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ABSTRACT

◥

Polyphenon E (Poly E) is a green tea polyphenol preparation whose most active component is epigallocatechin
gallate (EGCG). We studied the cancer preventive efﬁcacy
and safety of Poly E in subjects with rectal aberrant crypt
foci (ACF), which represent putative precursors of colorectal cancers. Eligible subjects had prior colorectal
advanced adenomas or cancers, and had ≥5 rectal ACF
at a preregistration chromoendoscopy. Subjects (N ¼ 39)
were randomized to 6 months of oral Poly E (780 mg
EGCG) daily or placebo. Baseline characteristics were
similar by treatment arm (all P >0.41); 32 of 39 (82%)
subjects completed 6 months of treatment. The primary
endpoint was percent reduction in rectal ACF at chromoendoscopy comparing before and after treatment.
Among 32 subjects (15 Poly E, 17 placebo), percent change
in rectal ACF number (baseline vs. 6 months) did not
differ signiﬁcantly between study arms (3.7% difference of
means; P ¼ 0.28); total ACF burden was also similar

Introduction
Colorectal cancer is the third most common cause of cancerrelated death in the United States and ranks second as cause of
cancer-related mortality (1). Pharmacologic strategies to pre-
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(2.3% difference of means; P ¼ 0.83). Adenoma recurrence rates at 6 months were similar by arm (P > 0.35).
Total drug received did not differ signiﬁcantly by study
arm; 31 (79%) subjects received ≥70% of prescribed Poly E.
Poly E was well tolerated and adverse events (AE) did not
differ signiﬁcantly by arm. One subject on placebo had two
grade 3 AEs; one subject had grade 2 hepatic transaminase
elevations attributed to treatment. In conclusion, Poly E
for 6 months did not signiﬁcantly reduce rectal ACF
number relative to placebo. Poly E was well tolerated and
without signiﬁcant toxicity at the dose studied.
Prevention Relevance: We report a chemoprevention
trial of polyphenon E in subjects at high risk of colorectal
cancer. The results show that polyphenon E was well tolerated, but did not signiﬁcantly reduce the number of rectal
aberrant crypt foci, a surrogate endpoint biomarker of
colorectal cancer.
vent this malignancy remain a major unmet need. Green tea
consumption as a beverage has been extensively studied for
possible cancer preventive effects (2). Epidemiologic studies
have suggested an association of green tea intake of at least 10
cups per day (3) with a reduced risk of colorectal cancer (4). In
rodent models, dietary polyphenon E (Poly E) reduced the total
number of colorectal aberrant crypt foci (ACF) and decreased
the percentage of ACF with high-grade dysplasia in the azoxymethane (AOM) model of colon carcinogenesis (5–7). ACF
are putative precursor lesions of colorectal cancers that can be
detected using chromoendoscopy (8). To date, interventional
studies evaluating green tea preparations for chemoprevention
of colorectal cancer in humans are limited to two studies from
Japan (3) and Korea (9) that support the further evaluation of
Poly E for colon cancer prevention. Data also exist in subjects
with established cancer of the prostate (10) and chronic
lymphocytic leukemia (CLL; ref. 11) where clinical responses
were observed.
Green tea constituents include polyphenols that have been
shown to confer cancer preventive properties in animal model
systems of colorectal cancer and other tumor types (12, 13).
The major and most biologically active green tea polyphenol is
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epigallocatechin-3-gallate (EGCG). Poly E is a deﬁned green tea
polyphenol preparation containing 55%–72% of the EGCG and
other catechins (25%) with minimal amounts of caffeine
(<1.0%), theobromine (<1.0%) and gallic acid (<0.5%;
refs. 14, 15). Poly E and EGCG have been formulated into
capsules by the Chemoprevention Agent Development
Research Group at the NCI for prevention and treatment
studies in a variety of cancers (11, 16).
Most colorectal cancer chemoprevention studies have utilized adenoma recurrence as the primary endpoint based upon
evidence establishing adenomas as precursor lesions of colorectal cancers (17). However, these trials require large numbers
of patients with extended clinical follow-up, and entail considerable expense. ACF were ﬁrst described by Bird and
colleagues (18) in the murine colon after exposure to the
carcinogen, azoxymethane (AOM). ACF are the earliest morphologically detectable lesions in colorectal mucosa and are
believed to be precursors of adenomas and cancers (19, 20) as
shown by their increased prevalence, density, and frequency of
dysplasia in subjects over the age of 40 years (19, 21). Furthermore, human ACF number is higher in the left versus right
colon (21–23), which parallels the distribution of sporadic
colonic neoplasms. Also, studies in humans have shown that
ACF number and size are increased in patients with versus
without prior or current colorectal neoplasms (19, 22, 24).
While ACF are not visible using standard white-light colonoscopes, the use of chromoendoscopy with a mucosal dye, such
as methylene blue, allows ACF to be readily identiﬁed and
quantiﬁed (8, 21, 25). Preclinical studies support the utility of
ACF as a surrogate endpoint biomarker (SEB) for chemoprevention trials. In this regard, ACF are used as an SEB for the
efﬁcacy of antitumor agents in the chemoprevention program
of the NCI (26).
We conducted a phase II chemoprevention study to determine the effect of treatment with Poly E on rectal ACF in
patients at high risk of colorectal neoplasia and also to examine
its tolerability and safety proﬁle.

Materials and Methods
Study population and design
We conducted a randomized, double-blinded, and placebocontrolled trial in adult subjects (n ¼ 39) age 40 years or older
with a history of current or prior advanced colorectal adenomas
or cancer. Advanced adenomas are deﬁned as adenomas ≥1 cm
and/or with tubulovillous or villous histology, or high-grade
dysplasia. A full colonoscopy was required within 45 days prior
to randomization. If a colonoscopy was done within this time
frame, then a ﬂexible sigmoidoscopy with chromoendoscopy
was performed in the preregistration phase to identify subjects
with at least 5 rectal ACF. Otherwise, colonoscopy was performed per standard of care and chromoendoscopy of the
sigmoid colon and rectum was added for ACF evaluation.
Subjects with ≥ 5 rectal ACF who met all eligibility criteria
were randomized to receive either placebo or Poly E. Patients
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were enrolled at Mayo Clinic (Rochester, MN) and Hines
Veteran’s Administration Hospital (Hines, IL). Patients were
stratiﬁed on the basis of the Institution where subject randomization occurred, prior use of low dose aspirin (81 mg; yes vs.
no), and disease history (advanced adenomas or prior colon
cancer). Consumption of over-the-counter green tea or green
tea extract ≤ 6 weeks prior to registration/randomization
and/or during study treatment was prohibited. Participants
were randomized in a blinded fashion to receive either
Polyphenon E (Poly E; two 300-mg capsules orally twice daily
containing 65% EGCG, 25% other catechins and less than
0.6% caffeine; Arm 1) or matched placebo (Arm 2) in a 1:1 ratio
using the Pocock–Simon dynamic allocation procedure (27).
Poly E capsules were supplied and distributed under contract
with Mitsui Norin via Aptuit, Inc. The study drugs were
initiated within 7 days of randomization and taken on a
continuous schedule for 6 consecutive months. Accrual was
terminated at 39 subjects due to pending expiration of Poly E
with need for repeat drug stability testing to ensure that the
quality of the drug is maintained.
Chromoendoscopy was performed at surveillance colonoscopy or during a left-sided examination at ﬂexible sigmoidoscopy if the subject had received prior colonoscopy
within 90 days. ACF were identiﬁed at chromoendoscopy as
crypts that stain darkly with methylene blue (compared with
normal crypts) and had larger diameters with oval or slit-like
lumens and also with thicker epithelial linings (19, 20). All
eligible patients were randomized with documentation of
baseline history, physical examination, ECOG performance
status, and use of any concomitant medications. Blood
samples were collected to ensure normal baseline values
(chemistry panel, hematology panel, and liver function
tests). Participants with fewer than 5 rectal ACFs at baseline
were considered ineligible and all ACF were biopsied and
biobanked. At preregistration endoscopy, all polyps ≥ 2 mm
were removed and submitted for pathologic evaluation.
Adenoma recurrence was determined based on the
recurrence of adenomatous polyps at the 6-month end-oftreatment ﬂexible sigmoidoscopy and up to 5 years follow-up
postrandomization.
Post-randomization safety evaluations were performed
every month via telephone interview to monitor compliance
with the study medications, use of concomitant medications,
and to identify and record adverse events along with monthly
blood collection for assessment of liver function. A follow-up
clinic visit was conducted at month 6, which included a
physical examination and laboratory testing. Safety and
tolerability of the study drugs was evaluated by reviewing
patterns of adverse events, within and across the intervention
and placebo group, via frequency tables and univariate
statistics. The NCI CTC Version 3.0 was used to grade all
adverse events. The Mayo Clinic Cancer Center (MCCC)
Data Safety Monitoring Board (DSMB) reviewed accrual and
safety data for this trial at least twice a year, based on reports
provided by the MCCC Statistical Ofﬁce.
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All enrolled patients had a colonoscopy or ﬂexible sigmoidoscopy combined with chromoendoscopy of the sigmoid colon
and rectum at baseline and at end of treatment (6 months
postrandomization) with ACF assessment. At baseline, a cluster of ≥ 5 ACF were identiﬁed in the rectum with placement
of a mucosal tattoo (India ink) to facilitate identiﬁcation of this
same region after 6 months on study. At end of treatment, the
tattooed region was reexamined and ACF were quantiﬁed after
6 months of continuous drug therapy. At baseline chromoendoscopy, biopsy of any sigmoid but not rectal ACF was
performed. At the 6-month exam, up to 10 sigmoid ACF and
up to 10 rectal ACF including the 5 index ACF were biopsied.
The biopsied ACF tissues were then biobanked. All study
procedures were performed by a limited number of endoscopists at Mayo Clinic (Rochester, MN) and by Dr. Stephen
Sontag at Hines, VA. Written informed consent was obtained
for all study subjects. The study was approved by the Institutional Review Board at both Institutions. The studies were
conducted in accordance with the Declaration of Helsinki.
Study procedures
Details of the chromoendoscopy procedure for evaluation of
rectal ACF are as follows. The rectum was deﬁned based upon
measurement of the distance from the anal verge to the middle
rectal fold (15 cm). After inspection and removal of any
polyps, the endoscope was withdrawn into the rectum and 60 cc
of 10% Mucomyst solution was applied with a spray catheter to
coat the mucosa beginning at 25 cm from anal verge (dwell time
of 1–2 minutes). After washing the mucosa with 60 mL of water
to remove residual mucus, the rectal mucosa was then painted
with methylene blue dye (0.2%) in a circumferential fashion
using a spray catheter beginning at 25 cm from anal verge
(dwell time of 2 minutes). Assessment of rectal ACF was then
performed by slow, deliberate pull-back of the endoscope. A
mucosal tattoo was placed at the site of an index cluster of ≥ 5
rectal ACF. Still photography of regions of interest were
performed and the procedure was videotaped to enable future
review. Total ACF number and distance from the anal verge
were recorded. Among ACF characteristics that were recorded
on case report forms were absolute number of ACF, distance
from anal verge, and ACF size in mm.
Statistical considerations
The primary study endpoint was to determine the association of Poly E treatment with percent change in the number of
rectal ACF (% change in ACF) identiﬁed during the baseline
and end of treatment chromoendoscopy exams. On the basis of
a prior chemoprevention trial in subjects at high risk of
colorectal cancer completed by the Mayo Clinic Cancer Prevention Network (28), we designed our trial with 80% power to
observe at least a 40% decrease in the number of rectal ACF at
6 months from baseline to consider that Poly E showed a
signiﬁcant cancer preventive effect in our study population (28). The CPN trial found that approximately 60% of
preregistered cases had ≥ 5 rectal ACF and that the percent
change in rectal ACF was bidirectional (i.e., increased and
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decreased; ref. 28). Data from this trial supported our conservative estimate for the SD for the distribution of percent change
in rectal ACF to be in the range of possible values (i.e., 1 to 1,
which is 2) divided by 4 (i.e., 0.5). Given these considerations,
our plan was to test the hypothesis of no change in the number
of rectal ACF at 6 months (i.e., Ho) versus at least a 40%
decrease in the number of rectal ACF at 6 months (i.e., Ha).
Here, we assumed that the % decrease in ACF is normally
distributed with equal dispersion (i.e., variance) among the
placebo and Poly E arms. Assuming equal observed standard
deviations (50%) across the treatment and placebo arms, a
sample size of 21 participants per arm yields 80% power (onesided, two-sample t test, alpha ¼ 0.05) to detect a decrease of at
least 40%, or 80% of a SD, in percent change in rectal ACF
between the active agent group versus the placebo group. To
achieve the goal of 21 eligible per arm (42 total) that would
complete both baseline and 6-month evaluations, our goal was
to randomize 50 total patients (25 per arm). Study accrual
occurred over an 18-month period and was suspended early
due to a pending expiration of the supply of Poly E. For our
primary endpoint, descriptive statistics and box plots are
reported. Because of skewness and outliers, the Wilcoxon
rank-sum test was used for comparing the percent change in
rectal ACF between the arms.
Secondary study endpoints included a comparison of baseline demographic and clinical data, treatment tolerability, and
adverse events. Only patients who received > 70% of total
expected dose of Poly E were included in the evaluation of the
total ACF burden (sum of ACF size in mm across aggregate
ACFs), and the adenoma recurrence rate. For these endpoints,
the Wilcoxon rank-sum test was used to compare continuous
data by arm and the x2 test to compare categorical data.
Descriptive statistics [median, range, mean, SD, frequency
(%)] are shown in Results/Tables. Other than the primary
endpoint (one-sided), other P values are reported as two-sided,
where P values < 0.05 are considered statistically signiﬁcant.
Analyses were performed using SAS version 9.4 (SAS Institute
Inc.).

Results
We screened 78 subjects with prior advanced adenomas
(n ¼ 77) or carcinoma (n ¼ 1) and identiﬁed 39 (50%) subjects
who had 5 or more rectal ACF at baseline chromoendoscopy
and also met all other eligibility criteria for participation
(Fig. 1). We randomized 39 total subjects to the treatment
arm with Poly E (n ¼ 19) or to the placebo arm (n ¼ 20).
Baseline characteristics of the study population were similar
between treatment arms (all P > 0.41; Table 1). The median
patient age was 62 years, 64% were male, 85% were white, 95%
had documented prior advanced adenomas, and 72% denied
chronic use of low dose aspirin (deﬁned as 7 consecutive days
for >3 weeks).
Of the 39 randomized patients, 32 (82%) had both baseline
and 6-month ACF evaluations (7 discontinued treatment early
in that 6 refused further treatment and 1 withdrew due to an
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Preregistration chromoendoscopy
with quantitation of rectal ACF
(n = 78)

If < 5 ACF,
ineligible

Figure 1.
Study schema for a randomized trial of Poly E versus
placebo in patients with prior advanced colorectal adenomas or colon cancer.

If ≥ 5 ACF, eligible
(n = 39)

Randomization

Polyphenon E (n = 19)
(2) 300 mg capsules PO twice daily
for 6 months

Matched Placebo (n = 20)
(2) capsules PO twice daily
for 6 months

Month 6 - End-of-treatment
Chromoendoscopy with quantitation
of rectal ACF

Table 1. Clinical variables by study arm.
Poly E
(n ¼ 19)
Age
N
Mean (SD)
Median
Q1–Q3
Range
Sex
Female
Male
Race
White
African American
Prior Aspirin (81 mg)
No
Yes
Institution
Hines Veterans admin.
Mayo Clinic
Disease history
Advanced adenomas
Prior colon cancer

Placebo
(n ¼ 20)

Total
(n ¼ 39)

P
0.87a

19
62.1 (9.4)
63.0
54.0–70.0
(46.0–77.0)

20
61.4 (7.9)
62.0
56.5–66.0
(48.0–77.0)

39
61.7 (8.6)
62.0
55.0–67.0
(46.0–77.0)
0.58b

6 (31.6%)
13 (68.4%)

8 (40.0%)
12 (60.0%)

14 (35.9%)
25 (64.1%)

17 (89.55%) 16 (80.0%)
2 (10.55%) 4 (20.0%)

33 (84.6%)
6 (15.4%)

14 (73.7%)
5 (26.3%)

14 (70.0%)
6 (30.0%)

28 (71.8%)
11 (28.2%)

8 (42.1%)
11 (57.9%)

8 (40.0%)
12 (60.0%)

16 (41.0%)
23 (59.0%)

18 (94.7%)
1 (5.3%)

19 (95.0%)
1 (5.0%)

37 (94.9%)
2 (5.1%)

0.41b

0.80b

0.89b

0.97b

a

Wilcoxon rank-sum test.
x test.

b 2
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adverse event). Evaluation of rectal ACF was performed using
chromoendoscopy (Fig. 2). Of the 32 evaluable patients
(15 Poly E; 17 Placebo), there was no signiﬁcant differences
in the primary endpoint of percent change in rectal ACF
number comparing baseline to 6 months for each study arm
(Poly E vs. placebo, 3.7% difference of mean values; one-sided
P ¼ 0.28; Table 2; Fig. 3A). Speciﬁcally, the placebo arm had
a mean ACF change of 0% compared with a mean increase of
3.7% for the Poly E–treated patients. Furthermore, the total
ACF burden (deﬁned as the sum of the diameters of aggregated
rectal ACF) was also similar between study arms (Poly E
vs. placebo, 2.3% difference of mean values; P ¼ 0.83,
Table 2; Fig. 3B). Most patients received at least 70% of the
prescribed treatment doses [31 (79%)], and 32 of the 39 patients (82%) received all 6 months of treatment. Similar results
were found after excluding patients who received < 70% of
Poly E treatment.
At the 6-month end of treatment evaluation, adenoma
recurrence rates did not differ signiﬁcantly among the study
arms. Speciﬁcally, Poly E–treated patients had an adenoma
recurrence rate of 29% compared with a recurrence rate of 35%
for placebo patients (P ¼ 0.69; Table 2). When only polyps
≥ 5 mm were considered, the adenoma recurrence rate decreased to 0% for the Poly E–treated patients compared with 6%
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Figure 2.
ACF seen in the rectum at chromoendoscopy with use of methylene blue.

for the placebo-treated patients (P ¼ 0.36). None of the patients
developed an advanced adenoma during study treatment.
Treatment was well tolerated overall. Reasons for discontinuing treatment early included refusal of further treatment
(n ¼ 6) or an adverse event (n ¼ 1). Subjects on the treatment
arm had similar pill intake, estimated by pill counts and
medication diaries, as those on the placebo arm (P ¼
0.14; Table 2). Adverse events (AE) did not differ signiﬁcantly

Table 2. Results by study arm.
Poly E
(n ¼ 19)
Baseline ACF number
N
19
Mean (SD)
12.2 (6.8)
Median
9.0
Range
(5.0–28.0)
6-month ACF number
N
15
Mean (SD)
12.7 (10.01)
Median
10.0
Range
(2.0–44.0)
ACF number percent change
N
15
Mean (SD)
3.7 (49.1)
Median
0.0
ACF size percent change
N
15
Mean (SD)
10.3 (61.1)
Median
0.0
Adenoma recurrence
Missing
5
No
10 (71.4%)
Yes
4 (28.6%)
Adenoma recurrence (≥5 mm)
Missing
5
No
14 (100.0%)
Yes
0 (0.0%)
Percent total dose received
N
19
Mean (SD)
83.2 (29.3)
a

Wilcoxon rank-sum test.
One-sided P value.
c 2
x test.
b
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Placebo
(n ¼ 20)

Total
(n ¼ 39)

20
11.5 (10.6)
8.0
(5.0–52.0)

39
11.8 (8.8)
9.0
(5.0–52.0)

17
11.5 (12.3)
8.0
(2.0–53.0)

32
12.1 (11.2)
9.0
(2.0–53.0)

P
0.38a

0.25a

Discussion
0.28a,b

17
0 (52.7)
0.0

32
1.7 (55.9)
0.0

16
12.6 (102.8)
0.0

31
11.5 (83.9)
0.0

3
11 (64.75%)
6 (35.3%)

8
21 (67.7%)
10 (32.3%)

3
16 (94.1%)
1 (5.9%)

8
30 (96.8%)
1 (3.2%)

0.83a

0.69c

0.36c

0.14a
20
91.7 (24.0)

39
87.6 (26.7)

by study arm, and only one patient had any grade 3 or higher
AE in the placebo arm; Table 3). This same patient had both
grade 3 abdominal pain and grade 3 dyspepsia. One subject in
the Poly E arm had grade 2 AEs consisting of hepatic transaminase elevations (Table 3). Holding Poly E resulted in
normalization of transaminase values indicating a relationship
to treatment.
Colonoscopy and related pathology reports were collected
on participants post study enrollment. Median follow-up
time on the Poly E and placebo study arms was 39.1 and
36.4 months, respectively (P ¼ 0.44). Similar numbers of
post treatment colonoscopies were performed by study arm
(P ¼ 0.75). Among patients with available post study data
(N ¼ 17), recurrent adenomas were found at colonoscopy in
1 of 7 (14.3%) patients treated with Poly E versus 4/10 (40%)
on the placebo arm (P ¼ 0.056; Supplementary Table S1).
Furthermore, the median time-to-adenoma recurrence posttreatment was delayed in the Poly E study arm to 62.7 months
compared with 46.6 months the placebo arm.

We conducted a phase II randomized and placebocontrolled trial of Poly E treatment in patients at high risk
of metachronous colorectal neoplasia. Our high risk population, that is, prior advanced colorectal adenomas or colon
cancer, differs from most other chemoprevention studies
which have limited the study population to patients at
average risk of colorectal cancer. We measured ACF regression as a surrogate endpoint biomarker (SEB) for cancer
preventive efﬁcacy based on the demonstrated efﬁcacy of
Poly E to reduce the total number of colorectal ACF in a
rodent model of colon carcinogenesis (6), and data supporting ACF as precursors of colorectal cancer in humans
(19–21). Evaluation of ACF as an SEB also enables one to
measure short-term pharmacologic intervention on ACF
regression which can facilitate human chemoprevention
trials by making them of shorter duration, requiring fewer
participants, and at lower cost.
The primary study endpoint of percent change in the
number of rectal ACF between the baseline and end-of-
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Figure 3.
A, Percent change in rectal ACF number comparing baseline and 6-month evaluations at chromoendoscopy (primary study endpoint). B, Percent change in
aggregate ACF size (baseline vs. 6 months).

treatment exams was based on a modiﬁed intent-to-treat
procedure, which was inclusive of all patients with baseline
and 6-month ACF data. The requirement for ≥ 5 rectal ACF is
per established precedent from at least two similar rectal ACF
chemoprevention trials (28) and NCT00176618. We found that
Poly E (780 mg ECGC daily) failed to produce a statistically
signiﬁcant reduction in the primary endpoint of percent
change in rectal ACF number comparing baseline to 6 months.
Furthermore, aggregate ACF size did not differ signiﬁcantly by
study treatment arm. Thirty-one (79%) patients received at
least 70% of the total dose over all months of treatment. At the
end-of-treatment assessment, we also examined adenoma

Table 3. Toxicity monitoring (n ¼ 39).
Adverse
Event
Type
Nausea
Abdominal pain
ALTa increase
ASTb increase
Diarrhea
Dizziness
Dyspepsia
Fatigue
Flu-like syndrome
Headache
Myalgia

1
n (%)
Arm
Poly-E
Placebo
Placebo
Poly-E
Poly-E
Poly-E
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo

Grade
2
3
n (%)
n (%)

2 (10.5)
1 (5.0)
1 (5.0c)
1c (5.3)
1c (5.3)
1 (5.3)
1 (5.0)
1 (5.0c)
1 (5.0)
1 (5.0)
1 (5.0)

a

Alanine aminotransferase.
Aspartate aminotransferase.
Same patient.

b
c
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1 (5.0)

4
n (%)

recurrence rates as a secondary endpoint. At 6 months, adenoma recurrence rates did not differ signiﬁcantly by study arm.
All end-of-treatment exams were limited to the left colon and
rectum given the use of ﬂexible sigmoidoscopy. In a randomized, non–placebo-controlled study in a Korean population,
supplementation with a green tea extract (GTE) containing
206 mg of EGCG given daily for 12 months reduced the rate of
metachronous colorectal adenomas from 42.3% to 23.6%,
respectively, among 143 evaluable patients (9). Of note, no
differences in body mass index, C-reactive protein levels or
dietary intake were found by study arm. Another randomized,
non–placebo-controlled trial from Japan found that GTE
containing 157.5 mg of EGCG given daily for 12 months
reduced the incidence of metachronous adenomas from 31%
to 15% (3). Important differences are that our study evaluated
ACF regression as the primary endpoint, and exposure to
EGCG was limited to 6 months compared with 12 months in
the studies from Korea and Japan. Furthermore, our study
population consisted of higher risk patients who had prior
advanced adenomas and not simply a prior colorectal adenoma. As in our study, negative results were obtained for Poly E
supplementation in patients with low-grade cervical intraepithelial neoplasia whereby 98 women were randomized to
receive either Poly E (containing 800 mg EGCG) or placebo
once daily for 4 months (29). Chemoprevention studies have
evaluated dosages of Poly E ranging from 200 mg to 800 mg
daily. In a prior phase Ib study, Poly E at 400 and 600 mg, but
not 200 mg, daily versus placebo for 6 months resulted in
detectable concentrations (>10 pmol/g) of EGCG in the target
organ, that is, esophageal mucosa (30). On the basis of our dose
of EGCG at 780 mg daily, we would expect detectable EGCG
concentrations in the target organ, that is, colonic mucosa, and
the potential exists to measure ECGG concentrations using
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study biopsy material from our clinical trial participants.
Because it is stated that 8 ounces of brewed green tea typically
contains about 50–100 mg of EGCG (3), the dose of 780 mg
EGCG given in our study corresponds to approximately 10
cups per day, which has been associated with a reduced risk of
colorectal cancer (4).
We collected colonoscopy and related pathology data on
patients following study participation with a median followup time of 39.1 and 36.4 months in the treatment and
placebo arms, respectively. Among 17 patients with available data who underwent surveillance colonoscopies post
study treatment, recurrence of adenomas was found in
14.3% of patients previously treated with Poly E versus
40% for the placebo arm that was of borderline statistical
signiﬁcance. While these data suggest the possibility of a
delayed suppressive effect of Poly E on adenoma recurrence, the small patient numbers warrant caution in their
interpretation.
While natural dietary supplements like green tea are more
acceptable to the general public than are pharmacologic
agents for disease prevention, recipients of a standardized
green tea extract, that is, Poly E, given in concentrated form
must be carefully monitored for adverse effects. The main
secondary objective of our study was to examine the safety
and tolerability of Poly E in our study population. Poly E at
the prescribed dose (1,200 mg daily) was well tolerated and
no statistically signiﬁcant increase in adverse events occurred
in the treatment arm relative to the placebo arm. Adverse
effects were generally mild and most were grade 1 or 2
events. One patient developed grade 2 hepatic transaminitis
that resolved with cessation of Poly E. In a phase Ib trial of
Poly E in patients with breast cancer, a dose of 800 mg daily
was associated with a hepatic aminotransferase abnormality
in 1 of 3 patients treated at that dose level (16). In another
phase I trial of Poly E, patients with CLL received doses that
were escalated from 400 to 2,000 mg twice daily and onethird of patients developed grade 1 transaminitis (11). These
data suggest the relative safety of dose escalation of Poly E in
future clinical studies.
The mechanisms underlying the antitumor efforts of
EGCG include inhibition of EGFR and IGF/IGF1R signaling
pathways as shown in animal and human studies (31, 32).
Furthermore, studies in Apcmin/þ mice has shown that
EGCG can inhibit WNT signaling whose function is nuclear
translocation of b catechin to transcriptionally activate
proto-oncogenes such as c-myc, cyclin D1, and COX2 (33).
Strengths of our study include the randomized, placebocontrolled and double-blinded design. Strict eligibility
criteria were utilized for patient eligibility and endoscopic
procedures were performed by nine expert endoscopists
at two institutions. Study data monitoring included frequent
toxicity assessments and safety evaluations. Endoscopic methodology was standardized and procedures were performed by
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endoscopists experienced in chromoendoscopy. Limitations
include the relatively short duration of drug treatment
and the limited sample size due to pending expiration of
the study drug. We cannot exclude the possibility that a
longer treatment duration could have shown a more pronounced inhibitory effect on rectal ACF. In conclusion,
treatment with Poly E (1,200 mg daily/780 mg ECCG) for
6 months did not signiﬁcantly reduce rectal ACF number in
patients with prior advanced adenomas or colon cancer. Poly
E was well tolerated and without signiﬁcant toxicity at the
dosage studied.
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