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Chapter I. 
 

Introduction. 
 
 
 
 
Chapter I.I 
Introduction to Cervical Cancer  
 
1. Incidence of Cervical cancer 

According to the International Agency for Research on Cancer, 
gynecological cancers accounted for 19% of the 5.1 million estimated new 
cancer cases, the 2.9 million cancer deaths and the 13 million 5-year prevalent 
cancer cases among women in the world in 2002 [1]. Global estimations for 
cervical cancer arrive at 468,000 new cases and 233,000 deaths in 2000 year [2]. 
The frequency of occurrence of cervical cancer differs significantly between 
countries, from 0.4% in Israel to 5.3% in Colombia [3] of all cancers. More than 
80% of all cases occur in developing countries [1], which emphasizes the need 
for considerable prophylactic efforts, especially in third-world countries. 
However, the risk of death in developed countries is also high. In the USA, 
cervical cancer accounts for 1.3% of all deaths due to cancer among women [4]. 
In the Netherlands 583 new cervical cancer cases were  diagnosed in 2003, 
compared to 644 in 2002 (http://www.ikcnet.nl/). The incidence of cervical 
cancer in the Netherlands has been decreasing at a rate of approximately 2% 
annually since 1990. This is mostly due to the nation-wide program for early 
diagnosis of cancer. 

 



Introduction 

2 

2. Diagnosis 
Cervical cancer originates from dysplastic lesions of various degrees. 

Diagnosis is largely based on biopsy of the epithelium of the cervix. For 
screening purposes Papanicolau and Trout (1941) introduced the smear test for 
cytomorphological analysis of epithelial cells [5], scraped from the cervix, 
which is still in use till now (known in Netherland as KOPAC-B). In many 
developed countries, population-based screening by Pap smear tests are 
routine procedures, organized and financed by the respective governments. 
Many third-world countries have no such preventive and prophylactic 
measures. The histological cervical intraepithelial neoplasia (CIN) scoring 
system was introduced by Richart in the 1960’s [6]. The third kind of test is 
based on the Bethesda classification [7], which attempts to distinguish cases 
which are more- or less- likely to progress into serious (aggressive) types of 
epithelial lesions. Table 1 compares the different histological and cytological 
scoring systems and nomenclatures [8]. 

 
Table 1. Histological and cytological abnormalities (nomenclature and scoring 
systems) 

Histology Cytology 
Dysplasia CIN Bethesda Papanicolaou 
Normal Normal Within normal limits Pap 1 
Benign atypia Inflammatory atypia Benign cellular changes Pap 1 
Atypical cells Squamous atypia ASCUS Pap 2 
Mild Dysplasia CIN I Low-grade SIL Pap 3A1 
Moderate Dysplasia CIN II High-grade SIL Pap 3A2 
Severe Dysphasia CIN III High-grade SIL Pap 3B 
Carcinoma in situ CIN III High-grade SIL Pap 4 
(Microinvasive) 
cancer 

(Microinvasive) 
cancer 

(Microinvasive) cancer Pap 5 

SIL:squamous intra-epithelial lesion. 
 
To classify the different stages of cervical cancer, the International Federation 
of Gynecology and Obstetrics (FIGO) has agreed on a five stage division [9] 
(Table2).  
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Table 2. FIGO classification (staging) 
FIGO stage Description 

0 Carcinoma in situ (preinvasive carcinoma) 
I Cervical carcinoma confined to uterus  
IA 
 

Invasive carcinoma diagnosed only by microscopy. All microscopically 
visible lesions  even with superficial invasion  are stage IB 

IA1 
 

Stromal invasion no greater than 3.0 mm in dept and 7.0 mm or less in 
horizontal spread 

IA2 
 

Stromal invasion more than 3.0 mm and not more than 5.0 mm with a 
horizontal spread of 7.0 mm or less 

IB Clinically visible lesion confined to the cervix or microscopic lesion 
greater than IA2 

IB1 Clinically visible lesion 4.0 cm or less in greatest dimension 
IB2 Clinically visible lesion more than 4.0 cm in dimension 
II 
 

Tumour invades beyond the uterus but not to the pelvic wall or to lower 
third of the vagina 

IIA Without parametrial invasion  
IIB With parametrial invasion 
III 
 

Tumour extends to pelvic wall and/or involves lower third of vagina 
and/or causes hydronephrosis or non-functioning kidney 

IIIA Tumour involves lower third of vagina; no extension to pelvic wall 
IIIB Tumour extends to pelvic wall and/or causes hydronephrosis or non-

functioning kidney 
IVA Tumour invades mucosa of bladder or rectum and/or extends beyond the 

true pelvis 
IVB Distant metastasis 
 
Table 3. 

Life-table analysis of 291 patients with all stages of cervical carcinoma (follow-
up, 38,9 months) 

Age % 5-year survival 
≤45 56 
>45 64 

FIGO stage  
I 72 
II 42 

III or IV 24 
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Early or advanced stage of patients are treated differently [10, 11, 12]. Survival 
rates are close to 100% for  stage IA  and much worse for stage III and IV [13], 
Table 3 [14]. 
 
3.  Human Papilloma Virus (HPV) 

HPV is a sexually transmitted virus which has the potential to cause 
cervical cancer. However, in the large majority of women the infection is 
cleared, so in fact cervical cancer is a rare complication of HPV infection. HPVs 
are non-enveloped double stranded DNA viruses. Their DNA is 8 kb in size 
and in circular form. The DNA encodes a long control region without protein 
coding sequences, early proteins (E1-E8) and late proteins (L1-L2). DNA is 
packaged within a capsid shell made of the major and minor capsid proteins L1 
and L2, respectively. Purified L1 protein has the property of self-assembly into 
an empty shell [15]. The virus can multiply episomally, (which is known for 
HPV 16 strain) or in an integrated form with the preference differing from one 
strain to another [16]. Consequently, viral load of different strains does not 
necessarily represent severity of infection, because the integrated form with 
less viral load can cause more persistent disease than episomal one with higher 
viral load. Similar to other integrating viruses, the HPV seems to be capable of 
insertional mutagenesis and deregulation of proto-oncogenes or tumor 
suppressors. There is one report described consistent upregulation of the MYC 
proto-oncogene (v-myc myelocytomatosis viral oncogene homolog (avian)) 
[16]. 

At present more than 100 different HPV types have been identified. They 
differ significantly in carcinogenic potential [17]. Therefore, detection of a 
papilloma virus infection does not necessarily imply a high risk of cervical 
cancer. In most cases, HPV infections are transient, with 70% of newly infected 
individuals clearing the virus within 1 year and 90% of them showing no trace 
of HPV within 2 years [18, 19, 20]. Persistent infection causes the greatest risk 
and is probably enhanced with high-risk types of HPV (16 and 18). Recent 
studies in the United Kingdom showed that 34% of infected women carried 
these high-risk variants of HPV. Risk of having a persistent infection differed 
also between the analyzed social groups. It was higher in non-white women, in 
unmarried women or women cohabiting, in hormonal contraceptive users and 
in current smokers [21]. In Durango, Mexico, only 4.8% of all women were 
found to be HPV-positive. However, 75% of them carried the high-risk HPV 
strains, 16 and 18 [22]. 

The E5, E6 and E7 proteins are mostly responsible for the development of 
the disease. At present, two HPV proteins, E6 and E7, were found to interact 
and block p53 and pRB in infected cells [23]. Since these are two major 
regulators of cell cycle progression and apoptosis, infected cells appear to gain 
a proliferative advantage over non-infected cells.  The full list of targets for E6 
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and E7 is much broader and includes proteins involved in DNA replication 
and control of cell division [24].  

 
4. Markers in use/trial for HPV and or cervical cancer 

It is important to realize that different biomarkers may serve different 
goals (e.g. markers for early detection such as HPV DNA detection in cervical 
scrapings, markers for premalignant lesions likely to progress such as Ki-67 in 
CIN lesions or markers for monitoring response to therapy such as serum 
SCC). Dysplastic cells show increased cell cycling. Therefore, markers of cell 
cycle progression might be a logical choice as biomarkers for cervical cancer. 
Ki-67 is one of the known antigens related to cell cycle progression [25]. 
Though its function is not known, it is measured with antibodies. Numerous 
studies confirmed the diagnostic value of this marker in identifying HPV 
infection and the extent of the cervical neoplasia [26]. Other markers are based 
on the idea that infected cells are more actively cycling, therefore they are 
enriched in S-,G2 and M-phase proteins such as PCNA, Cdc6, Mcm5 etc [27]. 
Others proposed staining for the cell senescence marker p16INK4a [28], or for 
chromosomal aberrations such as aneuploidy [29]. Aberrant methylation of 
tumor suppressor genes is another concept-driven approach towards the 
discovery of potential cancer-related markers [30].  

A separate group of markers are those directly related to the presence of 
HPV. Examples are the E6 and E7 proteins and squamous cell carcinoma 
antigen (SCC). SCC is a serine protease inhibitor [31] and it is not viral protein, 
though it is induced upon HPV infection. Approximately 60% of the patients 
with cervical cancer show elevated levels of serum SCC when all FIGO stages 
were included [32]. SCC levels increase with the stage of the disease and 90% 
of women test positive when at an advanced stage [33, 34]. Monitoring SCC 
levels during a patient’s treatment, for example, with radiotherapy, provides 
useful information for further management of the disease [35]. 

Another potential group of biomarkers are disease-induced proto-
oncogenes. An example is the HCCR protein originally identified as human 
cervical cancer oncogene [36]. Its level in blood was shown to be elevated in 
hepatocellular carcinoma and breast cancer, however, its role in cervical cancer 
(despite the original name) remains unclear. Some biomarkers are related to 
the immune response and/or suppression thereof. Transforming growth factor 
β1 (TGF- β1) is a well-known cytokine with immunosuppressive activity. Its 
downstream target PAI1 appeared to be a good prognostic marker for cervical 
cancer, whereas TGFβ1 itself was a poor indicator [37]. 

Normal cervical epithelium is not keratinized. However, infected cells 
undergo complex changes of expressions of keratins, which affect cell functions 
and interactions. Keratinization is therefore an essential component of the 
disease. The spectrum of expressed keratins in normal and infected cervical 
epithelium was studied over the last 20 years and early reports were 



Introduction 

6 

summarized in 1985 [38]. Recently Shadeo et al. [39] use a genome-wide SAGE 
(Serial analysis of gene expression) tagging technique. They found one isoform 
of keratin (KRT6A) as one of a few proteins forming a specific expression 
signature of neoplastic cervical epithelium at the mRNA level. In general, 
however, expression of keratins is extremely complex, so it is not very 
reproducible from one study to another. Recently, keratins were suggested as 
valuable markers not only for HPV- but also for Epstein Barr Virus-related 
tumors [40].  

 
5. Vaccination against HPV 

HPV infections may escape the immune response because they are often 
restricted to epithelial cells. Only about 60% of infected women carried 
detectable antibodies against HPV [41]. The first trial of a monovalent vaccine 
targeting the L1 protein 6 years ago showed good protection against new 
infections and the development of lesions [42]. 

Vaccination trials with a bivalent vaccine against L1 protein from  HPV 16 
and 18 was reported in 2004 [43]. Last year the U.S. Food and Drug 
Administration issued a license for a quadrivalent vaccine against L1 protein 
from types 6, 11, 16 and 18 [15]. This triggered initiation of national and 
worldwide programs of vaccination. In the Netherlands, the minister of health 
recently suggested a full vaccination program for young women, which should 
reduce the risk of infection to a minimum. This program has not yet been 
implemented to date. A recent survey shows that most but not all pediatricians 
support the idea of a large-scale vaccination campaign [44]. It must be noted 
that vaccination can reduce infection with the above-mentioned types of HPV 
to about 20-70% in one vaccination campaign (calculated based on a 90% 
efficiency of the vaccine, as reported by Markowitz et al. [15]). Such a program 
is thus not absolutely effective and must be seen as a long-term measure. Other 
types HPV must likely also be included in vaccine production to increase 
coverage. Therefore routine preventive screening and early diagnosis remain 
important.  

In conclusion: a variety of biomarkers, serving different purposes have 
been described in cervical cancer. The ideal biomarker with a high sensitivity 
and specificity, also present in premalignant and early stage cervical neoplasia 
which can be determine in easy available body fluids such as serum, is not yet 
available. 
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