.
injections of microcystin-LR and nodularin, which are
also inhibitors of PP-1 and PP-2A, induced tumor pro-
motion in rat liver initiated with diethylnitrosamine
(Nishiwaki-Matsushima 1992; Ohta et al. 1994). Since
the tumor promoters of the okadaic acid class, which
includes microcystin and nodularin, induced tumor
promotion in three di�erent organs initiated with three
di�erent carcinogens, we concluded that the okadaic
acid pathway, mediated through inhibition of PP-1 and
PP-2A, is a general tumor promotion pathway for var-
ious organs (Fujiki and Suganuma 1993). Applying the

Table 3 Distribution of radioactivity in various organs after a
single administration of [3H]EGCG. (Suganuma et al. 1998)

Organ 103 ´ Radioactivity (dpm/100 mg tissue)

Blood (ml)1) 288.0 � 2.0
Brain 22.5 � 10.4
Lung 22.0 � 5.8
Heart 24.4 � 8.1
Liver 27.3 � 3.7
Kidney 24.7 � 6.5
Spleen 20.0 � 7.1
Pancreas 21.4 � 12.3
Uterus and ovary 21.8 � 8.0
Mammary gland 18.4 � 4.3
Bladder 6.6 � 3.6
Bone 18.5 � 6.5
Skin 19.3 � 0.4

Table 4 Preventive activities of EGCG, green and black tea. 8-
OHdG 8-hydroxy-2¢-deoxyguanosine, ODC ornithine decarbox-
ylase, PKC protein kinase C, TNFa tumor necrosis factor a, IL-1
interleukin-1, GSH glutathione GSH-Px GSH peroxidase. GST
glutathione-S-transferase (NCI, DCPC, Chemoprevention Branch
and Agent Development Committee 1996; Fujiki et al. 1997; Jan-
kun et al. 1997; Naasani et al. 1998; Cao and Cao 1999)

Anticarcinogenic antipromotion, including tumor growth,
invasion, metastasis, and cell
transformation

Sealing e�ect inhibiting interaction of tumor promoters,
hormones, and various growth factors with
their receptors

Antimutagenic antiinitiation, including food mutagens,
endogenous nitrosation products,
carcinogen-DNA adducts, and 8-OHdG

Antimicrobial
Inhibition oncogene expression (c-myc, c-H-ras, c-raf),

lipid peroxidation, angiogenesis, free
radicals, ODC, urokinase, PKC,
lipooxygenase, cyclooxygenase, 5a-
reductase, nitric oxide synthase, telomerase
TNFa gene expression and TNFa release,
and IL-1 gene expression

Enhancement phase II (GST), GSH-Px, catalase, NAD(P)
H:quinone reductase, and gap junction
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okadaic acid pathway of tumor promotion to human
carcinogenesis, we found a possible link between tumor
promoters and TNFa, based on evidence that okadaic
acid mimics TNFa/interleukin-1(IL-1), in inducing
phosphorylation of the same proteins, and that it also
induces similar expression of early-response genes in
human ®broblasts, along with activation of NF-jB in
Jurkat cells (Guy et al. 1992).

We obtained the following results. (1) A single ap-
plication of TPA and okadaic acid induced TNFa gene
expression in mouse skin (Suganuma et al. 1995), and
treatment with TPA and okadaic acid induced TNFa
release from various cells including BALB/3T3, HL-60
and KATO-III cells (Fujiki and Suganuma 1999). (2)
Since TNFa is a protein of 17 kDa, topical applications
of TNFa would not be e�ective on mouse skin. In a two-
stage cell transformation assay, TNFa stimulated
transformation of BALB/3T3 cells initiated with 3-
methylcholanthrene, and was about 1000 times stronger
than TPA at their molar concentrations (Komori et al.
1993). (3) TNFa, IL-1a and IL-1b, the latter two being
functionally similar to TNFa, induced clonal growth of
Bhas 42 cells, which are v-H-ras-transfected BALB/3T3
cells, whereas they were not e�ective in BALB/3T3 cells
(Suganuma et al. 1999b). (4) Quite recently our very
important results showed that repeated topical applica-
tions of okadaic acid and TPA to DMBA-initiated skin
of TNFa-de®cient mice induced tumor promotion much
less weakly than in normal CD-1 mice initiated with
DMBA (Suganuma et al. 1999b). Thus, we are increas-
ingly certain that TNFa is an endogenous tumor pro-
moter and a central mediator of cancer development.

The next step was to determine whether EGCG and
other tea polyphenols inhibit TNFa gene expression in
the cells and its release from the cells. We found that
ECG, EGCG and EGC dose-dependently inhibited
TNFa release from a human stomach cancer cell line,
KATO-III cells treated with okadaic acid, whereas EC,
an inactive tea polyphenol, did not (Okabe et al. 1999).
Since various structurally di�erent cancer inhibitors,
such as 9-cis-retinoic acid, sulindac, the active form of
vitamin D3, and tamoxifen, also inhibited TNFa release
(Suganuma et al. 1996), we began looking at the re-
duction of levels of TNFa and similar cytokines in the
tumor development process as the common, key crite-
rion for cancer inhibitors and cancer-preventive agents
(Fujiki et al. 1999a).

Prospective cohort study

We concentrated on what we see as one of the most
important questions: can green tea a�ect the develop-
ment of cancer in humans, and, if so, how many cups per
day should one drink to get the bene®ts? Kei Nakachi
and Kazue Imai at our Research Institute conducted a
prospective cohort study with 8552 individuals of Yo-
shimi town in Saitama Prefecture, beginning in 1986
(Imai and Nakachi 1995). These individuals, all over 40

years of age, answered 90 questions on their living
habits, including their daily consumption of green tea.
During the period of the study, 153 men and 109 women
died of cancer, and these deaths were analyzed by two
parameters: age at death and daily consumption of green
tea. The results were strongly suggestive: male cancer
patients who consumed over ten cups per day died 3.6
years later, among males, and female patients died 7.8
years later, than cancer patients drinking fewer than
three cups per day. Most Japanese use a medium-size
(180 ml) cup for drinking green tea, and will ingest 0.8±
1.3 g green tea extract, including 340±540 mg EGCG, in
ten cups per day (Nakachi et al. 1997a).

During the 10 years of the study, Imai and Nakachi
found a total of 384 cancer patients, 220 male and 164
female, among participants in the cohort study. These
cancer patients, male and female, were divided into three
groups by daily green tea consumption of under three
cups to over ten cups. Next, the average age of cancer
onset was calculated in each group, and it was found
that cancer onset of the patients who had consumed over
ten cups of green tea per day, was 8.7 years later among
women, and 3.0 years later among men, than those of
patients who had consumed under three cups per day
(Table 5) (Imai et al. 1997). The di�erence between
women and men is partly due to the higher tobacco
consumption of the latter. This was the ®rst evidence
that drinking green tea delays cancer onset, probably
because of the inhibition of growth of dormant initiated
cells (Imai et al. 1997).

With the 419 cancer patients from the 11 years of the
same study, our colleagues extended their research by
determining the relative risk of major cancers based on
consumption of green tea. They found that women who
consumed over ten cups of green tea per day showed a
lower relative risk of lung cancer, colon cancer and liver
cancer. Although the relative risk of stomach cancer was
not signi®cantly lower (Nakachi et al. 1997b), we felt
greatly encouraged by the results from this prospective
cohort study. In brief, many cancers can be prevented,
or at least their onset can be delayed.

Cancer prevention following cancer treatment

Nakachi and his associates found decreased recurrence
of human breast cancer with increased consumption of

Table 5 Average age at cancer onset and green tea consumption
from prospective cohort study (Imai et al. 1997)

Age (years) at cancer onset after daily green tea
consumption of:

Gender £3 cups 4±9 cups ³10 cups

Male 65.3 � 1.5 67.6 � 1.0 68.3 � 1.2
(220) (54) (102) (64)

Female 65.7 � 1.7 66.8 � 1.2 74.4 � 2.5
(164) (49) (94) (21)
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green tea, on the basis of results obtained from 472
cancer patients at our hospital (Nakachi et al. 1998).
Consumption of green tea by the patients was roughly
divided into two classes, fewer than four cups per day
and over ®ve cups per day. In stages I and II cancer
patients, the group consuming over ®ve cups per day
showed a lower recurrence rate, 16.7%, and a longer
disease-free period, 3.6 years, than those consuming
fewer than four cups per day (Table 6) (Nakachi et al.
1998). However, stage III cancer patients did not show
any signi®cant di�erence and we assume that breast
cancer of stage III involves more accumulated genetic
changes in the cells than that of stages I and II. This
suggests that green tea is more e�ective in the early stage
of second tumor development, even after the removal of
the primary cancer.

For stages I and II breast cancer patients, two clinical
parameters showed a signi®cant association with daily
consumption of green tea: the mean number of metasta-
sized axillary lymph nodes in premenopausal patients and
the mean expression of progesterone and estrogen recep-
tors in postmenopausal patients. Speci®cally, increased
consumption of green tea was closely associated with a
decreased number of metastasized axillarly lymph nodes,
and with increased expression of both types of receptor.
Thus, we think that drinking green tea prior to the onset
of clinical cancer will lead to more hopeful prognoses for
breast cancer patients (Nakachi et al. 1998).

Synergistic e�ects of EGCG with sulindac

Masami Suganuma at our Research Institute demon-
strated that EGCG with other cancer-preventive agents,
sulindac and tamoxifen, synergistically and additively
enhanced apoptosis of PC-9 cells (Suganuma et al.
1999a), quantitatively measuring apoptosis by DNA
fragmentation. Speci®cally, sulindac at a concentration
of 10 lM induced almost no apoptosis of PC-9 cells,
while 10 lM sulindac with 75 lM EGCG induced ap-
optosis eight times as strongly as sulindac alone. Sulin-
dac sul®de, at a concentration of 1 lM, with 75 lM
EGCG resulted in a more than 20-fold enhancement.
We think, then, that a combination of sulindac and
green tea will reduce the adverse e�ects of sulindac in

humans while retaining its preventive e�ects, thus
making it possible to administer green tea to a high-risk
population (Suganuma et al. 1999a). The e�ects of
EGCG with tamoxifen were found to be additive.

Two stages of cancer prevention

On the basis of all of the above results, I will now
summarize my view of the place of green tea in cancer
prevention. Taken as a daily beverage, it can delay the
onset of many types of cancer; taken in conjunction with
sulindac or tamoxifen (Suganuma et al. 1999a), it can
lead to more hopeful prognoses for cancer patients fol-
lowing cancer treatment, including prevention of recur-
rence, second primary tumor and metastasis. In both
stages, I believe that drinking green tea is the most
practical method of cancer prevention for clinically
healthy persons (Fig. 2).

We then have to look at two groups: those who are
used to drinking green tea every day, and those who are
not. For the former group, I recommend ten Japanese-
size cups per day, especially in Japan, where develop-
ment of cancer-preventive drugs is lagging. Most
Japanese use a medium-size (180 ml) cup for drinking
green tea, and will injest 0.8±1.3 g green tea extract in-
cluding 340±540 mg EGCG with ten medium size cups
per day. For the latter group, we have now prepared
green tea tablets in collaboration with Saitama Prefec-
ture Tea Experiment Station. We hope that the tablets
will be used as a dietary supplement, to allow a healthy
population and cancer patients to receive the bene®ts of
ten cups of green tea without changing their life style.
Each tablet is 500 mg and contains 96% green tea ex-
tract. In the U.S. also, under Waun Ki Hong's leader-
ship, two phase I clinical trials with green tea capsules,
manufactured by ITO EN Ltd. in Japan, have been
conducted (Newman et al. 1999), and a phase II trial is
anticipated.

Kava

Herbal remedies are nothing new, but every so often we
stumble on evidence that some of them can save people's

Table 6 Recurrence rate of breast cancer in relation to daily con-
sumption of green tea (472 patients) (Nakachi et al. 1998)

Daily green tea consumption

Parameter £4 cups ³5 cups

Stages I and II (390 patients)
Recurrence rate(%) 24.3 16.7
Disease-free period (years) 2.8 3.6

Stage III (82 patients)
Recurrence rate (%) 48.8 58.5
Disease-free period (years) 1.9 1.9

Fig. 2 Two stages of cancer prevention
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lives. Green tea is certainly one of these and, while looking
for similar preparations in Japan, we found that, in 1985,
Brian E. Henderson had reported unusually low rates of
many cancers in Fiji, among them, stomach, breast, lung
and prostate cancers (Henderson et al. 1985). Naturally
we wondered what the people of Fiji might be drinking or
eating thatwas peculiar toFiji. I was informed that people
in Fiji commonly drink kava, or yongona, at evening
parties, according to tradition or custom. Kava is a bev-
erage prepared from the powdered roots of a tropical
plant, Piper methysticum (Sotheeswaran 1987), and it has
a slightly numbing e�ect in the mouth. In collaboration
with Yoshinori Asakawa, we isolated ®ve kava lactones
from kava extract and subjected them to a TNFa-release
assay of BALB/3T3 cells. One of the kava lactones, kava-
3, demethoxyyangonin (Achenbach et al. 1972; Sot-
heeswaran 1987), signi®cantly inhibited TNFa release,
with a potency as great as EGCG (unpublished results).
We are now studying whether kava lactones can inhibit
cancer development, particularly in the lung, in rodent
carcinogenesis experiments.

Conclusion

That EGCG, green tea and kava are acknowledged
cancer preventives in Japan and Fiji makes it possible
for us to extend the idea of the two stages of prevention:
cancer prevention before cancer onset can be achieved
by drinking green tea and herbal remedies, including
kava, and cancer prevention following cancer treatment
can be achieved by using conventional cancer-preventive
agents such as tamoxifen, sulindac and all-trans-(4-hy-
droxyphenyl) retinamide, supplemented by green tea
and probably herbal remedies. There is, indeed, a valid
conclusion, and to me it is an obvious one: alternative
medicine, including kava and herbal remedies, should be
intensively investigated for the development of new
cancer preventives for the 21st century.
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