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Chemopreventive Synergism between Green Tea Extract
and Curcumin in Patients with Potentially Malignant Oral
Disorders: A Double-blind, Randomized Preliminary Study
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A b s t r ac t
Aim: The aim of the study was to assess the synergistic effect of green tea extract and curcumin in patients with oral potentially malignant
disorders (OPMDs) and to ascertain the mechanism of action of these chemopreventive agents through assessment of suitable biomarkers.
Materials and methods: Subjects with OPMDs (n = 60) were randomized to receive green tea extract [topical + systemic (800 mg/day)] or
curcumin [topical + Systemic (950 mg/day)] or a combination therapy with 20 patients in each group for 3 months. Biomarkers (Ki67, cyclin D1,
and p53) were evaluated in baseline and 12-week biopsies.
Results: The clinical response rate observed in OPMDs was higher in the combination group (n = 13; 65%) as compared to the curcumin (n = 11;
55%) and the green tea extract group (n = 7; 35%) and was statistically highly significant. Treatment medications also improved histological
grades, although not statistically significant. All the study drugs were well tolerated by patients and did not raise any safety concerns. There
was statistically significant (p < 0.01) downregulation of p53, Ki67, and cyclin D1 expression at 3 months as compared to baseline in the
combination group.
Conclusion: Treatment of OPMDs with curcumin and green tea extract combination demonstrated a significant clinical response supported
by downregulation of molecular biomarkers in the short-term (12 weeks). The present results warrant a long-term clinical testing of green tea
and curcumin combination for oral cancer prevention.
Clinical significance: Chemoprevention is a promising treatment strategy to reverse, stabilize, or arrest progression of these OPMDs. Use of natural
dietary agents like green tea and curcumin, which are readily available, have low toxicity, and more importantly demonstrate a synergistic effect,
is an attractive alternative in the chemoprevention of oral cancer. The assessment of biomarkers has helped us to understand the mechanism
of action of these chemopreventive agents.
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I n t r o d u c t i o n

1,2

Oral cancer often stems from potentially malignant disorders
(PMDs) like leukoplakia, oral submucous fibrosis (OSMF), and
erosive lichen planus, which carry a 2–3% overall possibility of
transforming into malignancy. This risk surges by fivefold within 8
years for dysplastic or high-risk PMDs such as erythroleukoplakia,
erythroplakia, and proliferative verrucous leukoplakia.1
Chemoprevention is a revolutionary method to reverse,
stabilize, or halt progression of these PMDs and an effective
chemopreventive agent must be efficient and harmless for extended
use. Most widely studied chemopreventive agents were retinoids
and their use was restrained because of their toxicity.2,3 Green tea
and curcumin are natural dietetics and both have been studied for
their chemopreventive capability because of their ready availability,
low toxicity, and potential ability to inhibit carcinogenesis, decrease
risk of cancers, and most importantly prevent second primary
cancers due to the process of field cancerization.4,5
In several animal mo dels, p oly phenols, esp e cially
epigallacatechin-3-gallate (EGCG) found in green tea, have
demonstrated anticarcinogenic activity by showing downregulation
of cell growth or proliferation markers like cyclin D1, Ki 67, arrest
of cells in the G0–G1 phase, stabilize p53, and regulated apoptotic
cell death. 6,7 Curcumin, a key polyphenol extracted from the
Indian yellow spice turmeric, has also demonstrated to have

anticancer characteristics like disruption of expression of several
proto-oncogenes, targeting numerous molecular endpoints,
as well as integration of mutagens to cellular DNA. 5 Curcumin
treatment reduces mutant p53, cyclin D1, and expression of
proliferative marker Ki67 when investigated both on cell lines and
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the animal model.8–10 The sole means to establish the working of
any chemopreventive agent toward a response and opposition at
the molecular level is by assessing appropriate biomarkers.
An in vitro study has shown EGCG from green tea arrested cells
in the G0 –G1 phase, while curcumin invoked an S/G2M block;11
combination of EGCG and curcumin has also shown to suppress
keratinocyte proliferation and survival,12 and EGCG potentiates the
effect of curcumin in inducing growth inhibition and apoptosis of
resistant breast cancer cells.13 Based on this differential mechanism
of growth hindrance, we postulate that combination treatment
would show more efficacy than a single agent.
So, the present study has been designed to examine the
chemopreventive potential of green tea extract and curcumin on
PMDs, when used as single agents or as combination, and further
validating the results of the preliminary study by assessing suitable
molecular biomarkers like p53, cyclin D1, and Ki 67.

M at e r ia l s

and

M e t h o d s

Study Design and Patient Selection
Green tea extract and curcumin chemoprevention in oral potentially
malignant disorders (OPMDs) was a randomized, double-blind
preliminary study to test the efficacy of chemopreventive agents
when used singly or as combination, which was conducted at
Department of Oral Medicine and Radiology, College of Dental
Sciences, Davangere. This study was funded by Rajiv Gandhi
University of Health Sciences, Bengaluru, Karnataka. The study
procedure was accepted by the College of Dental Sciences
Institutional Review Board and was carried out in compliance with
the requirements of the Declaration of Helsinki and Good Clinical
Practice Guidelines.
The principle inclusion criterion was existence of OPMDs,
which were histologically confirmed and bidimensionally
assessable. Additional inclusion criteria include patients with
adequate hematologic liver, renal, and cardiac functions; a written
informed consent for participation; willingness to quit the habit of
tobacco smoking/chewing and alcohol use; and readiness to visit
during follow-ups. The exclusion criteria were as follows: known
hypersensitivity to oral green tea extract, curcumin and its analogs,
prior use of chemopreventive agents within 30 days, history of
prior malignancy, pregnancy or lactation, and patients unable to
take oral medications.
On enrolment, all subjects were given an account of the study
protocol and provided an informed consent. A detailed medical
history (including routine use of alcohol, tobacco, use of simultaneous
drugs and their adverse effects) was taken and were subjected for
general physical check, two-dimensional measurement, and a
biopsy of OPMD. Intensity of any associated symptoms like pain,
burning, or substantial discomfort was measured using the visual
analog scale (VAS) of 0–10. The participants were counseled and
guided to quit the habit completely.
The sample size was planned based on parallel reported studies
on OPMDs.1,14 The sample size was estimated using G power 3.1.9.4.
We assumed a priori 20% of the participants would be lost to follow-up
by 3 months. α and power of the study were fixed at 0.05 and 80%,
respectively. This suggested a minimum sample size of 20 per group.
Considering reasons like denial to participate, loss to follow-up, or
others, the sample size was increased to 30 in each group.
To balance prognostic factors in each arm, the Pocock-Simon
dynamic allocation scheme was used for randomization.15 The
prognostic factors were consumption of tobacco (never, former,
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current) and alcohol (never, occasional, current). Suitable patients
were randomized to one of the three treatment arms equally in a
double-blinded manner wherein both investigator and patients
were not shown the treatment assignments except the study
supervisor.
The three treatment arms were the following:
•
•
•

Green tea extract group (topical + systemic)
Curcumin group (topical + systemic)
Combination group

Based on the previous studies, the dose for green tea extract
used was 400 mg BID and curcumin 475 mg BID.1,16 Both the
capsules were purchased from Zenith Nutrition, Bengaluru. Topical
preparation of curcumin was purchased from Abbott Healthcare
Pvt. Ltd. (curenext oral gel 50 g). Topical preparation of green tea
extract in the form of gel was prepared using the green tea extract
capsules from Bapuji College of Pharmacy. All patients received
treatment for duration of 3 months. During the study period, both
safety and clinical efficacy assessment was done every 4 weeks.
One-month quantity-of-study medications were given to patients
every 4 weeks and were informed to note down abidance in a
diary and to handover any remaining medicines if left out. Study
supervisors checked the dairies and left-out capsules were counted
every 4 weeks throughout the active treatment period. A patient
was contemplated compliant if it was found that the 80% of the
prescribed medications were consumed during the study. Toxicity
before initiating each 4-week cycle was assessed conferring to
the National Cancer Institute Common Terminology Criteria for
Adverse Events (CTCAE) Version 4.0.17 Any grade II, III, or IV toxicity,
study medication was withdrawn. Subjects were dropped from
study if the consent was withdrawn, wished discontinuation due
to any concurrent ailment, were pregnant or unsuccessful to use
appropriate birth control, were reluctant to conform to the study
procedure and follow-up, or died.
The histologic and biomarker assessment was done at baseline
and after 3 months of treatment. Tissue biopsies (at baseline
and 3 months) were subjected to immunohistochemistry (IHC)
at Department of Pathology, SS Institute of Medical Sciences
and Research Center, for the assessment of the biomarkers
mentioned here: cell growth/proliferation markers—Ki-67, cyclin
D1; and apoptosis marker—p53. All biopsy slides were reviewed
for suitability for analysis.

Biomarker Assay
Immunohistochemistry—tissue biopsies (at baseline and 3 months)
were evaluated by IHC in the most histologically advanced areas
of basal and suprabasal layers for nuclear staining of p53, Ki-67,
and cyclin D1. After processing the biopsies, IHC was carried
out as per regular practice using appropriate antibodies. The
4 μM thin unstained slides were obtained from formalin-fixed
and paraffin-embedded tissue sections for IHC analyzes. After
deparaffinization, the slides were hydrated, and microwaved
for 10 minutes with 10 mmol/L of Tris EDTA buffer for antigen
retrieval, and bathed in Tris buffer. The slides were incubated with
the primary and then secondary antibodies after treating with
3% H2O2 in methanol to occlude nonspecific binding. Specifically
diluted mouse monoclonal primary antibodies against p53-BP-5312 (Pathnsitu Biotechnologies, India) and Ki67-GM001 (Pathnsitu
Biotechnologies) and rabbit monoclonal primary antibody against
cyclin D1-EP12 (pathnsitu biotechnologies) were used for incubation
of the sections. Successively, the sections were incubated at room
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temperature with a secondary antibody (polyexcel HRP/DAB
detection system, Pathnsitu Biotechnologies), and then they were
processed with 0.5 mg/mL DAB solution having 0.001% H2O2 to
visualize brown-colored end products, and counterstained with
hematoxylin.
Two pathologists (S K and N, who were both blinded to
the clinical and histological parameters) assessed IHC staining
individually using light microscopy (200× magnification). The
intensity of staining (range 0–3) and percentage of positive
cells (range 1–100%) were estimated as described in previous
publications.1 The intensity of staining is recorded as follows: 0, no
noticeable staining; 1, weak staining compared with the stromal
elements; 2, intermediate staining; 3, strong if dark brown staining
was evident. A nuclear IHC staining for cyclin D1, Ki-67, and p53 in
the basal and suprabasal epithelium was assessed. The labeling
index (LI) was determined by dividing the sum of positive cells by
the total number of cells counted in each slide and multiplying by
100. One thousand cells were counted in each slide.

Study Endpoints
The primary endpoints were clinical, histologic response and
effect of medications on the expression of biomarkers in OPMDs
at 3 months among three different study groups. The secondary
endpoint was to appraise the safety of study drugs.
The clinical responses were determined by comparing the
size of the lesion at baseline and at 3 months: complete response
(CR), waning of an entire lesion; partial response (PR), 50% or
more reduction in the sum of products of diameters of all the
lesions; progressive disease (PD), more than 25% increase in size
of lesion; and stable disease (SD) were considered if the response
did not meet criteria for CR, PR, or PD. The histologic response
criteria were as follows: CR, total reversal of dysplasia/hyperplasia
to normal epithelium; PR, downgrade in the degree of dysplasia;
SD, no change in the degree of dysplasia; and histologic PD, any
advancement in the severity grade.1

Statistical Methods Employed for Analysis of Data
Procured data were assembled on a MS Office Excel Sheet (v 2010,
Microsoft Redmond Campus, Redmond, Washington, United States)

and statistical analysis was done using the Statistical package for
Social Sciences (SPSS v 21.0, IBM).
Descriptive statistics like frequencies and percentage for
categorical data and mean and SD for numerical data have been
depicted. Regularity of numerical data was assessed using the
Shapiro–Wilk test and as the data did not follow a normal curve,
nonparametric tests have been used for comparisons. Intergroup
comparison (more than two groups) was done using Kruskal–Wallis
ANOVA and subsequently pairwise comparison was made using the
Mann–Whitney U test. Intragroup comparison was done using the
Wilcoxon Signed rank test (up to two observations). Comparison of
frequencies of categories of variables with groups was done using
the Chi-square test. Age has been compared using the one-way
ANOVA test. Concordance between histologic and clinical response
was evaluated within each treatment arm using the McNemarBowker’s test. Risk profiles like tobacco and alcohol consumption
were compared with clinical and histologic response rates and also
with baseline biomarker data using the Wilcoxon rank-sum test
or the Kruskal-Wallis test. The difference in biomarker variation
was linked between responders and nonresponders and among
treatment groups using the Wilcoxon rank-sum test. All tests were
two-sided and were considered statistically significant if p ≤ 0.05.

R e s u lts
Patient and Treatment Characteristics
Of the 220 subjects screened between March 2016 and May 2018,
90 fulfilled all the inclusion and exclusion criteria and 30 each
were allocated randomly to green tea arm, curcumin arm, and
combination arm. A total of 23 patients were lost to follow-up
and 7 patients discontinued intervention for other reasons like
noncompliance or withdrawal of consent due to personal reasons.
The final sample consisted of 60 subjects with OPMDs. Steps
involved in the present study are comprehensively represented in
the form of a flowchart (Flowchart 1).
The demographic, risk profile, clinical, and histologic
characteristics of the patients of all the three groups are seen in
Table 1.

Flowchart 1: CONSORT flow chart showing patient disposition
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Table 1: Demographic details of participants
Demographic variables
Median age (range)
Gender, n (%)
Male
Female
Smoking status, n (%)
Never
Former
5–10 years
>10 years
Smokeless tobacco status, n (%)
Never
Former
Current <5 years
5–10 years
>10 years
Alcohol status, n (%)
Never
Occasional
5–10 years
Baseline histology, n (%)
Hyperplasia
Mild dysplasia
Moderate dysplasia
Severe dysplasia
Baseline clinical staging,44–46 n
Phase 2 leukoplakia
Phase 4 leukoplakia
Grade II OSMF
Grade III OSMF
Score 1 lichen planus
Score 2 lichen planus
Score 3 lichen planus
Score 5 lichen planus

Group I (n = 20)
40.5 (16–82)

Group II (n = 20)
42 (19–65)

Group III (n = 20)
54.5 (22–71)

Total (n = 60)
45.5 (16–82)

15 (75)
5 (25)

17 (85)
3 (15)

13 (65)
7 (35)

45 (75)
15 (25)

11 (55)
1 (5)
1 (5)
7 (35)

11 (55)
1 (5)
2 (10)
6 (30)

11 (55)
2 (10)
2 (10)
5 (25)

33 (55)
4 (6.6)
5 (8.4)
18 (30)

6 (30)
2 (10)
0 (0)
5 (25)
7 (35)

4 (20)
1 (5)
2 (10)
5 (25)
8 (40)

5 (25)
3 (15)
1 (5)
6 (30)
5 (25)

15 (25)
6 (10)
3 (5)
16 (26.6)
20 (33.4)

13 (65)
4 (20)
3 (15)

12 (60)
6 (30)
2 (10)

13 (65)
5 (25)
2 (10)

38 (63.4)
15 (25)
7 (11.6)

9 (45)
2 (10)
8 (40)
1 (5)

8 (40)
6 (30)
5 (25)
1 (5)

8 (40)
6 (30)
6 (30)
0 (0)

25 (41.6)
14 (23.3)
19 (31.6)
2 (3.3)

13
0
0
0
0
0
5
2

7
4
0
0
1
3
3
2

3
6
1
1
0
0
3
6

23
10
1
1
1
3
11
10

OSMF, oral submucous fibrosis

The distribution of smokers (p = 0.786), tobacco chewers
(p = 0.836), alcohol users (p = 0.947), age (p = 0.205), sex (p = 0.344),
and baseline histology (p = 0.663) was comparable among all the
three groups. Baseline clinical staging showed a higher frequency
of phase 2 leukoplakia in group I and also more number of phase 4
leukoplakia and score 5 lichen planus in group III (p = 0.014).

Efficacy
All the three groups showed reduction in the intensity of associated
symptoms at the end of 3 months as depicted by decrease in VAS
scores in Figure 1.
Clinical response rates are represented in Figure 2A. There
was a significant difference seen for the frequencies between
the groups (p = 0.023) with higher frequency of clinical response
in the combined group. The clinical response (CR + PR) was
observed in 13 subjects (65%) in the combination arm, 11 subjects
(55%) in the curcumin arm, and 7 (35%) subjects in the green tea
arm. A total of 7 (35%) subjects in the combination arm, 9 (45%)
subjects in the curcumin arm, and 13 (65%) subjects in the green
tea arm were nonresponders (SD + PD). Statistically significant
524

difference in clinical response rates was noted in the combination
(curcumin + green tea) arm and the curcumin arm as compared
to the green tea arm. Statistically nonsignificant difference in
histologic response rates was observed between all the treatment
groups (p = 0.670). The histologic response (CR + PR) was observed
in three subjects (15%) in the combination arm, seven subjects
(35%) in the curcumin arm, and six (30%) subjects in the green tea
arm (Fig. 2B). Among 31 clinical responders, 18 had hyperplasia, 6
had mild dysplasia, and 7 patients had moderate dysplasia in their
baseline biopsy. In 16 patients with a histologic response, 3 had
hyperplasia, 5 had mild dysplasia, and 8 had moderate dysplasia.
On comparison of 3-month clinical or histologic response with
risk profile, no statistically significant correlation was found;
however, we found a higher clinical and histologic response rate
in never tobacco smokers and never drinkers. When we assessed
concordance among histologic and clinical response within
each treatment group (McNemars-Bowker’s test), there was an
agreement between histologic and clinical response in both
group I (p = 1.000) and group II (p = 0.344) but not in group III
(p = 0.006) (Table 2).
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Fig. 1: Intergroup comparison of mean VAS scores at baseline and 3 months’ interval

Figs 2A and B: (A) Group-wise comparison of clinical response rates of participants; (B) Group-wise comparison of histological response rates of
participants

Among all the patients who completed the follow-up, six
patients ultimately developed oral malignancy and 25 months
was the median follow-up time. 31.5 months was the median
time for oral cancer development. Between the three treatment
arms, there was no statistically significant difference (p > 0.05)
in oral cancer-free existence. None of the clinical or histologic
responders to the study medications were associated with oral
cancer development.

Biomarker Results
Baseline (B) biomarker examinations were carried out in 59 tissue
specimens for Ki-67, 52 tissue specimens for cyclin D1, and 55
tissue specimens for p53 expression. The 3-month posttreatment
analyzes were conducted in 56 tissue specimens for Ki-67, 53 tissue
specimens for cyclin D1, and 59 tissue specimens for p53 expression.
Some of the tissues were lost during antigen retrieval and due to
folding of sections. The number of tissue specimens analyzed after
the review is represented in the form of a flowchart (Flowchart 2).
In the green tea treatment arm, treatment with green
tea led to lower levels of expression of cyclin D1 at 3 months.
There was a nonsignificant difference seen in the expression of
Ki 67 and p53 between the time intervals (p > 0.05) but there is

a trend toward the lower level of expression of both Ki67 and
p53 after 3 months of treatment with green tea. In the curcumin
treatment arm, treatment with curcumin led to significant lower
levels of expression of Ki67 and cyclin D1 at 3 months (p < 0.01,
0.05). However, there was a statistically nonsignificant difference
seen for the values between the time intervals (p > 0.05) for p53.
In the combination arm, treatment with both topical and systemic
curcumin and green tea led to a significant decrease in the level
of expression of all the three biomarkers, namely, Ki67, cyclin D1,
and p53 at 3 months (p = 0.022, 0.011, 0.031, respectively). Figure 3
represents biomarker modulation (labeling index values) in all the
three study groups. Figure 4 illustrates examples of biomarker
modulation to combination treatment at baseline and 3 months
in IHC-stained sections.
When intensity of staining was evaluated at baseline in the
curcumin arm and the green tea arm, it was found that there was
a higher frequency of moderate basal and suprabasal staining for
cyclin D1 and P53 and after 3 months of treatment, which led to
higher frequency of mild basal staining of cyclin D1 (p < 0.01) and
P53 (p > 0.05). In the combination arm, though there was decrease
in number of cases with moderate basal and suprabasal staining
after 3 months, the intensity grading between the time intervals
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Flowchart 2: Flow diagram showing tissues available for biomarker analysis

Table 2: Concordance between clinical and histologic response
Clinical response (%)
Histologic response
Group I
Responders
Nonresponders
Total
Group II
Responders
Nonresponders
Total
Group III
Responders
Non responders
Total

Responders

Nonresponders

Total (%)

p value

0 (0)
7 (35)
7 (35)

6 (30)
7 (35)
13 (65)

6 (30)
14 (70)
20 (100)

1.000

4 (20)
7 (35)
11 (55)

3 (15)
6 (30)
9 (45)

7 (35)
13 (65)
20 (100)

0.344

2 (10)
11 (55)
13 (65)

1 (5)
6 (30)
7 (35)

3 (15)
17 (85)
20 (100)

0.006

(i.e., B vs. 3 months) for both cyclin D1 and p53 was not statistically
significant (p > 0.05).
There was increase in baseline mean values of Ki67, p53, and
cyclin D1 labeling index with increasing degree of dysplasia. When
baseline biomarker levels were correlated with the risk profile, there
was a significant difference in the levels of all the three biomarkers
among patients with habits and without habits (Table 3). Mean
p53, cyclin D1, and Ki67 levels among tobacco chewers, smokers,
and drinkers were significantly higher when compared to patients
without any habits (p < 0.05 except for cyclin D1 in smokers were
p value was 0.102, Wilcoxon signed-rank test).

Safety Results
The treatment was safe with intervention-related adverse effects
informed by 31 of the 60 (51.6%) patients who were on treatment
medications. Table 4 reviews the most common adverse effects
among the three groups. The most often grade I–II adverse events
(AEs) described were abdominal pain, nausea, insomnia, diarrhea,
headache, constipation, flatulence, and gastric reflux. There was no
grade III, IV, or V adverse events reported. The daily dose of all the
study medications was well accepted by the patients in all the three
treatment groups. There is no statistically significant difference in
AEs between the green tea arm, curcumin, and combination arms
(p > 0.05). None of the patients discontinued therapy due to side
effects.
526

D i s c u s s i o n
Over the course of time, numerous efforts have been made to
formulate a harmless and clinically effectual chemopreventive
agent. Chemopreventive approaches for OPMDs have been
hindered by the high rate of recurrence, incidence of adverse
effects, and increase in mortality with the interventions such as
retinoid and its analogs, β-carotene, α-tocopherol, and selective
Cox 2 inhibitor, Celecoxib.2,3,18–21 In the present study, we found
the combination of green tea and curcumin to be a novel and
safe modality to treat OPMDs as it resulted in a tendency toward a
greater clinical response in association with biomarker modulation
that was ascertained by the high baseline level of p53, cyclin D1, and
Ki 67 and downregulation of all these biomarkers after 3 months
of therapy. Thus, the effectiveness of green tea and curcumin
combination has been validated with the use of suitable biomarkers.
In the current research, we used natural dietetics because
they are composed of a varied range of biologically potent
phytochemicals like phenols, bioflavonoids, tetraterpenes,
alkaloids, and nitrogen that have the ability to restrain early and
late phases of carcinogenesis.22
Green tea being superabundant with polyphenols has shown
to hinder a range of actions related to tumor cell development,
persistence, and also metastasis. Green tea when combined
with curcumin, another popular natural compound, has shown
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Figs 3A to C: Box plot showing baseline and 3 months’ interval Ki 67 (A), p53 (B), cyclin D1 (C) labeling index (LI) data related to three treatment
groups (group I—green tea arm, group II—curcumin arm, group III—combination arm). Bars within each box indicate median LI values; bottom
and top of each box denotes 25th and 75th percentile values, respectively

Figs 4A to F: (A) Immunohistochemical staining of Ki 67 before treatment (×10 magnification); (B) same patient showing downregulation of Ki
67 after treatment (×40 magnification); (C) immunohistochemical staining of cyclin D1 before treatment (×40 magnification); (D) same patient
showing downregulation of cyclin D1 after treatment (×10 magnification); (E) immunohistochemical staining of p53 before treatment (×10
magnification); (F) same patient showing downregulation of p53 after treatment (×10 magnification)

synergistic growth-constraining properties in head and neck cancer
as well as other cancer cell lines.11–13 So we decided to use green
tea with curcumin to establish the synergistic effect in vivo to treat
patients with OPMDs. To our knowledge, it is the first study to use
combination of green tea and curcumin in vivo among patients

with OPMDs and at the same time assess pre- and posttreatment
biomarker levels.
Natural chemopreventive agents are known to control
important molecular targets like EGFR, caspase, VEGF-1, p14/16,
p53, p21, p27, p57, Ki 67, cyclin D1, and cyclin E. 23 In our study
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Table 3: Baseline biomarker with risk profile of patients
Biomarkers
P53
Cyclin D1
Ki67

P53
Cyclin D1
Ki67

P53
Cyclin D1
Ki67

Habits
Smoking status
Nonsmokers
Smokers
Nonsmokers
Smokers
Nonsmokers
Smokers
Smokeless status
Nonchewers
Chewers
Nonchewers
Chewers
Nonchewers
Chewers
Alcohol status
Nonalcoholics
Alcoholics
Nonalcoholics
Alcoholics
Non alcoholics
Alcoholics

n

Mean

SD

Mean rank

Z

p

32
22
33
19
34
23

25.0926

17.59531

−1.922

0.055

27.5192

14.46902

−1.636

0.102

35.6842

23.41715

24.09
32.45
23.89
31.03
24.15
36.17

−2.686

0.007

18
36
20
32
20
37

25.0926

17.59531

−3.189

0.001

27.5192

14.46902

−3.369

0.001

35.6842

23.41715

17.86
32.32
17.55
32.09
16.88
35.55

−4.058

0.000

47
7
46
6
51
6

25.0926

17.59531

−2.192

0.028

27.5192

14.46902

−2.752

0.006

35.6842

23.41715

25.69
39.64
24.41
42.50
27.46
42.08

−2.043

0.041

Table 4: Common adverse effects among the groups
Group
Adverse effects
Abdominal pain
Constipation
Diarrhea
Flatulence, gastric reflux
Gastric reflux
Headache
Nausea
Nausea, abdominal pain
Insomnia
No side effects
Total

I (%)
0 (0)
1 (5)
2 (10)
1 (5)
1 (5)
0 (0)
1 (5)
0 (0)
2 (10)
12 (60)
20

we chose to use cell growth/proliferation markers—Ki67, cyclin
D1, and apoptosis marker—p53, as they can aid in defining the
biological action of any chemopreventive agent successfully in a
clinical setting.
In most of the chemoprevention trials, incidence of cancer
has been used as the primary endpoint, but we have employed
clinical response and biomarker assessment as surrogate primary
endpoints because it becomes essential to have trials with long
follow-up time, large sample size, and substantial financial resources
if cancer incidence is considered as the endpoint.24
In the present study, clinical response (CR + PR) was observed
in 65% of subjects in the combination arm, 55% in the curcumin
arm, and 35% subjects in the green tea arm. The combination
(curcumin + green tea) arm showed significant difference in the
clinical response rate as compared to the green tea and curcumin
arm. These results establish the possible synergistic action of
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II (%)
4 (20)
1 (5)
1 (5)
1 (5)
1 (5)
1 (5)
2 (10)
1 (5)
0 (0)
8 (40)
20

III (%)
5 (25)
0 (0)
1 (5)
0 (0)
0 (0)
2 (10)
2 (10)
0 (0)
1 (5)
9 (45)
20

Total (%)
9 (15)
2 (3.3)
4 (6.6)
2 (3.3)
2 (3.3)
3 (5)
5 (8.3)
1 (1.6)
3 (5)
29 (48.3)
60

green tea and curcumin. The histologic response as an endpoint
has yielded unreliable outcomes, so it has been uncommonly
used in oral chemoprevention studies. 25 Individual judgment
of dysplastic changes, diagnostic standards employed, and
enormous interobserver variance are identified as the possible
reasons. In the current study, we were not able to recognize
significant improvement in the histologic response; even though
there was a better clinical response, histological response (CR +
PR) was observed in 15% of subjects in the combination arm, 35%
in the curcumin arm, and 30% in the green tea arm. The possible
explanation for it could be that biopsies were obtained from the
remaining lesion tissue, not from the nearby responding tissue, in
which modulation may have ensued.
The phase 1 trial using curcumin in high-risk or premalignant
lesions found histologic improvement in 35% of patients, which was
similar to our study.26 Phase 2B trial using curcumin in patients with
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leukoplakia showed a significant clinical response but the histologic
response was not significant. 27 Other studies using systemic
curcumin showed a significant clinical improvement in leukoplakia
and OSMF patients.28,29 Curcumin when used as a sole systemic
treatment for oral lichen planus, significant clinical improvement
has been observed whereas another study concluded curcumin to
be ineffective in the treatment of oral lichen planus.30,31
The phase 2 trial using green tea in high-risk oral premalignant
lesions observed similar clinical response of 36.4 and 27.2% of the
histologic response at the dose of green tea used in our study
and they also noticed a better clinical response but no histologic
response and higher incidence of adverse effects at greater doses of
green tea.1 The phase 1 trial conducted to investigate the antitumor
response of oral green tea extract on solid tumors including head
and neck cancers found no major or minor antitumor effects. 32
Clinical and histologic improvement following topical application
of green tea extract has also been observed in a study on oral
leukoplakia.33 In an in vitro multistage carcinogenesis model, green
tea extract was found to inhibit leukoplakia cell lines effectively.4
There are no human studies using combination of green tea
and curcumin in any oral lesions but combination of green tea
and curcumin on animal models has resulted in greater preventive
activity than using these agents singly. Epigallacatechin-3-gallate
promotes keratinocyte differentiation, and EGCG and curcumin
together suppress keratinocyte proliferation and survival. Green
tea catechins may further enhance the uptake of curcumin and
overcome its low bioavailability.11–13
There was significant symptomatic improvement in all the three
treatment groups in our study. The VAS with higher values in all the
treatment groups reduced significantly following treatment with
study medications after 12 weeks. This may be due to combination
of topical and systemic medications in all the treatment arms.
Topical preparations not only deliver high concentration of the
medicament to act locally on the lesion tissue but also will help to
reduce the dose of systemic preparations and this has been one
of the prime reasons for using a lower dose of study medications
in the treatment groups. Symptomatic relief obtained in our study
is similar to other studies using curcumin and green tea singly for
the treatment of lesions like leukoplakia, oral lichen planus, and
OSMF.33–35
Biomarker assessments and interpretation of tissues in clinical
studies are laborious and very demanding. Ki-67, p53, and Cyclin
D1 are the three tissue-based biomarkers assessed. The difficulties
ranged from tissue loss during antigen retrieval, folding of sections,
and thick sections (4 μM). Combination of green tea and curcumin
in this study produced a good clinical response together with a
significant downregulation of all the biomarkers assessed p53,
cyclin D1, and Ki 67 after 3 months (posttreatment). Numerous
studies have been reported in the literature investigating the role
of green tea supplements on molecular markers of cancers. It has
been proposed that EGCG-mediated growth arrest and apoptosis
can occur via p53-dependent and independent pathways. 36
Epigallacatechin-3-gallate downregulated cyclin D1 and p21
transcriptional activation partly promoted growth arrest in several
different cancer cells. 37 Green tea supplementation resulted in
reduction of Ki-67 levels in both benign and malignant cell lines.38
Curcumin treatment has been found to be efficacious in cancer cells
that demonstrate high magnitude of mutant p53 than those that
manifest a wild-type p53.8 Curcumin downgraded cyclin D1 levels
and restrained Cdk4-mediated phosphorylation of retinoblastoma

protein, leading to growth arrest of tumor cells.9 Curcumin reduced
expression of Ki67 both in vitro and in vivo, thus exhibiting a
strong antiproliferative effect.10 P53 is mutated in more than 50%
of cancers; carcinomas of oral cavity often contain mutated p53
and higher expression of it has been found in OPMDS, so the p53
downregulation observed in our study is that of a mutant type of
p53 not the wild-type p53.14,39
Downregulation of biomarker levels observed in the present
study has been further strengthened by a decrease in the intensity
of cyclin D1 and p53 staining between the time periods in all
the three groups. We also observed an increase in the Ki67, p53,
and cyclin D1 labeling index with increasing degree of dysplasia,
although the differences between the grades of dysplasia were not
statistically significant. Our findings are similar to other reported
studies in the literature.40,41
There was a very good agreement between clinical and
histologic responders in both green tea and curcumin groups but
we found that in the combination group there was no concordance
between clinical and histologic responders may be due to greater
number of cases with high-risk OPMDs at baseline. These cases
failed to exhibit a histologic response in spite of showing a good
clinical response.
The observed safety of curcumin and green tea extracts is in
accordance to the earlier reports of clinical studies on curcumin
and green tea extracts. Low dose of treatment agents has been
found to be effective in OPMDs and combination treatment has
not only increased effectiveness but has also lowered the incidence
of adverse events, which may occur at higher doses of study
medications used in other studies.1,26,27,32
When risk profile and biomarker levels were analyzed,
significant association was found between baseline biomarker
levels and habits in the patient. These findings further emphasize
the importance of habit cessation, which may have an effect
on clinical and histologic outcomes. Association found further
strengthens the need for cessation of habits during the study; if
not, it would be a significant confounding factor for the biomarker
assessment.27,40 However, some of the previous studies have also
hypothesized that curcumin and green tea may have enhanced
chemopreventive potential than placebo in tobacco and alcohol
users.42,43
Findings from this study suggest that combination of green tea
and curcumin may serve as an effectual treatment for potentially
malignant oral disorders, with good safety, clinical response,
and an associated biomarker modulation but was ineffective
in producing amelioration in oral cancer-free existence. Future
long-term follow-up studies using large sample size and which
are placebo-controlled are needed to further emphasize the
safety and efficiency of these easily obtainable, natural, and
noninvasive agents. Positive results of our study suggest that these
chemopreventive agents could possibly stop development of
cancer or a second primary tumor, which can be ascertained if future
chemoprevention trials focus on incidence of cancer as the primary
endpoint. It is also necessary to carry out other available molecular
marker-based studies for risk assortment, response assessment, and
to authenticate effectiveness of a chemopreventive agent.
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