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Objectives: To determine the preventive effect of green tea extract (GTE) supplements on metachronous
colorectal adenoma and cancer in the Korean population.
Materials and methods: One hundred seventy-six subjects (88 per each group) who had undergone
complete removal of colorectal adenomas by endoscopic polypectomy were enrolled. They were ran-
domized into 2 groups: supplementation group (0.9 g GTE per day for 12 months) or control group
without GTE supplementation. The 72-h recall method was used to collect data on food items consumed
by participants at baseline and the 1-year follow-up during the past 48 h. Follow-up colonoscopy was
conducted 12 months later in 143 patients (71 in control group and 72 in the GTE group).
Results: Of the 143 patients completed in the study, the incidences of metachronous adenomas at the
end-point colonoscopy were 42.3% (30 of 71) in control group and 23.6% (17 of 72) in GTE group (relative
risk [RR], 0.42; 95% confidence interval [CI], 0.21e0.87). The number of relapsed adenoma was also
decreased in the GTE group than in the control group (0.7 ± 1.1 vs. 0.3 ± 0.6, p ¼ 0.010). However, there
were no significant differences between the 2 groups in terms of body mass index, dietary intakes, serum
lipid profiles, fasting serum glucose, and serum C-reactive protein levels (all p > 0.05).
Conclusion: This study of GTE supplement suggests a favorable outcome for the chemoprevention of
metachronous colorectal adenomas in Korean patients (ClinicalTrials.gov number, NCT02321969).

© 2017 Published by Elsevier Ltd.
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1. Introduction

Colorectal cancer (CRC) is the third most commonly diagnosed
cancer, and the fourth most common cause of cancer-related death
spartate transaminase; BMI,
ectal cancer; EGCG, (�)-epi-
-C, high density lipoprotein
; LDL-C, low density lipopro-
ory drug; PCNA, proliferative
index; RR, relative risk; UNL,

l Medicine, Seoul National
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in theworld [1,2]. In Korea, colorectal cancer has the second and the
third highest incidences among men and women respectively in
2011 [3]. Especially, the incidence showed a rapid increase with an
annual change of 5.6% in men and 4.3% in women between 1999
and 2012 [4]. The increase in CRC might be associated with envi-
ronmental factors including westernized lifestyle and economic
development in recent decades.

The world's second most popular beverage is tea. Among them,
green tea contains high concentrations of catechins; in contrast,
high amounts of theaflavins and thearubigins were found in black
tea. A previous metaanalysis of epidemiologic studies on the effect
of green tea on CRC including both caseecontrol studies and pro-
spective cohort studies showed a significant reduction in colorectal
cancer risk by 20% [5]. However, a recent metaanalysis that
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included only prospective cohort studies showed an insignificant
association [6]. Therefore, the preventive effect of green tea on CRC
still remains to be elucidated.

In addition, with respect to the optimal dose of green tea to
prevent cancer, at least 10 Japanese cups of green tea (approxi-
mately 2000mL) per day are considered the daily cancer preventive
amount, which accounts for approximately 2.5 g of green tea
extract (GTE) [7]. At this high dose, however, adverse effects can
occur including nausea, heartburn, stomachache, headache,
insomnia and palpitation, which are at least partly related to
caffeine. To ease green tea polyphenol supplementation and to
reduce its side effects, GTE capsules or tablets could be prepared.
Previously, a Japanese pilot study showed that the supplementation
of 1.5 g of GTE per day for 12 months decreased metachronous
colorectal adenoma by half [8]. In Europe, a large multicenter
randomized controlled trial is in progress called GTE versus placebo
for metachronous colon adenoma in an elderly population [9].

Based on this background, we performed a prospective clinical
trial on this issue. As far as we know, this is the first Korean study.
The purpose of this study was to investigate the preventive effect of
GTE supplements on metachronous colorectal adenomas by
administrating GTE tablets with each tablet equivalent to 0.9 g/day
GTE, 0.6 g/day catechin.

2. Methods

2.1. Subjects

The present study is a single-center prospective randomized
open-labelled study. Between 2011 and 2015, patients who had
undergone endoscopic polypectomy for the complete removal of
colorectal adenomas were enrolled from Seoul National University
Bundang Hospital. The inclusion criteria were as follows: 1) sub-
jects were men or women between the ages of 19e85 years; 2)
colorectal adenoma(s) were removed by endoscopic polypectomy
or endoscopic mucosal resection at the time of enrollment; and 3)
adequate bowel preparation (Boston Bowel Preparation Score � 2
in all 3 segments) was performed. The followings were the exclu-
sion criteria: 1) suspicious hereditary CRC (such as familial
adenomatous polyposis and hereditary non-polyposis colorectal
cancer); 2) personal history of any cancer; 3) presence of inflam-
matory bowel disease (such as ulcerative colitis and Crohn's dis-
ease); 4) previous history of a resection of the small or large
intestine; 5) co-administration of aspirin or any NSAIDs; 6) previ-
ous history of amajor organ transplantation or co-administration of
immunosuppressive drugs; and 7) poor bowel preparation in the
initial colonoscopy. The subjects were randomized into 2 groups
using a blocked randomization method (block size ¼ 4) as follows:
a treatment group with GTE supplementation (0.9 g GTE per day for
12 months) and a control group without GTE supplementation. A
priori power analysis determined that a sample size of 176 patients
(88 per each group) was required to give the study 80% power to
detect a difference assuming a two-sided significance test at the
0.05 level. Among these subjects, 143 (71 in the control group and
72 in the GTE group) completed the study protocol (Fig. 1).

The study participants were checked every 3months to evaluate
adverse effects and compliance. In addition, co-administration of
aspirin or NSAIDs was checked at each follow-up. A follow-up co-
lonoscopy was conducted at 12 months to observe the occurrence
of any new colorectal polyps. The endoscopists were not informed
onwhich group the study participants belonged to which excluded
any potential bias. In addition, the study subjects underwent lab-
oratory tests, answered a questionnaire which included their
habitual tea and coffee consumption (at baseline only), and for the
dietary assessment, a structured 3-day recall questionnaire was
Please cite this article in press as: Shin CM, et al., Green tea extracts for th
underwent endoscopic removal of colorectal adenomas: A randomize
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given at baseline and 1-year follow-up. The Ethics Committee at
Seoul National University Bundang Hospital approved the study
protocol (B-1006-103-00).

2.2. Green tea extract tablet formulation

The green tea extract tablets (both water and ethanol extracts)
were provided by the AmorePacific R&D Center (Gyeonggi-do,
Korea). Fresh green tea leaves (Camellia sinensis) harvested in 2009
from 3 tea-growing areas in the Jeju island (south Korea) were used
to manufacture the tablets. One GTE tablet (500 mg) contained
225 mg of GTE consisting of 51.5 mg (�)-epigallocatechin gallate
(EGCG), 11.6 mg (�)-epicatechin, 65.5 mg (�)-epigallocatechin,
5.7 mg (�)-epicatechin gallate, and 10.9 mg caffeine, which is
approximately equivalent to 2 Japanese-size cups (approximately
400 mL) of green tea. The GTE supplementation group received two
GTE tablets 30 min after a meal twice a day for 12 months, which is
equivalent of 0.9, 0.6 and 0.2 g/day GTE, catechin, and EGCG,
respectively.

2.3. Blood testing

For all the study participants, blood was drawn by venipuncture
at baseline and at the 1-year follow-up. Laboratory testing included
liver enzymes [alanine transaminase (ALT)/aspartate transaminase
(AST)], lipids [total cholesterol, triglyceride, low density lipoprotein
cholesterol (LDL-C) and high density lipoprotein cholesterol (HDL-
C)], C-reactive protein (CRP), and fasting serum glucose level.

2.4. Evaluation of the rectal mucosal proliferation index

Additionally, to evaluate the rectal mucosal proliferation index
(RMPI) using a known proliferation marker (Ki-67), at least two
random biopsies of rectal mucosa were taken. Among the study
participants, 30 patients (30 pairs at baseline and after 1 year) were
analyzed to select well-stained and the tissue sections showing
well-oriented, U-shaped crypts that were open from the apical
lumen to the base. Formalin-fixed, paraffin-embedded tissue blocks
of polyp were cut (3 mm thickness) and mounted on coated glass
slides. Immunohistochemistry was done with an automated slide
preparation system Benchmark XT (Ventana Medical systems Inc,
Tucson, AZ). EZ prep, CC1 (cell conditioning solutions 1), and the
BMK ultraVIEW diaminobenzidine (DAB) detection system (Ven-
tana Medical Systems) were used for deparaffinization, epitope
retrieval, and staining according to the manufacturer's instructions.
Sections were stained with Ki-67 (ab15580, 1:700). Ultra-VIEW
copper was used to amplify the positive signals. Hematoxylin and
blueing reagent were used to counterstain the sections. Micro-
scopic examinations were performed (OLYMPUS BX53). Images
were captured (CellSens, Olympus, �200) for all slides, and posi-
tively stained cells in the crypts were counted with the IMT i-So-
lution software (version 10.1). All the % values in one patient were
averaged to produce an average % of Ki-67 stained cells.

2.5. Statistical analysis

Data on food intake obtained from the 3-day recall question-
naires were analyzed by the Computer Aided Nutritional Analysis
version 3.0 (CAN-pro 3.0, Nutritional Assessment Program, 2006,
The Korean Nutrition Society, Seoul, Korea) [10]. To evaluate
whether any significant difference was present in demographic or
clinical features between controls and GTE group, univariate anal-
ysis with Student's t-test or c2-test was performed. The paired t-
test and Spearman's rank correlation test were used to analyze the
paired samples. For the comparison in the changes in body weight,
e prevention of metachronous colorectal polyps among patients who
d clinical trial, Clinical Nutrition (2017), http://dx.doi.org/10.1016/



Fig. 1. Details of the study protocol. ITT, intention to treat analysis; GTE, green tea extract.
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body mass index, dietary factors, laboratory findings, and RMPI
from baseline to the 1-year follow-up between the 2 groups, a
general linear model was applied. All statistical analyses were done
with SPSS (version 17.0, SPSS Inc, Chicago, IL, USA). All statistical
tests were 2-sided, and p-values less than 0.05 were considered
statistically significant.

3. Results

In the baseline characteristics, there was no significant differ-
ence between the control group and GTE supplementation group in
terms of age, gender, body mass index, comorbidity, smoking and
alcohol intake, coffee and tea consumption, laboratory findings,
and baseline colonoscopic findings (Table 1).

After the 1-year follow-up, however, metachronous polyps
occurred in 60.6% (43 of 71) and 27.8% (20 of 72) in the control
group and GTE supplementation group, respectively (relative risk
[RR], 0.25; 95% confidence interval [CI], 0.12e0.51), which is sta-
tistically significant (p < 0.001, Table 2). The GTE supplementation
group had a significantly small number of recurrent polyps
compared to the control group (1.5 ± 2.0 vs. 0.5 ± 0.9 in controls and
GTE group, respectively, p < 0.001). Occurrences of metachronous
adenoma also showed a decrease in GTE group (23.6%, 17 of 72)
compared to control group (42.3%, 30 of 71; RR, 0.42; 95% CI,
0.21e0.87, p ¼ 0.018, Table 2). The number of relapsed adenomas
was also lower in the GTE supplementation group than in the
control group (0.7 ± 1.1 vs. 0.3 ± 0.6 in the control and GTE groups,
respectively, p ¼ 0.010). The size of the largest relapsed adenomas
was smaller in the GTE supplementation group than in the control
group, although it was not statistically significant (5.6 ± 2.2 vs.
4.5 ± 1.9 in the control and GTE groups, respectively, p ¼ 0.092).

Additionally, changes in body weight, body mass index and
waist circumference were not statistically significant between the 2
groups (Table 3). For example, body mass index showed a slight
decrease in the GTE group (delta ¼ �0.4 kg/m2) and a slight in-
crease in the control group (delta ¼ 0.4 kg/m2), which was not
statistically significant (p ¼ 0.689). There were no significant dif-
ferences between the 2 groups in terms of dietary intake. Moreover,
Please cite this article in press as: Shin CM, et al., Green tea extracts for th
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serum fasting glucose, lipid and CRP levels were not significantly
different (all p-values > 0.05).

We performed random rectal mucosal biopsies at baseline and
at the 1-year follow-up to evaluate whether there was a difference
between the 2 groups in terms of the rectal mucosal proliferation
index (RMPI) evaluated by Ki-67 staining. Fourteen subjects in the
control group and 16 in the GTE supplementation group were
compared (Fig. 2). However, there were no significant changes
observed in the percentage of Ki-67 stained cells between the rectal
biopsy specimens taken at baseline and at the 1-year follow-up in
the GTE supplementation group as well as the control group (all
p > 0.05); there was no significant difference between the 2 groups
when analyzed by a general linear model (p > 0.05).

Self-reported compliance to the GTE capsule was excellent
(99.3%). There were no serious adverse reactions reported by the
study participants related to the GTE supplementation. In terms of
the liver function test abnormalities, any study participants in both
groups did not have a serum alanine transaminase (ALT) level more
than 5 times the upper limit of the normal range (UNL) at baseline
and at the 1-year follow-up. However, five of the 72 subjects (6.9%)
in the GTE group had a serum ALT level more than twice the UNL.

4. Discussion

To date, several chemopreventive drugs have been suggested to
reduce colorectal cancer including aspirin, NSAIDs, antioxidants
and statins. However, no agents have been recommended for the
prevention of colorectal cancer in the general population [11].
Therefore, further research is still necessary to find new chemo-
preventive agents, including green tea and other phytochemicals.
Among the green tea catechins, (�)-epigallocatechin gallate (EGCG)
is the most abundant one, which accounts for more than 50% of the
total polyphenols in green tea [12]. To date, both in vitro and in vivo
studies have evaluated the molecular mechanisms of cancer che-
moprevention by EGCG, and several molecular mechanisms have
been suggested [13,14]. Briefly, it targets specific cell signaling
pathways to promote inflammation and cellular proliferation, or to
inhibit apoptosis. In colorectal carcinogenesis, through the
e prevention of metachronous colorectal polyps among patients who
d clinical trial, Clinical Nutrition (2017), http://dx.doi.org/10.1016/



Table 1
Baseline characteristics of the study participants.

Controls GTE P-value

(n ¼ 71) (n ¼ 72)

Male (%) 52 (73.2) 45 (62.5) 0.211
Age (y, mean ± SD) 59.8 ± 9.7 59.6 ± 12.3 0.908
BMI (kg/m2, mean ± SD) 23.7 ± 2.6 24.1 ± 3.0 0.470
Comorbidity
Diabetes (n ¼ 141, %) 7 (10.1) 4 (5.6) 0.363
Hypertension (n ¼ 140, %) 22 (31.9) 30 (41.7) 0.295
Dyslipidemia (n ¼ 140, %) 17 (24.6) 20 (28.2) 0.703

Smoking (n ¼ 140)
Nonsmoker 27 (39.1) 32 (45.1) 0.695
Current smoker 20 (29.0) 19 (26.8)
Ex-smoker 22 (31.8) 20 (28.2)

Drinking (n ¼ 139)
Rare/never drinker 19 (27.5) 20 (28.6) 0.407
Current drinker 47 (68.1) 43 (61.4)
Ex-drinker 3 (4.3) 7 (10.0)

Green tea intake (n ¼ 141)
Never/rare 57 (82.6) 61 (84.7) 0.898
1e2 cups per day 8 (11.6) 8 (11.1)
3e4 cups per day 4 (5.8) 3 (4.2)

Coffee intake (n ¼ 141)
Never/rare 13 (18.8) 17 (23.6) 0.855
1e2 cups per day 36 (52.2) 38 (52.8)
3e4 cups per day 15 (21.7) 13 (18.1)
5e6 cups per day 5 (7.2) 4 (5.6)

Dietary intakes
Calories (kcal/day) 1469.6 ± 520.0 1402.0 ± 422.0 0.394
Fat (g/day) 34.7 ± 33.8 29.6 ± 18.0 0.263
Dietary fiber (g/day) 17.9 ± 7.4 17.8 ± 5.0 0.909
Vitamin B6 (IU/day) 1.3 ± 0.5 1.2 ± 0.4 0.214
Folate (mg/day) 431.6 ± 163.2 404.0 ± 131.4 0.267
Vitamin D (IU/day) 2.6 ± 4.4 2.0 ± 2.9 0.355
Calcium (mg/day) 409.6 ± 198.6 385.4 ± 164.5 0.429

Laboratory findings
AST (IU/L) 23.3 ± 10.1 22.9 ± 8.9 0.792
ALT (IU/L) 23.8 ± 13.9 25.2 ± 15.4 0.563
Glucose (mg/dL) 105.3 ± 30.4 98.2 ± 17.0 0.093
TC (mg/dL) 187.8 ± 29.9 193.0 ± 40.0 0.391
HDL-C (mg/dL) 52.5 ± 12.7 52.3 ± 11.6 0.909
LDL-C (mg/dL) 109.0 ± 27.3 114.8 ± 32.3 0.258
TG (mg/dL) 160.7 ± 102.4 172.1 ± 113.8 0.538
hsCRP (mg/dL) 0.12 ± 0.13 0.10 ± 0.17 0.297

Colonoscopic findings
Number of polyps 2.8 ± 1.8 2.5 ± 1.7 0.294
Number of adenomas 2.3 ± 1.6 2.2 ± 1.5 0.620
Histology
Low grade dysplasia 58 (81.7) 59 (83.1) 0.789
High grade dysplasia 6 (8.5) 4 (5.6)
Sessile serrated adenoma 4 (5.6) 3 (4.2)
Intramucosal

adenocarcinoma
3 (4.2) 5 (7.0)

High risk polypa 31 (43.7) 28 (38.9) 0.612

P-values were calculated using either Student's t-test (for continuous variables) or
c2-test (for categorical variables).

a High risk polyp refers to an advanced histology (high grade dysplasia or intra-
mucosal adenocarcinoma) or �3 adenomas. GTE, green tea extract; BMI, body mass
index; AST, aspartate transaminase; ALT, alanine transaminase; HDL-C, high density
lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; hsCRP, highly-
sensitive C-reactive protein.

Table 2
Characteristics of patients with metachronous adenomas at 1-year follow-up
colonoscopy.

Controls GTE P-value

(n ¼ 71) (n ¼ 72)

Polyp positive, n (%) 43 (60.6) 20 (27.8) <0.001
Polyp number, mean ± SD 1.5 ± 2.0 0.5 ± 0.9 <0.001
Size of the largest polyp in mm, mean ± SD 4.8 ± 2.4 4.8 ± 2.3 0.888
Adenoma positive, n (%) 30 (42.3) 17 (23.6) 0.018
Adenoma number, mean ± SD 0.7 ± 1.1 0.3 ± 0.6 0.010
Size of the largest adenoma in mm,

mean ± SD
5.6 ± 2.2 4.5 ± 1.9 0.092

P-values were calculated using either Student's t-test (for continuous variables) or
c2-test (for categorical variables). Bold style indicates clinical significance. GTE,
green tea extract; SD, standard deviation.
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inhibition of COX-2 expression and the activation of EGFR family of
receptor tyrosine kinases, the cell growth is inhibited and apoptosis
is induced [15e17]. In one study, EGCG attenuated COX-2 expres-
sion through the AMPK signaling pathway, which leads to apoptosis
in colon cancer cells [18]. EGCG inhibited the activation of the IGF-1
receptor [19]. In the APCmin mouse model, EGCG attenuated in-
testinal tumors by decreasing nuclear b-catenin, phospho-Akt, and
phospho-ERK1/2 [20]. In addition, a synergistic effect of EGCG and
NSAIDs on apoptosis has been reported in the human lung cancer
cell line PC-9, which might be attributed to an up-regulation of
Please cite this article in press as: Shin CM, et al., Green tea extracts for th
underwent endoscopic removal of colorectal adenomas: A randomize
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growth arrest and DNA damage-inducible gene 153 (GADD 153) and
p21. [14] In a xenograft mouse model, the combination of EGCG and
either paclitaxel or docetaxel showed a complete elimination of the
human prostate cancer cell line PC-3ML [21].

Previously, there have been a few clinical studies on whether
GTE could reduce metachronous colorectal polyps [8,22]. All these
studies have reported positive results. However, some of them had
limitations including a small sample size and/or the enrollment of
patients who had undergone an operation due to colorectal cancer.
Thus, further studies are necessary to clarify this. In the present
study, we studied the effect of 0.9 g/day of GTE (0.6 g/day catechin,
0.2 g/day EGCG) supplementation for one year on colorectal polyps
in patients who had undergone endoscopic removal of colorectal
adenomas without a history of colorectal surgery. We also observed
a dramatic decrease in metachronous adenomatous polyps in the
GTE supplementation group (Table 2); the number of new adeno-
matous polyps also showed a significant decrease in the GTE group.
Our findings are consistent with previous results. When the results
from a recent prospective clinical trial (MIRACLE) are published, the
effect of long-term GTE supplementation on colorectal adenoma-
tous polyps should be clarified [9].

Next, this study investigated the underlying mechanisms for
these findings. Unfortunately, we could not find any significant
results. According to our data, the changes in body weight, body
mass index, waist circumference, serum fasting glucose level,
serum lipid profile, and inflammatory marker such as C-reactive
proteinwere notmeaningful enough to explain our positive results.
Previous reports have shown that short-term administration of GTE
could lead to a decrease in body weights and/or improvement in
serum lipid profiles [23,24]. In this long-term GTE supplementation
study, however, the patients who had undergone endoscopic
removal of colorectal adenomatous polyps (premalignant lesions of
colorectal cancer) might have changed their lifestyles such as
drinking, smoking, dietary habits and exercise, which was able to
modify the clinical outcomes. Alternatively, the effect of GTE to
attenuate colorectal adenomatous polyps might be attributed to an
intrinsic mechanism.

Previous studies have reported that the rectal mucosal prolif-
eration index (RMPI) using proliferation markers such as prolifer-
ating cell nuclear antigen (PCNA) or Ki-67 could be a good
methodology to evaluate rectal mucosal proliferation which is a
good marker for colorectal cancer risk [25]. Thus, we also did Ki-67
immunohistochemical staining of the rectal mucosal biopsy spec-
imens in a subset of the study participants (n¼ 30, Fig. 2). However,
we did not found any significant results (p > 0.05). It might be
attributed to the small sample size. Thus, further study is necessary
to clarify this issue.

There have been several studies to evaluate the toxicity of GTE or
to determine the optimal dose of GTE supplementation [26,27]. In
e prevention of metachronous colorectal polyps among patients who
d clinical trial, Clinical Nutrition (2017), http://dx.doi.org/10.1016/



Table 3
Comparison of clinical and laboratory variables in GTE-treated subjects with controls.

Controls (n ¼ 71) GTE (n ¼ 72) P-value

Baseline 1 yr D Baseline 1 yr D

Body weight (kg) 65.8 ± 9.8 66.0 ± 9.9 1.2 ± 7.9 65.2 ± 10.4 64.6 ± 10.7 �1.5 ± 10.0 0.507
BMI (kg/m2) 23.8 ± 2.6 23.9 ± 2.7 0.4 ± 2.7 24.1 ± 3.0 24.0 ± 3.2 �0.4 ± 3.4 0.689
Waist circumference (cm) 81.1 ± 7.2 80.9 ± 9.3 1.0 ± 11.2 81.5 ± 7.8 81.2 ± 7.2 �0.3 ± 14.0 0.805
Calories (kcal/day) 1470 ± 520 1385 ± 403 �84.2 ± 614.6 1402 ± 422 1374 ± 438 �27.6 ± 546.8 0.491
Fat (g/day) 34.7 ± 33.8 30.0 ± 16.7 �4.7 ± 36.2 29.6 ± 18.0 29.7 ± 16.6 0.1 ± 19.4 0.349
Dietary fiber (g/day) 17.9 ± 7.4 17.8 ± 5.9 �0.2 ± 8.9 17.8 ± 5.0 17.9 ± 6.3 0.1 ± 7.5 0.872
Vitamin B6 (IU/day) 1.3 ± 0.5 1.3 ± 0.4 �0.1 ± 0.6 1.2 ± 0.4 1.4 ± 0.5 0.2 ± 0.7 0.807
Calcium (mg/day) 409.6 ± 198.6 419.2 ± 213.8 9.6 ± 289.7 385.4 ± 164.5 401.7 ± 223.6 16.3 ± 254.0 0.402
Folate (mg/day) 431.6 ± 163.2 451.7 ± 202.1 20.1 ± 225.8 404.0 ± 131.4 424.1 ± 162.9 20.1 ± 214.9 0.189
AST (IU/L) 23.3 ± 10.1 30.2 ± 13.4 6.9 ± 13.6 22.9 ± 8.9 30.2 ± 17.5 7.3 ± 12.7 0.902
ALT (IU/L) 23.8 ± 13.9 28.5 ± 14.2 4.3 ± 13.5 25.2 ± 15.4 31.7 ± 21.7 6.4 ± 16.9 0.317
Fasting glucose (mg/dL) 105.3 ± 30.4 96.5 ± 12.9 �8.4 ± 26.8 98.2 ± 17.0 95.0 ± 12.6 �3.1 ± 15.8 0.104
Total cholesterol (mg/dL) 187.8 ± 29.9 191.7 ± 41.3 3.7 ± 36.3 193.0 ± 40.0 196.8 ± 45.1 3.8 ± 44.9 0.359
Fasting triglyceride (mg/dL) 160.7 ± 102.4 142.4 ± 108.0 �22.7 ± 82.8 172.1 ± 113.8 131.4 ± 80.1 �40.7 ± 100.3 0.876
HDL-C (mg/dL) 52.5 ± 12.7 53.6 ± 15.0 1.7 ± 12.7 52.3 ± 11.6 57.4 ± 23.8 5.1 ± 23.4 0.528
LDL-C (mg/dL) 109.0 ± 27.3 120.4 ± 26.9 11.5 ± 22.4 114.8 ± 32.3 124.7 ± 33.0 9.9 ± 31.2 0.269
hs-CRP (mg/dL) 0.12 ± 0.13 0.14 ± 0.33 0.02 ± 0.30 0.10 ± 0.17 0.09 ± 0.12 �0.01 ± 0.18 0.129

P-values were calculated using general linear model. GTE, green tea extract; BMI, body mass index; AST, aspartate transaminase; ALT, alanine transaminase; HDL-C, high
density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; hsCRP, highly-sensitive C-reactive protein.

Fig. 2. Changes in rectal mucosal proliferation index (RMPI) evaluated by Ki-67 immunohistochemical staining in control group (A) and GTE supplementation group (B). GTE, green
tea extract. P-values were calculated using paired t-test and general linear model.

C.M. Shin et al. / Clinical Nutrition xxx (2017) 1e7 5

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

YCLNU3036_proof ■ 1 February 2017 ■ 5/7
one study, 108 healthy volunteers were administered 2.25 g/day of
GTE for 6 months, and only mild to moderate adverse effects were
reported including epigastric discomfort, heartburn, diarrhea and
insomnia, which was probably attributed to the caffeine contained
in the extract; most of the volunteers (78%) had no adverse effects
during the study period [26]. Another phase I study in patients with
advanced lung cancer showed that even a high dose of 3.0 g/m2 per
day of GTE was well toleratedwithout grade 3 or 4 toxicities such as
diarrhea, nausea and hypertension (maximal tolerated dose) [27].
In the present study, the daily dose of GTE was 0.9 g/day, which was
less than that in previous studies, and the daily dose of caffeine was
Please cite this article in press as: Shin CM, et al., Green tea extracts for th
underwent endoscopic removal of colorectal adenomas: A randomize
j.clnu.2017.01.014
43.6 mg/day, which was comparable to that in a previous Japanese
clinical trial (47.1mg/day) that showed no serious adverse reactions
during the follow-up [8]. Our data also showed that no adverse
reactions related to the GTE supplementation were reported.

There are some concerns on liver toxicity related to green tea
catechins based on several animal studies [28,29]. Thus, we care-
fully evaluated the serum ALT levels before and after GTE supple-
mentation. We defined serum AST/ALT levels more than 5-times
the ULN as a serious adverse reaction. After one year, five of the 72
(6.9%) subjects in the GTE supplementation group had abnormal
serum ALT levels more than 2-times the UNL, but less than 5-times
e prevention of metachronous colorectal polyps among patients who
d clinical trial, Clinical Nutrition (2017), http://dx.doi.org/10.1016/
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of UNL (range: 83e112 IU/L). Four of these five patients had a
baseline ALT level more than UNL. Therefore, more attention should
be paid to those with an abnormal LFT before the administration of
GTE. According to our data, GTE supplementation at 0.9 g/day ap-
pears to be safe and tolerable in those with normal LFT.

This study has the following limitations. First, it was a single-
center, randomized, open-label study. That is, there was no pla-
cebo provided to the control group because of some ethical issues,
namely for the controls to take placebo capsules for such a long
time. However, the endoscopists who performed the follow-up
colonoscopy did not know whether he or she was allocated to the
GTE supplementation group to minimize any bias. Second, the
duration of the GTE supplementationwas 1-year, which was a short
time to evaluate the chemopreventive effect of GTE capsules in
colorectal carcinogenesis. Third, only 30-paired samples from 30
subjects (14 from the control group and 16 from the GTE group)
were available for the RMPI analysis. Fourth, the 72-h recall appears
to have a limited value for the evaluation of dietary intake of in-
dividuals. Fifth, we evaluated smoking, alcohol-drinking, and tea
drinking habits only at baseline, and not at the 1-year follow-up.
Thus, we could not identify whether the changes in these lifestyle
factors affected the clinical outcome. However, any lifestyle modi-
fications in the controls, including regular exercise, smoking
cessation, reduced alcohol intake, and increased intake of green tea,
would act to reduce the strength of any observed associations.
Furthermore, unlike Japanese people, more than 80% of the Koreans
do not drink green tea regularly, andmost Koreanswho drink green
tea regularly have no more than 2 cups per day (Table 1). Thus, if
some of the subjects in the control group might have started
drinking green tea regularly during the follow-up, the amount of
EGCG intake in these patients should be much lower than in the
subjects in the GTE supplementation group. Sixth, the drop-out rate
in this study was relatively high (19.3% and 18.1% in the control and
the GTE groups, respectively.) However, between those who
completed the study protocol and those who did not, the baseline
characteristics showed no significant differences. Seventh, even
though the co-administration of aspirin, COX-2 inhibitors, or
NSAIDs was strictly prohibited, statin use could not be restricted.
Eighth, the adenoma detection rate in the control group at the 1-
year follow-up colonoscopy was relatively high (42.3%). This is
higher than that in a previous Japanese study (31%) [8]. However,
many of the study participants were regarded as a high risk group
for the development of metachronous adenomas. All the polyps
detected during the 1-year follow-up colonoscopy were less than
1 cm in size. Furthermore, information about the study groups was
not given to the endoscopists who performed the follow-up colo-
noscopy, thus, the missing polyp ratewas not different between the
groups. Possibly, EGCG might have a role in the regression of pre-
existing tiny polyps that were not detected during the first
colonoscopy.

To conclude, our study showed that long-term GTE supple-
mentationmight be effective for the chemoprevention of colorectal
adenomas in the Korean population. GTE in the prevention of
colorectal cancer is safe and well tolerated. Further studies are
warranted to confirm this issue.
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