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reen tea catechins for treatment of external genital warts

ara M. Meltzer, MD; Bradley J. Monk, MD; Krishnansu S. Tewari, MD
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ore than 1 million new cases of
anogenital warts are diagnosed

ach year in the United States alone.1

nown also as condyloma acuminate,
hese warts result from infection with
he human papillomavirus (HPV). The
pectrum of diseases attributed to HPV
nfection runs the gamut from dis-
guring genital warts and potentially le-

hal neonatal laryngeal papillomatosis
caused by HPV subtypes 6 and 11) to
ysplastic and frankly invasive carcino-
as of the cervix, vagina, vulva, and anus

caused primarily by oncogenic HPVs 16
nd 18). Historically, treatment of ano-
enital warts has required chemical de-
truction, immunologic therapy, and/or
urgical procedures, with many patients
eing treated with multiple therapeutic
odalities, often leading to excessive

carring and disfigurement and ulti-
ately, recrudescence of the disease. Re-

ently, the US Food and Drug Associa-
ion (FDA) granted approval to the
reen tea sinecatechin, Polyphenon E
Veregen) ointment for use in the treat-
ent of anogenital warts in men and
omen. This review will highlight the bi-
logic properties of catechins, report on
linical trials of Polyphenon E ointment
n the management of anogenital warts,
nd illustrate the efficacy of this botanic
ith case presentations.

iscovery of the medicinal
roperties of teas
rcheologic evidence suggests that tea
lant culture is likely to have originated

n China more than 5000 years ago, from
here it was brought to India, Japan,

rom the Department of Obstetrics and
ynecology, University of California, Irvine,
edical Center, Orange, CA.
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hailand, Korea, and Sri Lanka.2 The
edicinal properties of tea leaves first

ppeared in a Chinese book on pharma-
eutical plants (ca 200 BC). Later, in the
issa Yojoki (Book of Tea, ca 1191), tea
as listed as a remedy to control bleed-

ng, help wounds heal, regulate body
emperature, control blood sugar, and
romote digestion.2,3

Green tea, which constitutes 20% of
he tea manufactured worldwide, is
robably the most consumed beverage
esides water in Asian society (Figure 1).
he main substances found in green tea
re caffeine (2-4%), amino acids (4%),
ignin (6.5%), organic acids (1.5%), pro-
ein (15%), chlorophyll (0.5%), and the
olyphenols (25-35%).4 The beneficial
ffects of green tea are attributed to the
olyphenolic compounds present that
re essentially colorless. Epigallocat-
chin gallate (EGCG) and epigallocat-
chin (EGC) are the most important
olyphenols (Figure 2), and a cup of
reen tea contains about 300-400 mg of
olyphenols or 10-30 mg of EGCG.4 Be-
ause of the differences in the processing
f tea leaves after harvest, catechins are
resent in higher quantities in green tea
han in black or oolong tea.

Polyphenon E (Veregen) ointment is a
otanical drug consisting of more than
5% catechins that has been approved by
he FDA for the topical treatment of ano-
ential warts (Veregen ointment, 15%
NDA 21-902, Oct. 31, 2006]). These

This review evaluates the antiviral, antiox
green tea catechins. Two randomized trials
tea catechins in the management of externa
side effects associated with this topical
mechanism of action, percent of wart clear
green tea catechins are compared with t
patient-administered topical agents approv

Key words: catechins, condyloma, externa

Cite this article as: Meltzer SM, Monk BJ, Tewar
genital warts. Am J Obstet Gynecol 2009;200:23
atechins are a partially purified fraction H

MARCH 2009 Americ
f water extract of green tea leaves from
amellia sinensis (L.) O Kuntze.5 Poly-
henon E (Veregen) ointment repre-
ents the first, and at present, only FDA
pproved botanic for treatment of hu-
an disease. Its established efficacy in

radicating anogenital warts results from
ntiviral, immunostimulatory, and anti-
xidant mechanisms.

iologic properties
f green tea catechins
he spectrum of biologic activities of
reen tea catechins appears in Table 1. In
ddition to possessing antiviral6-8 and
mmunostimulatory9-12 properties, cat-
chins also exhibit antitumor13-16 and
ntioxidative11,17 effects. There is also
ufficient evidence for antiangiogenic
ctivity.

ntiviral properties
n its episomal form, the early gene E2 of
he HPV prevents transcription of the vi-
al oncogenes E6 and E7, leading to a
onmalignant phenotype. Integration

nto the host genome, however, results in
isruption of E2 and therefore loss of
uppression of E6 and E7, resulting in
isruption of p53 and pRB (retinoblas-
oma) signaling and oncogenesis.6 The
otential for integration and thus malig-
ant transformation appears to vary
mong different HPV types, with HPV
ypes 16 and 18 being most common in
nvasive lower genital tract cancers and

nt, and immunostimulatory properties of
aluating the activity and efficacy of green
nital warts are presented, and the reported
tment modality are outlined. Finally, the
e, time to clearance, and toxicity profile of
e of podofilox and imiquimod, 2 other
for treatment of anogenital warts.

nital warts, green tea

. Green tea catechins for treatment of external
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FIGURE 1
Green tea leaves

eltzer. Green tea catechins for treatment of external
enital warts. Am J Obstet Gynecol 2009.
Meltzer. Green tea catechins for treatment of external genital w

33.e2 American Journal of Obstetrics & Gynecolo
FIGURE 2
Chemical structure of catechins

eltzer. Green tea catechins for treatment of external genital warts. Am J Obstet Gynecol 2009.
TABLE 1
Biologic properties of green tea catechins
Antiviral effects Human papillomavirus

.........................................................................................................................................................................................................................................................................

Adenovirus
.........................................................................................................................................................................................................................................................................

Epstein-Barr virus
.........................................................................................................................................................................................................................................................................

Influenza A and B
.........................................................................................................................................................................................................................................................................

Rotavirus
.........................................................................................................................................................................................................................................................................

Enterovirus
.........................................................................................................................................................................................................................................................................

Human immunodeficiency virusa

................................................................................................................................................................................................................................................................................................................................................................................

Anticarcinogenic properties Modulation of signal transduction pathways through
receptor tyrosine kinase activities

Epidermal growth factor receptor
Platelet-derived growth factor receptor

.........................................................................................................................................................................................................................................................................

Induction of apoptosis
.........................................................................................................................................................................................................................................................................

Cell cycle arrest
.........................................................................................................................................................................................................................................................................

Reversal of multidrug resistance
................................................................................................................................................................................................................................................................................................................................................................................

Antioxidative properties Free radical scavenger
.........................................................................................................................................................................................................................................................................

Inhibition of lipid peroxidation
................................................................................................................................................................................................................................................................................................................................................................................

Antiangiogenic properties Inhibition of microvessel formation
.........................................................................................................................................................................................................................................................................

Inhibition of tyrosine phosphorylation of vascular epidermal growth factor receptor
.........................................................................................................................................................................................................................................................................

Inhibition of extracellular matrix degradation by matrix metalloproteases
................................................................................................................................................................................................................................................................................................................................................................................

Immunostimulatory effects Interleukins
.........................................................................................................................................................................................................................................................................

Tumor necrosis factors
.........................................................................................................................................................................................................................................................................

Interferons
................................................................................................................................................................................................................................................................................................................................................................................

Other biologic activities Antimicrobial (mechanism unclear)
.........................................................................................................................................................................................................................................................................

Antiatherogenic (inhibition of oxidation of low-density lipoproteins)
.........................................................................................................................................................................................................................................................................

Antithrombotic (inhibition of collagen-induced platelet aggregation)
.........................................................................................................................................................................................................................................................................

Promotion of thermogenesis
................................................................................................................................................................................................................................................................................................................................................................................
a Possibly.
................................................................................................................................................................................................................................................................................................................................................................................
arts. Am J Obstet Gynecol 2009.

gy MARCH 2009
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ith more than 90% of genital warts. As
iscussed later, catechins have demon-
trated clinical efficacy in treatment of
nogenital warts. This activity may be
eparate from their antiviral properties.

Hastak et al7 demonstrated that the
GCG-induced apoptosis in human
rostate carcinoma cells is mediated
hrough stabilization of p53 by phos-
horylation on critical serine residues.
hafif et al8 studied the effects of EGCG

n an oral leukoplakia cell line and noted
rowth inhibition through a G1 block
hat was induced with an increase in the
nderphosphorylated form of pRB.
iven the stabilization of the 2 key tu-
or suppressor gene products that are

he targets of HPV-mediated transfor-
ation, it has been speculated that cat-

chins thereby enhance cell cycle regula-
ion and hinder HPV-induced cellular
rowth. There is no evidence available at
his time that catechins have a direct in-
eraction with the HPV oncogene prod-
cts E6 and/or E7.

ntiinflammatory and
mmunostimulatory properties
he antiinflammatory activity of the
reen tea catechins may, in large part, be
ccounted for by their antioxidant ac-
ions. EGCG has been found to inhibit
he activity of the transcription factors
P-1 and NF-kappa B, both of which
ay mediate many inflammatory pro-

esses and both of which may be acti-
ated by reactive oxygen species.
Although Langerhans cells are often

he first antigen-presenting cell that en-
ounters infecting viruses in humans,
hese immune mediators are not acti-
ated by HPVs. However, catechins in-
uce the release of many immune stim-
latory interleukins while at the same

ime suppressing the release of immune
nhibitory interleukins.9,10 Specifically,
atechins activate T lymphocytes, induce
he release of both tumor necrosis factor-
lpha (TNF-�) and interferon-gamma
IFN-�), and stimulate macrophages to
elease immune stimulatory cytokines.
his promotes recruitment of mono-
ytes, dendritic cells, lymphocytes, natu-
al killer cells, and T-helper cells to aid in

he immune response (Figure 3).
Because the major neutrophil che-
oattractant and inflammatory media-

or, interleukin-8 (IL-8), is dependant
n IL-1�, through inhibition of IL-1�,
atechins decrease recruitment of neu-
rophils. Catechins also down-regulate
F8� T cells and inhibit cyclooxygen-
se-2 (COX-2).11 Down-regulation of
he immune system via COX-2-medi-
ted prostaglandin E2 (PGE-2) expres-
ion in epithelial cells has been linked to
he development of dysplasia. Finally, at
ow doses, catechins stimulate mitogen-
ctivated protein kinase (MAPK) path-
ays, thereby increasing transcription of
rotooncogenes c-jun and c-fos. At
igher doses catechins activate c-jun N-
erminal kinase (JNK) (an MAPK family

ember), leading to apoptosis.12

linical trials of catechins
or treatment of anogenital warts
t has been estimated that 75-80% of sex-
ally active adults acquire a genital tract
PV infection before the age of 50

FIGURE 3
Epithelial hyperplasia and neutroph

Before  

pithelial hyperplasia and neutrophil infiltration
olyphenon E 15% ointment.
eltzer. Green tea catechins for treatment of external genital

TABLE 2
Demographic profiles of the intent-
populations in protocol 101720

Intent-to-treat population in protocol 1017

Arms Placebo 1

No. 103 1
...................................................................................................................

Men 60.2%
...................................................................................................................

Women 39.8%
...................................................................................................................

Median age (range, y) 30.4 (18-60)
...................................................................................................................

White 94.2%
...................................................................................................................
Meltzer. Green tea catechins for treatment of external genital w

MARCH 2009 Americ
ears.1 The first age- and sex-specific es-
imates of the cost of anogenital warts
as performed in 2000. Among privately

nsured patients for which an insurance
laim was generated, each case of genital
arts resulted in an average of more than
physician visits and $436.18

Condylomas are often asymptomatic
ut may present with pruritus, pain,
leeding, burning, or vaginal discharge.
hey appear skin-colored and may be

mooth papules or papilliform. Treat-
ent consists of chemical destruction,

mmunologic therapy, or surgical exci-
ion; although 20-30% regress spontane-
usly. Chemical therapy aims to induce
ell death. Podofilox arrests the tumor
ell cycle, trichloroacetic acid (TCA)
auses protein coagulation, and fluorou-
acil interferes with DNA synthesis. Im-
unologic therapy such as imiquimod

nduces cytokines. Surgery via cryother-
py, laser ablation, or excisional therapy
s reserved for condylomas refractory to

infiltration in murine tissue
After 

ed in murine tissue after topical application of

s. Am J Obstet Gynecol 2009.

treat

ointment 15% ointment P value

201
..................................................................................................................

3% 52.2% .42
..................................................................................................................

7% 47.8%
..................................................................................................................

6 (16-98) 30.8 (17-69) .91
..................................................................................................................

0% 95% .93
..................................................................................................................
il

not

wart
to-

0%

99
.........

55.
.........

44.
.........

30.
.........

95.
.........
arts. Am J Obstet Gynecol 2009.
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ther treatment modalities. Although
ach of these treatment modalities is ef-
cacious in some patients, they are not
ompletely without side effects and se-
uelae. Chemical and immunologic
herapy may cause pain and discomfort,
hile surgical intervention may result in

nfection, bleeding, and/or poor cos-
etic outcome.
Three randomized, double-blind, pla-

ebo-controlled phase 3 trials were con-
ucted to determine the efficacy and
afety of the catechin, Polyphenon E
iven as a 10% and 15% ointment. These
tudies were powered to demonstrate the
uperiority of each of the 2 Polyphenon E
intment formulations over placebo
ith respect to the complete clearance

ates of all baseline and new warts.
The first study (CT 1015) was reported

y Gross et al19 in 2007 and enrolled pa-
ients in 28 hospitals and clinical prac-
ices in Germany and Russia. One hun-
red twenty-five men and 117 women
ere randomly assigned to Polyphenon
15% ointment, 10% ointment, or pla-

ebo. Treatment was administered for
p to 12 weeks with a 12-week treat-
ent-free follow-up. Randomized, dou-

le-blind, placebo-controlled study for
p to 12 weeks with a 12-week treat-
ent-free follow-up. For 15% ointment,

tatistically significant differences to pla-
ebo were achieved regarding complete
learance of all baseline external genital
arts (61.0% vs 40.5% in men, 56.8% vs
4.1% in women; combined: P � .0066).
or 10% ointment, 53.8% men and
9.5% women achieved complete clear-
nce. Recurrence rates 12 weeks after end
f treatment ranged from 10.3% to
1.8% in the 3 arms.19 Seven patients re-
eiving 10% ointment, 9 patients receiv-
ng 15% ointment, and 3 receiving pla-
ebo experienced a total of 21 adverse
vents (n � 19, 7.9%).19 Only 6 of these
atients (2.5%) experienced toxicities
hat were considered possibly or proba-
ly related to the study drug (hyperker-
tosis and skin discoloration among 2
atients receiving 10% cream, and tran-
ient local necrosis, allergic dermatitis,
r pain in the foreskin among 4 patients
eceiving 15% cream).19

AG Protocol CT 1017 was a random-
FIGURE 4
Results of topical therapy with Polyphenon E 15% ointment

Baseline Week 6

Week 8 Week 12 

Week 16 

aseline appearance of vulvar warts and fully healed vulva after 16 weeks of treatment with green
ea catechins.

eltzer. Green tea catechins for treatment of external genital warts. Am J Obstet Gynecol 2009.
TABLE 3
Complete clearance of all warts (baseline and new) during treatment
in protocol 1017– female patients (intent-to-treat population)20

Protocol 1017–female patients

Variable Placebo 10% ointment 15% ointment

n 41 89 96
..............................................................................................................................................................................................................................................

Complete clearance 41.5% 60.5% 58.1%
..............................................................................................................................................................................................................................................

No complete clearance 58.5% 39.5% 41.9%
..............................................................................................................................................................................................................................................

Odds ratio 2.159 1.955
..............................................................................................................................................................................................................................................

95% CI (1.013-4.603) (0.928-4.119)
..............................................................................................................................................................................................................................................

P value .057 .092
..............................................................................................................................................................................................................................................

CI, confidence interval.
..............................................................................................................................................................................................................................................
zed, double-blind, 3-arm parallel-group,
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www.AJOG.org General Gynecology Clinical Opinion
ehicle-controlled, multicenter Phase 3
rial that enrolled 226 women and 277

en from 46 dermatologic, gynecologic,
nd urologic centers throughout Europe
nd South Africa. The placebo-con-
rolled trial studied the 15% and 10%
olyphenon E ointments, and the results
ere recently reported by Stockfleth et

l.20 The median age of the study popu-
ation was approximately 30.7 years
range, 16-98 years), and in this study
reater than 90% of subjects in each of
he 3 arms were white (Table 2).20 The

edian wart area was 51 mm2 and the
edian wart number was 6. A clearance

f greater than 50% was achieved in
7.3%, 78.0%, and 52.9% of all subjects
n the Polyphenon E 15%, 10%, and pla-
ebo arms, respectively.20 Women re-
ponded better than men, with approxi-

ately 60% of women (Table 3) and
5% of men in both active groups
chieving complete clearance of all
arts. The median times to complete

learance were estimated at 16.1 weeks
or both the 15% and 10% ointments
nd 16.7 weeks for placebo (P � .001).
dverse events other than mild local re-
ctions that were probably related to

TABLE 4
Patient-administered topical agent
Agent Mechanism of acti

Polyphenon E20,21

(Veregen)
Antiviral
Immunostimulatory
Antioxidant
Antitumor
Antiangiogenic

...................................................................................................................

5% Imiquimod
(Aldara)

Immunostimulatory
(cytokine induction)

...................................................................................................................

Podofilox
(Condylox)

Antimitotic activity l
to cell cycle arrest

...................................................................................................................
a As contained in FDA package inserts.
...................................................................................................................

Meltzer. Green tea catechins for treatment of external gen
tudy medication were reported by 4 pa- e
ients (0.8%), including moderate bala-
itis, severe herpes simplex, mild lymph-
denitis, and severe phimosis, all in the
olyphenon E 15% ointment group.
The third trial, AG Protocol CT 1018,

andomly assigned 502 subjects (258
en and 244 women) to the 15% oint-
ent, 10% ointment, and vehicle arms

nd was conducted in 50 health centers
n the United States, Latin America, and
omania.21 One hundred eleven sub-

ects (57.2%) in the 15% ointment arm,
11 subjects (56.3%) in the 10% oint-
ent arm, and 35 subjects (33.7%) in the

ehicle arm achieved complete clearance
f all external genital warts (P � .001).21

ompared with male patients, the pro-
ortion of female patients with complete
learance of all warts was higher in all 3
reatment groups. Recurrences occurred
n 6.5% to 8.8% of patients in all 3 arms
uring the 12-week follow-up period.
evere adverse advents, comprising
ymphadenitis, skin ulcer, vulvitis, and
ulvovaginitis, were reported for 5 pa-
ients treated with 15% ointment and for
treated with 10% ointment.21

In each of the 3 studies there were pa-
ients on the placebo arms who experi-

or treatment of external genital wart
Clearance Time to cl

58% (both sexes);
65% (women only)

Up to 16 w

.........................................................................................................................

37% Up to 8 wk

.........................................................................................................................

ing 20-50% Up to 12 w

.........................................................................................................................

.........................................................................................................................

arts. Am J Obstet Gynecol 2009.
nced complete clearance of warts. There i

MARCH 2009 Americ
s the possibility that high placebo re-
ponse is linked to the known potential
f 2 excipients: oleyl alcohol and isopro-
ylmyristate (IPM). Importantly, IPM
as some known irritant potential, and it

s thought that with 3 times daily appli-
ation along with mechanical stimulus
nd change in hygiene, this may lead to
igher spontaneous clearance. It is also

nteresting to note that in 2 of the studies
AG 1017 and 1018), the complete clear-
nce rates for sinecatechins ointment
as higher in women than in men, al-

hough the sex differences were relatively
mall. Lower clearance rates in men
ave been linked to greater keratin-

zation of the skin along the penile shaft,
ffecting drug penetration.22 A case
tudy demonstrating progressive resolu-
ion and clearance of vulvar condyloma
fter topical therapy with Polyphenon E
5% ointment appear in Figure 4.
Table 4 lists the properties, activity,

nd side effects associated with green tea
atechins and the 2 other patient-admin-
stered topical agents approved by the
DA for treatment of anogenital warts:
odofilox and imiquimod. Podofphyllo-
oxin (podofilox) is a nonalkaloid toxin

ance Side effectsa

18% erythema
17% pruritis or burning
14% pain
12% ulceration
11% edema
9% induration
5% vesicular rash

..................................................................................................................

32% itching
26% burning
8% pain
3% soreness
11% fungal infection
� 5% headache, influenza-like
symptoms, myalgia

..................................................................................................................

78% burning
72% pain
67% erosion
63% inflammation
65% itching

..................................................................................................................

..................................................................................................................
s f s
on ear

k

......... .........

......... .........

ead k

......... .........

......... .........

ital w
n the lignan family and was the first
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DA-approved gel for the treatment of
enital warts. Tyring et al23 reported the
utcomes of 326 patients with anogeni-
al warts who were randomly assigned in
double-blind, vehicle-controlled, mul-

icenter trial. In the intent-to-treat anal-
sis, after 8 weeks of therapy 62 of 167
atients (37.1%) treated with 0.5%
odofilox gel had complete clearance of
he treated areas compared with 2 of 86
atients (2.3%) who had clearing of
arts with the vehicle gel (P � .001).23

he 0.5% podofilox gel was well toler-
ted, with only 7 patients (3.2%) discon-
inuing study treatment because of drug-
elated local reactions.23 The marketed
rade name product Condylox is a 0.5%
odofilox gel.
Imiquimod is capable of inducing a

ariety of cytokines, including INF-�,
NF-�, as well as IL-1, -6, and -8.
eurner et al24 conducted a prospective,
ouble-blind, placebo-controlled trial in
08 subjects, 51 of whom were randomly
ssigned to the imiquimod 5% arm and
7 to the placebo. Complete clearance of
arts was reported for 37% of the imi-
uimod-treated patients, and in 0% of
he placebo group (P � .001). Three
19%) of the 16 patients who experi-
nced complete clearance of warts had a
ecurrence develop during the 10-week
ollow-up period.24 Subjects in the imi-
uimod arm experienced a significantly
reater number of local inflammatory
eactions, which ranged from pain and
lceration (8.3-10.4%) to itching
54.2%). Imiquimod 5% received FDA
pproval in 1997 and is marketed by
EDA AB, Graceway Pharmaceuticals,

nd iNova Pharmaceuticals under the
rade name Aldara. Although the clear-
nce rates listed in Table 4 suggest that
olyphenon E preparations have higher
ates when compared with podofilox and
miquimod, it should be recognized that
rom the available clinical trials time to
learance can be up to 16 weeks for Poly-
henon E as compared with up to 8
eeks (imiquimod) and 12 weeks

podofilox).

ummary
lthough FDA approval of Gardasil
uadrivalent HPV 6/11/16/18 recombi-

ant virus-like particle vaccine (Merck & g

33.e6 American Journal of Obstetrics & Gynecolo
ompany, Inc, Whitehouse, NJ) may
ake significant inroads in eradicating
PV-related diseases, including invasive

ervical cancer, lower genital tract dys-
lasias, and condyloma, it is anticipated
hat these benefits will not be realized for
t least 1 full generation, provided of
ourse that mass vaccination campaigns
re successful globally. Until that time
omes, anogenital warts will continue to
ause significant morbidity to millions of
mericans. Until recently, most existing

reatments have been only moderately
ffective. Randomized trials have dem-
nstrated the efficacy of green tea cat-
chins as topical therapy for anogenital
arts with negligible toxicity. Not only is
olyphenon E (Veregen) ointment the
rst botanical approved for the treat-
ent of anogenital warts, it represents

he first botanical approved by the FDA
nder its current regulatory policy. Poly-
henon E (Veregen) ointment received
DA approval on Oct. 31, 2006, and

s patent protected until 2017. The
rice of Veregen for drug wholesalers is
208.98 per 15-g tube. The addition of
reen tea catechins to the armamentar-
um provides patients with a new topical
gent that can be used as first-line treat-
ent or before embarking on surgical

herapy should recrudescence of ano-
enital warts occur after other topical
reatment(s). f
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