Firmat
o .

digita
Imente

MARC
< C=IT

UNIVERSITA
DI SIENA

1240

DEPARTMENT OF MEDICAL BIOTECHNOLOGIES

DOCTORATE in GENETICS, ONCOLOGY and CLINICAL MEDICINE (GenOMeC)
XXXV Cycle

Proactive sinecatechins for the treatment of
cutaneous HPV related lesions

GenOMeC PhD project

Coordinator

Prof. Alessandra Renieri

Tutor PhD Student

Prof. Pietro Rubegni Dr. Marco Campoli

Session 2021/2022






Index

Chapter 1 —Human PapillomaVirus.......cccceceveiieiive e v e pag.6
1.2 INErOAUCTION . ..c.iii ittt e e e e s 6
1.2 History and eVolULioN.......cuceircrrece et 7
1.3 ClasSIfiCatiON.c.uiuiiiie et st e st a e st s e 9
1.4 Virion and geNOMIC StrUCTUIE......ccecvveveevieriireeetieiee et sttt 10
1.5 HPV @Nd CANCEI ..ttt st et 13
1.6 Productive infection and life cycle of HPV.......cccvevveeieiceveiiecrieees 15
1.7 Non-productive infection and transformation.........ccceceevvevvveieennnne 23
1.8 CliNical fEATUIES......eveieieee ettt s 24

1.8.1 SKIN INFECTIONS....viieitieeeee e 25

1.8.2 Genital and airway infections........cccceeveeeciee e 27
1.9 General concepts of therapy.....cccueeeeeveeeeeciee e e 32
1,10 VACCIN@..ue ettt ettt et et e st een et e s s nn e 32
Chapter 2 — External genital warts........ccceeceeeieeveece e, pag.34
2.1 INTrOdUCTION. ..ottt e e e e e 34
2.2 EPIdeMIOIOZY....cccuee ettt ettt sttt er e e r et e r e 34
2.3 TraNSMISSION .ttt ettt ettt ettt et e et b et sae e et eee e saeeeaenee 36
2.4 Clinical Mmanifestations........ccivirireiieiiene e e s e 37

2.4.1 CliNiCal @SPECTS.....cvieceeceeeee et ettt et et sr et ee e e eeas 37

2.4.2 LOCAliZatioN.....cceeieeiiecectctt e e 40

2.4.3 Associated SYMpPLOMS......c.ooveiieie e e e 40



P R [ o Yol U] oY= o) o R 40

2.5 DIABNOSIS. cuutieieitieecie ettt ettt ettt e st e ettt e er e sreeeaen s 40
2.6 Patient classification.........cccooiceeeiceiveinein e 41
2.7 TREIAPY ittt sttt ettt e e e st st st st sbesbeereen e e esrenraen 42

2.7.1 Objectives of treatment........cccooeeeeeeecieece e 42

2.7. 2 TrealMmeNTS. ..o e e e 43
2.8 FOOW UP ittt ettt st sttt er et aes s e e e e e e e 50
2.9 COUNSEIING ettt ettt ettt st st st sr e es e s e e e s 50
2.10 Management of sexual Partners.......cccevveeveveieeseecieece e, 51
Chapter 3 — Clinical StUdY.....ccoueeeeeeieece e e pag.52
3.1 Preliminary considerations........c.cocecveeveeneinineenieiseeeses e s 52
3.2 Proactive sequential therapy.......cccceve e 52
3.3 AIM Of the StUAY.....ooee e e e 54
3.4 Materials and Methods.........coeviriiinieiece s 55

3.4.1 STUAY PrOJECE...ticee ettt ettt et et s enre e s re e erae e eaes 55

3.4.2 SUDJECES .. ve ettt ettt ettt et et sre s et naesaeenraan 55

S I G 2 =1 0 To [ o To 11 0| £ 59

3.4.4 Statistic ANAlYSIS.....ccovevrieiiece e e e 60
3.5 RESUILS ittt e ettt ee et e e e e e e e e 60
3.6 DISCUSSION ettt et ettt et sttt st et et e e eeaas 66
3.7 CONCIUSION ...ttt ettt e s e e e e e e 69

271 o] L0 =d =1 o] |V pag. 70






Chapter 1- Human PapillomaVirus

1.1 Introduction

Human papillomavirus (HPV) (Fig.1) is a double-stranded
deoxyribonucleic acid (DNA) virus with exclusive tropism for multilayered
epithelial tissues of skin and mucous membranes; its involvement in the
development of some neoplasms is known, in particular cervical cancer,
other anogenital tumors, but also other oral and nasal cavity carcinomas

and rare periungual carcinomas linked to specific HPV infections.

Figure 1 HPV, electronic microscope — Wikipedia



1.2 History and evolution

Papillomaviruses were first identified as viral particles in 1949*. Although
the infectious origin of animal and human warts had been established
since 1890, no other group of viruses has experienced such explosive
recognition of distinct types and variations in pathogenicity in recent
years. In 1976 and 1977, the considerable heterogeneity of HPV*™* types

was evident.

Even if these facets suggest a remarkable biological plasticity and a rapid
development of HPV mutational adaptations, the most recent evidence
points in another direction. Specific isolates from non-human primates
are related to specific human genotypes (eg, pygmy chimpanzee
papillomavirus and HPV 13 or rhesus monkey papillomavirus and HPV
16). Obviously, the divergence of many human pathogenic genotypes
took place in the early prehominid period; thus, papillomaviruses along
with herpesviruses, adenoviruses, and polyomaviruses and probably
others, developed long before the appearance of humans. Indeed,
these viruses represent fascinating tools for studying the evolutionary
aspects of pre-hominid family trees and early hominid migration
patterns®. Papillomaviruses have also been found in reptiles (turtles),
birds and many mammals. Therefore, the heterogeneity of this group
(Fig.2) reflects not so much the rapid acquisition of genome
modifications, but rather an ancient history of virus adaptations to

specific host cells and host-mediated control of these infections. Studies



have established a theoretical framework for evolution of
papillomaviruses, suggesting a model based on an ancient intrahost viral
divergence on a niche adaptation followed by a virus-host codivergence

(Fig.3)®.
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Figure 2 Primate papillomavirus phylogeny. Chen, Z. et al. Non-human Primate Papillomaviruses Share Similar
Evolutionary Histories and Niche Adaptation as the Human Counterparts. Front. Microbiol. 10, (2019).

Figure 3 Schematic model of ancient intrahost viral divergence followed by virus-host codivergence in primate
papillomaviruses. Chen, Z. et al. Non-human Primate Papillomaviruses Share Similar Evolutionary Histories and
Niche Adaptation as the Human Counterparts. Front. Microbiol. 10, (2019).



A causal relationship with a common form of cancer, cervical carcinoma,
had not been considered until 19742 although members of this virus
group were known to be carcinogenic in rabbits® and capable of inducing
malignant transformation of some rodent cells'. Paradigmatic were the
observations made by the Italian physician Rigoni-Stem, published in
1842 in Rome, based on the high prevalence of cervical cancer in

prostitutes and its virtual absence in nuns.

1.3 Classification

HPVs are members of a distinct family of viruses, the Papillomaviridae.
The family Papillomaviridae is divided into 39 genera™!3, based on L1
sequence equality of 60% or greater, with each genus designated by a
letter of the Greek alphabet. Papillomaviruses within a genus that share

11713 Furthermore,

60-70% L1 sequence equality are termed species
within a species, papillomaviruses with L1 sequence equality of 71-89%
are considered a type!!2. As of 2016, 205 different HPV types have been
identified, which have been classified into five genera including: 65
Alphapapillomaviruses, 51 Betapapillomaviruses, 84
Gammapapillomaviruses, 4 Mupapillomaviruses and a single
Nupapillomavirus (Table 1)*. At least 19 additional types have been
identified, however these viruses are currently awaiting classification.
HPVs with L1 sequence equality of 90-98% are termed subtypes, and

those with L1 sequence equality greater than 98% are considered

variants'¥3, Arguably, HPVs in the alpha genus are of the greatest



medical importance as they are associated with oral

cancers, as well as cancers of the anogenital tract.

and mucosal

Genus Species | Representative HPV types | Tropism Associated Diseases
al 32 nrucosal Heck's disease
al 3.10.28 cutaneous | flat warts
ad 2. 27,57 cutaneous | common warts
Alpha-PV a7 18,39, 45.59. 68 mucosal mtraepithelial neoplasia, invasive carcinoma
af 16, 31, 33, 35,5258 mucosal intraepithelial neoplasia, invasive carcinoma
all 6, 11 mucosal condylomata acuminate
13 Heck's disease
Blc 5.8 1214 19 20 21 24 cutaneous | Epidermodvsplasia
2536, 47 verruciformis
BetaPV B2 9.15,17,22,23,37.38 cufaneous | Epidermodysplasia
) verruciformis
B3 49 cutaneous | Epidermodysplasia
vermiciformis
vl 4. 65 cutaneous | Warts
Gamma-PV
¥4 60 cutaneous | Warts
ul 1 cutanecus | plantar warts
Mu-PV
nl 63 cutaneons | Warts
Nu-PV ¥ 41 cutaneous | Warts

Table 1: This table summarizes information on the main HPV genotypes, their tropism and associated diseases.
Heck's disease, also known as focal epithelial hyperplasia (FEH), is a rare benign mucosal neoplasm that is
strongly associated with HPV infection. Harden, M. E. & Munger, K. Human papillomavirus molecular biology.
Mutat. Res. Mutat. Res. 772, 3—-12 (2017).

1.4 Virion and genomic structure

HPVs are non-enveloped DNA viruses with a tropism for squamous

epithelia. Each viral particle consists of an icosahedral capsid of about 60

nm in diameter, containing a single double-stranded circular DNA

molecule of about 8,000 base pairs'®. Only one strand of the double-

stranded DNA genome is used as a template for transcription and this

coding strand contains three genomic regions, including about ten open

reading frames (ORFs) (Fig.4).
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ORF HPV16 PROTEIN FUNCTION

orgin binding protein, ATPase-dependent helicase

E1 involved in genome replication

regulator of viral gene transcription, association with
E1 (origin binding), viral genome partitioning

expressed abundantly as E1"E4 fusion protein,
E4 cytokeratin network destabilization, virus release and
transmission

small transmembrane protein, interacts with EGF
receptor activating mitogenic pathways

drives cell cycle allowing genome amplification in

E6 upper epithelial layers, association with EBAP and

@ degradation of p53, PDZ-protein binding, hTert
activation

drives cell cycle allowing genome amplification in

- - - E7  upper epithelial layers, association with and
EARLY REGION: proteins necessary for viral degradation of pRB, mitotic mutator

replication

expressed as EB*E2 fusion protein, acts as a
E8 repressor of transcription and replication during the

LATE REGION: viral capsid proteins viral life cycle
major capsid protein, assembles into pentameric

L1  capsids forming the icosahedral virion (prophylactic
vaccines)

LONG F:DNTROL BEG ION: sequel_‘lc_es L2 minor capsid protein, involved in viral DNA
controlling viral replication & transcription encapsidation, facilitates viral entry and trafficking

Figure 4 HPV16 genome organization and protein function: The HPV16 genomic map of 7906 base pairs is shown
on the left. Only the coding strand is included and transcription occurs clockwise. The early promoter (P97) is
indicated by an arrow at the approximate location of the RNA start site in the LCR control region. The late promoter
(P670) is also indicated by an arrow at its initiation site in ORF E7. The initial region is represented in blue and
contains proteins required for viral replication including E1, E2, E3, E4, E5, E6 and E7. The late region is shown in
purple and contains the viral capsid proteins L1 and L2. The LCR is shown in green and contains sequences that
control viral replication and transcription. On the right, a table of HPV16 ORFs and a brief description of their
corresponding viral functions is shown. Harden, M. E. & Munger, K. Human papillomavirus molecular biology.
Mutat. Res. Mutat. Res. 772, 3-12 (2017)

Many viral proteins are expressed by polycistronic messenger ribonucleic
acids (mRNA)!*', The early region (E) contains up to seven ORFs
encoding viral regulatory proteins and the late region (L) encodes two
viral capsid proteins. Each ORF in the early region is designated "E"
followed by a number, indicative of the length of the ORF. The third
region of the genome was defined as the long control region (LCR),

upstream regulatory region (URR), or noncoding region (NCR). This
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genomic region contains the origin of DNA replication as well as

transcriptional control sequences®.

Early ORFs include E1, E2, E4, E5, E6, E7, and E8"*8 (Fig.4):

E1 encodes a viral adenosine triphosphate (ATP)-dependent DNA
helicase!® that can bind to the adenine-thymine-rich origin of
replication and the function of E2 proteins in viral transcription,
replication and genome partitioning;

Integral E2 encodes for a transcriptional activator. Conversely, a
truncated form of E2 transcribed from an internal ATG sequence
and the E8-E2 fusion repress transcription®®

E4 is incorporated into the E2 gene and is mainly expressed as an
E1-E4 fusion protein during the last stages of the viral life cycle. E4
binds to cytokeratin filaments, disrupting their structure, and is
thought to play a role in viral release from the cornified epithelial
layers?!;

E5 is a small transmembrane protein, which has been best studied
in bovine papillomavirus type 1 (BPV1). BPV1 E5 is an oncogenic,
hydrophobic, single-step transmembrane protein that forms
dimers and interacts with, and activates, certain receptors,
including epidermal growth factor (EGF) and platelet-derived
growth factor (PDGF) receptors. Similar properties have also been
attributed to HPV E5, which encodes polytopic transmembrane

proteins that share only limited sequence similarity with BPV1
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E522. HPV E5 proteins have also been reported to play a role in
apoptosis and immune evasion?;

E6 and E7 both drive cell cycle entry to enable genome
amplification in the upper epithelial layers. High-risk (HR) HPV E6
proteins have oncogenic activity. They bind and degrade p53, as
well as cellular PDZ proteins, and activate telomerase?®. HR HPV E7
proteins bind to and degrade retinoblastoma tumor suppressor
(pRB), and contribute to malignant progression by inducing
genomic instability?*%;

the late region codes for the major (L1) and minor (L2) capsid
proteins. Since ORF L1 is the most conserved in papillomaviruses,
it is used for the phylogenetic organization and classification of
HPVs. In particular, L1 spontaneously assembles into virus-like

particles, a condition that is the basis for currently available

prophylactic vaccine formulations?®.

1.5 HPV and cancer

The first HPVs associated with cancer were beta HPVs 5 and 8. They have

been detected in warts and tumors arising in patients with a rare genetic

disorder, epidermodysplasia verruciformis (EV)??%%. Most of these

patients carry mutations in one of two EVER genes, EVER1 and EVER2

(also called TMC6 and TMCS, respectively), located on chromosome

17925.3%°. Although the molecular basis remains largely unknown,

patients with EV cannot effectively clear beta HPV infections and develop
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warts all over their bodies. These warts can progress malignantly in sun-
exposed areas of the body. Beta HPVs also contribute to non-melanoma
skin cancers (NMSCs) which occur as a frequent complication in long-
term immunosuppressed organ transplant patients. Of note, HPV
sequences are not detected in every tumor cell, suggesting that these
viruses may contribute to tumor induction, but may not be required for
transformation maintenance. Studies with transgenic mice have shown

that E6, E7 and E2 have oncogenic activity.

The approximately 40 alpha HPVs that infect mucosal epithelia are
classified as low-risk (LR) or HR based on their clinical association with
warts or generally benign lesions that have a propensity for malignant
progression. LR HPVs, such as HPV 6 and 11, cause genital warts or oral
focal epithelial hyperplasia (Heck's disease) depending on the site of
infection. HR HPVs, such as HPV 16 and 18, cause intraepithelial
neoplasms, which can progress to invasive carcinomas. HR HPVs are the
causative agents of approximately 5.2% of all human cancers worldwide,
and HR HPV-associated cervical cancer is the fourth most common cancer
among women worldwide3%32, Nearly all cervical cancers are caused by
HR HPV, and HPV 16 and 18 are detected in up to 70% of all cervical
cancers33. HR HPV infections are also found in 95% of anal cancers, 70%
of oropharyngeal cancers®, 60% of vaginal cancers, 50% of vulvar

cancers, and 35% of penile cancers®. HPV 16 is by far the most common
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HPV type detected in these cancers. HPV-associated tumors generally

represent nonproductive infections.

1.6 Productive infection and life cycle of HPV

A hallmark of the HPV life cycle is its close association with the
differentiation program of the infected host's squamous epithelium.
HPVs first infect undifferentiated basal epithelial cells and then the viral
progeny is produced in differentiated daughter cells in the upper

epithelial layers (Fig.5)3®.

normal epithelium virus-infected epithelium
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Figure 5 HPV life cycle in differentiating squamous epithelium: illustration of normal squamous epithelium is at
left. On the right, a brief description of the HPV life cycle is shown. Harden, M. E. & Munger, K. Human
papillomavirus molecular biology. Mutat. Res. Mutat. Res. 772, 3—12 (2017).

e Methods for studying the life cycle of the virus

Historically, it has been difficult to study the human papillomavirus life

cycle in laboratory. Organotypic cultures, in which epithelial cells are
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grown on a fibroblast-containing matrix at the liquid-air interface where
they form a layered skin-like structure, have provided the breakthrough
needed to recapitulate the entire viral life cycle and produce infectious
HPV in cultures®’38, Virus-like particles (VLPs) are produced by ectopic
expression of L1 alone or in combination with L2 in mammalian cells.
Pseudoviruses are VPLs that contain viral genomes or reporter plasmids
and can be produced in a similar way. Given their relative ease of
production, VLPs and pseudoviruses have been the primary tools used to
study HPV structure, assembly, entry, and infectivity. Due to the
selectivity of papillomavirus species, it was not possible to use an animal
model that could closely represent HPV infection and disease in humans.
In 2010, a new papillomavirus (MmuPV) was identified in the common
house mouse (Mus musculus), allowing for the first time studies of
papillomaviruses in laboratory mice3. MmuPV infection of mice
resembles human cutaneous HPV infection, and information gleaned
from studies of laboratory mouse MmuPV infections may be helpful in

better understanding human HPV-associated pathogenesis.

e |[nfection

The only cells capable of undergoing cell division in the squamous
epithelium are the basal cells. As a result, papillomaviruses must
specifically infect these cells to establish persistent infection. For an HPV
infection to be persistently maintained, epithelial stem cells in the basal

layer must be infected*®*'. However, since the basal epithelial cells are
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physiologically protected by different layers of differentiated cells, they
are not easily accessible and the virus can infect these cells through
micro-injuries that expose the lower epithelial layers®®. Furthermore,
cells located in the squamocolumnar junction in the cervix and anus have

been shown to be particularly vulnerable to HPV infection®?.

e Virus attack and entry

Virions initially bind to heparan sulfate proteoglycans (HSPGs), which
serve as primary receptors on basement cells or basement membrane
exposed by trauma or permeabilization*3. The initial attachment of L1 to
HSPGs induces conformational changes in the virus capsid, with
consequent loss of affinity for the primary receptor and transfer of the
virus to a not yet sufficiently characterized entry receptor. Eventually, the
amino-terminal portion of L2 is exposed, rendering L2 susceptible to
cleavage by furin-related protease, which is required for infection with

some HPVs#46

. Internalization of capsids from the cell surface is
asynchronous and can take two to four hours, with some capsids
remaining on the surface much longer than others. The capsids on the
surface are propelled by direct movement from the filopodia to the cell
body via the retrograde flow of actin®’*®. There can be a gap of 1-3 days
between cell surface binding and transcription of the viral genome?>>°,
However, if infected cells are close to mitosis, entry into the nucleus and

detection of viral gene expression can also occur soon after infection®..
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The virus is endocytosed through a peculiar mechanism, similar to
macropinocytosis, which is independent of clathrin, caveolin and lipid
raft>2. The virions are then transported through the endosomal system
where they undergo further structural changes resulting in partial
denudation®. During viral denudation into acidified endosomes,
cyclophilin B aids in the dissociation of L1 from the L2/viral genome
complex and L1 is routed to lysosomes for degradation®*. The minor
capsid protein L2 mediates the delivery of the viral genome from the
early endosome to the trans Golgi network through direct interactions
with the retromeric complex>>°®. In particular, L2 associates with nexin
17 to allow the exit of the L2 complex/viral genome from the late
endosomal compartments®’. This interaction is conserved across
multiple HPV types and is essential for viral infection®®. L2 also interacts
directly with nexin 27, another member of the host retromeric complex,

t59

to promote viral transport>”. Virus movement through the cytoplasm to

the nucleus likely occurs along microtubules via association of L2-
associated vesicles with the light chains of the motor protein dynein®®®,
Entry of the viral genome into the nucleus requires mitosis®? and this
process is mediated by L2. Upon entry into the nucleus, L2 and the viral

genome locate in the ND10 domains, which is a critical step in

establishing infection and allows transcription of the viral genome®.

e Genome replication and gene expression

18



After infection, initial genome amplification occurs before maintenance
of the viral genome in the nuclei of infected basal epithelial cells. Viral
DNA is maintained in the basal epithelial cells as a stable multicopy
plasmid or episomal form. E1 and E2 are among the first viral proteins to
be expressed, and while initial amplification is thought to require E1 and
E2, E1 may not be required once the viral copy number has reached a
threshold of 50-100 copies®®. Based on cell line studies, the episomal
copy number is thought to be approximately 200 per cell®. However, 50—
100 copies per cell have been detected in the basal layer of productive
warts using laser acquisition methods®. Viral genomes replicate once
each cell cycle, on average, during S phase, ensuring persistent basal cell
infection. In this "latent" stage of the viral life cycle, HPV genomes are
thought to persist in basal epithelial cells for years or decades. However,
at some point, a switch from stable replication (maintenance of the
genome) to vegetative replication of viral DNA must occur to allow for
the production of genomes to be packaged into virions. Little is known
about the mechanism that regulates this step. Vegetative replication of
viral DNA occurs in differentiated cells of the squamous epithelium. Two
HPV proteins, E1 and E2, are actively involved in viral genome replication.
E1l is the only enzyme encoded by the virus and functions as an ATP-
dependent helicase®. E1 binds adenine-thymine-rich sequences at the
origin of replication with low affinity and is required for the initiation and
continuation of viral DNA synthesis. E2 stabilizes the binding of E1 to the

origin of replication by interacting with ACCN6GGT sequences adjacent
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to the origin, resulting in high affinity binding of the E1/E2 complex to the
origin of replication?®. HPVs do not encode other replication enzymes and
must hijack the host DNA synthesis machinery to achieve viral genome
replication. E1 and E2 recruit cellular DNA polymerases and other
accessory enzymes essential to enable viral genome replication.
Normally, differentiated cells would not be able to support DNA synthesis
as they exited the cell cycle upon exiting the basal layer of the epithelium.
However, HPVs are capable of activating mechanisms for cellular DNA
replication to allow for vegetative synthesis of viral DNA through the
actions of E6 and E7.

E6 and E7 contribute to the viral life cycle by modifying the cellular
environment to allow for amplification of the viral genome in terminally
differentiated cells, which would normally be incompetent for DNA
replication. In particular, HR E6 and E7 drive cell proliferation in the basal
and parabasal layers causing an increase in the size of the initial infected
area. Many human papillomavirus E7 proteins target pRB and related
pocket proteins p107 and p130%>®%%°, HR HPV E7 proteins target pocket
proteins for degradation via the ubiquitin/proteasome system. By
binding to pocket proteins and/or triggering their degradation, E7 causes
the release of pocket protein-bound E2F family members from
transcriptional repressive complexes. This results in a constitutive
activation of E2F-modulated gene expression programs that control DNA
synthesis and cell proliferation’®. Furthermore, some HPV E7 proteins

avoid triggering G1 arrest during epithelial cell differentiation by
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inactivating the inhibitors CDK2, CDKN1A and CDKN1B’. HR HPV E6
proteins inactivate the p53 suppressor by targeting it for proteasomal
degradation via the associated E3 ubiquitin ligase, UBE3A (E6AP). This
action blocks the antiproliferative and proapoptotic activities of p53 in
response to DNA damage and cellular stress caused by inappropriate
entry into the S phase’?. HR HPV E6 expression also upregulates
telomerase activity, allowing telomere integrity to be maintained despite
repeated cell division’®’>. Additionally, HR HPV E6 proteins target the
cellular PDZ domain containing proteins that regulate cell contact and
signaling pathways’®”’. LR HPV E6 proteins, although capable of
interacting with UBE3A, do not directly bind p53, but can indirectly target
p53 transcriptional activity by binding to p300 and/or TIP60787°,
Furthermore, LR HPV E6 proteins do not activate telomerase activity and
lack the C-terminal PDZ-binding domain. Beta HPV E6 proteins do not
appear to affect either of these pathways, but have been reported to
inhibit NOTCH and TGFp signaling by associating with MAML and SMAD
proteins, respectively®®2. Importantly, HPV infection induces a DNA
damage response (DDR), and HPVs hijack the DDR ATR and ATM signaling
pathways in favor of their own differentiation-dependent life cycles®*.
The ATM pathway is particularly important for differentiation-dependent
genome amplification. HPV E1 and E7 activate DDR ATM and E2 can also
modulate this pathway through association with E13*%, Furthermore,
the ATR pathway appears to play a role in HPV replication in

undifferentiated cells by affecting episomal maintenance®®®’.
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e Assembly, maturation and release of the virus

Completion of the viral life cycle results in exit from the cell cycle and
expression of L1 and L2 to allow for genome packaging. Virion assembly
occurs in the nuclei of terminally differentiated keratinocytes, where
replication of the viral genome and expression of viral proteins has
occurred®. Nuclear entry of L1 and L2 is mediated by cellular

karyopherins®®8

, Which transport molecules between the nucleus and
cytoplasm. L1 can be assembled into VLPs and L2 can increase the
efficiency of this step®®®l. The packaging of the viral genome is not
considered sequence specific®® and may involve a size determination
mechanism?®®. Maturation of viral particles occurs in the upper layers of
differentiated squamous epithelia, where the particles are exposed to an
oxidizing environment. This maturation process involves the
accumulation of disulfide bonds between L1 proteins, resulting in the
condensation of the capsid, thus increasing its stability and resistance to
proteolytic digestion®. HPVs are non-lytic and viral shedding occurs due
to the normal loss of nuclear and cytoplasmic integrity during terminal
differentiation of the infected keratinocyte®. E4 can also contribute to

the release of virions by binding to cytokeratin filaments and disrupting

their structure?’.

22



1.7 Non-productive infection and transformation

HR HPV-associated tumors often represent nonproductive infections, in
which viral proteins are expressed but no infectious virus is produced.
Deregulation of viral gene expression can be caused by integration of the
viral genome into high-grade premalignant lesions, often resulting in the
expression of only two viral proteins, E6 and E7. Such integration events
often cause disruption or deletion of the E2 ORF, which encodes a
transcriptional repressor of E6/E7°*%> expression. Thus, E6/E7 mRNA
expression may be higher from the integrated HPV subgenera.
Furthermore, E6/E7 mRNAs produced from integrated genomes have
been reported to be more stable than mRNAs expressed from episomal
genomes®®. An extensive analysis of the HPV genome in cervical lesions
and tumors has shown that HPV integration sites often directly flank
chromosomal aberrations including focal amplifications,
rearrangements, deletions and/or translocations®’. Based on a "round-
the-clock" model, these host genomic alterations are triggered when
HPV integrator-mediated DNA replication and recombination form
host/viral DNA concatemers. This also involves the amplification of viral
genome fragments containing E6 and E7%’. Interestingly, however, some
cervical cancers retain viral genomes in an episomal form%1%, |n these
cases, viral gene expression is probably deregulated by aberrant
epigenetic alterations of the viral genome®°?,

Thus, the expression of E6 and E7 is deregulated in cervical carcinomas

at multiple levels, and the expression of cellular genes flanking viral
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genome integration sites may also be impaired, at least in cases where
viral genome integration has occurred!®?. Expression of E6 and E7 is
thought to increase during progression from cervical intraepithelial
neoplasia 1 (CIN1) to CIN3, and given the ability of HR HPV E6 and E7 to
promote genomic instability, expression of E6 and E7 are important

contributors to malignant progressionl®4 A

recent study
demonstrated that cervical cancers contain recurrent mutations in
cellular genes including EP300, FBXW7, PIK3CA, HLA-B, TP53, MAPK1,

PTEN, ERBB2, NFE2L2 and STK11'%2,

1.8 Clinical features

Although some HPV types can infect different parts of the body (skin,
mucosa), viral tropism is not absolute, in fact the DNA of HPV types that
infect the skin can be found in genital or oral warts and, in rare cases, the
types with preferential mucosal tropism may be associated with skin
lesions. The clinical manifestations depend on the type of HPV involved,
on the anatomical district and on the immune status of the host (Table

2).
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CLINICAL MANIFESTATIONS AND ASSOCIATED HUMAN PAPILLOMAVIRUS
(HPV) TYPES
Frequently Less frequently
detected detected
SKIN LESIONS
« Common, palmar, plantar, myrmecial 1,2 27,57 4, 29,41, 60, 63, 65
and mosaic warts
« Flat warts 3,10 28,29
« Butcher's warts 7 1,2,3,410,28
« Digital squamous cell carcinoma and 16 26, 31, 33, 34, 35,
Bowen's disease 51,52,56,73
- Epidermodysplasia verruciformis (EV) 3,5,8 9,12,14,15,17,
19-25,36-38, 47,
49, 50, etc.
« EV - squamous cell carcinoma 58 14,17, 20, 47
MUCOSAL LESIONS
» Condylomata acuminata 6,11 40, 42-44, 54, 61,
70,72, 81
« High-grade intraepithelial neoplasias 16 18, 26*, 31, 33, 35,
(including cervical condylomata 39, 45, 51, 52, 53%,
plana, bowenoid papulosis, 56, 58, 59, 62, 66",
erythroplasia of Queyrat) and 68, 73, 82
invasive cancer
» Buschke-Léwenstein tumor 6,11
« Recurrent respiratory papillomatosis, 6,11
conjunctival papillomas
« Heck’s disease (focal epithelial 13,32
hyperplasia)
*Probably carcinogenic™

Table 2: clinical manifestations and associated HPV types. Genus Beta is in bold. Dermatology: ExpertConsult.
(Elsevier, 2012).

1.8.1 Skin infections

Types of HPV with skin tropism include a small group of viruses that infect
the skin and induce the formation of common warts (verruca vulgaris),
palmar and plantar warts, mosaic warts, flat warts, and butcher's warts.
In general, the classification of warts is based on morphology, histology

and anatomical location.

e Common warts 1©°

Common warts are hyperkeratotic, exophytic, dome-shaped papules or

plaques that are typically associated with HPV 1, 2, 4, 27, or 57. These
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warts are most frequently found on the fingers and dorsal surfaces of the
hands or other sites prone to trauma such as the knees or elbows, but
can occur anywhere on the skin surface. Involvement of the proximal nail
fold and/or ablative therapy at this site may damage the matrix, resulting
in onychodystrophy. Typical features of common warts are black dots on
their surfaces representing thrombosed capillaries and bleeding after
curettage of the hyperkeratotic surface, by decapitation of the lesion
vessels. Self-inoculation caused by a scratch can result in a linear
arrangement of the warts. Warts can also develop as thread-like
formations, especially in the periorificial area of the face. Palmar and
plantar warts appear as thick, endophytic papules on the palms, soles,
and lateral surfaces of the hands and feet, with gently sloping sides and
a central depression. On the soles of the feet they are often painful.
Plantar warts that come together in large plaques are referred to as
mosaic warts. Extensive chronic warts have often been observed in
immunosuppressed patients. In Europe, the HPV types most frequently
associated with the development of palmoplantar warts are 1, 2, 27 and
57, most commonly in patients aged 6 to 10 years. Although a higher
incidence of HPV 2 has been found in atopic children, other authors have

not found an association.

e Flat warts 1®

Flat warts are pinkish to brown, relatively smooth, flat-topped papules,
most commonly located on the hands, arms, or face often in a linear
arrangement. They are usually caused by HPV types 3 or 10 and less often

by 28 and 29.
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e Butcher's warts 1%

Named for their frequent occurrence in meat (or fish) processing
professionals, butcher's warts appear as warty papules or cauliflower-
like lesions on the dorsal, palmar, or periungual. These warts are

associated with HPV 7, not animal papillomavirus types.

e Epidermodysplasia verruciformis 1%

Epidermodysplasia verruciformis, is a rare genetic disorder. It is
characterized by a particular susceptibility to cutaneous infections by B
HPVs, which do not produce clinical lesions in immunocompetent
patients. The disease usually manifests in childhood as highly
polymorphic and diffuse lesions. About two dozen specific HPV types
have been described in patients with EVs, a subset of which (primarily
types 5 and 8) are also detected in EV-associated skin cancers. EV is
usually inherited in an autosomal recessive manner and is caused by
mutations that cause truncation of two genes, TMC6 (EVER1) and TMC8
(EVER2), which encode transmembrane proteins located in the
endoplasmic reticulum. These proteins form a complex that interacts
with zinc transporter 1 (ZnT1) and interferes with the intracellular
distribution of zinc, downregulating zinc-associated transcription factors.
Inhibition of ZnT1-TMC6/8 function by HPV E5 protein is thought to
facilitate viral infection; B HPV lacks E5, but becomes pathogenic in EV

patients with TMC6/8 deficiency. Patients with EV have diffuse or
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confluent papules resembling flat warts; other features are
hypopigmented guttate macules and small scaly, pinkish plaques. Actinic
keratoses usually arise after age 30 and can slowly transform into
invasive squamous cell carcinomas in about half of patients with EVs.
These tumors have a low metastatic potential and mainly develop on
sun-exposed areas such as the forehead, ears and hands. Patients with
EV should be counseled on the importance of minimizing sun exposure,
and family members should be screened for the presence of similar
lesions. Types of B HPV can also sporadically induce EV-like lesions in
immunocompromised patients, including transplant recipients, those
with AIDS, or hematologic disorders. Furthermore, B HPV sequences
have been isolated from normal skin of healthy individuals with highly
sensitive DNA detection methods, indicating that the general population

may serve as a reservoir for these HPV types.

e WHIM syndromel®
WHIM syndrome is a rare, autosomal dominant primary
immunodeficiency disorder characterized by HPV-induced cutaneous
and genital warts, hypogammaglobulinaemia, recurrent bacterial
infections, and neutropenia due to mylocathexis (retention of mature
neutrophils in the bone marrow). It is caused by mutations in the gene
encoding CXC chemokine receptor 4 (CXCR4) and results in impaired

leukocyte movement.

e WILD syndrome 10°
WILD syndrome is a disorder characterized by the presence of warts,

cellular immunodeficiency, primary lymphedema, and multifocal
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anogenital dysplasia. Patients report extensive warts, including
condylomata acuminata, and lesions clinically (but not histologically)
resembling those of patients with EV. Various types of a HPV have been

detected in skin and genital lesions.

1.8.2 Genital and airway infections 1
More than 40 HPV types preferentially infect the mucosa and skin of the
anogenital area and the upper airways. Subclinical infections are very

common.

e External genital warts

They will be discussed in more detail in Chapter 2.

e Bowenoid papulosis and erythroplasia of Queyrat 1%

Bowenoid papulosis manifests as numerous red-brown papules or
confluent plagues on the external genitalia, perineum, or perianal area.
These lesions primarily affect young adults and may clinically resemble
genital warts, but histologically represent high-grade squamous
intraepithelial lesion (HSIL) or squamous cell carcinoma in situ.
Erythroplasia of Queyrat is a distinct entity, presenting clinically as a well-
demarcated, velvety erythematous plaque on the hairless skin of the
penis or vulva that is histologically a HSIL. A biopsy is required for
pigmented, erosive, bleeding, and/or therapy-resistant genital lesions to
rule out malignant transformation. Bowenoid papulosis and
erythroplasia predominantly contain high-risk HPV types, such as HPV 16,
and thus may represent precursor lesion to vulvar, penile, or perianal

carcinomas.
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e Buschke-Léwenstein tumor 1%
Buschke—Loéwenstein tumor (or giant condyloma acuminatum), florid
oral papillomatosis, plant epithelioma cuniculatum, and papillomatosis
cutis carcinoides comprise a group of "semimalignant" verrucous
carcinomas, which are locally invasive and destructive but rarely
metastasize. Buschke-Léwenstein is a rare cancer of the anal area and
external genitalia associated with low-risk HPV types (6 or 11) that
usually cause condyloma acuminata. In rare cases, preexisting anogenital
warts can progress to large exophytic tumor masses that deeply infiltrate
the underlying tissues and form fistulas and abscesses. The histology of
the Buschke—Lowenstein tumor may resemble that of condyloma
acuminata, although frank focal malignant transformation may occur
spontaneously or after X-irradiation. High-resolution imaging and large
biopsies are essential to identify and possibly verify the extension of focal

areas of squamous cell carcinoma.

e Oral warts 10

Oral warts appear as small, soft, pink or white, slightly raised papules or
plagues on the buccal, gingival or labial mucosa, tongue or hard palate.
Oral warts are associated with HPV types 6 and 11 and can be acquired
through oral-genital intercourse. In patients with HIV, oral lesions are
very common and may contain uncommon types of HPV suchas 7,71, 72
and 73. In focal epithelial hyperplasia, or Heck's disease, multiple
circumscribed papules resembling flat warts or common warts are found
on the gingival, buccal or labial mucosa. This disease is rare in Caucasians

but relatively common in children native to South American,
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Greenlandic, or South African communities. It is associated exclusively
with HPV 13 or 32. HPV (particularly type 16) is a causative agent in
approximately 25% of oropharyngeal carcinomas, particularly those
affecting the lingual and palatine tonsils. HPV-associated oropharyngeal
cancers are relatively common in never-smokers and predominate in
younger patients with high-risk sexual behaviors. Although
histopathologically poorly differentiated, they appear to have a better

prognosis than HPV-negative oropharyngeal tumors.

e Oral florid papillomatosis 1%
In oral florid papillomatosis, multiple, confluent verrucous lesions
associated with HPV 6 or 11 are found in the oral cavity or sinuses. The
development of these lesions is thought to be favored by smoking, X-rays
and chronic inflammation. Patients with oral papillomas need frequent
examinations and repeated biopsies for early diagnosis in case of

progression to verrucous carcinoma.

e Recurrent respiratory papillomatosis 1%
Recurrent respiratory papillomatosis is represented by benign exophytic
laryngeal papillomas caused by HPV-6 and -11. Patients typically present
with a triad of symptoms characterized by hoarseness, stridor, and
respiratory distress. Papillomas occur most often in the transition zones
between the squamous and ciliated epithelia of the larynx and subglottis,
but rarely may extend to the distal trachea, bronchi, or even
bronchoalveoli. Malignant transformation of laryngeal papillomas into

squamous cell carcinomas has been reported in patients with long-lasting
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disease and associated with exogenous factors such as X-rays, smoking,

chemical toxins, or chemotherapy.

1.9 General concepts of therapy %

There is currently no specific antiviral therapy to cure HPV infection.
Existing modalities mainly focus on the destruction or removal of visible
lesions or the induction of cytotoxicity against infected cells. Due to the
benign and self-limiting nature of warts, harsh and disfiguring treatments
should be avoided. There is no evidence that aggressive treatment will
lead to a better long-term outcome and temporary interruption of
therapy is an option!®. HPV infection is generally diffuse and multifocal
in the anogenital region and subclinical lesions are often present, thus
recurrence rates are very high. Treatment of genital warts will be

discussed in detail in Chapter 2.
1.10 Vaccine

HPV prophylactic vaccines based on recombinant virus-like particles have
been developed. Two first-generation vaccines approved by the Food
and Drug Administration (FDA) prevent infections and diseases caused by
HPV 16 and HPV 18, the two HPV genotypes that cause cervical cancer,
and one of these vaccines also prevents HPV 6 and HPV 11, the two HPV
genotypes that cause approximately 90% of genital warts. A new
generation vaccine, recently approved by the FDA, targets HPV 16, HPV
18 and five other HPV genotypes that together cause approximately 90%
of cervical cancers, as well as HPV 6 and HPV 11 (Tab. 3). In clinical trials,

these vaccines have shown high levels of efficacy against disease and
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infection caused by the target HPV genotypes in female and male
adolescents and adult females. The data indicate that the efficacy in the
population (and therefore a good cost-effectiveness ratio) is higher in
young HPV naive females, ie before becoming sexually active. Countries
that implemented HPV vaccination before 2010 have already reported a
reduction in HPV-associated diseases in women and, by herd immunity,
in heterosexual men. Importantly, after more than 100 million doses
administered worldwide, HPV vaccination has demonstrated an excellent
safety profile. With demonstrated efficacy, both in terms of cost and

safety, universal HPV vaccination of all young adolescent women and at

106

least high-risk groups of men should be a global health priority°.

Cervanx (2vHPY)

Gardasil (4vHPV)

GARDASIL 9 (9vHPY)

Manufacturer
Targeted HPV types
Recommended
vaccination schedule
Vaccine composition

Recombinant protein
expression system
Adjuvant

FDA approvals (date)
(link to package insert)

Current ACIP
recommendations®
196]

GSK
HPV16 and 18
0, 1, and 6 months

20 mg HPV16 and 20 mg HPVIS VLPs

Baculovirus (insect) cell

500 mg aluminum hydroxide and 50 mg
3-0-desacyl-4" monophosphoryl lipid A
(MPL), a detoxified derivative of the
lipopolysaccharide (LPS) of the
Gram-negative bacterium Salmonella
Minnesota R3935 strain

® 9- to 25-year-old females (16 October 2009)

(hup:/iwww.fda.gov/idownloads/
BiologicsBlood Vaccines/Vaccines/
ApprovedProducts/UCM 186981.pdf)

Females: Routine vaccination with
three-dose series at age 11 or 12 years, and
through age 26 years if not vaccinated
previously

Merck
HPV6, 11, 16, and 18
0. 2, and 6 months

20 mg HPV6, 40 mg HPV11, 40 mg HPV16,
and 20 mg HPVIS VLPs

Saccharomyces cerevisiae (bread yeast)

225 mg amorphous aluminum
hydroxyphosphate sulfate

@ 9- 1o 26-year-old females (8 June 2006)

® 9- 10 26-year-old males (for genital warts) (16
October 2009)

® 9- 10 26-year-old males (for anal cancer) (22

December 2010) (http://www.fda.gov/

downloads/BiologicsBloodVaccines/

Vaccines/ApprovedProducts/UCM 111263

pdf)

Females: Age 11 or 12 years, and through age

26 years if not vaccinated previously

Males: Age 11 or 12 years, through age 21

years if not vaccinated previously, and

through age 26 years for men who have sex

with men and men who are

immunocompromised (including those with

HIV infection)

Merck
HPV6, 11, 16, 18, 31, 33, 45, 52, and 58
0, 2, and 6 months

30 ug HPV6, 40 ug HPV11, 60 ug HPV16,
40 ug HPV1S, 20 ug HPV31, 20 ug HPV33,
20 g HPVA45, 20 ug HPVS2, and 20 ug
HPVS8 VLPs

Saccharomyces cerevisiae (bread yeast)

225 mg amorphous aluminum
hydroxyphosphate sulfate

® 9- to 26-year-old females (10 December
2014)

® 9- 1o 15-year-old males (10 December 2014)
(hutp:/iwww.fda.gov/downloads/
BiologicsBlood Vaccines/Vaccines/
ApprovedProducts/UCM426457.pdf)

Females: Age 11 or 12 years, and through
age 26 years if not vaccinated previously
Males: Age 11 or 12 years, through age 21
years if not vaccinated previously, and
through age 26 years for men who have sex
with men and men who are
immunocompromised (including those with
HIV infection)

.

VLP, Virus-like particle.
* The vaccination series can begin at age 9 years.

Table 3 Basic information of the main HPV vaccines. Castle, P. E. & Maza, M. Prophylactic HPV vaccination: past,
present, and future. Epidemiol. Infect. 144, 449-468 (2016).
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Chapter 2 — External genital warts

2.1 Introduction

HPV infection is the most common of the sexually transmitted viral
infections. Approximately 40 of the 150 HPV types have been associated
with genital lesions in males and females. The subdivision between low-
risk (LR HPV) or high-risk (HR HPV) viral types is commonly used in
relation to the association that each viral type has with benign lesions
(anogenital warts or condylomas) or with malignant lesions or potential
malignant evolution (squamous cell carcinomas). Anogenital HPV
infection is equally frequent in both sexes and is transmitted almost
exclusively through sexual contact. Persistent HR HPV infection is the
most common cause of anogenital cancers. However, this phenomenon
occurs in a small percentage of infected individuals. HR HPV DNA is
present in 100% of cervical cancers and in situ malignancies. Warts are
the clinical manifestation of LR HPV infection, in particular HPV 6 and 11,
present in more than 95% of benign lesions'®”1%, and occur, in both
sexes, predominantly at a young age. The diagnosis of condyloma is often
only clinical. In case of clinical doubt, the fundamental diagnostic
procedure is histological examination. In all cases of warts it is important

to exclude the presence of other sexually transmitted infections.
2.2 Epidemiology

The epidemiology of genital warts is not entirely well defined. In the

literature it is reported that anogenital HPV infection affects about 40%
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of the population during their sexually active life. The peak prevalence is
between 15 and 24 years with a slightly lower age for females. The annual
incidence rate has recently been calculated to be 0.15% of the general
adult population®®. An increase in genital warts throughout the Western
world is reported in the literature. This phenomenon is attributable to an
earlier onset of sexual activity, as well as an increased total number of
partners. The most robust statistical data comes from the United
Kingdom!!. In 2008, an incidence of 289/100,000 inhabitants was
reported. The cost for each individual episode was estimated to be £113
with a global expenditure estimated at £16.8 million. In Italy there are no
data relating to the general population. In a 2017 study carried out by
gynecologists, they calculated an incidence of 3 cases per 1000 women
and a prevalence of 3.8 cases per 1000 women!'2, In a previous study, an
incidence of 0.47% and a prevalence of 0.76% were estimated for the
male population of the same age group. Recent data are reported by the
Istituto Superiore di Sanita (IST) in 2014'" and refer to the sentinel
surveillance system for STls active since 1991. The study reports data on
12 sentinel clinical centers that recorded diagnoses of sexually
transmitted infections . In the entire period, the diagnosis of anogenital
warts was the most frequent, representing 38.7% of the total diagnoses.
In males, anogenital warts accounted for 40.7% of reports, while in
females 34.2%. The annual number of reports of anogenital warts
remained constant until 2004 and then showed a progressive increase
reaching the maximum peak in 2012 with an increase more than double
compared to 2004 (Graph. 1). Furthermore, an important fact to consider

is the epidemiological relationship between warts and human
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immunodeficiency virus (HIV) infection. In the sentinel system, the
prevalence of HIV infection out of the total number of sexually
transmitted infections was 7.3% and in the year 2012 it was 6.4%. For
warts observed in the period 1991-2012, the prevalence of HIV positivity
was 7.7%. It should be emphasized that 31.1% of HIV positive subjects
discovered their status when diagnosing warts; this data further
underlines the importance of promoting HIV testing in all subjects who

seek medical attention for anogenital warts.

=== (ondilomi anc-genitali == e Herpes genitale
3000 -

2500 =
2000 =

1500 -

Numero di segnalazioni

1000 =

500 § =y

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2010
2011
2012

Graph 1 Reporting trend of the main viral STls (STl sentinel surveillance system based on clinical centers, 1991,
2012) (Notiziario IST 2014, mod.). Verruche Ano-genitali e Cutanee - Linee Guida e Raccomandazioni SIDeMaST
2016-2017

2.3 Transmission

Genital HPVs are transmitted through direct sexual contact; vertical
transmission between mother and infant is also possible both during
passage through the birth canal and after birth. Indirect transmission is
not clearly documented. The phenomenon of self-inoculation is a
documented but rare phenomenon. Indirect transmission via fomites or

during surgical procedures (e.g. laser vapours) has never been
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demonstrated'*11>, Genital warts are transmitted with a 60%

transmission rate between partners!?®,
2.4 Clinical manifestations
2.4.1 Clinical aspects

Anogenital warts or condylomata acuminata can be located on the
external genitalia, perineum, perianal area or on adjacent areas such as
the inguinal fold and pubic region. Lesions may extend into the vagina,
urethra, or anal canal (but rarely beyond the dentate line)'®. Warts are
usually sessile exophytic formations with a smooth or warty surface and
can vary in color. They can be of different sizes. Warts can also appear as
pedunculated or broad-based up to several centimeters in diameter or
as large confluent plaques'®. High-grade intraepithelial neoplasms are
usually caused by high-risk types, mainly HPV16, 18, and 31, while benign
lesions can contain both low-risk and high-risk HPV types. Other clinical
features include flat, plaque, or papular pigmented lesions. At the level
of the semimucous membranes, in areas without follicles, warts usually
appear as non-keratinized and friable lesions, in contrast to warts which
occur at the level of hairy areas which are usually hyperkeratotic and

109

firm. They can be single or multiple (Fig.6-9)
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Figure6 Perianal warts in a young woman

Figure 7 Extensive vulvar condylomatosis in a young woman treated with cyclosporine for psoriasis
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Figure 9 Penile warts
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2.4.2 Localization

HPV causes a multifocal infection of the entire anogenital region'?’;
lesions are more frequent at sites of trauma during sexual intercourse,
but can occur throughout the areal!® Perianal lesions are common in
both sexes and are not necessarily related to anal sex practices®®,
Patients report growth in the number and/or volume of lesions in the
anogenital area. Extragenital lesions caused by the same HPV types that
cause warts can be seen in the oral cavity, larynx, conjunctivae, and nasal

cavity!®,

2.4.3 Associated symptoms
Warts are almost always asymptomatic. Symptoms may include local
irritation, bleeding and itch/burning. Larger lesions may undergo

maceration and ulceration, with secondary superinfection®,

2.4.4 Incubation

The incubation period varies from 3 to 8 weeks, but it can reach 18 weeks
and is usually longer in males®. It is not possible to recognize a new
lesion from a recurrence or reinfection, although reinfections appear to

be rare'?°,

2.5 Diagnosis

The diagnosis of anogenital warts is clinical in most cases; it can
sometimes be useful to use dermatoscopy to distinguish warts from
other lesions. Histological examination is rarely necessary for diagnostic

confirmation in atypical lesions.
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The most frequent histological features include epidermal hyperplasia,
parakeratosis, koilocytosis, and papillomatosis. The upper parts of the
mucosalepithelium usually have some degree of cytoplasmic
vacuolization, so its finding is specific for condyloma acuminata only if
present in the deeper layers?:,

An examination of the anal canal is indicated in case of anorectal
symptoms such as discharge and irritation. Other high-risk HPV-related
lesions may coexist with warts. The diagnosis of neoplastic intraepithelial
lesions at the vulvar (VIN), vaginal (VAIN), perianal (PAIN) and penile
(PIN) level should always be suspected in case of hyperpigmentation,

especially in patients with immunodeficiency®.

2.6 Patient classification

- Examine the skin of the anogenital area and the surrounding
region in good light conditions.

- Use any magnification systems for small lesions and uncertain
diagnosis.

- Females must be examined with a speculum, in the absence of
internal lesions it is not necessary to use the speculum at
subsequent visits.

- Anoscopy is not indicated as a routine examination. It is indicated
in patients with lesions on the edge of the anal sphincter or in
patients with intraanal symptoms (inflammation, bleeding or
losses).

- Meatoscopy can be used in case of intrameatal warts that are not

totally visible.
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- Urethroscopy is rarely needed for proximal warts.
- Depending on the history, observation of extragenital sites (oral
cavity) may be indicated.

- Accurately describe the morphology of the lesions.

It may be advisable to use a map at each visit to facilitate follow-
up during treatment!®,

2.7 Therapy

2.7.1 Objectives of the treatment

The treatment of warts has the following objectives:

- removal of visible lesions and/or relief of symptoms;

- prevention of recurrences;

- reduction of contagiousness;

- relief of stress related to the infection.

While the first objective is generally achievable with all treatments, the
second is possible only with topical immunomodulators (imiquimod,
sinecatechins). Infectiousness can be reduced but not eliminated by
treatment, and virus transmission is possible even in the absence of
visible lesions for a few months after the lesions have regressed. The
stress linked to the infection is the greatest discomfort for the patient
that he attributes to condylomas, linked to concerns about the methods
and timing of the infection, the recurring nature of the lesions, the long
healing times, the identification of the partner-source, the fear of
spreading the infection, the difficulty in resuming sexual activity, the fear
of being reinfected by the partner, the anxiety of betrayal, the fear of
cancer and the contagion of the newborn at the time of delivery. Only

the explanation, point by point, by the specialist and adequate
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counseling can bring the relief that no treatment can obtain!?2. The
efficacy of the treatments, which is difficult to standardize due to the lack
of homogeneity of the studies reported in the literature, is measured on
two parameters: the regression of the lesions and the frequency of

recurrences (Table 4).

Trattamento Rgg_ressicme Durata Frequenjz.a Follow-up dalla fine
clinica (ITT) del trattamento delle recidive del trattamento
Podofillotossina 0,5% 45-83% 3-6 settimane 13-100% 8-21 settimane
Nitrizinc complex 90 % 1 — 8 settimane = -
Imiquimod 5% 35-68% 16 settimane 6-26% 10 settimane
Sinecatechine 10% 2 53 % 16 settimane 5.8 % 12 settimane
Acido tricloroacetico 56-81% 8-10 settimane 36% 2 mesi
Crioterapia 44-75 % 6-10 settimane 21-42% 1-3 mesi
Diatermocoagulazione 94-100 % 1-6 settimane 22% 3 mesi
Laser CO,? 23-52 % = 60-77% 3-18 mesi
Escissione chirurgica 89-100% 6 settimane 19-29% 10-12 mesi

Table 4 Lesion regression rates and recurrence frequencies reported in the literature for the main therapies

In the absence of a response after at least 2 months or in the case of
recurrences without a reduction in the number of lesions, it is advisable
to change the therapeutic option or to consider therapeutic
abstention!?. Given the possibility of spontaneous regression within 6
months described in 30% of untreated patients, a therapeutic break can
be an option when treatments prove to be an additional source of pain

and stress.

2.7.2 Treatments

They can be divided into two categories: destructive treatments, i.e.
those that destroy the lesions with the use of chemical compounds or
physical techniques, and immunomodulatory treatments (Table 5).
They can also be divided into treatments performed by the doctor (to be
preferred in the case of large or difficult to identify lesions by and in the

case of multi-district involvement) and treatments managed by the
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patient (useful in the case of small, few, recurring lesions when they are

. . e . 109
easily identifiable by the patient)~".
Provider-applied treatment regimens Patient-applied treatment regimens

Procedure Removal by healthcare provider Application by patient

Anesthesia may be required Patience and adherence of patient required
Pros Fast clearance Low risk of recurrence

Convenience of patient, noninvasive

Cons High risk of recurrence, risk of scarring Slower clearance, slightly lower complete

and wound infection, pain during procedure clearance rate, and irritation

Table 5 Pros and cons of the main therapies - Schéfer, H. et al. Sinecatechins and imiquimod as proactive sequential
therapy of external genital and perianal warts in adults. Int. ). STD AIDS 28, 1433-1443 (2017).

Ablative treatments

Cryotherapy: treatment based on the application of liquid nitrogen
capable tp induce cytolysis. It is a simple, rapid method, which can
be performed at the time of diagnosis, does not require injection
anesthesia, especially suitable for small-medium sized mucosal
lesions with rapid healing times (days). Cryotherapy is often
accompanied by the onset of burning pain, lasting a few minutes,
which is reduced if a topical anesthetic is applied at least an hour
before. Not very effective on large lesions if not with multiple
sessions. It does not cause scars, but can cause hypopigmentation
if performed on skin with dark phototypes®.
Diathermocoagulation (DTC): it is the most effective treatment in
the removal of medium-large lesions in a single session, especially
if cutaneous. Given the epidermal localization of the lesions, the
treatment must be carried out superficially, taking care to save
healthy tissue between the wounds. It requires local, topical or

more frequently injection anesthesia, with long healing times
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(weeks) and painful wounds. It can cause dyschromia or
pathological scars (keloids) in predisposed patients'®.

Carbon dioxide laser (CO2): CO2 laser therapy is based on the use
of a concentrated beam of infrared light energy, which vaporizes
the target areas?*. It is the most precise and safest treatment,
especially suitable for numerous small-medium sized lesions, both
cutaneous and mucous, with rapid healing times (days) and little
painful wounds. It can also be used for lesions in the vaginal, anal
and oral cavities and in the urethral meatus. It is a treatment that
requires special precautions (smoke aspirator, safety measures),
expert personnel and longer execution times than the previous
ones'®, After CO2 laser removal, recurrences have been reported
in up to 60%-77% of cases'®.

Surgical excision: can be performed superficially with the
technique of shaving, scissors or scalpel, and suture is rarely
necessary. It is indicated for small, large lesions with a
pedunculated papillomatous appearance and in the case of
excisional biopsy for histological examination®,

Podophyllotoxin 0.5% solution: it is an antimitotic capable of
inducing necrosis of the treated lesion. It is indicated for small
lesions, especially if located on the mucous membranes, up to 10
cm?. Less effective in females and circumcised males. It is the ideal
treatment for the home management of recurrences
characterized by a few small lesions. It is contraindicated in

pregnancy, as it is teratogenic, and in children < 12 years!®,
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- Trichloroacetic acid solution 60-90%: it is a caustic agent capable
of inducing the coagulation of tissue proteins. Especially indicated
for small-medium sized mucosal lesions, including intracavity
lesions (vagina, rectum). It is applied by the doctor with a swab
after drying the area. It can cause intense inflammation of the
surrounding area which can be controlled with basic compounds
(5% sodium bicarbonate or talc). The applications are repeated
weekly until the lesion is completely removed. Given the absence
of systemic absorption, there are no contraindications for use in
pregnancy®.

- Nitrizinc complex: it is a cytolytic compound, which acts by
"mummification" through protein denaturation. It is especially
suitable for small-medium sized lesions, both mucous and
cutaneous, and has the advantage that it is associated with a weak
local inflammatory reaction. It should be applied by professional
personnel in minimal quantities with a special capillary every week
on the mucous membrane and every two weeks on the skin up to
4 times. Since there are no data on systemic absorption, it is not
recommended for use during pregnancy and in children under 5
years of age. Responsibility is left to the specialist who is able to

evaluate the risks and benefits of the treatment!®°.

e |Immunomodulatory treatments
Unlike the previous ones, immunomodulatory treatments are less
effective in removing the lesions, take longer, are irritating; anyway, they

are associated with a lower frequency of recurrences. In the absence of
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a response, even if partial, a change of treatment is recommended after

2 months.

Imiquimod 5% cream: is an immunomodulator that activates the
innate and local cell-mediated response, inducing the release of
alpha interferon. It is indicated for small to medium sized lesions,
multiple and extended over large areas and for recurring lesions.
It is more effective and faster in women than in men. It should be
applied 3 times/week in the evening and rinsed off after 8 hours
until the lesions regress (2-4 months). It is always associated with
a local inflammatory reaction that can limit patient compliance
and more rarely with flu-like systemic symptoms, permanent
hypopigmentation or worsening of phimosis, psoriasis, vitiligo and
lichen planus. It can be used in immunocompromised patients,
albeit with less efficacy!*>*’. Although it has not been shown to

122123 yse during pregnancy is currently

be teratogenic
contraindicated.
- Sinecatechins 10% ointment: should be applied 3 times a day until
the lesions regress or in any case up to 16 weeks and should be
removed before sexual intercourse. Topical 10% sinecatechins is a
patient-applied therapy with a low recurrence rate (6.5%) three
months after completion of therapy in studies conducted to
date®®®, It is an extract of green tea leaves from Camellia
sinensis!?’. The main components of sinecatechins are
polyphenols and in particular flavonoids, 85% of which are eight

different catechins’®®. More than half of the catechins are

represented by epigallocatechin-3-gallate (EGCG) which is the
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most potent catechin'?®. Sinecatechin ointment is effective in the
treatment of external genital warts!?%'%, Although the exact
mechanism of action is currently unknown, it probably consists of
antiviral, pro-apoptotic, and immunomodulatory activities'?>131~
133 The antiviral properties could result from the inhibition of the
transcription activator activity of protein 1 which effectively
downregulates the expression of HPV genes. Furthermore, EGCG
can activate pro-apoptotic proteins!®*, and preclinical studies
suggest that polyphenols can modulate inflammatory
processes3>13¢ The treatment is generally well tolerated and local
skin reactions such as erythema, edema and erosions are the most
indicated side effects?®. Severe local reactions are rare and are
mainly observed at higher concentrations (15%)'?® This treatment
is contraindicated in pregnancy and lactating pregnancy and in
immunosuppressed patients, although studies of the use of

sinecatechins in these patients are present in the literature3”138,
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There are specific indications regarding the use of the various therapies

in particular body sites (Tab.6)**.

Table 6 Treatments for genital warts at particular sites. Workowski, K. A., Bolan, G. A. & Centers for Disease Control
and Prevention. Sexually transmitted diseases treatment guidelines, 2015. MMWR Recomm. Rep. Morb. Mortal.
Wkly. Rep. Recomm. Rep. 64, 1-137 (2015).
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2.8 Follow up

Most anogenital warts respond within 3 months of therapy. Factors that
could affect response to therapy include immunosuppression and
treatment compliance. In general, warts located on moist surfaces or in
intertriginous areas respond best to topical treatment. A new treatment
modality should be considered when no substantial improvement is
observed after a full course of treatment or in case of severe side effects.
Side effects rarely occur when the treatment is done correctly. Persistent
hypopigmentation or hyperpigmentation can occur with ablative
modalities (e.g. cryotherapy and diathermocoagulation) and has been
described with immunomodulatory therapies (e.g. imiquimod cream).
Atrophic or hypertrophic scarring is rare but can occur especially if
patients do not have enough time to heal between treatments. Rarely,
treatment can lead to chronic pain syndromes (e.g. vulvodynia and
hyperesthesia at the treatment site) or, in the case of anal warts, painful

defecation or fistulas'?.

2.9 Counseling

Key messages for people with anogenital warts:

e If left untreated, genital warts may disappear, stay the same, or
increase in size or number. The types of HPV that cause genital warts are
different from the types that can cause cancer.

e Women with genital warts don't need Pap smears as often as other
women.

e The time of acquisition of HPV cannot be determined definitively.

Genital warts can develop months to years after you get HPV. The types
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of HPV that cause genital warts can be passed on to another person even
in the absence of visible signs of warts. Sexual partners tend to share
HPV, although signs of HPV may occur in only one partner or neither.

e Although genital warts are common and benign, some people may
suffer a significant psychosocial impact after receiving this diagnosis.

e Although genital warts can be treated, such treatment does not cure
the infection. For this reason, it is common for genital warts to recur after
treatment, especially in the first trimester.

e Genital warts can be transmitted sexually: patients with the condition
should also be tested for other sexually transmitted diseases. HPV may
remain present and can still be passed on to partners even after the warts
have disappeared.

* Condoms can reduce the chances of passing on anogenital warts if used
correctly; however, HPV can infect areas that are not covered by

condoms?!?3,

2.10 Management of sexual partners

People should inform current partners. Partners should receive
appropriate counseling, advising them that they may already have HPV
despite no visible signs of warts. Partners may benefit from a physical
examination for signs of HPV infection and testing for other sexually

transmitted infections!?3.
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CHAPTER 3 —Clinical Study

3.1 Preliminary considerations

External genital warts are very common. Physician-applied treatments
such as cryotherapy, curettage and CO? laser therapy offer the advantage
of ensuring a rapid therapeutic effect, with rapid elimination of clinically
evident lesions and a reduction in viral load. However, these procedures
are associated with high recurrence rates (RR) (about 20% -77%) in the

short and medium term, not allowing a lasting clearance“.
3.2 Proactive sequential therapy concept

Guidelines for the treatment of external genital and perianal warts
broadly summarize the etiology, clinical features, diagnosis, and
management of the disease. However, they do not help the physician
with substantiated treatment recommendations for a specific patient!*Z.
Due to the limitations described for single therapeutic options'®, the
sequential combination of an initial destructive therapy provided by the
physician for rapid and complete clearance and a subsequent topical
immunomodulatory treatment applied by the patient to bring down the
recurrence rate, is used by some physicians in normal clinical practice*!.
This combination, defined as "sequential proactive therapy" is
considered the most promising for reducing the risk of recurrence and
transmission to sexual partners, conditions that most frequently occur
within the first six months of treatment. The logic of sequential therapy
is the treatment of subclinical lesions not eliminated by ablative

treatment. In clinical practice, the ablative method should be used until
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complete resolution of visible lesions. After wound healing (typically 3-5
days), the patient will apply the topical immunomodulatory treatment to
the affected area for 12-16 weeks. The most suitable are therapeutic
options with low RRs, confirmed by clinical studies and showing good
tolerability. The best candidates are topical treatments with
sinecatechins or imiquimod!?®. Concerning the level of evidence, the
benefit of this regimen has yet to be confirmed by prospective clinical
studies. So far we have only limited data: the use of sinecatechin 15%
ointment after destructive treatment with cryotherapy plus podophyllin
is described in a retrospective analysis by Juhl et al.}*2, 27 patients were
treated with a combination approach and showed a clearance rate of
96.3% and a RR of only 7.4%, which are significantly better than the
success rates for single modality approaches (e.g. podophyllotoxin :
complete clearance rates 45-77%, RR 38-65%'*; sinecatechins:
complete clearance rates 51-57%, RR 4-8%126,'%%; and cryotherapy:
complete clearance rates 79-88%, RR 25-25%. 39%'%). Juhl et al.
preferred the use of sinecatechins due to their good tolerability profile
compared to imiquimod (no systemic side effects, no risk of
hypopigmentation in the treated areas) and low RR. In addition, a three-
arm randomized comparative study of imiquimod 5% cream has been
published. This study included patients treated with ablative therapy
followed by imiquimod (103 patients), patients treated with ablative
treatment alone (100 patients) and patients treated with imigquimod
alone (155 patients); Sustained clearance rates at six months were 91.5%
in the combination therapy group, 73.6% in the ablation group, and

93.7% in the imiquimod alone group. In this study, combination therapy
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was not superior to immunomodulator monotherapy!**. Another

1% compared warts treated with

randomized study published by On et a
cryotherapy alone versus initial cryotherapy followed by sinecatechin
15% ointment applied by the patient twice daily for 16 weeks. In this
study, 42 patients with at least two external genital warts underwent
cryotherapy. Then they were randomized 1:1 to further treatment with
sinecatechin 15% ointment, twice daily, for up to 16 weeks or until
complete recovery or no additional treatment. Patients were followed up
for a total of 65 weeks. The study demonstrated that cryotherapy has a
direct cytodestructive effect with immediate short-term efficacy, while

sinecatechins guarantee a more lasting clearance, treating both clinical

and subclinical lesions. No serious adverse events were reported.

3.3 Aim of the study

Based on the previous observations, we decided to evaluate the efficacy
and tolerability of a sequential proactive treatment, in particular using
sinecatechin 10% ointment applied twice daily for 16 weeks in subjects
affected by condyloma acuminata in the external genital or perianal site
after CO? laser ablative therapy in a prospective randomized study. We
used the recurrence rate of new condylomatous lesions in the treated

sites as the main efficacy parameter.
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3.4 Materials and methods
3.4.1 Study project

It was a prospective, randomized study with allocation of patients (2:1)
in two treatment arms, conducted at the Outpatient Department of
Sexually Transmitted Diseases of the UOC of Dermatology of the Siena

University Hospital "Santa Maria alle Scotte".
3.4.2 Subjects

The inclusion criteria were:
- 2 18 years old men or women with clinically evident condyloma
acuminata suitable for ablative procedures, located on the penile
shaft, foreskin, glans, pubic region, scrotum, large and small lips

and in the perianal area, for a maximum extension of 25 cm?.
The exclusion criteria were:

- patients who have already undergone previous treatments for
condyloma acuminata;

- immunocompromised patients;

- HIV-infected patients;

- pregnant or breastfeeding women;

- <18 years old;

- patients with known allergy to green tea derivatives;

- meatal lesions.

All study participants signed written informed consent. After disinfection

of the skin with sodium hypochlorite 0.05% solution and cleansing with
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physiological solution, we performed local anesthesia with 2% lidocaine.
Subsequently we performed the vaporization of the lesions and 2 mm of
peri-lesional healthy skin with CO2 laser (SmartXide 2; DEKA M.E.L.A. Srl
- Calenzano, Florence, Italy). The laser therapy was repeated after three

weeks in case of larger or more extensive lesions.

We enrolled and treated by CO2 laser ablation 36 patients, subsequently

divided into 2 groups:

e Group A: 24 patients were allocated in the treatment arm with
Sinecatechins 10% ointment (VeregenTM, Cantabria Labs Difa
Cooper, Caronno Pertusella, Italy) applied 2 times a day (morning
and evening) for the following 16 weeks;

e Group B: 12 patients were allocated to the study arm without any

sequential therapy (control group).

The ointment was applied to the treated areas and surrounding area
within 1 cm. Compliance of the ointment treatment was assessed by

asking the patient to return the empty packs at the final visit.

We collected the anthropometric parameters (sex, age, body mass index)
and an accurate medical history (in particular cigarette smoking and

alcohol consumption).

We also performed a biopsy of a small portion of the lesion for
histological examination and viral typing by polymerase chain reaction

(PCR).
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Tables 7 and 8 show the main demographic and clinical characteristics of

the enrolled subjects (24 in group A and 12 in group B).

Follow-up visits were carried out up to 12 months after the last laser
treatment session. We also proposed a final superficial curettage of

healed areas for PCR to detect virus persistence

For any recurrences in both groups, we proposed the exit from the study

and the transition to another therapeutic regimen.

Patient Gender Age Smoke Alcohol N°
(years) (sig/day) (glasses/day) lesions
M 52 24 0 0 >5,<10 >3mm  perianal 6
F 27 22 15 0 >5,<10 >3 mm labia 6
majora
and
minora
M 23 19 0 1 >5,<10 >3 mm penis 6
shaft,
glans
M 22 19 15 1 >10 >3 mm penis 6
. shaft
- F 39 25 0 0 <5 >3mm  pubis 6
M 69 26 0 0 <5 >3 mm penis 11
- shaft
M 28 22 15 0 <5 <3mm pubis 6

M 36 20 0 0 >5,<10 <3mm base of 6

the penis

- M 21 18 0 1 >10 <3mm pubis, 6
penis
shaft

10 M 26 27 15 1 >10 >3 mm pubis, 6
penis
shaft
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Table 7 Group A summary data
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Patient Gender Smoke Alcohol N°

(sig./day) (glasses/day) lesions

M 27 22 20 1 >5,<10 >3 mm penis 11
shaft

F 45 24 15 1 <5 <3mm pubis 6

M 31 27 0 0 >10 >3 mm perianal 11

M 28 25 0 0 >10 >3 mm penis 11
shaft

F 37 25 0 0 >5,<10 <3mm vulva 6

F 54 28 0 0 <5 >3mm  vulva 6

shaft
M 22 18 0 1 <5 >3 mm foreskin 6

M 28 20 15 1 >5,<10 >3 mm glans 6

M 30 20 0 1 >5,<10 >3 mm perianal 6

M 40 30 10 0 <5 <3mm foreskin 11
M 34 24 0 0 >10 >3 mm penis 6
shaft

M 55 30 0 0 >5,<10 >3mm  penis 6

Table 8 Group B summary data

3.4.3 Endpoints

The primary endpoint was to compare the percentage of subjects with
the appearance of new lesions in the area treated with CO? laser and
sinecatechins in an observation period of 12 months after the last
ablative session. The secondary endpoint was to evaluate local
tolerability and the appearance of side effects such as burning, itching
and pain. The intensity of cutaneous side effects was classified as none,
mild, moderate, or severe. In case of serious side effects, the treatment

was stopped.
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3.4.4 Statistic analysis

An initial descriptive analysis was conducted by summarizing the
guantitative variables with mean and standard deviation, while the
gualitative ones with absolute frequencies and percentages, in both

cases dividing them into groups.

Subsequently, the difference between the two groups was evaluated
with reference to all categories of variables (quantitative and
gualitative), using the non-parametric Mann-Whitney test. This choice is
motivated by the fact that the samples are not numerous and the
variables do not meet the requirements of homogeneity of variance and
Gaussian distribution (evaluated respectively with the Fligner-Killeen test
and the Shapiro-Wilk test). All tests were conducted considering a

significance level a=0.05 and using the R Studio software.

3.5 Results

The two groups were similar for all the evaluated variables (Table 9),
except for the recurrence of the disease. Most patients had 5 or more
lesions to treat. One patient in group A left the study due to the
appearance of burning and erosions in the treated site after one month
of application (with complete restitutio ad integrum 2 weeks after
suspension). Thus, 35 patients completed the study. During the
observation period, 2 out of 23 patients in group A (RR: 8.7%) presented
new condylomatous lesions in the treated sites; in the control group 6

subjects out of 12 (RR: 50%) presented new lesions in the treated sites.
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The null hypothesis that the two samples derive from the same
population, with reference to the recurrence of the disease, with p-value

< 0.001, must be rejected.

The final PCR on the healed surfaces confirmed the complete clearance

of the virus

In group A, 7 subjects (including the patient who left the study) reported
mild to moderate erythema, erosions or burning sensation at the

application site (Table 10).

Some examples are shown in figures 10 to 17.

Group A Group B
N=24 N=12 p-value
Age 35.8t12.4 35.9+10.7 0.71
Gender
Males 18 (75.0%) 9 (75.0%) 0.83
Females 6 (25.0%) 3 (25.0%)
Smoke 5.6317.71 5.00+7.69
. 0.83
(cigarettes/day)
BMI (kg/m?) 23.5+4.0 24.4%3.9 0.47
Alcohol(glasses/day)
No 9 (37.5%) 5 (41.7%) 0.83
One glass 15 (62.5%) 7 (58.8%)
Size
<3 mm 6 (25.0%) 3 (25.0%) 1.0
>3 mm 18 (75.0%) 9 (75.0%)
N° lesions
<5 6 (25.0%) 4 (33.3%) 0.90
>5,<10 11 (45.8%) 5(41.7%) ’
>10 7 (29.2%) 3 (25.0%)
Recurrence
No 21 (91.3%) 6 (50.0%) 0.0070
Yes 2 (8.70%) 6 (50.0%)

Table 9 Summary data of the two groups
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Patient 1 3 9 10 11 13 15 |

Side Erythema, Erythema, Erythema Erythema, Erythema, Erythema, Erythema
effects erosions, erosions, erosions, erosions, erosions
burning pain burning burning

Table 10 Documented side effects in patients of Group A following application of the ointment. The numbering
corresponds to that reported in tab. 7

Figure 10 Foreskin warts in a patient of control group: a) first visit; b) 3-month follow-up: relapses (red triangles).
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Figure 11 Vulvar warts in a patient of the control group: a) first visit; b) relapses at 3 months (red triangles)

Figure 12 Vulvar warts in a patient of the group A: a) first visit; b) no recurrence at 6 months
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Figure 13 Warts of the base of the penis (green triangle) in a patient of the group A: a) first visit; b) no
recurrence at 6 months

Figure 14 Warts of the base of the penis in a patient of the group A: a) first visit; b) no recurrence at 6 months
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Figure 16 Perianal warts in a patient of the group A: a) first visit; b) no recurrence at 6 months
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Figure 17 Perianal warts in a patient of the group A: a) first visit; b) 3 weeks after the first laser treatment (new
laser treatment was performed on the same date); c) 3 months after the start of treatment with sinecatechins
(mild signs of irritant dermatitis); d) no recurrence at 6 months.

3.6 Discussion

Different treatments (applied by the physician or the patient) for genital
warts are available according to national and international guidelines,
but there is currently no single approach#®: Often such treatments are
frustrating for both physicians and patients!#’. Destructive therapies such
as cryotherapy, curettage or lasers are generally painful and sometimes
burdened with a high recurrence rate!#’*¢, Recurrent HPV infection is a

complex phenomenon that probably involves several mechanisms
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(autoinoculation, reactivation of latent infections, lack of homologous
immunity, etc.)!®, Studies report a recurrence at three months after
cryotherapy in up to 40% of treated subjects!*. After CO? laser
treatment, Yanofsky et al.»*° reported that the RR after a CO?laser session

d**! showed

was up to 77%. However, another study by Padilla-Ailhau
that the RR after CO? laser six months after treatment reached 25%. The
recurrence rate of the control group observed in our study lies perfectly
within the range of results reported in the literature. After treatment
with sinecatechins, the reported three-month RR was between 7% and
12%*2%128 EGCG, the main component of green tea extract, has been
shown to have antiviral activity against HPV*%®, EGCG is a potent anti-

152 These mechanisms

inflammatory, anti-oxidant and pro-apoptotic
could explain its antiviral properties®3. In the two pivotal studies
evaluating the efficacy of green tea extract in the treatment of genital
warts, recurrence during the three-month follow-up occurred in a very
small number of patients (less than 5%)*3*!4, In a retrospective study,
Juhl et al'*? evaluated the efficacy of combined treatment for genital
warts  with  cryotherapy, podophyllin,  and post-ablative
immunomodulation with sinecatechin 15% ointment. The initial
complete lesion clearance rate was 96%, with a 6-month RR of 7.4%. In a
recent study evaluating the recurrence rate of genital warts after CO?
laser ablation therapy, they reported a RR of 5% in the case group, versus
a 29% recurrence rate in the control group (treated with laser alone)*.
However, in our study, we exclusively enrolled patients who had not

previously undergone other therapies for genital warts and we included

lesions of the labia minora and perianal area. Consistent with literature
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data, the results of our study support that the use of green tea extract as
a proactive therapy after CO? laser treatment is associated with a lower
recurrence rate compared to subjects treated only with CO? laser. Some
limitations of our study must be taken into consideration: first of all, it
was not a double-blind placebo study; a second aspect was the relatively
short period of observation after discontinuation of sinecatechins.
However, according to the literature, the greatest number of relapses for
all treatments is observed in a short (3 months) period of time, as also
confirmed by the relapses observed in our control group which occurred
mostly during the first 3 months of follow-up®®. Finally, our results can
only be applied to subjects treated with CO? lasers, not to other ablative
treatments such as cryotherapy or diathermocoagulation. Further
studies are needed to verify this aspect. In our study, sinecatechin 10%
ointment was applied twice daily. In the treatment of genital warts, this
product is commonly used on a three application daily schedule.

However, recently de Vries et al.'>’

, using an adhesive tape stripping
method, demonstrated that after topical application of 10%
sinecatechins it is possible to detect a significant amount of substance on
the patient's skin at 12 hours. There was no significant difference in EGCG
concentrations after 8 and 12 hours. These data, therefore, support the
rationale for twice-daily dosing. Another aspect that could be interesting
to evaluate is the clearance of the virus in healthy skin after healing
through molecular biology investigations, also considering that two of

the patients enrolled in the treatment group were affected by HPV 16

(high oncogenic risk).
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3.7 Conclusion

In this prospective randomized study, the use of sinecatechin 10%
ointment as sequential proactive therapy after CO? laser ablative
treatment was associated with a lower recurrence rate of new lesions at
treated sites in the short to medium term compared to the control group.
Comparative trials with larger studies and longer follow-ups are needed

to confirm our data.
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