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The progression of HPV-induced lesions toward 
cancer reflects a classical selection scenario in 
which certain events lead to the clonal outgrowth 
of single cells in a heterogeneous cell population. 

 (N.Wentzensen, 2004) 

BACKGROUND 

•  Selective pressure to confer a growth or survival 
advantage on the affected cells  

•  Causalita’, casualita’ e dogmi da ripensare 



80% popolaz femminile à 23.000.000 
10% persistenza HPV+ à   2.300.000 

       HG-SIL   à   20.000 
       Cancro portio  à   <3.000 

BACKGROUND 



The likelihood of progression of CIN3 to invasion has been 
estimated at 1% per year, and overall 31% within 30 years. 

 (McCredie et al. 2008) 

BACKGROUND 



MULTISTEP CARCINOGENESIS 
 
 
 
•  PERSISTENCE 

•  E6/E7 DEREGULATION 

•  INTEGRATION 

•  GENETIC INSTABILITY 

PERSISTENCE 

Single layer of cuboidal epithelial 
cells, which represent cancer 
progenitors in the SC Junction 

(M.Herfs, 2012) 



The persistence higher the 
probability within HR-genotypes 
in fect ion ( in presence of 
cofactors) to have a cancer cell 
clone à chance occurrence 
Low-risk genotypes showed 
varying degrees of persistence, 
but did not progress to CIN3/
cancer à carcinogenicity is not 
strictly a function of persistence.  
      (M.Schiffman 2005)  (N.Wentzensen, 2004) 

MULTISTEP CARCINOGENESIS 
PERSISTENCE 



1.  Although the vast majority of SILs will regress, it is currently not 
possible to distinguish between rare lesions destined to 
progress. 

2.  HPV persistence may represents a critical distinction 
between infections with risk of progression to CIN3 or cancer 
and those that are benign or transient (M.Frimer, 2015) 

There is a clinical need for additional 
biomarkers, particularly to select high-
risk women among HPV+/ cytology- 

PERSISTENCE 



It has previously been shown that adding HPV testing as a reflex
to mildly abnormal cytology adds to both sensitivity and specificity
for detection of underlying clinically relevant lesions (13). In the
present study, we show that in a screening context, a concurrent
high-risk HPV negative test in cytologically normal women carries
a high long-term negative predictive value. The 5-year negative
predictive value for zCIN2 was 99% for the younger cohort and
99.6% for the older cohort, suggesting that the screening interval
might be safely increased.
In the younger cohort, we were also able to assess the absolute

risk of CIN3+ following two HPV tests (HC2 high-risk HPV types)
taken at an interval of 2 years. The negative predictive value of two
negative tests was better than for one negative test, although this
was already very high. An additional positive test significantly
increased the absolute risk and positive predictive value. This of
course reflects that two positive tests include a higher proportion
of women with persistent infection compared with only one
positive test. Even with this better predictive value in younger
women, the clinical value may be limited as compliance is likely to
decrease with number of visits needed. Instead, we ideally need one
test constituting a better marker for progression. Recently, it has
been reported that an HPV test distinguishing HPV16 and HPV18
infections from the other types may better identify women at risk
for developing zCIN3 (14, 15).
Our study has the strength that there was virtually no loss to

follow-up, which may be a problem in some other studies. This is
due to the existence of the unique personal identification numbers
in Denmark and the nationwide coverage of the registries used for
the follow-up procedure. It should be emphasized that our results
are based on a follow-up of routine screening and management,
where the clinicians had no knowledge of the HPV status. The
study may be limited by being based on everyday clinical
management rather than being a randomized trial. This may play
a role especially when looking at outcomes like zCIN3 because a
very intensive screening (as in some study trials) and management
of milder lesions may change the natural history and thereby
underestimate the cumulative incidence rates of CIN3 or worse.
However, in Denmark, cervical cancer screening is recommended
from age 23 years and every 3 years, and screening and mana-
gement of cervical abnormalities is less aggressive than in, e.g.,
Germany and the United States. To assess whether there were
different biopsy rates between younger and older or HPV-positive
and HPV-negative women, which might affect comparisons, we
assessed the proportion of women who had a biopsy taken

following a cytologic diagnosis of milder abnormalities (atypia or
mild dysplasia), and we found that there was no significant
difference in biopsy taking among older and younger women, and
no difference between HPV-positive and negative women as the
percentage of women with a biopsy following atypia/mild dysplasia
was relatively low (f30%) in all groups (data not shown). In
addition, we found that the screening intensity was also very
similar in younger and older women and in HPV-positive and HPV-
negative women (Fig. 1). Another limitation may be that the
cytologic and histologic diagnoses originated from routine
examinations and were not subjected to an expert review, and
thus some misclassification may occur.
In summary, in this relatively large-scale prospective study where

we have followed a younger and an older cohort with negative
baseline cytology for more than 10 years, we found a high long-
term (5 years) negative predictive value (z99%) of a single HPV
negative test for both zCIN2 and zCIN3. We also showed that a
single high-risk HPV positive test (HC2) at baseline is associated
with a high absolute risk of subsequent development of cytologic
abnormalities (zatypia), and that respectively 1 of 10 within 5 years
and 1 of 5 within 10 years of the women ages 40 to 50 years
developed zCIN3. These results indicate that even a single positive
HPV test in cytologically negative women is substantially predictive
of high-grade CIN, and suggest that HPV testing by HC2 can help
to stratify women into different risk categories for high-grade
cervical abnormalities. One repeated round of HPV testing further
increased the negative and the positive predictive value of a
negative or positive test result, respectively. However, an exact
algorithm for follow-up of cytologically negative women with a
concurrent high-risk HPV DNA positive test will have to be decided
on the basis of a formal medical technological analysis, including
cost-effectiveness modeling. Finally, HC2 positivity may constitute
too crude a measure so that we have to add analyses for specific
HPV types, such as HPV16 and HPV18, to differentiate between
high-risk HPV infections with a higher oncogenic potential and
those that can be managed less intensively.
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Figure 4. Absolute risks of subsequent zCIN3 in younger
women with normal baseline cytology and two high-risk
HPV tests, one negative and one positive, or two high-risk
HPV negative tests.

Absolute Risk of Cervical Neoplasia in a 10-Year Period
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Subsequent CIN3+ in younger women with normal baseline cytology  
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Clearance and persistence of carcinogenic HPV and CIN progression   
(Moscicki A-B et al 2012; AC Rodriguez, 2008) 

PERSISTENCE 

As the rate of clearance slows, the chance of development of HSIL gradually 
increases, representing the growth of a clonal high-grade lesion. 

F.X. Bosch et al. / Vaccine 31S (2013) I1–I31 I7
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Figure 4. Cervical cancer, age-standardized (world standard) incidence rates per
100,000, 1978–2007, per 5-year period, in selected cancer registry populations (all
ages). Based on Cancer Incidence in Five Continents, Volumes V to IX and Surveil-
lance, Epidemiology, and End Results (SEER) Program. ASR (W): Age-standardized
(world standard) rate. Reproduced with permission from Forman D et al. [3].

reproducibility of CIN3 as well, specifically in young women. Recent
data have shown that regression rates of CIN2 among young women
(defined as less than 25 years of age) are quite high (up to 75%).

The best established etiologic co-factors for invasive cancer
among HPV-infected women are smoking, long-term hormonal
contraceptive use, multiparity and human immunodeficiency virus
(HIV) infection.

4.2. Heterosexual transmission and autoinoculation

Data on transmission of HPV are finally emerging, demonstrat-
ing that transmission between heterosexual couples is extremely
common, although rates vary widely among studies. Factors that
affect the calculations of these rates include a) intervals between
testing points, b) rates of concordance or discordance at baseline,
and c) difficulty in defining established infections versus contami-
nation. Both cervix to anus and anus to cervix autoinoculation (i.e.,
from one site to the other in the same woman) appears to be quite
common. Whether either site serves as a long-term reservoir is
unknown.

4.3. Natural history of HPV infections in the anus in men and
women

Studies show that anal HPV infections in women and in men who
have sex with men are quite common, particularly in HIV-infected

individuals. Similarly, clearance of anal HPV is also common, with
few individuals showing persistence unless they are HIV-infected.
HIV strongly influences the development of anal intraepithelial
neoplasia (AIN). The few studies on the natural history of AIN
in HIV-infected men suggest that high-grade AIN is a precursor
to invasive anal cancer. Although no natural history studies of
AIN are available in women, women with other HPV-associated
lesions, including CIN3+ and vulvar cancer, have higher rates of
anal cancer.

4.4. Natural history of penile and external genital HPV

Data on the natural history of HPV of the male genitalia are also
emerging, although penile intraepithelial neoplasia (PeIN) is poorly
understood. Prevalence of penile and external genital HPV infection
is greater than cervical HPV but persistence is less likely. As with
genital HPV prevalence, high numbers of sexual partners increases
acquisition of oncogenic HPV infections. Clearance of oncogenic
HPV infection decreases in men with a higher number of lifetime
female partners and is more rapid with increasing age. The sero-
prevalence for one or more of the quadrivalent HPV vaccine types
is lower for men than for women, although the seroprevalence for
any HPV vaccine type increases with age. Unlike with women, HPV
prevalence is steady across all ages, suggesting that men do not
develop protection against reinfection.

5. HPV and diseases of the upper airway: head and neck
cancer and respiratory papillomatosis [5]

HPV infection is causally associated with benign and malignant
diseases of the upper airway, including RRP and oropharyngeal
cancer.

5.1. Head and neck cancers

HPV16 definitively satisfies both molecular and epidemiologic
causal criteria as a carcinogenic or high-risk type in the upper
airway (Table 4). HPV16 E6/E7 mRNA expression and integration
are observed predominantly among oropharyngeal cancers, and
experimental models have shown E6/E7 expression to be neces-
sary for the initiation and maintenance of the malignant phenotype
of these cancers. From an epidemiologic perspective, a strong and
consistent association between different markers of HPV16 expo-
sure (L1, E6, E7 serology and HPV DNA detection in exfoliated cells)
and oropharyngeal cancer has been demonstrated in numerous
case-control studies. Preliminary evidence indicates that a small
proportion of these cancers may be caused by additional HPV types
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Figure 5. Natural history of HPV infection. CIN3: Cervical intraepithelial neoplasia grade 3. Reproduced with permission from Moscicki A-B et al. [4].
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True persistent HPV infections 
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General patterns of infection. To illustrate different patterns of persistent infection, the replication of herpes simplex virus (HSV),
hepatitis B virus (HBV) and human immunodeficiency virus (HIV) is plotted as a function of time after infection. Acute infection
(dashed grey line) is associated with clinical symptoms and the release of an infectious virus, such as influenza virus (flu). Persistent
infection is associated with the production of an infectious virus, HBV for example (magenta line), for the lifetime of the host. Latent
infection as seen in HSV infection (orange line) is a variation of persistent infection in which the acute infection is followed by a
quiescent phase in which the virus productive cycle is absent or significantly reduced. The viral genome remains in a 'silent' state but
can be intermittently reactivated into bouts of productive infection. Slow virus infection, as seen with HIV (pink line) is yet another
version of persistent infection typified by long periods (years) between primary infection and the development of fatal symptoms:
production of an infectious virus is either continuous at a low level or absent until failing immune control results in overwhelming virus
production.

Although it is now widely believed that a persistent infection with a high­risk HPV type is necessary for the development of HGCIN
and invasive disease, the term 'persistence' has often been loosely defined when testing this hypothesis. In many of these studies,
the occurrence of disease in women who test positive for HPV on two or more occasions (persistent infection) has been compared
with that in women who test positive only once (transient infection). There are numerous conceptual problems with this approach.
When defined in this way, the duration of a persistent infection is not a constant, but will vary depending on the interval between
tests used in each study. In studies using this approach, the interval between tests ranged from 2 months to 7 years, with a median
of 6 months.[12,26­49]

A more fundamental problem relates to inferences drawn from observations made at indeterminate points during the natural history
of the infection. In these circumstances, the distinction between a persistent and transient infection is arbitrary to the extent that it is
dependent on both the timing of the samples in relation to the natural history of the infection, and the interval between samples (Fig.
3a–c). In particular, it is impossible to determine how long a woman, who tests positive in her first sample, has been infected before
that sample was taken (Fig. 3d). A more informative analysis is one that includes only women with incident HPV infections, for whom
the date of onset of infection is readily available. However, even this study design does not guarantee clarity. For example, a study
that included women with incident HPV infections defined a persistent infection as an infection of 6 months or more. This was less
than the median duration of HPV infection in all cohort members, thereby classifying most women as having a persistent infection.
[29] Although several investigators have reported the distribution of exposure times necessary for disease to occur[9,50] some still
characterize exposure levels according to the number of positive tests. This has led to apparently conflicting interpretations of the
same data; the shorter the interval between tests, the more likely an infection will be defined as persistent[26,30,32,51] (Fig. 3e).

Persistent HPV infection. The rectangles denote a period of time during which human papillomavirus (HPV) DNA sequences could
be detected. In many studies, a woman is considered to have a persistent infection if she is HPV­DNA­positive in two or more
consecutive tests, and a transient infection if she is positive only once. Panels a­c show how the same infection might be considered
persistent or transient, depending on when the samples were taken. a | The infection is characterized as persistent. b,c | The same
infection is now characterized as transient merely by changing the sampling times. d | These episodes of HPV infection are of
identical duration, but began at different, undetermined times before entry to the study. Two of these infections would have been

21/10/2015 www.medscape.com/viewarticle/553264_print

http://www.medscape.com/viewarticle/553264_print 3/17

General patterns of infection. To illustrate different patterns of persistent infection, the replication of herpes simplex virus (HSV),
hepatitis B virus (HBV) and human immunodeficiency virus (HIV) is plotted as a function of time after infection. Acute infection
(dashed grey line) is associated with clinical symptoms and the release of an infectious virus, such as influenza virus (flu). Persistent
infection is associated with the production of an infectious virus, HBV for example (magenta line), for the lifetime of the host. Latent
infection as seen in HSV infection (orange line) is a variation of persistent infection in which the acute infection is followed by a
quiescent phase in which the virus productive cycle is absent or significantly reduced. The viral genome remains in a 'silent' state but
can be intermittently reactivated into bouts of productive infection. Slow virus infection, as seen with HIV (pink line) is yet another
version of persistent infection typified by long periods (years) between primary infection and the development of fatal symptoms:
production of an infectious virus is either continuous at a low level or absent until failing immune control results in overwhelming virus
production.

Although it is now widely believed that a persistent infection with a high­risk HPV type is necessary for the development of HGCIN
and invasive disease, the term 'persistence' has often been loosely defined when testing this hypothesis. In many of these studies,
the occurrence of disease in women who test positive for HPV on two or more occasions (persistent infection) has been compared
with that in women who test positive only once (transient infection). There are numerous conceptual problems with this approach.
When defined in this way, the duration of a persistent infection is not a constant, but will vary depending on the interval between
tests used in each study. In studies using this approach, the interval between tests ranged from 2 months to 7 years, with a median
of 6 months.[12,26­49]

A more fundamental problem relates to inferences drawn from observations made at indeterminate points during the natural history
of the infection. In these circumstances, the distinction between a persistent and transient infection is arbitrary to the extent that it is
dependent on both the timing of the samples in relation to the natural history of the infection, and the interval between samples (Fig.
3a–c). In particular, it is impossible to determine how long a woman, who tests positive in her first sample, has been infected before
that sample was taken (Fig. 3d). A more informative analysis is one that includes only women with incident HPV infections, for whom
the date of onset of infection is readily available. However, even this study design does not guarantee clarity. For example, a study
that included women with incident HPV infections defined a persistent infection as an infection of 6 months or more. This was less
than the median duration of HPV infection in all cohort members, thereby classifying most women as having a persistent infection.
[29] Although several investigators have reported the distribution of exposure times necessary for disease to occur[9,50] some still
characterize exposure levels according to the number of positive tests. This has led to apparently conflicting interpretations of the
same data; the shorter the interval between tests, the more likely an infection will be defined as persistent[26,30,32,51] (Fig. 3e).

Persistent HPV infection. The rectangles denote a period of time during which human papillomavirus (HPV) DNA sequences could
be detected. In many studies, a woman is considered to have a persistent infection if she is HPV­DNA­positive in two or more
consecutive tests, and a transient infection if she is positive only once. Panels a­c show how the same infection might be considered
persistent or transient, depending on when the samples were taken. a | The infection is characterized as persistent. b,c | The same
infection is now characterized as transient merely by changing the sampling times. d | These episodes of HPV infection are of
identical duration, but began at different, undetermined times before entry to the study. Two of these infections would have been

The shorter the interval, the more 
likely an infection will be wrongly 
defined as persistent 

HPV infection of identical duration, 
but different onset. Two of these 
infections are wrongly considered 
persistent, and three transient.  
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characterize exposure levels according to the number of positive tests. This has led to apparently conflicting interpretations of the
same data; the shorter the interval between tests, the more likely an infection will be defined as persistent[26,30,32,51] (Fig. 3e).

Persistent HPV infection. The rectangles denote a period of time during which human papillomavirus (HPV) DNA sequences could
be detected. In many studies, a woman is considered to have a persistent infection if she is HPV­DNA­positive in two or more
consecutive tests, and a transient infection if she is positive only once. Panels a­c show how the same infection might be considered
persistent or transient, depending on when the samples were taken. a | The infection is characterized as persistent. b,c | The same
infection is now characterized as transient merely by changing the sampling times. d | These episodes of HPV infection are of
identical duration, but began at different, undetermined times before entry to the study. Two of these infections would have been

There are numerous conceptual problems with persistence  
(C. Woodman, 2007) 

 



Meta-analysis on persistent HPV 
(A. Rositch, 2013) 
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Figure 1.
Forest Plots of the Median Duration of Infection by Human Papillomavirus Group or Type.
Estimates are for human papillomavirus infections prevalent at baseline unless otherwise
indicated, where * denotes incident infections and † denotes a mixture of prevalent and
incident infections. The vertical line represents the overall, weighted median of 9.8 months.
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PERSISTENCE 

Repeat HPV testing at 12 month intervals could 
identify women at increased risk of high-grade 
cervical precancer due to persistent HPV infections. 



J.Cuzick, 2015 

PERSISTENCE 



HPV GROUPS ACCORDING TO PPV 
(J.Cuzick, 2015) 

GROUP A (very high-risk) 
 HPV 16, HPV 33 

 

GROUP B (high-risk) 
 HPV 31, 18, 52, 35, 58 

 

GROUP C (intermediate risk) 
 HPV 51, 68, 45, 39, 66, 56, 59 

 
 

PERSISTENCE 
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fected and immune to reinfection; c2 represents a similarly unin-
fected woman following prior infection, but one who remains sus-
ceptible to reinfection; and c3 represents an HPV-infected woman 
with negative HPV DNA test results who is immune to reinfection. 
Currently, there is no way to conclusively differentiate individuals 
in state c into these three subgroups, and the transition probabili-
ties from c to d are likely to have subgroup-specific determinants. 
For example, the expected transition probability from state c1 to 
d would be zero under assumptions of natural immunity, while 
the expected transition probability from state c2 to d would be a 
function of new sexual exposure and should equal the probability 
of the a → b transition under the same sexual risk conditions. The 

c3→d transition from DNA negative to DNA positive in an infected 
woman would be a function of uncharacterized triggers of reacti-
vation, compromised immune memory, and/or autoinoculation 
of sampled epithelium from a distal epithelial site. The inability to 
differentiate among the c states thus inevitably restricts our ability 
to make conclusive inferences concerning risk of HPV infection. 
Because we are unable to accurately determine infection history 
prior to enrollment in observational studies, these limitations 
are likely to apply to any incident HPV event observed in sexually 
active populations, not just observed recurrence of a previously 
detected HPV type. In addition, it is likely that the distribution of 
individuals among the c states may not be uniform. For example, it 

30% at 
24 months 

80-90% at 
24 months 

PERSISTENCE 

(Patti E. Gravitt, 2011) 

Most HPV infections as detected by molecular assays become 
undetectable after several months (80% by Evander M, 1995; 
Ho 1998) à It is not known to which extent the lack of 
detectability represents viral clearance or persistence as latent. 
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 (N.Wentzensen, 2004) 

MULTISTEP CARCINOGENESIS 
INTEGRATION 



 (N.Wentzensen, 2004) 

MULTISTEP CARCINOGENESIS 

•  It is still a matter of debate whether 
HPV DNA integration precedes genetic 
instability or rather is a consequence 
thereof (Hafner N 2008) 

•  Induction of genetic instability is 
thought to be an early event in HPV-
induced cancers, occurring before 
integration of the virus into host 
chromosomes (C.Moody, 2010) 

INTEGRATION 



Any event that increases the frequency of double-
strand breaks (DSBs) in host and viral DNA may 
facilitate the mechanism of integration à chance 
occurrence 

INTEGRATION 

Agents that induce DNA damage : 
• smoking,  
• long-term use of oral contraceptives,  
• high parity  
• co-infection with other STD à inflammation may 

fac i l i ta te the progress ion to CIN2+ à 
C.trachomatis 

(V.Williams, 2011) 



 

1. Integration in SCJ cells of HR-HPV genomes into the host genome: 

decrease of viral load and break at E2 which down-regulate E6/E7 (E5 

enhances proliferation and may contribute to cancer progression). 

INTEGRATION 

The integration sites are widely distributed all 
over the human genome (no obliged hotspots)  
à random integration may: 

•  (in)activate tumor suppressor genes, or 
•  (in)activate proto-oncogenes, or 
• close to host CFSs (common fragile sites) which 

offer relative accessibility to HR-HPV with 
subsequent selective growth advantage. 

MULTISTEP CARCINOGENESIS 



 

1. integration in SCJ cells of HR-HPV genomes into the host genome: 

decrease of viral load and break at E2 which down-regulate E6/E7 (E5 

enhances proliferation and may contribute to cancer progression). 

2. overexpression of viral oncogenes E6/E7 cooperate to: 

•  inactivate the tumor suppressors p53 (E6) and RBp (E7) 

•  alterated cell cycle control à inhibits cell differentiation, 

deregulation of proliferation, no apoptosis (immortalization);  

•  accumulation of genetic errors (centrosomal abnormalities, 

aberrant mitotic spindle pole formation) and thus chromosomal 

instability. 

3.  growth and expansion of HPV-dependent cancer cell clone  

INTEGRATION 
MULTISTEP CARCINOGENESIS 



QUANTITATIVE DEREGULATION 
1.  Highly variable levels of viral oncogene expression in CIN and 

CxCa, which were independent of histological grading and the 
physical state of the viral genome.  

2.  How many of the integrated viral genome copies are transcribed 
into mRNAs ? à it was shown that only one locus of the 300 
integrated HPV genomes is transcribed, all other copies are 
transcriptionally silent; Van Tine et al., 2001) à chance occurrence 

INTEGRATION 

The existence of transcriptionally inactive HR-HPV integrants in SIL 
indicates that important subsequent events are necessary for 
deregulated transcription (M. Pett 2007) 

SPATIAL DEREGULATION 
E6/E7 expression in HR-HPV-LSIL is localized to the upper spinous 
and granular layers, with little/no detectable expression in 
proliferative basal layers à deregulated oncogene expression from 
HR-HPV integrants require loss of basal repression of viral gene 
transcription and insensitivity to inhibitory cytokines.  
 



HPV16 integration in basal cervical cells does 
not necessarily lead to increased levels of 
virus oncogenes, or to a competitive growth 
advantage, when compared with the initiating 
episome-containing cells. 

(C. Scarpini, 2014) 



1.  Within a cell containing a mixture of episomal and integrated 
HR-HPV, E2 expressed from episomes could inhibit expression of 
the co-existent integrant. 

2.  Reintroduction of an intact E2 gene in cervical cancer cell lines 
(HeLa) resulted in growth inhibition due to inhibition of the 
expression of the E6 and E7 genes (Wells S, 2000) 

INTEGRATION 
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1.  Within a cell containing a mixture of episomal and integrated 
HR-HPV, E2 expressed from episomes could inhibit expression of 
the co-existent integrant. 

2.  Reintroduction of an intact E2 gene in cervical cancer cell lines 
(HeLa) resulted in growth inhibition due to inhibition of the 
expression of the E6 and E7 genes (Wells S, 2000) 

3. Otherwise (as chance occurrence)…E2 expression from episomes 
can also initiate DNA replication from integrated viral origins, 
resulting in their amplification and induction of chromosomal 
abnormalities.  
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d 

1.  Overcoming the E2 inhibition would represent an important 
event required for the selection of integrated HR-HPV. 

2.  Integrant-derived transcripts are more stable than those 
derived from episomal viral DNA  

3.  Moreover, integration may confer a selective growth 
advantage. 
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HPV genotype attribution by age   
in cervical cancer (de Sanjosè S, 2010)  

INTEGRATION 
Non-HPV16 and 18 HR-HPV types would confer less chromosomal 
instability than HR-HPV types 16 and 18.  
This may be reflected by less frequent integration of the respective HR-
HPV genomes in advanced cervical lesions and a longer time interval 
required for progression of preneoplastic lesions to invasive cervical 
cancers. (S. Vinokurova 2008) integrated HPV genome copies in later passages (41) supported this

concept because integration of HPV16 genomes was associated
with chromosomal instability and the deregulated expression
pattern of the viral oncogenes in this in vitro model (17, 42).
However, several studies that have analyzed the prevalence of

integrated viral genome copies in invasive cervical carcinoma
samples showed that a part of the invasive cancer biopsies did not
contain any integrated viral genome copy (15, 21). This suggests
that if integration was the major determinant leading to
deregulated viral gene expression and transforming infections in
cervical carcinogenesis, a substantial part of tumors has to reach
this stage via independent pathways. Alternatively, it is conceivable
that integration is rather the consequence of chromosomal
instability induced by deregulated HR-HPV E6 and E7 expression
(43) but not its cause. In that latter scenario, deregulated
expression in HR-HPV–infected cells has to be induced by
independent pathways. Based on several biomarker studies, it
became clear that surrogate markers for HPV oncogene expression
such as p16INK4a may be expressed in early dysplastic lesions
already (44). However, several studies convincingly show that
integration at this early stage of preneoplasia is only exceptionally
found (15, 21, 45). Moreover, a direct comparison of the time points
for the viral integration and the outgrowth of aneuploid cell clones
showed that aneuploidy precedes the outgrowth of cell clones that
harbor integrated viral genomes (46). Taken together, these data
strongly support the concept that integration of viral genome
copies is an important and direct consequence of chromosomal
instability that is induced by the deregulated expression of the viral
E6 and E7 oncogenes, however, not its cause.
In this study, we aimed to analyze the role of integration with

respect to disease progression in a large number of patients by
using the APOT assay. This assay was applied to monitor
integration of the five most frequent oncogenic HR-HPV types
HPV16, 18, 45, 31, and 33. If HPV-integration was an essential
prerequisite for malignant progression, we would have expected
that the majority of carcinomas, irrespective of the HR-HPV type,
display at least one integrated viral genome copy.
Our data clearly confirm the observation that there is an

increasing frequency of integrated viral genomes in more advanced
preneoplastic lesions. However, only 62% of all carcinoma samples
displayed integrated HPV genomes. Moreover, integration of HPV31
and 33 was found substantially less frequent compared with
integration of HPV16, 18, and 45.
Based on the low integration frequencies detected for the HPV31

and 33 types that were previously described to be less aggressive
compared with HPV16, 18, and 45, we speculated whether cases
with integrated HPV genomes might progress to carcinomas faster,
and thus, the median age at diagnosis for cases with integration
would be lower. We did not observe any clear effect of integration
status on median age at diagnosis of cancer and tumor stage.
However, there was a strong effect on the underlying HPV type on
median age of the patients. Taken together, we found an
association between the integration frequency of specific HPV
types and the median age at diagnosis of cancer (Fig. 4).
If one assumes that the integration of the viral genome is a direct

consequence of the degree of chromosomal instability induced by
the viral oncogenes expressed in replicating basal epithelial cells,
the data described in this study suggest that the oncogenes of
HPV16, 18, and 45 confer substantially more chromosomal
instability compared with the oncogenes of HPV31 and 33.
This hypothesis is supported by two major findings of this study:

(a) integration of HPV16, 18, and 45 genomes is observed more
frequently than integration of HPV31 and 33 in invasive cancers
and (b) all high-grade precancers (CIN 3 lesions) occur at a similar
age independent of the respective HR-HPV type that was
responsible for the outgrowth of the lesion. However, marked
differences were observed in the median age of patients that
developed cancers associated with the same HR-HPV types. This
suggests that once the deregulated expression pattern of the viral
oncogenes occurred (at latest once the lesions reached the stage
of a CIN 2/3 lesion) HPV31 or 33 associated lesions required
substantially more time to progress to invasive carcinomas
compared with lesions induced by the apparently more potent
oncogenes of HPV16 and 18. This finding is in good agreement with
recent reports that suggest that patients infected with HPV16 and
18 are at a substantially higher risk of progression to high-grade
disease compared with patients infected with non-16 and non-18
HR-HPV genotypes (7, 8). It is further in good agreement with the
observation that cancers associated with HPV16 and HPV18 tend
to be more aggressive, and that the detection of HPV types other
than 16 and 18 is an independent predictor of better survival in
patients with cervical carcinoma (47–50).
In conclusion, our data strongly suggest that HPV integration is

not an essential event in cervical carcinogenesis. The integration
status itself was not found to be associated with younger age at
diagnosis of cancer. In contrast, the underlying HPV type had a
strong effect, and the integration frequency of various HPV types
correlated strongly with the age at diagnosis of cancer, suggesting
that themalignant potential of the various HR-HPV types is reflected
by their integration frequency in invasive cervical carcinomas.
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Figure 4. Correlation between integration frequency and age. Schematic
presentation of relation between age at diagnosis of cancer and integration
frequency by HPV type. Closely related types HPV18 and HPV45 show similar
characteristics. HPV31 and HPV33 show both a high age at diagnosis and a low
integration frequency. HPV16 is intermediate.
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(S. Vinokurova 2008)  



1.  However, the absence of HPV16 DNA integration in some carcinomas 
(20%) implies that integration is not always required for malignant 
progression (Vinokurova S, 2008) 

2.  Episome-associated carcinogenesis is poor understood (E.Gray 2010) 
à Mutation or methylation of sequences within the LCR may alter E2 
functions mimicking the consequence of E2 gene disruption as seen in 
integration (A. Chaiwongkot, 2013) 
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