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Abstract
Background External anogenital warts (EGWs) are non-malignant skin tumours caused by human papillomavirus.

They are one of the fastest growing sexually transmitted diseases. Current treatments are unsatisfactory. Green tea

sinecatechin Polyphenon E ointment is a botanical extract from green tea leaves exhibiting anti-oxidant, anti-viral

and anti-tumour properties.

Objective The aim of this study was to integrate valid information and provide basis for rational decision making

regarding efficacy and safety of green tea extracts in the treatment of EGWs.

Methods A systematic search in electronic databases was conducted using specific key terms. Main search was

performed independently by two reviewers. The accumulated relevant literature was subsequently systematically

reviewed and a meta-analysis was conducted.

Results Three randomized, double-blind, placebo-controlled studies evaluating efficacy and safety of Polyphenon

E 15% and 10% in the treatment of warts were included in the systematic review and meta-analysis. A total of 660

men and 587 women were enrolled. Regarding primary outcome, both Polyphenon E 15% and 10% demonstrated

significantly higher likelihood of complete clearance of baseline and baseline and new warts compared with controls.

No significant heterogeneity was detected. Recurrence rates were very low. Commonest local skin sign was

erythema and local skin symptom was itching.

Conclusions Efficacy of Polyphenon 15% and 10%, at least for the primary endpoint, is clearly indicated.

Polyphenon E treatment exhibits very low recurrence rates and appears to have a rather favourable safety and

tolerability profile. Recommendations for future studies should include evaluation of the efficacy of green tea

catechins in the treatment of internal anogenital warts and direct comparison with its principal comparator,

imiquimod.
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Introduction
External anogenital warts (EGWs) or condylomata acuminata are

non-malignant skin tumours.1 They are caused by human papillo-

mavirus (HPV) infection, mainly types 6 and 11.1 The disease is

one of the fastest growing sexually transmitted diseases.2 Data sug-

gest that 0.5–1% of the general population is infected with HPV.3

It is estimated that each year approximately 30 million cases of

genital warts and more than 1 million new cases of EGWs are

diagnosed.2–5 Furthermore, about 20 million potential patients

with EGWs or with subclinical disease are estimated to exist in

USA and Europe.6

External anogenital warts are disfiguring and painful skin

lesions, which cause significant physical and psychological prob-

lems.7 Despite that, current treatment options are often unsatisfac-

tory.8 Treatments for EGWs include patient-administered topical

treatments9,10 and physician-administered treatments. Most modal-

ities are associated with adverse events (AEs) like erythema, tissue

destruction, pain, burning, itching, scarring and ulceration.11
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Furthermore, they do not address the source of EGWs or subclini-

cal lesions, resulting in high recurrence rates.12,13 Recently, pro-

phylactic vaccines were approved and proven to offer immunity

against HPV. However, they are not a therapeutic option and pro-

tect only against a limited number of strains.14

Food and Drug Administration has recently approved Polyphe-

non E ointment for treatment of EGWs.15 Polyphenon E is a

botanical quantified extract from green tea leaves consisting of

more than 85% catechins. Green tea catechins exhibit specific

anti-oxidant, anti-viral, anti-tumour and immunostimulatory

properties, which highly contribute to Polyphenon E efficacy in

the treatment of EGWs.16–18

Although reviews exist suggestive of green tea catechins efficacy

in the treatment of EGWs, most of them are narrative. One recently

published systematic review did not include one randomized con-

trolled trial.19 To efficiently integrate valid information and provide

a basis for rational decision making, relevant literature was system-

atically reviewed and a meta-analysis of all available randomized

controlled trials was conducted to determine the efficacy, safety and

tolerability of green tea extracts in the treatment of EGWs.

Methods

Search strategy

To identify eligible studies, the main search was conducted in the

electronic databases MEDLINE, EMBASE, PubMed, Web of Science

and Cochrane Central Register of Controlled Trials (CENTRAL)

from inception through February 2010, using the terms (‘warts’

[MeSH] OR ‘condylomata acuminata’ [MeSH]) AND (‘polyphenon

E’ [MeSH] OR ‘catechin’ [MeSH]), without language restrictions.

Finally, perusal of the reference sections of all relevant trials or

reviews, contact with experts on the subject and manual search of

key journals and abstracts from the major annual meetings in the

fields of Clinical Pharmacology and Dermatology were conducted, to

identify related unpublished data. The main search was conducted

independently by two reviewers (TT, CS), with expertise in conduct-

ing systematic reviews. Any disagreement was resolved by a third

reviewer, not involved in the initial procedure (DK).

Eligibility of relevant studies

Eligible studies were randomized controlled trials, which com-

pared the efficacy of green tea catechins to placebo in the treat-

ment of anogenital warts in women and men ‡18 years old,

regardless of dosage or duration of treatment. Trials were excluded

if uncontrolled and ⁄ or open-label. Reviews, case series, letters to

the editor, observational studies and experimental preclinical stud-

ies were excluded. Each article was reviewed independently by two

reviewers before final inclusion.

Data extraction

Information from each study was extracted independently by two

reviewers (TT, CS), using a standardized data extraction form.

General study characteristics (author group, journal, year of publi-

cation, design, study size, intervention and control group sample

size), methodology (inclusion criteria, duration of treatment, dos-

age, study quality and limitations) and outcomes for both inter-

vention and control groups were recorded, where available, and

double-checked. Where necessary, data set was completed through

communication with the authors. Study quality was assessed using

the six-item instrument developed by Jadad et al.20 independently

by two reviewers. Any disagreement was resolved by consensus.

Outcomes

The primary outcome was response to treatment with either

Polyphenon E 15% ointment or 10% ointment ⁄ cream compared

with placebo, expressed as risk ratios (RR). Response to treatment

was defined as (i) the complete clearance of baseline warts and

(ii) the complete clearance of baseline and new warts.

Statistical analysis

Risk ratios with 95% confidence interval (CI) in each study were

combined using a fixed effects model and the Mantel-Haensel

method as weighing scheme. Although clinically relevant, a sepa-

rate analysis on sex was not feasible because of missing data. Het-

erogeneity between results of different studies was examined using

the I2 test (I2 > 50%: significant heterogeneity, I2 = 50–25%:

moderate heterogeneity, I2 < 25%: insignificant heterogeneity),

which can be interpreted as the percentage of total variation across

several studies because of heterogeneity. Assessment of publication

bias was not undertaken because of the small number of included

studies. Meta-analysis was conducted using Review Manager

(RevMan Version 5.0.; Copenhagen: The Nordic Cochrane Centre,

The Cochrane Collaboration, 2008).

Results

Search results

Search results are depicted as a flow diagram in Fig. 1. The search

identified 12 publications. Five narrative reviews and three dupli-

cate publications were excluded. From the four remaining articles,

one was also excluded because it was a cost-effectiveness analysis

of sinecatechins in the treatment of external genital warts.21

Finally, three randomized, double-blinded, placebo-controlled

studies comparing green tea catechins to placebo met the inclusion

criteria and were included in the systematic review and meta-

analysis.22–24

Systematic review

Characteristics of the included studies are described in Table 1. All

studies were of high quality (quality score = 8), multicentre dou-

ble-blinded, placebo-controlled, with parallel design, evaluating

efficacy, safety and tolerability of Polyphenon E in the treatment

of EGWs. Inclusion criteria were well described and highly consis-

tent in all three studies.
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Gross et al.22 evaluated the efficacy of Polyphenon E 15% oint-

ment and Polyphenon E 10% cream use for 12 weeks with a treat-

ment-free follow-up period of 12 weeks for complete responders

(complete clearance of baseline EGWs), whereas the other two

studies23,24 evaluated the efficacy of Polyphenon E 15% and 10%

ointment use for 16 weeks with a follow-up period of 12 weeks

for complete responders (complete clearance of baseline + new

EGWs).

Overall, 660 men and 587 women were enrolled in all three

studies. An intention-to-treat analysis was performed in all studies

and baseline characteristics did not differ significantly between

treatment groups, although Gross et al.22 did not perform a thor-

ough statistical comparison for all baseline characteristics. In all

three studies men were mostly uncircumcised and women were of

childbearing age. The most common sites of EGWs for men was

the penis shaft and glans penis and for women vulva and perianal

area. Stockfleth et al.23 reported that all patients had previous

episodes of EGWs, whereas the other two studies mostly enrolled

patients with no previous history of warts.

Efficacy

Outcome assessment of studies is presented in Table 2.

Primary endpoint: complete clearance of baseline and

complete clearance of baseline + new EGWs

Stockfleth et al. and Tatti et al. both report higher complete clear-

ance rates in women than men. Both also report statistically signif-

icant complete clearance of baseline and baseline + new warts for

Polyphenon E 15% ointment compared with placebo at the end of

treatment period. Regarding complete clearance of baseline + new

warts Stockfleth et al. report a percentage of 52.6% for both

genders and Tatti et al. 50% and 64.6% for male and female

patients, respectively. Almost identical were the rates regarding

complete clearance of baseline warts.

For polyphenon E 10% ointment use, Tatti et al. also report

statistically significant difference both for complete clearance of

baseline + new warts (48% males, 64.9% females) and baseline

warts (52% males, 70.1% females). Stockfleth et al. also come to

the same conclusion both for baseline + new warts (50.8%) and

baseline warts (52.3%) complete clearance. Interestingly, rates for

Polyphenon E 15% and 10% ointment are quite identical. In fact,

Tatti et al. suggest that women ‘performed’ slightly better with

10% rather than 15% Polyphenon E ointment. Furthermore, one

must highlight the high clearance rate for placebo groups. Stockf-

leth et al. report a placebo clearance rate of 38% and Tatti et al.

an ‘unexpected’ 45.8% for women.

On the other hand, Gross et al. present statistically different

outcomes, while reporting almost identical numerical rates for

Polyphenon E 15% ointment. For complete clearance of base-

line + new warts no treatment reached statistical significance,

although percentages for 15% ointment (56.4%) and placebo

(37.5%) are more ‘favourable’ than the ones reported by Stockf-

leth et al. For complete clearance of baseline warts statistical signif-

icance for Polyphenon E 15% ointment was reached only when

data for both genders were pooled. Gross et al. suggest that the

short treatment period (12 weeks) affected the outcome. In addi-

tion, placebo clearance rates were high and identical with the two

previously mentioned studies.

Recurrence at the end of follow-up period

In all studies, recurrence rates for complete responders were low.

Gross et al. report a 10.6%, 11.8% and 10.3% recurrence rate of

baseline warts for Polyphenon 15% ointment, 10% cream and

placebo, respectively, with no recurrences for female patients. The

two other studies report even lower recurrence rates of EGWs.

Safety and tolerability

Data regarding safety, tolerability and compliance are presented in

Tables 1 and 2.

Regarding safety and tolerability, all studies failed to thoroughly

analyse AEs per treatment group. Local skin signs (LSS) and local

skin symptoms (LSM) are generally poorly presented. Gross et al.

do not clearly report dropouts.

Local skin reactions (LSR)

Treatment with Polyphenon E was well tolerated. Stockfleth et al.

report that at baseline LSR incidence was higher in treatment

groups compared with placebo, whereas the other two studies

clearly report that it was identical.

Local skin signs and LSM in all studies were mostly mild.

Although no statistical analysis is clearly performed in any study,

data suggest that LSR were consistently higher in treatment

groups throughout study periods. In all studies, the commonest

Figure 1 Flow diagram describing search results of the

systematic review (identification, screening eligibility, inclusion).

ª 2010 The Authors

JEADV 2011, 25, 345–353 Journal of the European Academy of Dermatology and Venereology ª 2010 European Academy of Dermatology and Venereology

Green tea catechins for genital warts 347

 14683083, 2011, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/j.1468-3083.2010.03796.x by U

skudar U
niversity, W

iley O
nline L

ibrary on [01/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



T
a

b
le

1
C

h
a
ra

c
te

ri
s
ti
c
s

o
f

th
e

th
re

e
tr

ia
ls

in
c
lu

d
e
d

in
th

e
m

e
ta

-a
n
a
ly

s
is

A
u

th
o

r,
y
e

a
r,

s
tu

d
y

a
re

a
D

e
s
ig

n
In

c
lu

s
io

n
c

ri
te

ri
a

In
te

rv
e

n
ti

o
n

/c
o

n
tr

o
l,

s
a

m
p

le
s
iz

e
Q

u
a

li
ty

s
c

o
re

T
o

le
ra

b
il
it

y
/s

a
fe

ty
,

d
ro

p
o

u
ts

L
im

it
a

ti
o

n
s

G
ro

s
s

et
al

.,
2
0
0
7

2
2

G
e
rm

a
n
y
,

R
u
s
s
ia

M
u
lt
ic

e
n
tr

e
,

p
h
a
s
e

II
⁄II

I,
ra

n
d

o
m

iz
e
d

,
d

o
u
b

le
-b

lin
d

,
p

la
c
e
b

o
-c

o
n
tr

o
lle

d
,

fo
u
r

a
rm

p
a
ra

lle
l

g
ro

u
p

M
+

F
,

>
1
8

y
e
a
rs

o
ld

,
w

it
h

2
–
3
0

e
x
te

rn
a
l
a
n
o

g
e
n
it
a
l

w
a
rt

s
,w

it
h

to
ta

l
w

a
rt

a
re

a
1
2
–
6
0
0

m
m

2
,

n
o

o
th

e
r

a
c
ti
v
e

g
e
n
it
a
l

in
fe

c
ti
o

n
,

n
o

in
te

rn
a
l

w
a
rt

s
,

n
o

tr
e
a
tm

e
n
t

o
f

a
n
o

g
e
n
it
a
l
w

a
rt

s
o

r
a
c
y
c
lo

v
ir

⁄im
u
n
o

s
u
p

p
re

s
s
iv

e
s

3
0

d
a
y
s

p
ri
o

r
to

e
n
ro

lm
e
n
t

1
2
5

M
,

1
1
7

F
4
2

M
⁄3

8
F

P
E

1
5
%

o
in

tm
e
n
t

4
1

M
⁄3

8
F

P
E

1
0
%

c
re

a
m

4
2

M
⁄4

1
F

P
L

to
p

ic
a
lly

th
re

e
ti
m

e
s

⁄d
a
y
,

fo
r

1
2

w
e
e
k
s

o
r

u
n
ti
l
c
o

m
p

le
te

c
le

a
ra

n
c
e

o
f

b
a
s
e
lin

e
w

a
rt

s
+

1
2

w
e
e
k

tr
e
a
tm

e
n
t-

fr
e
e

fo
llo

w
-u

p
p

e
ri
o

d
fo

r
c
o

m
p

le
te

re
s
p

o
n
d

e
rs

3
8

M
⁄3

5
F

P
E

1
5
%

o
in

tm
e
n
t

3
7

M
⁄3

5
F

P
E

1
0
%

c
re

a
m

3
9

M
⁄3

7
F

P
L

c
o

m
p

le
te

d

8
2
1

d
is

c
o

n
ti
n
u
e
d

:
s
ix

lo
s
t

to
fo

llo
w

-u
p

,
th

re
e

b
e
c
a
u
s
e

o
f

A
E

,
n
in

e
d

ro
p

o
u
ts

L
S

S
a
n
d

L
S

M
m

o
s
t

fr
e
q

u
e
n
t

in
P

E
1
5
%

L
S

S
:

m
o

s
tl
y

o
f

m
ild

in
te

n
s
it
y
,

m
o

s
t

fr
e
q

u
e
n
t:

e
ry

th
e
m

a
(7

8
p

a
ti
e
n
ts

)
L
S

M
:

m
o

s
t

fr
e
q

u
e
n
t:

b
u
rn

in
g

(6
0

p
a
ti
e
n
ts

)
it
c
h
in

g
(6

5
p

a
ti
e
n
ts

)
m

o
s
t

A
E

(o
th

e
r

th
a
t

lo
c
a
l)

w
e
re

o
f

m
ild

a
n
d

m
o

d
e
ra

te
in

te
n
s
it
y

4
P

E
1
5
%

o
in

tm
e
n
t

2
P

E
1
0
%

c
re

a
m

,
0

P
L

N
o

c
le

a
r

re
p

o
rt

fo
r

d
ro

p
o

u
ts

a
n
d

A
E

p
e
r

tr
e
a
tm

e
n
t

g
ro

u
p

,
n
o

th
o

ro
u
g

h
s
ta

ti
s
ti
c
a
l

a
n
a
ly

s
is

o
f

A
E

p
e
r

tr
e
a
tm

e
n
t

g
ro

u
p

,
n
o

th
o

ro
u
g

h
s
ta

ti
s
ti
c
a
l

c
o

m
p

a
ri
s
o

n
fo

r
b

a
s
e
lin

e
c
h
a
ra

c
te

ri
s
ti
c
s

b
e
tw

e
e
n

g
ro

u
p

s
,

p
o

o
r

d
a
ta

re
p

o
rt

S
to

c
k
fl
e
th

et
al

.,
2
0
0
7

2
3

G
e
rm

a
n
y
,

R
o

m
a
n
ia

,
R

u
s
s
ia

,
S

o
u
th

A
fr

ic
a

M
u
lt
ic

e
n
tr

e
,

p
h
a
s
e

II
I,

ra
n
d

o
m

iz
e
d

,
d

o
u
b

le
-b

lin
d

,
p

la
c
e
b

o
-c

o
n
tr

o
lle

d
,

th
re

e
-a

rm
p

a
ra

lle
l-

g
ro

u
p

M
+

F
,

>
1
8

y
e
a
rs

o
ld

,
w

it
h

2
–
3
0

e
x
te

rn
a
l
a
n
o

g
e
n
it
a
l

w
a
rt

s
,

w
it
h

to
ta

l
w

a
rt

a
re

a
1
2
–
6
0
0

m
m

2
,

n
o

o
th

e
r

g
e
n
it
a
l

in
fe

c
ti
o

n
,

n
o

in
te

rn
a
l
w

a
rt

s
,

n
o

tr
e
a
tm

e
n
t

o
f

a
n
o

g
e
n
it
a
l

w
a
rt

s
o

r
a
c
y
c
lo

v
ir

⁄
im

u
n
o

s
u
p

p
re

s
s
iv

e
s

3
0

d
a
y
s

p
ri
o

r
to

e
n
ro

lm
e
n
t,

n
o

H
IV

in
fe

c
ti
o

n

2
7
7

M
,

2
2
6

F
1
0
5

M
⁄9

6
F

P
E

1
5
%

o
in

tm
e
n
t

1
1
0

M
⁄8

9
F

P
E

1
0
%

o
in

tm
e
n
t

6
2

M
⁄4

1
F

P
L

fo
r

1
6

w
e
e
k
s

o
r

u
n
ti
l
c
o

m
p

le
te

c
le

a
ra

n
c
e

o
f

b
a
s
e
lin

e
+

n
e
w

w
a
rt

s
+

1
2

w
e
e
k

tr
e
a
tm

e
n
t

fr
e
e

fo
llo

w
-u

p
p

e
ri
o

d
fo

r
c
o

m
p

le
te

re
s
p

o
n
d

e
rs

c
o

m
p

le
te

d
:

1
6
1

P
E

1
5
%

o
in

tm
e
n
t

1
7
0

P
E

1
0
%

o
in

tm
e
n
t

8
0

P
L

8
9
2

d
is

c
o

n
ti
n
u
e
d

,
‘p

a
ti
e
n
t

w
it
h
d

re
w

c
o

n
s
e
n
t’

a
s

th
e

m
o

s
t

fr
e
q

u
e
n
t

re
a
s
o

n
,

8
fo

r
A

E
(6

P
E

1
5
%

,
1

P
E

1
0
%

,
1

P
L
)

L
S

S
:

m
o

s
t

fr
e
q

u
e
n
t:

e
ry

th
e
m

a
,

o
e
d

e
m

a
,

e
ro

s
io

n
,

1
5
2

P
E

1
5
%

,
1
5
3

P
E

1
0
%

,
4
7

P
L

L
S

R
:

1
6
9

P
E

1
5
%

,
1
5
9

P
E

1
0
%

,
6
3

P
L

m
o

s
t

A
E

(o
th

e
r

th
a
n

lo
c
a
l)

w
e
re

o
f

m
ild

in
te

n
s
it
y
,

s
e
v
e
re

A
E

:
7

P
E

1
5
%

.
2

P
E

1
0
%

,
1

P
L

O
ra

l
u
s
e

o
f

p
a
ra

c
e
ta

m
o

l
if

tr
e
a
tm

e
n
t

o
f

lo
c
a
l

s
k
in

re
a
c
ti
o

n
s

w
a
s

n
e
e
d

e
d

,
n
o

th
o

ro
u
g

h
s
ta

ti
s
ti
c
a
la

n
a
ly

s
is

fo
r

A
E

p
e
r

tr
e
a
tm

e
n
t

g
ro

u
p

,
n
o

c
le

a
r

re
p

o
rt

o
f

L
S

M

T
a
tt

i
et

al
.,

2
0
0
8

2
4

U
S

A
,

L
a
ti
n

A
m

e
ri
c
a
,

R
o

m
a
n
ia

M
u
lt
ic

e
n
tr

e
,

p
h
a
s
e

II
I,

ra
n
d

o
m

iz
e
d

,
d

o
u
b

le
-b

lin
d

,
p

la
c
e
b

o
-c

o
n
tr

o
lle

d
,

th
re

e
-a

rm
p

a
ra

lle
l-

g
ro

u
p

M
+

F
,

>
1
8

y
e
a
rs

o
ld

,
w

it
h

2
–
3
0

e
x
te

rn
a
l
a
n
o

g
e
n
it
a
l

w
a
rt

s
,

w
it
h

to
ta

l
w

a
rt

a
re

a
1
2
–
6
0
0

m
m

2
,

n
o

o
th

e
r

g
e
n
it
a
l

in
fe

c
ti
o

n
,

n
o

in
te

rn
a
l
w

a
rt

s
,

n
o

tr
e
a
tm

e
n
t

o
f

a
n
o

g
e
n
it
a
l

w
a
rt

s
o

r
a
c
y
c
lo

v
ir

⁄
im

u
n
o

s
u
p

p
re

s
s
iv

e
s

3
0

d
a
y
s

p
ri
o

r
to

e
n
ro

lm
e
n
t,

n
o

H
IV

in
fe

c
ti
o

n

2
5
8

M
,

2
4
4

F
1
0
0

M
⁄9

6
F

P
E

1
5
%

o
in

tm
e
n
t

1
0
2

M
⁄1

0
0

F
P

E
1
0
%

o
in

tm
e
n
t

5
6

M
⁄4

8
F

P
L

fo
r

1
6

w
e
e
k
s

o
r

u
n
ti
l
c
o

m
p

le
te

c
le

a
ra

n
c
e

o
f

b
a
s
e
lin

e
+

n
e
w

w
a
rt

s
+

1
2

w
e
e
k

tr
e
a
tm

e
n
t

fr
e
e

fo
llo

w
-u

p
p

e
ri
o

d
fo

r
c
o

m
p

le
te

re
s
p

o
n
d

e
rs

7
4

M
⁄8

5
F

P
E

1
5
%

o
in

tm
e
n
t

7
9

M
⁄8

3
F

P
E

1
0
%

o
in

tm
e
n
t

4
1

M
⁄4

2
F

P
L

c
o

m
p

le
te

d

8
9
8

d
is

c
o

n
ti
n
u
e
d

,
‘p

a
ti
e
n
t

w
it
h
d

re
w

c
o

n
s
e
n
t’

a
n
d

‘la
c
k

o
f

e
ffi

c
a
c
y

⁄
tr

e
a
tm

e
n
t

fa
ilu

re
’

a
s

th
e

m
o

s
t

fr
e
q

u
e
n
t

re
a
s
o

n
s

L
S

R
:

1
7
1

P
E

1
5
%

,
1
7
2

P
E

1
0
%

,
7
5

P
L
,

m
o

s
t

m
ild

o
r

m
o

d
e
ra

te
,

it
c
h
in

g
a
s

th
e

p
re

d
o

m
in

a
n
t

s
e
v
e
re

L
S

R
m

o
s
t

A
E

(o
th

e
r

th
a
t

lo
c
a
l)

w
e
re

o
fm

ild
a
n
d

m
o

d
e
ra

te
in

te
n
s
it
y
,

s
e
v
e
re

A
E

:
5

P
E

1
5
%

.
2

P
E

1
0
%

,
0

P
L

O
ra

l
u
s
e

o
f

p
a
ra

c
e
ta

m
o

l
o

r
a
c
e
ta

m
in

o
p

h
e
n

if
tr

e
a
tm

e
n
t

o
f

lo
c
a
l
s
k
in

re
a
c
ti
o

n
s

w
a
s

n
e
e
d

e
d

,
n
o

th
o

ro
u
g

h
s
ta

ti
s
ti
c
a
l

a
n
a
ly

s
is

fo
r

A
E

p
e
r

tr
e
a
tm

e
n
t

g
ro

u
p

,
n
o

c
le

a
r

re
p

o
rt

o
f

L
S

M
a
n
d

L
S

S

A
E

,
a

d
v

e
rs

e
e

v
e

n
ts

;
F

,
fe

m
a

le
;

LS
R

,
lo

ca
l

sk
in

re
a

ct
io

n
s;

LS
S

,
lo

ca
l

sk
in

si
g

n
s;

LS
M

,
lo

ca
l

sk
in

sy
m

p
to

m
s;

M
,

m
a

le
;

P
E

,
P

o
ly

p
h

e
n

o
n

�
E

;
P

L,
p

la
ce

b
o

.

ª 2010 The Authors

JEADV 2011, 25, 345–353 Journal of the European Academy of Dermatology and Venereology ª 2010 European Academy of Dermatology and Venereology

348 Tzellos et al.

 14683083, 2011, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/j.1468-3083.2010.03796.x by U

skudar U
niversity, W

iley O
nline L

ibrary on [01/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



T
a

b
le

2
O

u
tc

o
m

e
a
s
s
e
s
s
m

e
n
t

o
f

th
e

th
re

e
tr

ia
ls

in
c
lu

d
e
d

in
th

is
m

e
ta

-a
n
a
ly

s
is

A
u

th
o

r,
y
e

a
r

C
o

m
p

le
te

c
le

a
ra

n
c

e
o

f
b

a
s
e

li
n

e
+

n
e

w
w

a
rt

s
C

o
m

p
le

te
c

le
a

ra
n

c
e

o
f

b
a

s
e

li
n

e
w

a
rt

s
P

a
rt

ia
l

c
le

a
ra

n
c

e
R

e
c

u
rr

e
n

c
e

(a
t

th
e

e
n

d
o

f
fo

ll
o

w
-u

p
p

e
ri

o
d

)
C

o
m

p
li
a

n
c

e
O

th
e

r
o

u
tc

o
m

e
s

G
ro

s
s

et
al

.
(2

0
0
7
)2

2
P

E
1
5
%

o
in

tm
e
n
t:

5
6
.4

%
P

L
o

in
tm

e
n
t:

3
7
.5

%
(N

S
D

)
P

E
1
0
%

c
re

a
m

:
4
5
.5

%
P

L
c
re

a
m

:
3
7
.2

%
(N

S
D

)

P
E

1
5
%

o
in

tm
e
n
t:

M
6
1
%

F
5
6
.8

%
(P

=
0
.0

0
6
)*

N
S

D
w

h
e
n

d
a
ta

fo
r

M
a
n
d

F
e
x
a
m

in
e
d

s
e
p

a
ra

te
ly

P
E

1
0
%

c
re

a
m

:
M

5
3
.8

%
F

3
9
.5

%
(N

S
D

)
P

L
(p

o
o

le
d

):
M

4
0
.5

%
F

3
4
.1

%

T
re

a
tm

e
n
t

s
u
c
c
e
s
s

(7
5
–
1
0
0
%

c
le

a
ra

n
c
e

o
f

b
a
s
e
lin

e
w

a
rt

s
):

P
E

1
5
%

o
in

tm
e
n
t:

M
8
0
.5

%
,

F
8
1
.1

%
S

D
w

h
e
n

d
a
ta

fo
r

M
a
n
d

F
e
x
a
m

in
e
d

s
e
p

a
ra

te
ly

a
n
d

c
o

m
b

in
e
d

P
E

1
0
%

c
re

a
m

:
M

6
1
.5

%
,

F
4
7
.4

%
(N

S
D

)
P

L
(p

o
o

le
d

):
M

5
2
.4

%
,

F
5
1
.2

%

R
e
c
u
rr

e
n
c
e

o
f

b
a
s
e
lin

e
w

a
rt

s
:

n
o

re
c
u
rr

e
n
c
e

in
fe

m
a
le

p
a
ti
e
n
ts

P
E

1
5
%

o
in

tm
e
n
t:

1
0
.6

%
(fi

v
e

m
a
le

s
)

P
E

1
0
%

c
re

a
m

:
1
1
.8

%
(f
o

u
r

m
a
le

s
)

P
L

(p
o

o
le

d
):

1
0
.3

%
(t

h
re

e
m

a
le

s
)

C
o

m
p

a
ra

b
le

fo
r

b
o

th
g

e
n
d

e
rs

9
4
.5

%
o

f
p

a
ti
e
n
ts

a
d

e
q

u
a
te

c
o

m
p

lia
n
c
e

(>
7
5
%

)
a
t

e
a
c
h

v
is

it
5
.5

%
p

o
o

r
c
o

m
p

lia
n
c
e

(<
7
5
%

)
in

a
t

le
a
s
t

o
n
e

v
is

it
(1

P
E

1
0
%

c
re

a
m

,
4

P
E

1
5
%

o
in

tm
e
n
t,

8
P

L
)

M
e
a
n

ti
m

e
to

c
o

m
p

le
te

c
le

a
ra

n
c
e

o
f

a
ll

b
a
s
e
lin

e
w

a
rt

s
:

1
0
.6

±
2
.6

w
e
e
k
s

(c
o

m
p

a
ra

b
le

b
e
tw

e
e
n

g
e
n
d

e
r

a
n
d

a
c
ti
v
e

tr
e
a
tm

e
n
t

g
ro

u
p

s
)

re
c
u
rr

in
g

b
a
s
e
lin

e
w

a
rt

s
d

u
ri
n
g

th
e

tr
e
a
tm

e
n
t

p
e
ri
o

d
:

4
.2

%
(1

0
p

a
ti
e
n
ts

),
h
ig

h
e
s
t

in
P

E
1
5
%

o
in

tm
e
n
t

g
ro

u
p

fo
r

b
o

th
g

e
n
d

e
rs

(f
o

u
r

m
a
le

s
,

tw
o

fe
m

a
le

s
)

S
to

c
k
fl
e
th

et
al

.
(2

0
0
7
)2

3

H
ig

h
e
r

c
o

m
p

le
te

c
le

a
ra

n
c
e

ra
te

s
in

w
o

m
e
n

th
a
n

m
e
n

P
E

1
5
%

o
in

tm
e
n
t:

1
0
2

p
a
ti
e
n
ts

(5
2
.6

%
),

S
D

†
P

E
1
0
%

o
in

tm
e
n
t:

9
9

p
a
ti
e
n
ts

(5
0
.8

%
),

S
D

P
L

o
in

tm
e
n
t:

3
8

p
a
ti
e
n
ts

(3
7
.3

%
)

P
E

1
5
%

o
in

tm
e
n
t:

1
0
6

p
a
ti
e
n
ts

(5
4
.6

%
),

S
D

†
P

E
1
0
%

o
in

tm
e
n
t:

1
0
2

p
a
ti
e
n
ts

(5
2
.3

%
),

S
D

P
L

o
in

tm
e
n
t:

4
0

p
a
ti
e
n
ts

(3
9
.2

%
)

P
a
rt

ia
l
c
le

a
ra

n
c
e

o
f

a
ll

w
a
rt

s
>

5
0
%

:
P

E
1
5
%

o
in

tm
e
n
t:

7
7
.3

%
P

E
1
0
%

o
in

tm
e
n
t:

7
8
%

P
L

o
in

tm
e
n
t:

5
2
.9

%

R
e
c
u
rr

e
n
c
e

o
f

a
n
y

w
a
rt

s
:

P
E

1
5
%

o
in

tm
e
n
t:

6
(5

.9
%

)
P

E
1
0
%

o
in

tm
e
n
t:

4
(4

.1
%

)
P

L
:

1
(2

.6
%

)
a
p

p
e
a
ra

n
c
e

o
f

n
e
w

w
a
rt

s
:

P
E

1
5
%

o
in

tm
e
n
t:

1
(1

%
)

P
E

1
0
%

o
in

tm
e
n
t:

5
(5

.1
%

)
P

L
:

1
(2

.6
%

)

R
e
p

o
rt

e
d

tr
e
a
tm

e
n
t

re
d

u
c
ti
o

n
s

P
E

1
5
%

o
in

tm
e
n
t:

(6
.1

%
)

P
E

1
0
%

o
in

tm
e
n
t:

(5
.4

%
)

P
L
:

(5
%

)
re

p
o

rt
e
d

tr
e
a
tm

e
n
t

in
te

rr
u
p

ti
o

n
P

E
1
5
%

o
in

tm
e
n
t:

(1
0
.3

%
)

P
E

1
0
%

o
in

tm
e
n
t:

(5
.9

%
)

P
L
:

(4
.8

%
)

M
e
d

ia
n

ti
m

e
to

c
o

m
p

le
te

c
le

a
ra

n
c
e

o
f

a
ll

w
a
rt

s
:

P
E

1
5
%

o
in

tm
e
n
t:

1
6
.3

w
e
e
k
s
,

N
S

D
P

E
1
0
%

o
in

tm
e
n
t:

1
6
.4

w
e
e
k
s
,

N
S

D
P

L
o

in
tm

e
n
t:

1
6
.7

m
e
d

ia
n

to
ta

l
w

a
rt

n
u
m

b
e
r

(la
s
t

v
is

it
)

P
E

1
5
%

o
in

tm
e
n
t:

0
,

S
D

P
E

1
0
%

o
in

tm
e
n
t:

0
,

S
D

P
L
:

3
m

e
d

ia
n

to
ta

l
w

a
rt

a
re

a
(la

s
t

v
is

it
)

P
E

1
5
%

o
in

tm
e
n
t:

0
m

m
2
,

S
D

P
E

1
0
%

o
in

tm
e
n
t:

0
m

m
2
,

S
D

P
L
:

1
5

m
m

2

T
a
tt

i
et

al
.

(2
0
0
8
)2

4
P

E
1
5
%

o
in

tm
e
n
t:

4
9

M
(5

0
%

)
(P

=
0
.0

0
1
)

6
2

F
(6

4
.6

%
)

(P
=

0
.0

4
8
)

P
E

1
0
%

o
in

tm
e
n
t:

4
8

M
(4

8
%

)
(P

=
0
.0

0
3
)

6
3

F
(6

4
.9

%
)

(P
=

0
.0

0
3
)

P
L

o
in

tm
e
n
t:

1
3

M
(2

3
.2

%
)

2
2

F
(4

5
.8

%
)

P
E

1
5
%

o
in

tm
e
n
t:

5
1

M
(5

2
%

)
(P

<
0
.0

0
1
)

6
3

F
(6

5
.6

%
)

(P
<

0
.0

0
1
)

P
E

1
0
%

o
in

tm
e
n
t:

5
2

M
(5

2
%

)
(P

<
0
.0

0
1
)

6
8

F
(7

0
.1

%
)

(P
<

0
.0

0
1
)

P
L

o
in

tm
e
n
t:

1
3

M
(2

3
.2

%
)

2
2

F
(4

5
.8

%
)

P
a
rt

ia
l
c
le

a
ra

n
c
e

o
f

a
ll

w
a
rt

s
>

5
0
%

:
P

E
1
5
%

o
in

tm
e
n
t:

4
1

(2
1
.1

%
)

P
E

1
0
%

o
in

tm
e
n
t:

3
4

(1
7
.3

%
)

P
L

o
in

tm
e
n
t:

1
8

(1
7
.5

%
)

p
a
rt

ia
l
c
le

a
ra

n
c
e

o
f

a
ll

w
a
rt

s
0
–
5
0
%

:
P

E
1
5
%

o
in

tm
e
n
t:

3
2

(1
6
.5

%
)

P
E

1
0
%

o
in

tm
e
n
t:

3
2

(1
6
.3

%
)

P
L

o
in

tm
e
n
t:

3
1

(3
0
.1

%
)

R
e
c
u
rr

e
n
c
e

o
f

a
n
y

w
a
rt

s
:

P
E

1
5
%

o
in

tm
e
n
t:

7
(6

.5
%

)
P

E
1
0
%

o
in

tm
e
n
t:

1
1

(1
0
.7

%
)

P
L
:

3
(8

.8
%

)
a
p

p
e
a
ra

n
c
e

o
f

n
e
w

w
a
rt

s
:

P
E

1
5
%

o
in

tm
e
n
t:

4
(3

.7
%

)
P

E
1
0
%

o
in

tm
e
n
t:

9
(8

.3
%

)
P

L
:

n
o

n
e

C
o

m
p

lia
n
c
e

>
9
0
%

a
t

a
n
y

v
is

it
P

E
1
5
%

o
in

tm
e
n
t:

8
1
.6

%
P

E
1
0
%

o
in

tm
e
n
t:

8
4
.1

%
P

L
:

9
5
.2

%
c
o

m
p

lia
n
c
e

>
6
5
%

P
E

1
5
%

o
in

tm
e
n
t:

9
6
.7

%
P

E
1
0
%

o
in

tm
e
n
t:

9
6
.6

%
P

L
:

9
9
.1

%

M
e
d

ia
n

to
ta

l
w

a
rt

n
u
m

b
e
r

P
E

1
5
%

o
in

tm
e
n
t:

1
0
0
%

d
e
c
re

a
s
e
,

S
D

P
E

1
0
%

o
in

tm
e
n
t:

1
0
0
%

d
e
c
re

a
s
e
,

S
D

P
L
:

6
4
%

d
e
c
re

a
s
e

m
e
d

ia
n

to
ta

l
w

a
rt

a
re

a
P

E
1
5
%

o
in

tm
e
n
t:

1
0
0
%

d
e
c
re

a
s
e
,

S
D

P
E

1
0
%

o
in

tm
e
n
t:

1
0
0
%

d
e
c
re

a
s
e
,

S
D

P
L
:

6
9
%

d
e
c
re

a
s
e

<
0
%

c
le

a
ra

n
c
e

(in
c
re

a
s
e
)

P
E

1
5
%

o
in

tm
e
n
t:

1
0

(5
.2

%
)

P
E

1
0
%

o
in

tm
e
n
t:

1
9

(9
.7

%
)

P
L
:

1
9

(1
8
.4

%
)

F
,

fe
m

a
le

;
M

,
m

a
le

;
N

S
D

,
n

o
si

g
n

ifi
ca

n
t

d
if

fe
re

n
ce

;
P

E
,

P
o

ly
p

h
e

n
o

n
�

E
;

P
L,

p
la

ce
b

o
;

S
D

,
si

g
n

ifi
ca

n
t

d
if

fe
re

n
ce

.

*W
h

e
n

d
a

ta
fo

r
b

o
th

g
e

n
d

e
r

w
e

re
p

o
o

le
d

.

†
LO

C
F

(la
st

o
b

se
rv

a
ti

o
n

ca
rr

ie
d

fo
rw

a
rd

)
m

e
th

o
d

.

ª 2010 The Authors

JEADV 2011, 25, 345–353 Journal of the European Academy of Dermatology and Venereology ª 2010 European Academy of Dermatology and Venereology

Green tea catechins for genital warts 349

 14683083, 2011, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/j.1468-3083.2010.03796.x by U

skudar U
niversity, W

iley O
nline L

ibrary on [01/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



LSS was erythema (mostly mild), followed by oedema and ero-

sion, whereas the commonest LSM was itching, followed by

burning.

Interestingly, in all groups LSR’ incidence peaked between the

second and fourth week of use, followed by a rapid decline in the

subsequent period. Strangely, Stockfleth et al. report that LSR’

incidence was slightly elevated in all groups after treatment cessa-

tion, compared with baseline, whereas in the other studies LSR’

incidence at the end of treatment was well below that at baseline.

Furthermore, LSR’ incidence of Polyphenon E 15% and 10%

groups was largely identical. Stockfleth et al., for example, report

that LSR affected 86.2% and 81.5% of Polyphenon E 15% and

10% users, respectively. They also report that LSS affected 75.6%

and 77.3% of Polyphenon E 15% and 10% users respectively. This

could be an indication of the fact that LSR are primarily active

substance related and not dose-related. Finally, a well-performed

statistical analysis by Gross et al. clearly showed that complete

responders had a statistically significant increase in LSR’ incidence,

compared with non-responders.

AEs other than LSR

Adverse events other than LSR were mostly mild. Gross et al. and

Tatti et al. report a low AEs’ incidence in the safety population,

ranging from 19 to 30 patients. Tatti et al. report no AEs in the

placebo group whereas Gross et al. report AEs in three placebo

users. Both studies indicate that AEs related, or probably related to

treatment, were recorded only in active treatment groups and that

the main AEs recorded were the clustering of symptoms ‘infections

and infestations’. AEs were evenly distributed in Polyphenon E

15% and 10% groups in both studies.

Stockfleth et al. describe a different safety profile. They report

an AEs incidence of approximately 22% in all groups, with no

statistical difference between groups. They also report that AEs

probably related to treatment were recorded in all groups, includ-

ing placebo one. As in the other two studies, the most frequent

was the cluster of ‘infections and infestations’.

Withdrawls-dropouts-compliance

Two-hundred and eleven patients dropped out in total. All studies

report ‘patient withdrew consent’ and ‘lack of efficacy ⁄ treatment

failure’ as reasons for dropping out. Gross et al. and Stockfleth et al.

report that only 3 ⁄ 242 and 8 ⁄ 303 patients respectively withdrew

because of ‘AE related to treatment’. Compliance was very high in

all studies.

Meta-analysis

15% ointment vs. placebo. Patients using the 15% oint-

ment demonstrated significantly higher likelihood of complete

clearance of baseline warts (three studies – fixed effects RR: 1.53,

95% CI: 1.29–1.82, P < 0.001; Fig. 2) and of baseline and new

warts (three studies – fixed effects RR: 1.45, 95% CI: 1.21–1.74,

P < 0.001; Fig. 3) compared with controls at endpoint. No sign of

heterogeneity among studies was detected (I2 = 0% and 0%,

respectively).

10% ointment ⁄ cream vs. placebo. Patients using the

10% ointment ⁄ cream had significantly higher likelihood of com-

plete clearance of baseline warts (three studies – RR: 1.46, 95% CI:

1.23–1.75, P < 0.001; Fig. 4) and of baseline and new warts (three

studies – fixed effects RR: 1.42, 95% CI: 1.19–1.70, P < 0.001;

Fig. 5) compared with controls at endpoint. No sign of significant

heterogeneity among studies was detected (I2 = 29% and 0%,

respectively).

Discussion
This systematic review and meta-analysis clearly demonstrates that

both Polyphenon E formulations (15–10%) are efficacious for the

treatment of EGWs, at least for the primary endpoint (complete

clearance). Furthermore, a remarkably low rate of recurrence for

both formulations is reported.

All studies report a remarkably low rate of recurrence for both

15% and 10% Polyphenon E. Although no direct comparison with

other treatments can be performed, data from studies suggest

superiority of Polyphenon E. Cryotherapy showed a risk of recur-

rence about 20–40%.12 Imiquimod 5% cream and podofilox stud-

ies indicated recurrence rates ranging from 13% to 19%.12,25 This

data taken into account with preclinical data about green tea

extracts, could be an indication that Polyphenon E may also have

an effect on subclinical lesions.

Figure 2 Complete clearance of baseline warts – 15% ointment vs. placebo.
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Gross et al. point out that a 12-week treatment period is per-

haps short, as more than two-thirds of patients first have complete

clearance between week 8 and 12 of treatment. However, the effi-

cacy data presented for Polyphenon E 15% ointment are numeri-

cally identical to the other studies. Furthermore, Tatti et al. report

that superiority of both 15% and 10% formulations compared

with placebo is first observed at week 4 and 6 respectively and then

at all subsequent visits. Stockfleth et al. report the same. All

authors propose that onset of clearance starts at week 2 and that

local reactions (peaking at week 2–4) at the application site are

indicative and essential for achieving clinical response. One must

keep in mind that time to clearance can be up to 16 weeks for

Polyphenon E, compared with up to 8 weeks for imiquimod and

12 weeks for podophyllotoxin.

Polyphenon E use appears to be safe and well tolerated. All

reported LSR and AEs are mostly mild, peaking between week 2

and 4 of treatment. The commonest LSS is erythema and the com-

monest LSM is itching. Compliance is very high and withdrawal

attributed to is AEs minimum. The commonest AEs, other than

local reactions, are ‘infections and infestations’. Authors suggest

that itching and erythema are signs of local stimulation of the

immune system releasing pro-inflammatory cytokines. Based on

unpublished data, it is suggested that onset of clearance starts at

week 2 and that local reactions are indicative and essential for

achieving clinical response.22–24 This is partially supported by

Gross et al., whose well-performed statistical analysis clearly shows

that complete responders had a significantly increased LSR’ inci-

dence compared with non-responders.

A clear comparison with other treatment modalities cannot be

attempted, as there is no head-to-head studies available directly

comparing Polyphenon E with other treatments. Treatments like

cryotherapy, laser treatment, curettage and trichloroacetic acid

application are often painful, tissue destructive and cause consid-

erable problems like scarring, erosions, ulcers and infections.9–11

Studies regarding imiquimod use report itching and burning as

the main AE,10,25 along with a 10% of fungal infections.25

Figure 3 Complete clearance of baseline and new warts – 15% ointment vs. placebo.

Figure 4 Complete clearance of baseline warts – 10% ointment ⁄ cream vs. placebo.

Figure 5 Complete clearance of baseline and new warts – 10% ointment ⁄ cream vs. placebo.
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An added benefit of Polyphenon E ointment use is that it is

self-administered, resulting in a decreased number of required vis-

its. It has been reported that, for privately insured patients, each

case of genital warts results in an average of more than three

physician visits at a cost of $436.26 The proposed dosage schedule

for Polyphenon E is three times daily, compared with three times ⁄
week for imiquimod.10 This more complicated dosage schedule

might decrease long-term compliance.

Some concern about the generalization of these results exists.

Two of the included studies23,24 excluded HIV-positive patients. It

is well known that HIV-positive patients exhibit a higher EGWs

prevalence rate and that the two conditions usually co-exist.27 This

exclusion criterion certainly limits the applicability of these results

to immunocompetent EGWs patients. No data exist on efficacy of

the treatment on internal warts.

Two studies allowed the concomitant oral usage of paracetamol

or acetaminophen, if treatment of LSRs was needed.23,24 Although

this practice is not unusual, authors did not report frequency and

size of this usage. This fact may have led to overestimation of

tolerability. It is also important to highlight that all three studies

state conflict of interest (mostly industry funding).

As EGWs is a chronic disease recurring frequently, cost-effec-

tiveness is of great importance. A recent cost-effectiveness study

evaluated cost-effectiveness and treatment-cost impact of sinecate-

chins use against imiquimod use, as first-line treatment of

EGWs.21 It concluded that sinecatechins yields a lower treatment

cost, offering cost savings to healthcare systems, compared with

imiquimod. However, this study fails to include in its decision

analysis model the study by Gross et al.22 As Gross et al. study

indicated a slightly less efficacious profile than the other two stud-

ies,23,24 this could be a great selection bias.

Overall, this meta-analysis clearly indicates efficacy of Polyphe-

non 15% and 10%, at least for the primary endpoint. Furthermore,

Polyphenon E treatment shows very low recurrence rates, although

follow-up periods are relatively short, and seems to have a rather

favourable safety and tolerability profile. Recommendations for

future studies should include longer follow-up periods, evaluation

of the efficacy of green tea catechins in the treatment of internal

anogenital warts and, most importantly, direct comparison of

green tea catechins with its principal comparator, imiquimod.
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