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Introduction, aim and outline of this thesis

INTRODUCTION

Cervical cancer is the fourth most common cancer in women, with an estimated 527,600
new cancer cases and 265,700 deaths worldwide in 2012." Cervical cancer is preceded
by a premalignant stage which is estimated to progress to cervical cancer in 10-15 years.
Premalignant lesions can therefore be detected by screening, to be treated before
malignant potential occurs.” Since the introduction of cytology-based cervical cancer
screening, the incidence of cervical cancer in developed countries has substantially di-
minished.> Nowadays, cervical cytology is used as primary screening test in the majority
of programs.* However, many Western countries are on the verge of replacing cytology
as primary screening by testing for the presence of high-risk human papillomavirus
(hrHPV). The Netherlands is among the first countries with a full hrHPV-based organized
cervical cancer screening program in 2017.

Triage of high-risk HPV positive women

A persistent infection with an hrHPV is causally related to the development of cervical
cancer.’ This results in a high sensitivity of hrHPV-based cervical cancer screening. Other
advantages of primary hrHPV testing over cytology-based screening are the objectiv-
ity of the assay, high-throughput testing, and the possibility of analyzing self-sampled
material, which may improve the efficacy of cervical cancer screening by increasing
participation of non-responders.®® A limitation of hrHPV testing is its inability to dis-
tinguish transient infections from clinically relevant infections. This results in limited
specificity, with higher numbers of unnecessary colposcopy referrals compared with
cytology screening. Effective triage of hrHPV-positive women is therefore essential. Dif-
ferent triage options are available, which can be divided into: morphological triage tech-
niques, like Pap cytology and other immunochemistry markers; and molecular triage
techniques, like HPV genotyping and methylation markers. These markers all have their
own advantages and disadvantages, and knowledge on clinical value of most of these
markers should be increased before they can be implemented in a screening program.

Opportunities in improving colposcopic examination

When an abnormal result is detected during cervical screening and triage, women
are generally referred to their gynecologist for a diagnostic colposcopic examination.
Colposcopy is the visualization of the cervix using a stereoscopic binocular microscope
of low magnification. Colposcopic examination combined with a biopsy and histologic
evaluation is the gold standard for identifying premalignant cervical intraepithelial neo-
plasia (CIN). Low-grade CIN are usually monitored by watchful waiting, and regress to
normal without treatment in the majority of cases. When a high-grade CIN is suspected,
treatment is recommended in most cases. A limitation of colposcopy is the high degree
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of inter- and intraobserver variability, with a low-to-average sensitivity of 61% with a
specificity of 85% for CIN2 or worse. This results in missed lesions, unnecessary biopsies
or overtreatment.'”"? Improving diagnostics and management of women referred for
colposcopy is therefore desirable.

Future risks of high-risk HPV infections

Because of the low specificity of hrHPV screening for young women, the Dutch screen-
ing program starts at 30 years of age. Younger women with cervical cancer or high-grade
CIN lesions are missed with this screening strategy. The risk of sexual transmission of
HPV generally peaks early in sexual life and declines with higher age.” However, only
a minority of these infections in young women eventually develop into cervical cancer.
Most ot these hrHPV infections are transient and clear spontaneously; two thirds of all
infections can be cleared by the host immune system within 12 months, and over 90%
can be cleared within 24 months."*" It is yet unknown to which extent a transient or
persistent hrHPV infection in young women is a risk factor for developing CIN or cervical
cancer later in life. This knowledge may improve recommendations for women who test
positive for hrHPV early in life.

When an hrHPV infection is not cleared by the host immune system, it becomes a per-
sisting infection. A persisting infection may lead to the development of a high-grade CIN
lesion. It is known that women diagnosed with high-grade CIN show an increased risk of
developing malignancies of the anogenital region and head and neck region, probably
as the result of an infection with an hrHPV. The extent of this risk has never been studied
with data of Dutch women, and the extent of this risk for high-grade premalignancies
after a diagnosis of CIN3 is also unknown. Knowledge on this risk is important to con-
sider preventing future risks of hrHPV infections by prophylactic HPV vaccination and/
or intensified screening for other HPV-related carcinomas and premalignancies when a
high-grade CIN lesion is identified.

AIM AND OUTLINE OF THIS THESIS

In this thesis, we aim to improve cervical cancer prevention programs with studies on
multiple dimensions of cervical cancer prevention.

Part I focuses on improving triage of hrHPV-positive women in cervical cancer screen-
ing. Triage is necessary because of the limited specificity of hrHPV-based screening. In
chapter 2 an overview of triage strategies for hrHPV-positive women is provided, differ-
entiating between morphological and molecular triage techniques. Furthermore, future
perspectives of promising triage-strategies are discussed. In chapter 3 the clinical value
of HPV genotyping in triage of women with hrHPV-positive self-samples was evaluated.
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HPV genotyping is studied as individual triage method, and combined with Pap cytology
at different thresholds. The clinical value of different combinations of triage-strategies
with HPV genotyping is studied. Findings on p16/Ki-67 dual-stain as triage-technique
for hrHPV-positive women are presented in chapter 4. This chapter evaluates the clinical
utility of this dual-stain, either or not combined with other triage techniques, and results
are put into perspective by comparing them with previously published studies.

Part Il focuses on opportunities in improving colposcopic assessment after an ab-
normal cervical screening and/or triage result. If a high-grade intraepithelial lesion is
suspected, treatment is recommended in most cases. Treatment can be performed after
histological confirmation of the lesion, which is called a two-step approach. However,
treatment can also be performed immediately if a high-grade lesion is suspected, with-
out the need of an additional visit, which is called the see-and-treat strategy. It is im-
portant to decide under which circumstances see-and-treat management may be used
with limited overtreatment-rates. Chapter 5 systematically reviews overtreatment-rates
in see-and-treat management in regard to cytology results and the colposcopic as-
sessment. To further improve colposcopy, digital colposcopy techniques are upcoming
and increasingly studied. In chapter 6 we performed a pilot-study on fluorescence and
reflectance spectroscopy, a digital colposcopy technique that combines two types of
spectroscopy. In this study, we assessed performance and patient acceptance of this
technique. As a large variety of digital colposcopy techniques are showing promising
results, all with all different perspectives in screening, an overview of this novel tech-
nique is needed. We therefore performed a meta-analysis on results of three different
colposcopy techniques which could potentially lower colposcopy referral rates. Result
of this systematic review and meta-analysis are shown in chapter 7.

Part lll focuses on future risks of hrHPV infections. The risk of future CIN lesions in
women who tested HPV positive before the age of 30 was assessed in chapter 8. These
women either cleared their infection or showed a persistent infection. Data on develop-
ment of high-grade CIN lesions or cervical cancer within eight years of follow-up was
obtained from the Dutch nationwide database of pathology. In chapter 9 we take it one
step further and look at the future risk of developing other HPV-related premalignancies
and carcinomas when a high-grade CIN has been diagnosed. We compare this risk with
the ‘baseline risk’in a population without a previously diagnosed high-grade CIN of the
cervix. An increased risk of other HPV-related premalignancies and carcinomas could
be a reason for considering intensified screening or prophylactic HPV vaccination in
women treated for a high-grade CIN lesion.

The results of these previous chapters are put into perspective in a general discussion
in chapter 10, and a summary is given in chapter 11.
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ABSTRACT

Introduction High-risk human papillomavirus (hrHPV) testing is expected to replace
cytology as primary screening method for cervical cancer screening in an increasing
number of countries. The high sensitivity of hrHPV testing is combined with a limited
specificity, which makes triaging of hrHPV-positive women necessary. As an ideal tri-
age method does not yet exist, an optimal triage strategy for hrHPV-positive women,
based on current knowledge, should be obtained. The aim of this article is to present an
overview of available options for triage of hrHPV-positive women, with their strengths
and limitations and possible future opportunities.

Areas covered Current knowledge on morphological biomarkers, molecular biomarkers
and combined triage strategies will be discussed, to give an overview of the state-of-
the-art on triaging hrHPV-positive women. The literature search was limited to studies
on triage strategies for hrHPV-positive women.

Expert commentary Experience with morphology-based biomarkers makes these
biomarkers a valuable triage method. However, they lack the ability of differentiating
productive from transforming infections. Molecular biomarkers are objective, highly
reproducible, can be used in high throughput testing, and show promising results. With
more extensive knowledge on these molecular markers, cervical cancer screening may
transform to a full molecular screening in the future.
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1. INTRODUCTION

With an estimated 527,600 new cancer cases and 265,700 deaths in 2012, cervical can-
cer is the fourth most diagnosed cancer and fourth cause of cancer death in females
worldwide. Developing countries account for almost 90% of all cervical cancer deaths,
and in some countries in Melanesia, eastern, middle, and southern Africa, it even is the
leading cause of cancer death amongst females. Cervical cancer incidence and mortality
rates are lowest in Europe, eastern and western Asia, northern Africa, northern America,
Australia and New Zealand.' The availability of screening and differences in human
papillomavirus (HPV) prevalence are the cause of these major geographic variations.’
The role of HPV in development of cervical cancer was first described by zur Hausen in
1977, for which he received the Nobel Prize in Physiology or Medicine in 2008.2 Approxi-
mately two decades later, Walboomers described the necessity of a persistent infection
with high-risk human papillomavirus (hrHPV) for the development of precancerous
and cancerous lesions of the cervix.* Since then, over 200 HPV genotypes have been
identified and clinically relevant types are grouped by the innate risk of causing cervical
cancer (Table 1).° Low-risk types generally only induce benign warts, whereas high-risk
(hr)HPV types have the ability to induce cervical premalignancies and malignancies, of
which approximately 70% is caused by types 16 and 18. The lifetime risk of an infection
with hrHPV is high, however, only a minority of infections develop into cervical cancer.
After 12 months, two-thirds of all infections are already cleared by the host immune
system, and after 24 months over 90% are cleared.®” Infections that are not cleared
may develop into ‘productive’ infections, cytologically and histologically known as
low-grade squamous intraepithelial lesion (LSIL), or histologically known as low-grade
cervical intraepithelial neoplasia (CIN; CIN grade 1). These infections morphologically
show dysplastic features overlapping with those in progressive precancers. However,
such infections show no signs of cellular transformation and the majority of productive
infections still clear quickly. Only a minority of all persistent hrHPV infections results in
altered E6 and E7 viral gene expression, thereby becoming a ‘transforming’ infection. In
transforming infections, the normal viral life cycle is aborted and the viral early genes
E6 and E7 are overexpressed in proliferating cells, leading to altered expression of cell
cycle and DNA repair regulators (Figure 1).¥'° Transforming infections are cytologically

Table 1. Human papillomavirus types grouped by the innate risk of causing cervical cancer.

IARC group® Risk estimate HPV types

1 High-risk 16,18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59
2A Probable high-risk 68

2B Possible high-risk 26,53,66,67,70,73,82

3 Low-risk 6,11
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CDK 4/6
Cyclin D/E

Figure 1. Molecular mechanisms by which the human papillomavirus induces cervical carcinogenesis.

(A) Genome organization of the human papillomavirus (HPV). HPV are DNA viruses coding for a long con-
trol region (LCR), several early functional genes (E1-E7), and two late structural genes (L1-L2). (B) The INK4A/
ARF locus at chromosome 9p21 encodes proteins p16™“ (p16) and p14** (p14) that ultimately link the
Retinoblastoma (Rb) and p53 tumor suppressor pathways. p16 is a cyclin-dependent kinase (CDK) inhibi-
tor that prohibits progression form G1 phase to S phase and slowing down the cell cycle. In a normal cell,
p16 acts as a tumor suppressor by binding to CDK4/6 and preventing its interaction with cyclin D resulting
in arrest of cell proliferation. p14 inhibits mdm2, therefore promotes p53, which promotes p21 activation.
p21 binds and inactivates certain cyclin-CDK complexes which otherwise would promote transcription of
genes that would carry the cell trough G1/S checkpoint of the cell cycle resulting in S-phase induced p16
stimulation. When hrHPV types integrate into the host genome, loss of negative feedback control will result
in increased expression of viral E6 and E7 oncogenes. HPV protein E6 binds tumor suppressor gene p53 and
promotes its destruction, resulting in inhibition of apoptosis and loss of inhibition of cyclin-CDK complexes
via loss of p21 stimulation. CDK4/6 binds cyclin D and forms an active protein complex that phosphorylates
Rb which disassociates from transcription factor E2F1. Liberated E2F1 enters the nucleus and promotes
transcription of target genes essential for transition from G1 to S phase. HPV protein E7 dissociates the
E2F-Rb complex and binds and inactivates Rb. This also causes release of transcriptionally E2F1 dependent
genes necessary for DNA replication, resulting in stop of growth arrest and therefore progression the cell
cycle. HPV E7 oncoprotein expression also induces KDM6B histone demethylase expression, which trig-
gers the p16 promoter, also resulting in upregulation of p16 expression. Stimulation of progression of the
cell cycle, combined with loss of apoptosis results in immortalization, genomic instability and finally in
increased risk of transformation and malignant progression.®"'

and histologically known as high-grade squamous intraepithelial lesion (HSIL) or his-
tologically known as high-grade CIN (CIN grade 3), which may finally result in cancer if
left untreated (Figure 2). These premalignant stages preceding cervical cancer allow for
detection and treatment of these lesions before they progress to cervical cancer.
Screening has been very successful in decreasing cervical cancer incidence and
mortality in Western countries.” Screening programs worldwide differ regarding age,
frequency, participation rate and screening modality.”” Nowadays, cervical cytology is
used as primary screening test in the majority of programs.'* However, many Western
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‘ hrHPV infection ‘ hrHPV persistence
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Figure 2. Cervical carcinogenesis and morphological abnormality.

Viral persistence of hrHPV can result in productive infections with a productive CIN lesion, and a transform-
ing infection with a transforming CIN. Morphologically no clear distinction between productive and trans-
forming CIN lesions can be made so histological and cytological terminology and classification systems
are not one-on-one linkable to this concept of productive and transforming infections. In the 3-tiered CIN
terminology productive CIN are visible as CIN1 and transforming CIN lesions are morphologically known
as CIN3. CIN2 is a mixture and is not comparable with a biological state. Therefore, this classification sys-
tem is arbitrary and does not correspond to our current understanding of HPV infection and precancer.
The 4-tiered dysplasia spectrum includes mild dysplasia, moderate dysplasia, severe dysplasia and CIS. The
most recent LAST terminology only distinguishes LSIL from HSIL histology and therefore corresponds most
accurately with the concept of productive and transforming infections. Cytology is generally classified ac-
cording to the Bethesda system. Low-grade cytology results as ASC-US and LSIL generally represent pro-
ductive CIN lesions, and high-grade cytology as HSIL represents transforming CIN lesions. To simplify the
figure, atypical glandular cells (AGC), and atypical squamous cell-cannot exclude high-grade squamous
intraepithelial lesions (ASC-H) were not included. ASCCP = American Society for Colposcopy and Cervical
Pathology; ASC-US = Atypical squamous cells of undetermined significance; CAP = College of American
Pathologists; CIN = Cervical intraepithelial neoplasia; CIS = Carcinoma in situ; hrHPV = High-risk human
papillomavirus; HSIL = High-grade squamous intraepithelial lesion; LAST = Lower Anogenital Squamous
Terminology; LSIL = Low-grade squamous intraepithelial lesion; NILM = Negative for intraepithelial lesion
or malignancy; TBS = The Bethesda System; WHO = World Health Organization.

Productive hrHPV infection ‘ Transforming hrHPV infection

Invasive carcinoma

Severe

Moderate dysplasia dysplasia

CIN1 CIN2 CIN3 Invasive carcinoma

Invasive carcinoma

cis ‘ Invasive carcinoma
‘ Invasive carcinoma

countries are on the verge of replacing cytology as primary screening by testing for the
presence of hrHPV. The Netherlands and Australia will be among the first countries to
initiate full hrHPV-based organized screening in 2017.

Advantages of primary hrHPV testing are the objectivity of the assay and high-
throughput testing, and its high sensitivity of 90% for CIN2 or worse (=CIN2) and 95% for
CIN3 or worse (=CIN3), compared with moderate sensitivity of 30-87% for cytology.'>'®
Additionally, HPV screening holds the possibility to analyze self-sampled material of
brush- or lavage based samples, which may improve the efficacy of cervical cancer
screening by increasing participation of non-responders.”’?° The major limitation of
hrHPV testing is its inability to distinguish transient infections from clinically relevant
infections, resulting in limited specificity compared with cytology. This limited specific-
ity would result in higher numbers of unnecessary colposcopy referrals compared with
cytology screening.”’* Effective triage of hrHPV-positive women is therefore essential.
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An ideal triage strategy meets two important requirements: 1) The strategy gives a
highly sensitive and specific result, differentiating between cervical cancer and CIN le-
sions that need treatment, and abnormalities with a risk that is low enough for a woman
to safely return to the next screening round. Ideally, low risk groups would need no
follow-up. 2) No additional sample or additional visit is needed to perform the triage,
thus minimizing the efforts for the screened women, and limit loss to follow-up. The
ideal triage method for hrHPV-positive women is not yet available; therefore, the most
optimal triage strategy using current knowledge should be obtained. Current triage
methods all have advantages and disadvantages and some may possibly be improved
or combined to measure up to an ideal strategy as far as possible.

This review gives an outline of current knowledge and future opportunities for triage
of hrHPV-positive women, which is especially important in the transition from cytology-
based cervical cancer screening to primary hrHPV screening. A variety of triage options
are discussed: morphological biomarkers such as Papanicolaou (Pap)-stained cytology
or cytology with different types of immunochemistry, and molecular biomarkers such as
HPV genotyping, RNA-based biomarkers, and methylation. We focus on the advantages
and disadvantages of these strategies and their value as triage method of hrHPV-positive
women. Finally, a five-year view on cervical cancer screening in a post-vaccination era
will be discussed.

2. MORPHOLOGICAL BIOMARKERS

2.1 Cytology

Cytological examination of exfoliated cervical cells stained with the multichromatic
Pap staining was introduced by Papanicolaou in the 1940s." Triage of hrHPV-positive
women with cytology is a common choice because of the worldwide experience with
this technique. This widely evaluated triage method has shown to improve the initially
limited specificity of hrHPV testing, and is known to reduce colposcopy referrals and
follow-up testing.”?® However, cytological assessment in these studies is generally
performed without knowledge on hrHPV-positive status, which is different to primary
hrHPV-based screening. The knowledge on positive hrHPV status is known to affect the
interpretation of cytology. In hrHPV-based screening with knowledge on hrHPV-positive
status, this might result in a slightly higher sensitivity and a lower specificity compared
with these previously published results.”>' The inability of high throughput testing and
subjectivity of the examination are limitations of this technique as triage method for
hrHPV-positive women. The performance of cytological examination highly depends
on training and experience of cytotechnologists, resulting in variations in performance
and quality. Quality management and benchmarking are therefore needed to obtain
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and maintain high quality of cytological examination. With the introduction of primary
hrHPV-based screening, the number of samples for cytological examination will de-
crease and maintaining highly trained cytotechnologists might become more difficult.
For cytological examination of Pap stained cells, a slide can be obtained from a primary
hrHPV-positive clinician-taken cervical sample. In case of an hrHPV-positive self-sample,
an additional clinician-taken sample will be necessary as cytology cannot be reliably
performed on self-sampled materials.*> Cytological triage has limited sensitivity, and
therefore still needs follow-up for cases with an hrHPV-positive result combined with
normal cytology, also additional follow-up is warranted for cytology positive cases which
show no abnormalities during colposcopy or in a biopsy. The worldwide experience with
cytological assessment of cervical samples makes cytology an interesting triage method
for hrHPV-positive women; however, limitations as average sensitivity, subjectivity of
the analysis, and inability to perform on self-sampled material are major disadvantages.

2.2 p16staining

Expression of the HPV E7 oncoprotein induces KDM6B histone demethylase expres-
sion and causes epigenetic reprogramming. Through KDM6B, demethylation of the
p16™* (p16) promoter is triggered, with upregulation of p16 expression as a result."
The upregulation of p16 in transforming infections might therefore be used as bio-
marker for differentiating between productive and transforming infections. HrHPV
testing with p16-staining triage produces a significant increase in sensitivity compared
with conventional cytology, with no substantial increase in referral to colposcopy.” The
longitudinal sensitivity of p16-staining as triage method for hrHPV-positive women is
77.8% for =CIN3, with a 95% confidence interval (Cl) ranging from 63.9-91.6%. The rela-
tive sensitivity of p16 triage of hrHPV-positive women between 35 and 60 years of age,
compared with primary conventional cytology is 2.08 (95% Cl 1.13-3.56).>* Positive p16
staining distinguishes hrHPV-positive women in need of immediate colposcopy referral,
from hrHPV-positive and p16 staining negative women who can safely be managed with
repeat screening after a 2-3 year interval.** Expression of p16 is not limited to dysplastic
cells but can also been found in normal cervical cells such as squamous metaplastic and
endocervical cylindrical cells. This is not problematic in histological samples, but makes
morphological assessment necessary in cytological samples. Assessment is therefore
more subjective and limits reproducibility.” This can be partially overcome by combin-
ing p16 with the proliferation marker Ki-67.

2.3 p16/Ki-67 dual staining

In normal cells expression of proliferation marker Ki-67 can be found in the nucleus dur-
ing all proliferative cell cycle phases, and its expression is limited to basal or parabasal
layers. In CIN lesions its expression extends above the first one-third of the epithelium.
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Expression of both p16 and Ki-67 within the same cell is a sign of neoplastic transforma-
tion, independent from morphological criteria.* The clinical performance of p16/Ki-67
has been studied extensively as triage method for low-grade cytology; however, also
studies in hrHPV-positive women were performed. In triage of hrHPV-positive women
with a negative cytology result, sensitivity for >CIN2 varies between 67-92%, with a
specificity of 73-82%.%** In triage of women with hrHPV-positive low-grade cytology,
sensitivity and specificity of =CIN2 vary from 75-94% and 51-88% respectively.®®** Lim-
ited studies have been performed with immediate p16/Ki-67 triage of hrHPV-positive
women, without additional cytological interference. In a study with 1,509 hrHPV-posi-
tive women >30 years of age, dual-stain cytology shows similar sensitivity but a higher
specificity for >CIN2 detection, when compared with Pap cytology with a threshold
of atypical squamous cells of undetermined significance (ASC-US). For women with a
positive dual-stain, immediate referral to colposcopy was justified. Dual-stain negative
women had a risk of a high-grade lesion that was lower than the risk for hrHPV-positive
women with normal cytology, which is considered low enough to re-examine after one
year according to US management guidelines.*** In another study that performed p16/
Ki-67 dual-stained triage of 446 hrHPV-positive women, a sensitivity similar to cytology
and cytology combined with HPV genotyping has been achieved. Specificity for =CIN3
was significantly higher than with cytology, either or not combined with HPV geno-
typing.* In a prospective population-based study in over 6,000 women, 396 women
between 35 and 64 years of age were hrHPV-positive. Triage of these hrHPV-positive
women by p16/Ki-67 dual-stain yielded a sensitivity of 87.6%, compared with 77.6% for
cytology with an ASC-US threshold. Specificity and colposcopy referral rate were similar
in both groups. Combined triage with cytology (threshold ASC-US or worse) and p16/
Ki67 yielded an increased sensitivity but at the expense of a decreased specificity. With
an adjusted threshold of HSIL for cytology, the sensitivity and specificity were similar to
triage with p16/Ki-67 alone.”

Combined p16/Ki-67 dual staining shows promising results in triaging hrHPV-positive
women, as well as in triaging hrHPV-positive women with negative or low-grade cytol-
ogy. However, the subjectivity of the examination, the inability for high-throughput
testing and its inability to be used on self-sampled material are shortcomings. Also, a
negative dual-stain result still needs follow-up, as well as a positive dual-stain result
without colposcopic or histologic abnormalities.

2.4 MCM2/TOP2A dual-stain

Minichromosome maintenance protein 2 (MCM2) and topoisomerase Il-a (TOP2A) are
both indicative for the formation of the origin recognition, and indicate an aberrant S
phase induction when detected in suprabasal cells of the epidermis. Aberrant S phase
induction is the premature and prolonged entry in the S-phase of the cell cycle, which
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is induced by HPV E6 and E7 oncoproteins, resulting in G1/S cell-cycle checkpoint
malfunction. Both MCM2 and TOP2A have shown to be overexpressed in high-grade
CIN and cancer. The performance of the MCM2/TOP2A dual-stain has been examined
as triage method of low-grade cytology showing varying sensitivity for the detection of
>CIN2, when compared with cytology. In triage of hrHPV-positive women in one study,
this dual-stain yielded a relative sensitivity of 1.30 (95% Cl 1.20-1.41) and relative positive
predictive value (PPV) of 2.89 (95% Cl 2.58-3.15), when compared with cytology alone.*®
Knowledge on clinical utility of the assay in triage of hrHPV-positive women is limited
and further studies on this morphology-dependent assay are needed to determine and
validate its clinical value.

3. MOLECULAR BIOMARKERS

3.1 HPV genotyping

Cervical infections with HPV16 and HPV18 have demonstrated the highest risk of devel-
oping precancer and cancer. HPV16 is found in 50-60% of all cervical cancers, and HPV18
in 10-15% of cervical cancer cases.* HPV18 and HPV45 are especially known for their
association with the less prevalent adenocarcinoma of the cervix.’®*' Risk estimates for
individual genotypes or the combination of different genotypes can be used for triage
of hrHPV-positive women.

In the guideline of the American Society for Colposcopy and Cervical Pathology (AS-
CCP), HPV16/18 genotyping is already recommended for hrHPV-positive women with
normal cytology results; all HPV16 or HPV18 positive women are immediately referred
for colposcopy, women positive for other hrHPV types without morphological changes
are advised follow-up after one year with hrHPV and cytology co-testing.> The additional
value of genotyping with immediate referral of HPV16/18 positives was confirmed in the
HPV FOCAL trial which included over 6,000 women screened by hybrid capture 2 (HC2)
and Cobas hrHPV testing at baseline and liquid-based cytology (LBC) 24 months later.
HrHPV-positive women were tested with HPV genotyping and reflex LBC for colposcopy
triage. Of the >CIN2 lesions identified in the first round of screening, which includes
baseline and 12 month follow-up, 55% had abnormal cytology and an additional 17%
with normal cytology was HPV16/18 positive. Concluding that immediate referral of
HPV16/18 positive women with normal cytology may allow for earlier detection of
>CIN2 lesions.>

Multiple studies have been performed on HPV16/18 genotyping triage of