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‘You can prove anything with statistics, even the truth’
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IntroductIon

1cervical cancer anD cervical intraepithelial 
neoplasia (cin) lesions 
Cancer of the cervix uteri is the second most common female cancer worldwide. In 
2008 a total of 530,000 new cases were estimated and more than half of the women 
with this disease died because of the consequences. (1;2) Only a minority of the cases, 
approximately 15%, occur in developed countries where it accounts for 3.6% of new 
cancer cases.(1) The vast majority (approximately 80%) of cervical cancers comprise 
squamous cell carcinomas (SCCs) that arise from the squamous epithelium of the 
ectocervix.(3;4) Fifteen to twenty percent of cervical malignancies are adenocarcinomas 
(AdCAs), which are thought to be preceded by adenocarcinoma in situ (AIS) and 
cervical glandular intraepithelial neoplasias (cGIN).(5)

Cervical cancer originates in the cervix, the lower constricted segment of the 
uterus that encompasses the cervical canal (Figures 1a and 1b). The cervix consists 
of two parts: the endocervix (the inside of the cervical canal) and the ectocervix 
(the outer part of the cervix) (Figure 2). The endocervix is covered with glandular 
columnar epithelium that consists of one single cell layer. The ectocervix is covered 
with squamous epithelium and is multi-layered. The border between the two different 
types of epithelium is called the squamocolumnar junction (SCJ) (Figure 3). During 
puberty, metaplastic changes at the SCJ result in transition of columnar epithelium into 
squamous epithelium. This can be seen as a shift of the SCJ from the ectocervix to the 
endocervix (Figure 4). The region between the original and new SCJ is known as the 
transformation zone and is assumed to be vulnerable to oncogenic influences. Cervical 
cancer is thought to originate in this zone.

Cervical SCCs develop through well-characterised stages of premalignant lesions, 
referred to as Cervical Intraepithelial Neoplasia (CIN) graded from 1 to 3 (CIN1, CIN2 
and CIN3).(6) In reflection to their relative risk of progression towards cervical cancer, 
CIN1 lesions are regarded as low-grade CIN lesions. In contrast, CIN2 and CIN3 
lesions are referred to as high-grade CIN lesions (Figure 5). 

In the Netherlands a population based screening program for cervical cancer is in 
place. Each year approximately one million women are invited to have their pap smear 
taken. About three-fourths of them will respond to this invitation, resulting in 720,000 
pap smears in 2003.(7) Around 7000 women need re-testing because the sample is 
of inadequate quality. In approximately 13,000 smears borderline or mild dyskaryosis 
is found and these women are advised to repeat testing in six months. One third of 
them are referred to the gynaecologist for colposcopy after these six months because 
their repeat smear showed persistent cytological abnormalities. Over 3500 women are 
referred to the gynaecologist immediately because their pap smear result was moderate 
dyskaryosis or worse.(7;8) Finally, each year more than 5000 women are treated for a 
high-grade CIN lesion to prevent the development of cervical cancer, mainly through 
a loop electrosurgical excision procedure (LEEP).(9)
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Despite all these efforts in the Netherlands each year approximately 650 women are 
diagnosed with cervical cancer and in 2008 244 women died because of this disease.
(10) The chance of a Dutch woman to be diagnosed with cervical cancer before she 
reaches the age of 75 is 0.46%, and 0.13% women will die of the disease. (11) 

role of hrhpv anD cervical carcinogenesis
Persistent infection with a high-risk human papillomavirus (hrHPV) type is a necessary 
condition to develop cervical cancer and cervical premalignant lesions.(12) Human 

Cervix

Uterus

Vagina

Fallopian tube

Ovarium

Figure 1a: Anatomy of the uterus and cervix

Illustration: Florence Gendre

Figure 1b: Anatomy of the uterus and cervix

Illustration: Florence Gendre

Figure 1a: Anatomy of the 
uterus and cervix.

Figure 1b: Anatomy of the 
uterus and cervi.
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Figure 2: Cervical epithelium

Illustration: Florence Gendre

Figure 3: The squamocolumnar junction

Illustration: Florence Gendre

Figure 2: Cervical epithelium. 

Figure 3: The squamocolumnar junctio.

papilloma viruses are DNA viruses belonging to the family of Papillomaviridae.(13) 
They are non-enveloped viruses, harbouring a double-stranded DNA genome of 
approximately 8000 base pairs (Figure 6). To date there are over 100 different types of 
HPV identified, which have been grouped into species and genera according to DNA 
sequence homology (Figure 7). HPVs are divided into mucosal and cutaneous types, 

Figure 3: The squamocolumnar junction

Illustration: Florence Gendre

Figure 3: The squamocolumnar junction

Illustration: Florence Gendre
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which infect mucosal and cutaneous epithelium, respectively. About 40 HPV types are 
known to infect the genital mucosa.(14) These are subdivided in high-risk and low-risk 
types: the high-risk types can cause (pre)malignant cervical lesions; the low-risk types 
are amongst others associated with condylomata accuminata.

Each HPV type is identified by a number and based on large epidemiological studies 
at least 13 hrHPV types have been identified by the World Health Organisation (WHO): 
hrHPV type 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 66.(15) Worldwide hrHPV 
16 accounts for more than 60% of all cervical cancers, with HPV 18 contributing to 
about another 10%.(15;16) 

Genital hrHPVs are sexually transmitted and it is estimated that at least 80% of 
sexually active men and women encounter an HPV infection in their lifetime.(17) 
The HPV prevalence depends mainly on age and is worldwide the highest (20% or 
more) in women between 16 and 25 years of age, just after their sexual debut.(18) 
Depending on age, at least 80% of all hrHPV infections are transient and will not result 
in premalignant lesions or cervical cancer.(19) Of the remaining hrHPV infections 
that are not cleared, the majority develops into non-progressive CIN1 lesions that will 
regress spontaneously over time. A small minority of the persistent hrHPV infections 
causes high-grade CIN lesions (i.e. CIN2 and CIN3) and, when left untreated, eventually 
cervical carcinoma. This process, from hrHPV infection to cervical carcinoma, takes 
on average 12 to 15 years.(19) As a consequence, premalignant lesions can be detected 
with the help of hrHPV-testing many years before the manifestation of cervical cancer. 
As such a recent report by the Health Council of the Netherlands has recommended to 
introduce HPV-testing in the cervical screening programme.(20)

cervical cytology
By cervical cytology, being a fast and non-invasive test, cervical smears are used to 
screen for possible cervical disease. In the Netherlands, screening programs for 
cervical cancer by cytology commenced in the early 1960’s. However, a nationwide 
population-based screening program was not introduced until 1988. This program was 
restructured in 1996 as it is today: women aged 30 to 60 are invited every five years 
for cytological testing of the cervix.(21) For cytology testing, cells are scraped from 
the cervix with a sampling tool, in the first years with a spatula (e.g. Ayre© spatula) 
and later with a brush that better samples the endocervical area (e.g. Cervex© brush, 
Rovers medical devices B.V., Oss, Netherlands (Figure 8))(22). The exfoliated cells are 
either transferred directly onto a glass slide (hence the name ‘smear’ or ‘scrape’), or 
the brush is rinsed in a vial with a specific liquid (liquid-based cytology). From this 
liquid a suspension of cells is produced from which a concentrated monolayer of cells 
is prepared. Slides produced in this way can be read more easily than slides prepared in 
the conventional way, and the excess material can be used for other tests like hrHPV-
testing.(23)
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Figure 4: Location of the squamocolumnar junction (SCJ) and transformation zone.

Figure 5: Normal epithelium and different grades of CIN.

Figure 4: Location of the squamocolumnar junction (SCJ) and 
transformation zone

Figure 5: Normal epithelium and different grades of CIN

Illustration: Florence Gendre

Currently, cervical smears in the Netherlands are classified according to  
the CISOE-A classification (Table 1).(24) Borderline and mild dyskaryosis (BMD) 
corresponds with a Pap 2 or Pap 3a1 result (Bethesda 2001: ASC-US, ASC-H, AGC 
and LSIL), and worse than borderline or mild dyskaryosis (>BMD) corresponds 
with Pap 3a2 or worse (Bethesda 2001: HSIL, AIS, squamous cell carcinoma and 
adenocarcinoma). Reflecting the underlying risk for (pre)malignant cervical disease, 
women with a >BMD cytology result or two times a BMD cytology result are referred 
to the gynaecology outpatient clinic for colposcopy.(25)

Figure 3: The squamocolumnar junction

Illustration: Florence Gendre
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Figure 6: Human papillomavirus.

Figure 7: HPV phylogenetic tree, adapted from de Villiers et al. 

Figure 6: Human papillomavirus

Figure 7: HPV phylogenetic tree, adapted from de Villiers et al. 

Figure 3: The squamocolumnar junction

Illustration: Florence Gendre
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Table 1: The CISOE-A classification compared with the Bethesda 2001 and Pap classifications.

S O E Pap Description Bethesda 2001
0 0 0 0 Inadequate Unsatisfactory for evaluation
1 1 1-2 1 Normal Negative for intraepithelial lesion or malignancy
1 2 1-2 1 Normal Atrophy, negative for intraepithelial lesion or 

malignancy
2-3 3 3 2 Borderline dyskaryosis ASC-US/ASC-H AGC
4 4 4 3a1 Mild dyskaryosis ASC-H/LSIL AGC favour neoplastic
5 5 5 3a2 Moderate dyskaryosis HSIL AGC favour neoplastic
6 6 6 3b Severe dyskaryosis HSIL AGC favour neoplastic
7 - 7 4 Carcinoma in situ HSIL AIS
8-9 7-8 9 5 Carcinoma Squamous cell carcinoma Adenocarcinoma

AGC, atypical glandular cells; AIS, endocervical adenocarcinoma in situ; ASC-H, atypical 
squamous cells cannot exclude HSIL; ASC-US, atypical squamous cells of undetermined 
significance; CIN, cervical intraepithelial neoplasia; HSIL, high grade squamous 
intraepithelial lesion, encompassing CIN2–3; LSIL, low grade squamous intraepithelial lesion, 
encompassing CIN1.
Adapted from Bulk et al. (24)

Figure 8: Pap smear 

Illustration: Florence Gendre

Figure 8: Pap smear.

Figure 3: The squamocolumnar junction

Illustration: Florence Gendre
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conventional colposcopy
In 1925, dr. Hans Hinselmann was the first to describe a colposcopic examination of the 
uterine cervix.(26) Today, colposcopy is well established in the clinical gynaecological 
practice for defining cytologically or clinically detected lesions of the cervix. 
Colposcopy is a visual technique whereby the cervix is examined in vivo with a special 
microscope (the colposcope). Colposcopy aims at the detection of macroscopic changes 
in tissue features such as colour and morphology. Comparison of these features with 
established patterns of lesions is the next step in order to classify the lesion. 

To enhance the visualisation of lesions, acetic acid (3-5%) is applied directly onto 
the cervix. Cervical tissue swells because of the acetic acid, especially columnar and 
abnormal epithelium. The effect of acetic acid depends on the amount of nuclear 
protein or specific cytokeratins present in the cell.(27) Abnormal epithelium has a 
higher nuclear density and consequently a higher concentration of protein and will 
undergo maximal coagulation and prevent light from passing through the epithelium.
(28) Abnormal epithelium appears as white epithelium (acetowhite) because of the 
sharp line of demarcation between the two types of epithelium. It is usually quite 
easily distinguishable from normal epithelium (Figure 9). The acetowhite effect is 
time-limited. It is best seen directly after the application of the acetic acid and then 
fades. More intense white colouring of the epithelium and a longer lasting effect seem 
to correlate with high-grade lesions.(29) In summary, acetowhitening is strongly 
correlated with the presence of abnormal epithelium and can be observed during 
colposcopy.(27;28;30)

Besides the acetowhitening effect, other features of dysplastic epithelium are 
known. These include punctation, mosaic pattern and atypical vessels.(27) Punctation 
is a pattern of dilated, elongated, often twisted and irregularly terminating vessels of 
the hairpin type. The vessels are arranged in a prominent punctate configuration. The 
area with punctation has often a sharp line of demarcation from the normal epithelium.
(27) Mosaic is a structure of capillaries that is arranged parallel to the surface of the 
cervix and it has a characteristic pattern, which can be recognised.(27) Atypical blood 
vessels are terminal vessels with an irregular size, shape, course and arrangement. 
They also have a significantly greater intercapillary distance than the vessels in normal 
epithelium. Atypical vessels can be shaped like a corkscrew, as a comma and other 
bizarre forms.(27;31)

The diagnostic performance of the colposcopist depends heavily on visual skills in 
detecting the abovementioned signs of disease. Training, experience and competence 
in processing and comparing the perceived pattern with the established features of a 
premalignant lesion are important factors that determine the sensitivity and specificity 
of colposcopic examination.(32) Despite this, recent studies have suggested that higher 
level of experience in colposcopy does not increase the sensitivity of this examination.
(33;34) A high variation in colposcopic performance has been reported, with  
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the average sensitivity of colposcopy to distinguish low- from high-grade lesions and 
cancer of no more than 55%.(33;35-38) The low to average sensitivity and specificity of 
colposcopic examination is associated with a high degree of subjectivity and inter- and 
intraobserver variability.(39-41)

Since histology is the gold standard to detect high-grade lesions, the colposcopic 
impression is confirmed by punch biopsies or direct loop excision (‘see and treat’). 
This sampling of the cervix is often stressful and painful for the patient and does not 
provide an immediate test result. Besides, the accuracy of histology is hindered by 
the variability in histological diagnosis among pathologists and the obvious sampling 
errors through the inaccuracy of colposcopy.(42-44) Therefore, improvement of the 
aforementioned points, for example with the use of digitally enhanced colposcopy, 
would constitute a major improvement in colposcopic practice.

Digital colposcopy
In order to overcome the difficulties associated with conventional colposcopy, 
alternative methods for colposcopy have been developed. These include adoption of 
digital techniques for colposcopy, in which ‘digital’ means every method of colposcopy 
using any form of image enhancement by a computer. Roughly all digital colposcopy 
techniques can be classified in one of the following categories: digital imaging and 
telecolposcopy, computerised colposcopy, optical coherence tomography, confocal 
microcolposcopy and spectroscopy (including fluorescence, trimodal, contact probe 

Figure 9: Cervix with clear acetowhitening, mosaicism and 
punctation  

Figure 9: Cervix with clear 
acetowhitening, mosaicism 
and punctation.
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and impedance spectroscopy). These various techniques with their respective efficacies 
are described in detail in chapter 2. 

In short, digital imaging is the combination of computerised image processing and 
colposcopy. A photo from the cervix is taken and the image is subsequently digitalised. 
Digital image processing techniques permit contrast enhancement of features, such 
as white epithelium and abnormal vasculature, and are in this way able to help the 
colposcopist to identify and to grade a lesion.(45)The introduction of internet and e-mail 
has facilitated the review of digital colposcopic images outside the examination room. 
This is known as ‘telecolposcopy’, a form of telemedicine: the electronic transmission of 
information for the delivery of quality clinical health care from a distance.(46)

Computerised colposcopy is the process where digital images of the cervix are 
analysed by a computer for characteristic features and colour patterns, which may 
enhance the objectivity of the colposcopic examination. Computerised colposcopy 
should be considered as an adjunct to conventional colposcopy.

Optical coherence tomography (OCT) is a non-invasive technique that can be 
used to image tissue structures slice by slice with high, micrometer-scale, resolution. 
The tissue is illuminated by low-power infrared light and the backscattered light is 
collected. Subsequently, the optoelectronic processor and computer create a two- or 
three-dimensional map of the backscattered intensity. This map is a cross-sectional 
image similar to B-mode ultrasound but has much better spatial resolution for 
superficial layers.(47;48) It was initially developed for imaging the different structures 
of the eye, such as the macula and retina.(49;50)

Confocal microscopy is an optical imaging technique used to increase contrast and 
to reconstruct three-dimensional images. It uses point illumination and a pinhole in an 
optically conjugate plane in front of a detector to eliminate out-of-focus light or light 
scattering. Only the light within the focal plane can be detected, so the image quality is 
much better than that of normal light microscopes.(51-53) Although the use of confocal 
microscopy to examine the cervix uteri in vivo is a novelty, it has been used for a longer 
time in the field of dermatology, ophthalmology and gastroenterology.(54-59)

Spectroscopy is a non-invasive method in which for example light or electric current 
is used to study the biochemical composition as well as the metabolic and structural 
features of tissue.(60) In 1999 Mitchell et al. presented a review concluding that in order 
to diagnose squamous intraepithelial lesions, fluorescence spectroscopy outperforms not 
only colposcopy alone, but also has better results compared to cytology and HPV testing.
(61) More recently, two reviews were published about point probe versus multispectral 
fluorescence and reflectance spectroscopy.(62;63) Their conclusions were that optical 
spectroscopy has a similar performance to colposcopy and may help localise lesions and 
therefore might be an effective adjunct to colposcopy. An example of a commercially 
available spectroscopic colposcopy device is the Dynamic Spectral Imaging (DSI) 
colposcope DySIS™ (Dynamic Spectral Imaging System, DySISmedical, Livingston, UK). 
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Figure 10: Dynamic Spectral Imaging (DSI) Colposcope (DySIS™, Forth Photonics, 
Livingston, UK).

Figure 11: Examination with the DSI colposcope.

Figure 10: Dynamic Spectral Imaging (DSI) Colposcope (DySIS™, 
DySISmedical (former Forth Photonics), Livingston, UK) 

Figure 11: Examination with the DSI colposcope
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Dynamic spectral imaging colposcopy
The dynamic spectral imaging (DSI) colposcope (Figure 10) is a digital imaging 
instrument used to visualise the cervix during a colposcopic examination, allowing 
different colour-filtering and magnification options. It features a digital camera with 
a resolution of 1024 x 768 pixels, it has white bright LED illumination and the field of 
view is approximately 25 x 35mm. The DSI colposcope has green and blue digital filters, 
is able to magnify 10 to 27 times and creates polarised glare-free images. Additionally, 
it is possible to measure and map the dynamics (i.e. rise time, intensity and persistence) 
of the acetowhitening effect in a specific spectral band, for every point of the cervix. 
Modelling of the measured dynamic curves by the DSI colposcope enables the per 
point analysis of the acetowhitening effect, which is strongly correlated with alterations 
in the structure and functionality of the epithelium.(28;29;64) 

During an examination with the DSI colposcope the device is attached to the 
speculum. The acetic acid is applied with the use of a syringe attached to the camera of 
the colposcope. Once this syringe has been emptied, a censor is triggered and the DSI 
measurements start automatically. This data acquisition period will take approximately 
three minutes. At the end of the examination, the DSI information is concisely 
presented in the form of a colour-coded map, which can be overlaid onto the colour 
image of the cervix (Figure 11), to assist the identification of the location and severity 
of cervical lesion(s).

The DSI colposcope has been tested in a prospective, multicenter, nonrandomised, 
paired, clinical trial.(65) Consecutive women referred to one of the participating 
colposcopy clinics because of an abnormal smear or symptoms suspicious for cervical 
disease were included. In total, 529 women were recruited within the study period of 
a little more than a year. First a training set was formed of 82 eligible women. Data 
from these examinations were used to choose the cut-off value for high-grade cervical 
disease. Subsequently, 447 women formed the test set of the study, of which 139 women 
were excluded, resulting in 308 eligible women. The majority of the women were 
excluded because of an unsatisfactory view of the cervix (n = 45) or problems with the 
application of acetic acid (n = 37). Overall, 72 of the 308 women (23.4%) were found 
to have high-grade disease or worse. The performance of DSI in identifying high-grade 
cervical disease was assessed on a per patient basis.

The DSI colposcope detected significantly more cases of high-grade disease than 
either conventional colposcopy (57 versus 35 cases, p = 0.0001, Fisher’s exact two-sided 
test) or referral cytology (57 versus 38, p = 0.0013, Fisher’s exact two-sided test). The 
sensitivities of conventional and DSI colposcopy were 48.6% and 79.2% respectively.
(65) These data indicate the advantages of DSI colposcopy and its potential for clinical 
use, albeit DSI colposcopy appeared to be not suitable in every situation. We further 
researched the clinical use of the DSI colposcope and our findings are described in 
chapter 4.
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Besides cytology, hrHPV-testing and (digital) colposcopy, there is ongoing research for 
new adjunctive techniques to identify women with high-grade cervical disease. Several 
randomised controlled trials have been conducted to compare the efficacy of hrHPV-
testing in primary screening with that of screening by cytology for the detection of 
cervical cancer. The main conclusion of these trials indicates that screening based on 
hrHPV-testing has a higher sensitivity than cytology-based screening (i.e. it detects 
more premalignant cervical lesions) but has a lower specificity.(66-71) 

Thus, hrHPV-testing alone results in the detection of a substantial number of 
women with transient hrHPV that will not lead to clinically meaningful cervical 
lesions. Furthermore, it might result to over-referral for colposcopy and consequently 
to over-treatment. Triaging with cytology is a solution, but does not offer, for example, 
a resolve for hrHPV positive women with normal cytology (the focus of chapter 6). 
Therefore additional markers are needed. Among, but not limited to these markers are 
HPV genotyping, HPV mRNA, HPV viral load and methylation markers (Table 2).(72) 
Although the focus for these techniques is on implementation in screening programs, 
they might also be of use to triage women already identified to be at risk (e.g. after an 
abnormal cytology result). In this thesis we have also investigated the role of hrHPV 
genotyping and methylation markers.

hrhpv genotyping
Not all human papillomavirus high-risk types are equal in the risk they pose to 
initiate the development of cervical premalignant and malignant lesions. In the Dutch 
population-based cervical screening program HPV16 and 33 are more prevalent in 
hrHPV positive women with a BMD or worse cytology result and underlying high-
grade CIN than in women with normal cytology. This suggests that infection with 
these types confers an increased risk for development of high-grade cervical lesions.
(73) Furthermore, risk and clearance rates in women with normal or BMD cytology 
depend on the hrHPV type present. HPV16, and to a lesser extent HPV18, 31 and 33, 
have shown significantly decreased clearance rates, pleading for closer surveillance of 
women infected with these types.(74;75)

HrHPV type distribution in women with cervical carcinoma as compared with 
cytologically normal women showed that HPV18 is mainly a risk factor for the 
development of adenocarcinoma and its precursor adenocarcinoma in situ. HPV16 
is associated with both squamous cell carcinoma and adenocarcinoma.(76) Another 
study of a prospective screening cohort of over 20,000 women followed-up for 10 years 
has found an increased risk posed by HPV16 and HPV18 for cervical (pre)malignant 
lesions, both squamous and adenomatous lesions.(77) These findings suggest that 
triaging HPV16 and HPV18 positive women from those with other high-risk HPV 
types may identify women at the greatest risk of high-grade cervical disease and 
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Table 2: New technologies in (pre)malignant cervical disease detection.

Technology Benefits Limitations

HPV genotyping Discrimination of HPV16/18 from 
other high-risk types may have greater 
positive predictive value. 
May differentiate sequential infection 
with different types from persistent 
infection with the same type. 
Useful for test of cure. 
Amenable to use with self-sampling. 
Compatible with many collection 
media. 
Objective output.

Moderate to high complexity even with 
standardised commercial reagents. 
Very difficult to establish consensus 
primer-based genotyping de novo with 
adequate quality control. 
Algorithms may be too complicated 
to be readily translated into clinical 
practice. 
High cost.

HPV mRNA Potential to increase specificity.
Objective output

Moderate to high complexity.
RNA less stable, not compatible with all 
collection media.
Compatibility with self-sampling 
unknown.
High cost.

HPV viral load Potential to increase specificity
Objective and quantitative output

High complexity.
Not prognostic (except for HPV16).
Requires type-specific quantification.
High cost.

HPV integration Potential to increase specificity.
Objective output.

Moderate complexity for DNA 
methods.
Very high complexity to detect 
integrated transcripts.
Integrated DNA may not be 
transcriptionally active.
Requires type-specific assay.
Common occurrence of mixed 
episomal and integrated HPV in 
cervical intraepithelial neoplasia.
High cost.

P16 enzyme 
linked 
immunosorbent 
assay

Single analyte (p16 protein) to detect 
infection with any high-risk HPV.
May increase specificity by detecting 
active infection.
Objective output.
Cost may be lower than HPV DNA/
RNA tests

Moderate complexity.
Compatibility with self-sampling 
unknown.
Not compatible with all collection 
buffers.
Order of sampling may affect 
performance.
Low specificity.

Methylation 
profile

As a marker of disease and not 
infection, may increase specificity.
Compatible with urine sampling.
Objective output.

High complexity.
Sensitivity limited: questionable 
reproducibility.
High cost.

TERC-gain As a marker of disease and not 
infection, may increase specificity.
Subjective output (requires expert 
interpretation).
May be useful as prognostic marker.

Very high complexity.
High cost.

Other 
proliferation/ cell 
cycle markers

As a marker of disease and not 
infection, may increase specificity.
Subjective output (requires expert 
interpretation).

Very high complexity.
Questionable reproducibility.
High cost.

Adapted from Gravitt et al.(72)
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1cervical cancer. As such, these women might benefit from closer monitoring, even if 
their smears are cytologically normal. Conversely, a less aggressive management of 
women with non-HPV16/18 hrHPV positive cervical lesions could be advocated.

Another point of interest is that HPV genotyping may also have some advantages 
and perhaps some prognostic value in monitoring of women who have been treated for 
high-grade cervical disease or cervical cancer. Demonstrating the same hrHPV type in 
post-treatment specimen as in the primary lesion may indicate a residual of recurrent 
hrHPV infection due to incomplete removal of the lesion or disability of the respective 
woman to clear a particular hrHPV type.(73;76) Therefore, this woman might require 
more intense follow-up or more aggressive treatment. Alternatively, women who have 
been treated for premalignant cervical lesions and who test cytology and hrHPV 
negative at their 6-month follow-up visit need less monitoring.(78)

role of methylation in the Development of (pre)
malignant cervical Disease
Numerous studies have evaluated the importance of promoter methylation of 
tumour suppressor genes in the development of cervical cancer, as was reviewed by 
Wentzensen et al.(79) The relative absence of methylation in disease free women 
suggests that methylation may represent a more specific marker for CIN and cervical 
cancer compared to cytology or hrHPV DNA tests. Tumour suppressor genes showing 
frequent promoter hypermethylation in cervical carcinomas include CDH1, DAPK, 
FHIT, HIC-1, p16, RAR-beta, RASSF1A, TIMP-2, SPARC, TFPI2, CADM1 and MAL.
(80-82) Although promoter methylation of these genes is common in cervical cancers 
the biological relevance of most of them is subject to further study. So far, methylation-
mediated silencing of the tumour suppressor genes CADM1 and MAL was found to be 
functionally involved in HPV-mediated transformation.(81;83;84)

Proof of principle studies for methylation analysis of tumour suppressor genes 
have been performed on both conventional scrapes and liquid based cytology samples.
(80;81;85) Up to now, single methylation markers are generally inferior to cytology in 
terms of sensitivity for CIN3, although single markers showed positivity rates of more 
than 90% after application to cervical scrapings of cancer patients.(80;81;86-88)

Application of a methylation marker panel targeting multiple genes to cervical 
scrapings has already been demonstrated to increase the sensitivity for high-grade 
cervical lesions, such as combination of DAPK1, CADM1, SPARC and TFPI2. 
Combining these markers on abnormal liquid-based cytology samples of women with 
high-grade lesions resulted in 64% positives compared with 27% of normal cytology 
samples.(80) In cervical scrapings of cervical cancer patients detection rates up to 90% 
have been reached using various combinations of methylation markers.(85;88)

The role of CADM1 and MAL methylation in cervical cancer has been evaluated 
and both genes proved to be promising candidates for a methylation marker panel for 
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the detection of high-grade cervical disease or cancer.(81;83;84) Both genes displayed 
tumour suppressor activity in vitro and methylation of their promotors was found 
to induce gene silencing at different stages during HPV-mediated transformation of 
human keratinocytes.(81;83) Since silencing of both genes occurs at distinct stages in 
this process we hypothesised that methylation analysis of these genes may at least be 
part complementary in terms of CIN3+ detection. 

Although the ideal marker panel for detecting all clinically relevant cervical 
lesions has not been established yet, present data suggest that methylation markers 
are promising triage tools for distinction of women with clinically meaningful cervical 
disease amongst those that are hrHPV positive without an underlying cervical lesion. 

aim anD outline of this thesis
Compelling evidence exists for the need of better detection methods for high-grade 
cervical disease. This thesis aims at answering some urgent questions about the role of 
digital colposcopy techniques, hrHPV testing and genotyping and methylation markers 
in the diagnosis of CIN and cervical cancer. The first part of this thesis is dedicated to 
digital colposcopy, the second part to HPV and HPV-related progression markers. 

This thesis tried to answer the following questions:
1. What are the different digital colposcopy techniques, how do they work and what is 

their efficacy? (Chapter 2: Digital colposcopy: Ready for use?) 
2. Are hrHPV-related lesions recognisable by colposcopy? (Chapter 3: Colposcopic 

characteristics of high-risk human papillomavirus-related cervical lesions.)
3. Does dynamic spectral imaging colposcopy improve the sensitivity of colposcopic 

examination? (Chapter 4: Dynamic Spectral Imaging colposcopy: Higher sensitivity 
for detection of premalignant cervical lesions.)

4. Is the detection of cervical premalignant lesions dependent of the hrHPV type 
present? And is there a difference between conventional colposcopy and dynamic 
spectral imaging colposcopy in detection of these type-specific lesions? (Chapter 
5: Agreement between colposcopic impression and histological diagnosis among 
human papillomavirus type 16-positive women: a clinical trial using dynamic 
spectral imaging colposcopy.)

5. What is the added value of hrHPV-testing to cervical cytology in a university 
hospital gynaecology outpatient clinic? And is it possible to assess a useful risk 
profile in relation to the referral reason to identify who should be tested for 
cervical premalignant lesions? (Chapter 6: HrHPV-testing in a university hospital 
gynecology outpatient clinic: recommendations for clinical practice.)

6. Is it possible to develop clinically useful hrHPV methylation markers to identify 
women at risk for high-grade cervical lesions and cervical cancer? (Chapter 7: 
Combined CADM1 and MAL promoter methylation analysis to detect (pre-)
malignant cervical lesions in high-risk HPV-positive women.)
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1The results presented in the abovementioned chapters are evaluated in Chapter 8 
(Summary, general discussion and future perspectives). The clinical consequences of 
this research and the future perspectives are discussed. 
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