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Voorwoord

Klaar is het dan. Ik heb mijn promoti etraject alti jd als een persoonlijk wetenschappelijk 
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Hooggeleerde G.H. de Bock, beste Truuske, bedankt voor je stati sti sche begeleiding. Jouw 

commentaar op de manuscripten zorgde ervoor dat het voor een ‘niet-dokter’ beter te begrijpen 
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Zeergeleerde G.B.A. Wisman, beste Bea, een dokter aannemen om laboratorium onderzoek te 

doen, het is wat. Gelukkig is het goed gekomen. Ik wil je hartelijke bedanken voor je intensieve 

begeleiding ten aanzien van de experimenten die ik heb uitgevoerd en het schrijven van de 

manuscripten. Ik heb onze samenwerking als pretti  g en vooral erg gezellig ervaren.

Zeergeleerde E. Schuuring, beste Ed, ik heb jouw kriti sche blik op experimenten enorm kunnen 

waarderen, helaas leverde het alti jd extra werk op. Ik wil je met name bedanken voor de 

wetenschappelijke gesprekken, hoewel het ‘bijkletsen’ ook alti jd gezellig was, dit heeft  een 

belangrijke bijdrage geleverd aan mijn wetenschappelijke ontwikkeling.

De leden van de leescommissie, hooggeleerde C.J.L.M. Meijer, hooggeleerde L.F.A.G. Massuger 

en hooggeleerde M.G. Rots wil ik hartelijk bedanken voor het beoordelen van het manuscript.
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Nathalie Reesink en Esther Nijhuis, mijn voorgangers op het onderzoeksproject, wil ik bedanken 

voor de gedegen opbouw van databases en ervaring die bij mijn start aanwezig waren. Dit heeft  

het begin en het verloop van mijn onderzoekstraject makkelijker gemaakt.
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voor hun bijdrage aan dit proefschrift . 
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wil je veel succes wensen in je verdere loopbaan.

Mijn opvolgster Aniek Boers wil ik succes wensen in haar promoti etraject en bedanken voor het 

kriti sch lezen van mijn manuscript voor de laatste puntjes.

Tja, dan de beruchte oncologie kamer Y4.234 Ninke Leff ers, Justi ne Briët, Claudia Bijen, Renee 
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SCREENING ON CERVICAL NEOPLASIA

Since the introducti on of a populati on based screening program for detecti on of cervical 

neoplasia, cervical cancer incidence and mortality declined in the Netherlands [1]. Despite this 

signifi cant reducti on in cervical cancer burden, there is much room for improvement of the 

currently applied screening test, which is based on cytomorphology. Conventi onal Pap smear has 

a sensiti vity of around 55% for detecti on of high-grade cervical intraepithelial neoplasia (CIN) [2]. 

It is esti mated that up to 50% of high-grade CIN will progress to cervical cancer and therefore 

these lesions are generally treated [3]. High-risk human papillomavirus (hr-HPV) DNA testi ng has 

been demonstrated to improve detecti on of high-grade CIN, although the positi ve predicti ve 

value (PPV) is too low [4,5]. Therefore, other molecular markers, e.g. methylati on markers, are 

needed with a high sensiti vity and PPV.

 Gene promoters contain CpG islands and these are targets for methylati on, resulti ng in 

blocked transcripti on. Promoter methylati on of tumor suppressor genes has been reported to 

be an early event in carcinogenesis [6]. Gene promoter methylati on of several cervical cancer 

specifi c genes has been suggested as an alternati ve diagnosti c tool for early detecti on of cervical 

neoplasia by Quanti tati ve Methylati on Specifi c PCR (QMSP) [7,8]. Today several cervical cancer 

specifi c methylati on markers have been tested for early detecti on of cervical neoplasia, however 

none of these markers can be used in populati on based screening so far, due to low sensiti vity and 

specifi city [9]. Therefore, applicati on of novel high-throughput techniques for the identi fi cati on 

of such methylati on markers is needed. 

 The recent introducti on of a prophylacti c vaccine against two hr-HPV types (16 and 18) in 

a Nati onal Immunizati on Program in the Netherlands for girls 12 years of age and a catch up 

program for girls 13-16 years of age will aff ect the effi  ciency of the current populati on based 

screening program. Due to decline of cervical neoplasia incidence in future, the PPV of the 

screening test will inevitably decrease. The eff ect of prophylacti c vaccinati on on cervical neoplasia 

incidence however will take more than a decade. Short-term improvement of current cervical 

neoplasia screening should focus on a test with a higher sensiti vity than current Pap smear and 

a higher specifi city than hr-HPV testi ng. As current prophylacti c vaccines cover only 70% of all 

cervical cancers also in the post-vaccine era screening will sti ll be needed. However, due to the 

anti cipated, HPV vaccinati on-related decline in incidence of cervical neoplasia a future screening 

test will especially require a higher PPV [10]. 
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PROGNOSIS IN CERVICAL CANCER PATIENTS

Currently classic prognosti c factors such as tumor size, depth of stromal invasion, lymphovascular 

space involvement, parametrial invasion and pelvic lymph node metastasis [11-14], are used to 

determine which pati ents will be off ered adjuvant (chemo)radiotherapy aft er radical surgery. Sti ll 

a small proporti on of pati ents treated with primary surgery will suff er from recurrent disease. 

Identi fi cati on of these pati ents by molecular markers may have signifi cant impact on clinical 

practi ce. Another challenge for molecular prognosti c markers in early stage cervical cancer is to 

preoperati vely identi fy those pati ents, scheduled for surgery based on classic clinicopathologic 

parameters, who are at high risk to receive any form of adjuvant treatment, thereby presenti ng 

the opportunity to avoid two or three modality treatment. In advanced stage cervical cancer 

molecular markers for response on (chemo)radiotherapy are becoming more important, 

since new therapeuti c agents, specifi cally targeti ng pathways represented by these molecular 

targets are reaching the clinic. In this light, molecular markers predicti ng response on (chemo)

radiotherapy can be used to select advanced stage cervical cancer pati ents for additi onal pati ent-

tailored treatment with targeted drugs. 

OUTLINE OF THIS THESIS

Gene promoter methylati on is an early event in cervical carcinogenesis. Therefore, detecti on 

of methylati on markers may be an excellent screening test for detecti on of (pre)malignant 

cervical neoplasia. In chapter 2 an in depth analysis was performed for 13 previously identi fi ed 

potenti al cervical cancer specifi c methylated genes [15]. First these 13 methylati on markers 

were tested on frozen ti ssue from 20 cervical cancer pati ents and 20 normal cervices. Secondly, 

most discriminati ve markers were used for testi ng their diagnosti c relevance by Quanti tati ve 

Methylati on Specifi c PCR (QMSP) on cervical scrapings from 97 cervical cancer pati ents, 103 

normal cervices and 173 pati ents referred with an abnormal Pap smear. 

 Currently none of the tested methylati on markers are suitable for the opti mal detecti on 

of (pre)malignant cervical neoplasia in a populati on based screening program, as especially 

the sensiti vity of previously identi fi ed methylati on markers is too low (chapter 2). Therefore, 

in chapter 3 a novel high-throughput applicati on was used to identi fy new cervical neoplasia 

associated methylati on markers comparing DNA extracted from frozen ti ssue of 106 normal 

cervical epithelium and 84 cervical carcinomas. The diagnosti c performance of a selecti on of 

markers was validated in cervical scrapings from 74 cervical cancer pati ents, 69 normal cervices 

and 148 pati ents referred with an abnormal Pap smear using QMSP. Furthermore, a scenario 
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analysis for populati on based screening programs was performed to compare the triage potenti al 

of a methylati on test to conventi onal Pap smear aft er primary hr-HPV testi ng. 

 Another drawback of populati on based screening programs are women not att ending for 

screening, the so called non-responders. A self-sampling approach may be a soluti on for these non-

responders. Self-sampling is suitable for hr-HPV testi ng but less applicable for cytomorphological 

assessment [16]. Therefore, we tested in chapter 4 the feasibility of DNA methylati on analysis in 

cervico-vaginal lavages collected from 20 cervical cancer pati ents and 23 pati ents referred with 

an abnormal Pap smear. 

 High-grade CIN is generally treated by Large Loop Excision of the Transformati on Zone 

(LLETZ). In the Netherlands pati ents are followed up by Pap smear 6, 12 and 24 months aft er 

treatment. In chapter 5 compliance to the current Dutch follow-up protocol was assessed and we 

determined if based on the status of the excision margins follow-up intervals could be modifi ed. 

 A small proporti on of CIN 2/3 pati ents develop a recurrent lesion aft er treatment, which 

can be due to incomplete excision (residual lesion) or development of de novo lesions. 

Disti ncti on between residual and de novo recurrent lesions is arbitrary and commonly defi ned 

as: residual lesions; diagnosed within 24 months aft er treatment, recurrent lesions: diagnosed 

aft er 24 months. We hypothesized that methylati on patt erns in residual lesions might be more 

comparable to their primary lesions than methylati on patt erns in recurrent lesions and their 

primary lesions. In chapter 6 we performed a pilot study to determine whether gene promoter 

methylati on patt erns diff er more between paired lesions from early (<24 months) compared to 

late (≥24 months) recurrent high-grade CIN.

 A wide variety of molecular markers has been explored in early stage cervical cancer, but so 

far no molecular markers are routi nely used in clinical decision making. In chapter 7 a systemati c 

review was performed to identi fy molecular markers related to survival and/or lymph node 

metastasis in cervical cancer pati ents primarily treated by surgery. Additi onally, we att empted to 

perform a meta-analysis to evaluate their possible clinical diagnosti c relevance.

 In chapter 8 the expression of EGFR, pEGFR, PTEN, pAKT and pERK was related to clinico-

pathological parameters and disease specifi c survival in early stage cervical cancer. 

 The EGFR pathway is involved in processes associated with carcinogenesis and tumor 

progression and more recently also with sensiti vity to radiotherapy. In chapter 9 we determined 

the expression of EGFR, pEGFR, PTEN, pAKT, and pERK in relati on to response to (chemo)radiati on 

and survival in a large, well-documented series of cervical cancer pati ents.

 The results of the previous chapters are summarized in chapter 10 and future perspecti ves 

for molecular markers in cervical cancer are given.
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ABSTRACT 

Purpose: Recently, we reported 13 possible cervical cancer specifi c methylated biomarkers 

identi fi ed by pharmacological unmasking microarray in combinati on with large-genome 

computati onal screening. Aim of the present study was to perform an in-depth analysis of the 

methylati on patt erns of these 13 candidate genes in cervical neoplasia and to determine their 

diagnosti c relevance. 

Experimental design and results: 5 of 13 gene promoters (C13ORF18, CCNA1, TFPI2 C1ORF166 

and NPTX1) were found to be more frequently methylated in frozen cervical cancer compared 

to normal cervix specimens. Quanti tati ve methylati on analysis for these 5 markers revealed that 

CCNA1 and C13ORF18 methylati on were both present in 68/97 cervical scrapings from cervical 

cancer pati ents and in only 5 and 3 scrapings, respecti vely, from 103 healthy controls (p<0.0005). 

In cervical scrapings from pati ents referred with an abnormal Pap smear, CCNA1 and C13ORF18 

were methylated in 2/43 and 0/43 CIN 0 and in 1/41 and 0/41 CIN I, respecti vely. Furthermore, 

8/43 CIN II, 22/43 CIN III and 3/3 micro-invasive cancer pati ents were positi ve for both markers. 

Although sensiti vity for CIN II or higher (for both markers 37%) was low, specifi city (96% and 

100%, respecti vely) and positi ve predicti ve value (92% and 100%, respecti vely) were high.

Conclusion: Methylati on of CCNA1 and C13ORF18 in cervical scrapings is strongly associated 

with CIN II or higher grade lesions. Therefore, these markers might be used for direct referral to 

gynecologists for pati ents with a methylati on positi ve scraping. 
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INTRODUCTION

Cervical cancer is an important cause of death in women worldwide [1]. Cervical carcinogenesis is 

strongly associated with (high-risk) human papillomavirus (HPV) infecti ons [2]. Cytomorphological 

examinati on of cervical smears is a widely applied, though not ideal screening method for cervical 

cancer and its precursors (cervical intraepithelial neoplasia (CIN) [3,4,5]. High risk HPV (hr-HPV) 

testi ng has been suggested to improve cervical cancer screening [6,7]. However the specifi city 

of hr-HPV testi ng, especially in a young screening populati on is relati vely low [8,9]. Therefore, 

other objecti ve biomarkers are needed to improve specifi city for cervical cancer screening [10]. 

Promoter hypermethylati on analysis [11-13] might represent such markers. 

 Promoter hypermethylati on of tumor suppressor genes is a common feature of human 

cancers mostly resulti ng in silencing of gene expression [14]. In additi on to the functi onal 

implicati ons of gene inacti vati on in tumor development, these aberrant methylati on patt erns 

represent excellent targets for novel diagnosti c approaches based on methylati on sensiti ve 

PCR techniques (MSP). In fact, one would like to have a similar methylati on marker as has 

been reported for GST-P1 in prostate cancer, in which promoter methylati on is present in 

95% of the adenocarcinomas, whereas the normal prostate ti ssue is negati ve [15]. Promoter 

hypermethylati on of tumor suppressor genes in general has been reported to be an early event 

in cervical carcinogenesis [16] and consequently hypermethylati on analysis might be relevant 

especially for the early detecti on of cervical neoplasia. 

 Over the past years, assessment of methylati on markers in cervical scrapings for the 

detecti on of cervical cancer and CIN appeared to be feasible [10-13,17-23]. In these studies a 

variety of gene promoters has been investi gated, mainly chosen due to their previously reported 

methylati on status in cervical cancer ti ssue or in other tumor types. However, sti ll only few of 

these methylati on markers have been reported to be cervical cancer specifi c, i.e. most cancers/ 

high-grade CIN are methylated and simultaneously no false positi ve results in scrapings of women 

with no or low-grade CIN. However, for most of these markers a threshold was set in order to 

obtain a high specifi city. Recently, an editorial emphasized the need for greater standardizati on 

of current approaches and suggested that large-scale, non-targeted studies are necessary to 

further characterize DNA methylati on biomarkers in cervical cancer [24]. 

 The identi fi cati on of cancer-specifi c methylated markers should provide new targets for 

diagnosti c and therapeuti c interventi on. Methods for identi fying such markers based on 

pharmacologic unmasking of the promoter region and detecti on of re-expression on microarray 

analysis have indeed revealed such new candidate cancer specifi c methylated genes [19,25,26]. 

Using this approach in combinati on with a novel relaxati on ranking methodology, we recently 

showed that genes were signifi cantly enriched towards methylati on in cervical cancer [27]. 
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In additi on, we reported on the modifi cati on and improvement of the selecti on of candidate 

markers based on a promoter structure algorithm and microarray data generated from 20 

cancer cell lines of 5 major cancer types [28]. Regarding cervical cancer, our initi al large-genome 

computati onal screening approach identi fi ed 45 cervical cancer specifi c putati vely methylated 

biomarkers. Preliminary screening indicated 13 potenti al cervical cancer specifi c genes, using 

bisulfi te sequencing PCR on 2 normal cervices and 10 cervical cancers [28]. 

 Aims of the present study was 1) to perform an in-depth analysis of the methylati on patt erns 

of these 13 candidate genes in cervical cancer and normal ti ssue specimens and 2) to evaluate 

their possible relevance for detecti on of cervical neoplasia in a large series of scrapings from 

pati ents with cervical cancer, low- and high-grade CIN and from otherwise healthy women. 

PATIENTS AND METHODS

General strategy
For our in depth analysis of the methylati on patt erns of the 13 putati ve cervical cancer specifi c 

genes, previously identi fi ed by us [28], the following strategy was used (see fi gure 1). First 

MSP for 13 genes was performed on DNA isolated from 20 normal cervices and 20 cervical 

cancers. In this fi rst step, macrodissected frozen ti ssue secti ons were used, as the amount of 

DNA isolated from frozen ti ssue secti ons is much larger than from cervical scrapings, thereby 

allowing multi ple MSPs. Genes were ranked on p-value and genes signifi cantly more frequently 

methylated in cervical cancers compared to normal cervices were selected for further evaluati on 

in a second step by QMSP in cervical scrapings from a large series of cervical cancer pati ents 

(n=97) and healthy age-matched controls (n=103). This second step enabled us to investi gate the 

discriminati ve power of methylati on analysis for cervical cancers compared to normal scrapings 

and to analyze if methylati on is related to stage or histology (in the cervical cancer group) or to 

age (in the group of controls). Concordance between the assays was very high as determined 

during opti malisati on of QMSP, when the same samples used for MSP were analyzed (data not 

shown). The potenti al as a diagnosti c tool of QMSP for the genes selected in the second step 

was fi nally evaluated in a third step in a large series of scrapings (n=185) from selected pati ents, 

referred to our department with an abnormal Pap smear and with no CIN (i.e. CIN 0), CIN grade 

I-III or cervical cancer. 

Pati ents
All pati ents referred between 2001 and 2007 because of cervical cancer or an abnormal Pap 

smear were asked to parti cipate in our study during their initi al visit to the outpati ent clinic 
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of the University Medical Center Groningen (UMCG). Gynecological examinati on under general 

anaesthesia was performed in all cervical cancer pati ents for staging in accordance with the 

Internati onal Federati on of Gynecology and Obstetrics (FIGO) criteria [29]. Cervical scrapings 

were collected during the initi al visit to the outpati ent department or at gynecologic examinati on 

under general anaesthesia. In pati ents referred for an abnormal Pap smear CIN diagnosis was 

always based on histology, from either a biopsy or large loop excision specimen. As healthy 

controls, scrapings and ti ssue of normal cervices were obtained from pati ents without a history 

of abnormal Pap smears or any form of cancer who were planned to undergo a hysterectomy 

for non-malignant reasons during the same period. Indicati ons for hysterectomy were fi broids, 

prolaps uteri, adenomyosis, hypermenorrhea or a combinati on of these. All cervical ti ssues were 

judged as histopathologically normal. 

Step 1: MSP frozen �ssue 
20 cancers versus 20 normals 

BSP frozen �ssue [28]
10 cancers versus 2 normals 

13/45 genes 

5/13 genes 

2/5 genes 

Step 2: QMSP scrapings 
97 cancers versus 103 normals 

Step 3: QMSP scrapings with abnormal cytology  
CIN 0 (n=45), CIN I (n=44), CIN II (n=45),

CIN III (n=47) or cancer (n=4)

Figure 1 | Flow scheme for analysis of the diagnosti c performance of 13 cervical cancer specifi c genes 

identi fi ed in our previous study [28]. 

 For MSP analysis (step 1), frozen ti ssue samples of 20 squamous cell cervical cancer pati ents 

were selected (7 FIGO stage IB (35%), 6 FIGO stage IIA (30%), 3 FIGO stage IIB (15%), 2 FIGO stage 

IIIB (10%) and 2 FIGO stage IV (10%)) and as controls frozen ti ssue samples of 20 normal cervices. 

Median age of cervical cancer pati ents was 55 years (IQ range 24-86) and of healthy controls 50 

years (IQ range 38-66). For QMSP analysis (step 2), scrapings were selected randomly from our 

larger database (n=411), including 97 cervical cancer pati ents (45 FIGO stage IB (46%), 11 FIGO 
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stage IIA (11%), 11 FIGO stage IIA/B (11%), 16 FIGO stage IIB (16%), 2 FIGO stage IIIA (2%), 9 FIGO 

stage IIIB (9%), 2 FIGO stage IVA (2%) and 1 FIGO stage IVB (1%); 82 squamous cell carcinomas 

(85%) and 15 adenocarcinomas (15%)) and 103 pati ents with a normal cervix. Median age of 

both cervical cancer pati ents (median: 48 yrs, 23-88) and controls (median: 48 yrs, 30-77) was 

the same. For evaluati on of the diagnosti c performance of QMSP analysis for selected genes (step 

3), we collected from our large database comprising all pati ents referred with an abnormal Pap 

smear (n=808), fi ve groups, based on their histological diagnosis: CIN 0 (n=45, median age=38 

yrs.), CIN I (n=44, median age=35 yrs.), CIN II (n=45, median age=35 yrs.), CIN III (n=47, median 

age=33 yrs.) and (micro)invasive cervical cancer (n=4, median age=42.5 yrs.). Informed consent 

was obtained from all pati ents and controls parti cipati ng in this study. This study was approved 

by the Insti tuti onal Review Board of the UMCG. 

Sample collecti on procedure and DNA isolati on
From the frozen ti ssue samples, secti ons (10 μm) were cut and in case of normal cervices 

macrodissecti on was performed to enrich for epithelial cells. The percentage of either normal 

or tumor cells present in the frozen secti ons used for DNA isolati on was determined by staining 

parallel secti ons with hematoxylin and eosin. Cervical scrapings were collected generally within 6 

weeks aft er initi al abnormal cytomorphology using an Ayre’s spatula and endocervical brush. The 

spatula and brush with the collected cells were then suspended in 5 ml of phosphate buff ered 

saline (PBS: 6.4 mM Na2HPO4; 1.5 mM KH2PO4; 0.14 M NaCl; 2.7 mM KCl (pH 7.2)) and kept 

on ice unti l further processing. Of this cell suspension, 1 ml was used for cytomorphological 

assessment. Cytospins were Pap stained and routi nely classifi ed by two independent pathologists 

without knowledge of the molecular and clinical data according to a modifi ed Papanicolaou 

system [30]. The remaining part (4 ml) was pelleted, snap-frozen in liquid nitrogen and stored at 

-80°C as described previously [13]. DNA was extracted using standard salt-chloroform extracti on 

and ethanol precipitati on for high molecular DNA and dissolved in 150 μl TE-4 buff er (10 mM 

Tris; 1 mM EDTA (pH 8.0) [13]. For quality control, genomic DNA was amplifi ed in a multi plex PCR 

according to the BIOMED-2 protocol [31].

HPV detecti on and typing
In all samples, presence of high risk HPV was analyzed by PCR using HPV16 and HPV18 specifi c 

primers. On all HPV16- or HPV18- negati ve cases, a general primer-mediated PCR was performed 

using two HPV consensus primer sets, CPI/CPIIG and GP5+/6+, with subsequent nucleoti de 

sequence analysis as described previously [13]. As a control for the specifi city and sensiti vity of 

each HPV-PCR, a serial diluti on of DNA extracted from HPV16-positi ve CaSki and HPV18-positi ve 

HeLa cell lines. 
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Methylati on specifi c PCR (MSP)
MSP was performed aft er bisulfi te treatment on denatured genomic DNA as previously 

reported [32]. Bisulfi te treatment was performed with the EZ DNA methylati on kit according to 

manufacturer’s protocol (Zymogen, BaseClear, Leiden, the Netherlands). For PCR, 50 ng of DNA 

was used. Primer pairs are listed in supplementary table 1. A sample was considered methylati on 

positi ve when a PCR product of the right size was visible aft er 40 cycles of PCR. As a positi ve 

control, in vitro methylated genomic DNA with Sss I (CpG) methyltransferase (New England 

Biolabs. Inc., Beverly, MA) and a negati ve control, a pool of leukocyte DNA from healthy women 

were used in each experiment.

Real ti me quanti tati ve methylati on specifi c PCR (QMSP)
QMSP was performed with bisulfi te treated DNA as previously reported [13,32,33]. Primer pairs 

and probes are listed in supplementary table 1. The housekeeping gene β-acti n was chosen 

as reference for total DNA input measurement. QMSP was carried out in a total volume of 20 

ml in 384 well plates in an Applied Biosystems 7900 Sequence Detector (Applied Biosystems, 

Nieuwerkerk a/d IJsel, the Netherlands). Each sample was analyzed in triplicate. The fi nal reacti on 

mixture consisted of 300 nM of each primer, 200 nM probe, 1X Quanti Tect Probe PCR Kit (Qiagen, 

Venlo, the Netherlands) and 50 ng of bisulfi te-converted genomic DNA. As a positi ve control, 

serial diluti ons of in vitro methylated genomic leucocyte DNA with Sss I (CpG) methyltransferase 

(New England Biolabs. Inc., Beverly, MA) were used in each experiment. All amplifi cati on curves 

were visualized and scored without knowledge of the clinical data. A DNA sample was considered 

methylated if at least 2 of 3 triplicates showed exponenti al curves with a Ct-value below 50 and 

DNA input was at least 225 pg β-acti n (equivalent to a Ct-value of 34). QMSP values were adjusted 

for DNA input by expressing results as rati os between two absolute measurements ((average 

DNA quanti ty of methylated gene of interest / average DNA quanti ty for internal reference gene 

β-acti n) x 10000) [13,32,33]. 

Stati sti cs
All analyses were carried out using the SPSS soft ware package (SPSS 14.0, Chicago, IL, USA). 

Methylati on rati os between groups were compared using the Mann-Whitney U test (2 groups) or 

the Kruskal-Wallis test (>2 groups). Associati ons between numerical parameters were analyzed 

using the χ² test with Fisher’s exact test for small numbers when appropriate. Associati ons 

between positi ve methylati on and age were analyzed with Student T-test. Observed diff erences 

with a p-value <0.05 were considered stati sti cally signifi cant.
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RESULTS

MSP analysis in normal cervices and cervical cancer ti ssues
Table 1 summarizes MSP analysis in frozen ti ssue specimens from 20 normal cervices and 20 

cervical cancer pati ents ranked on p-value. C13ORF18, CCNA1, TFPI, C1ORF166 and NPTX1 

were more frequently methylated in cancers versus controls. OGDHL was methylated in almost 

all cancers and normal cervices and GDAP1L1 was methylated in half of the cancers and half 

of the normal cervices. PTGS2, ASMTL, ARMC7, HCP1, C9ORF19 and DLL4 showed no or less 

methylati on in cancers versus normal cervices. In sum, of the initi al 13 markers the fi rst fi ve 

gene promoters (C13ORF18, CCNA1, TFPI2, C1ORF166 and NPTX1) were selected for further 

evaluati on in cervical scrapings by QMSP. NPTX1, the fi ft h marker in the list was also included for 

further analysis, because this gene showed no methylati on in any of the 20 normal cervices while 

it was methylated in 4/20 cervical cancers. 

Table 1 | Methylati on positi vity in frozen ti ssue obtained from pati ents with normal cervix or cervical 

cancer. 

gene cancer normal p-value1

C13ORF18 13/20 1/20 <0.0005

CCNA1 17/20 7/20 0.001

TFPI2 19/20 9/20 0.001

C1ORF166 8/20 1/20 0.02

NPTX1 4/20 0/20 0.106

GDAP1L1 10/20 6/20 0.197

PTGS2/COX2 2/20 0/20 0.487

ASMTL 0/20 2/20 0.487

OGDHL 17/20 19/20 0.605

ARMC7 3/20 1/20 0.605

HCP1 2/20 4/20 0.661

C9ORF19 0/20 0/20 2

DLL4 0/20 0/20 2

1: p-value was calculated by chi-square. If groups were too small, the Fisher exact test was applied. 2: No stati sti cs 
could be computed as methylati on marker is a constant.
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QMSP analysis in scrapings from cervical cancer pati ents and controls
QMSP for 5 gene promoters (C13ORF18, CCNA1, TFPI2, C1ORF166 and NPTX1) was performed 

on scrapings of normal cervices (n=103) and cervical cancers (n=97) (fi gure 2). Both the level and 

frequency of methylati on of all 5 gene promoters were higher in the cancer samples compared 

to the normal cervices (p<0.0005). CCNA1 and C13ORF18 showed almost no methylati on in the 

normal cervices (5% and 3%, respecti vely), while for both genes 71% of cancers were methylati on 

positi ve. C1ORF166 was never positi ve in the normal cervices, however, only 34% of cervical 

cancers were positi ve and this positi vity was not additi ve to CCNA1 and/or C13ORF13 positi vity. 

The other 2 gene promoters, TFPI2 and NPTX1, frequently showed methylati on in the normal 

cervical scrapings. Therefore, CCNA1 and C13ORF18 were selected for further validati on of their 

diagnosti c performance. In the control group, methylati on positi vity of the 5 analyzed genes was 

not related to age indicati ng that methylati on is not due to aging in the scrapings of the cancer 

group (data not shown).
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Figure 2 | Methylati on rati o and frequency in cervical scrapings obtained from pati ents with normal 

cervix or cervical cancer (squamous cell cervical cancer (SCC) and adenocarcinomas (AC)). The level 

and frequency of methylati on for all gene promoters are increasing with the severity of the lesion (all 

p<0.0005).



Chapter 2

24

QMSP and hr-HPV analysis in scrapings from pati ents with an abnormal Pap 
smear
QMSP for CCNA1 and C13ORF18 was performed on scrapings from 173 pati ents referred to 

our department with an abnormal Pap smear, as DNA input was too low for 12 pati ents. QMSP 

analysis for CCNA1 and C13ORF18 (fi gure 3) revealed that levels and positi vity of both gene 

promoters were increased with the severity of the underlying histological lesion (p<0.0005). 

Almost all scrapings from CIN 0 and CIN I pati ents were unmethylated for CCNA1 and C13ORF18, 

while 25% of scrapings from CIN II, 51% of CIN III and all (n=3) micro-invasive cancers showed 

methylati on (see fi gure 3). 

 Hr-HPV was detected in 20 of 43 CIN 0, 27 of 41 CIN I, 32 of 43 CIN II, 41 of 43 CIN III and all 3 

micro-invasive cancers. Hr-HPV was related with the severity of the underlying lesion (p<0.0005). 

The following high-risk types were found: 16, 18, 31, 33, 35, 45, 51, 52, 56, 58, 59 and 66. In 

additi on, HPV6, 70 and 90 were found in 2 CIN 0, 3 CIN I and 1 CIN II, however these were not 

depicted as hr-HPV. 

Ra
�o

CIN 0 CIN I CIN II CIN III (m)CC

CCNA1

2/43 1/41 8/43 22/43 3/3Posi�vity:

CIN 0 CIN I CIN II CIN III (m)CC

C13ORF18

0/43 0/41 8/43 22/43 3/3

Figure 3 | Methylati on rati o and frequency in cervical scrapings obtained from pati ents referred with 

an abnormal smear (n=173). The fi nal diagnosis was no CIN (CIN 0), CIN I, CIN II, CIN III or micro-

invasive cancer ((m)CC). The level and frequency of methylati on is increasing with the severity of the 

lesion (both p<0.0005).
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Diagnosti c performance of hr-HPV and QMSP for CCNA1 and C13ORF18
Table 2 shows the sensiti vity, specifi city, positi ve predicti ve value (PPV) and negati ve predicti ve 

value (NPV) for CIN II or higher of the diff erent assays. Specifi city for CIN II or higher of CCNA1 

and C13ORF18 promoter methylati on analysis alone or combined was high (>93%) with a low 

sensiti vity (37%). Interesti ngly, all 3 cancers were depicted by QMSP and 51% of the CIN III 

pati ents. Especially, the PPVs for CIN II or higher of promoter methylati on analysis for CCNA1 and 

C13ORF18 were high (92% and 100%, respecti vely). 

 Hr-HPV analysis showed the opposite result compared to methylati on analysis i.e. high 

sensiti vity (85%), but low specifi city (53%-44%) for detecti on of CIN II or higher, with a moderate 

PPV and NPV. 

 As HPV DNA testi ng has also been suggested as a primary screening tool in populati on-based 

cervical screening, we also determined sensiti vity, specifi city, PPV and NPV of hypermethylati on 

detecti on for CCNA1 and C13ORF18 in hr-HPV positi ve pati ents. This analysis indicates that the 

test performance of our methylati on markers in the hr-HPV positi ve pati ents is equal to the test 

performance in the whole group of pati ents (see table 2). 

 

Table 2 | Sensiti vity to detect CIN II/III (HSIL) or cancer, specifi city for only CIN 0 or CIN 0/I, positi ve 

predicti ve value (PPV) for HSIL and cancer and negati ve predicti ve value (NPV) for CIN 0 or CIN 0/I of 

methylati on positi vity or hr-HPV in scrapings obtained from pati ents with an abnormal smear (n=173). 

sensiti vity specifi city PPV NPV

HSIL/ca CIN 0 CIN 0/I HSIL/ca CIN 0 CIN 0/I

CCNA1 33/89 (37%) 41/43 (95%) 81/84 (96%) 33/36 (92%) 41/137 (30%) 81/137 (59%)

C13ORF18 33/89 (37%) 43/43 (100%) 84/84 (100%) 33/33 (100%) 43/140 (31%) 84/140 (60%)

CCNA1/C13ORF18 42/89 (47%) 41/43 (95%) 81/84 (96%) 42/45 (93%) 41/128 (32%) 81/128 (63%)

Hr-HPV 76/89 (85%) 23/43 (53%) 37/84 (44%) 76/123 (62%) 23/50 (46%) 37/50 (74%)

Only Hr-HPV pos pts

CCNA1 29/76 (38%) 19/21 (90%) 45/48 (94%) 29/32 (91%) 19/92 (21%) 45/92 (49%)

C13ORF18 30/76 (39%) 21/21 (100%) 48/48 (100%) 30/30 (100%) 21/94 (22%) 48/94 (51%)

CCNA1/C13ORF18 38/76 (50%) 19/21 (90%) 45/48 (94%) 38/41 (93%) 19/83 (23%) 45/83 (54%)

Only Pap II/IIIa pts

CCNA1 8/39 (21%) 40/42 (95%) 75/78 (96%) 8/11 (73%) 40/106 (38%) 75/106 (71%)

C13ORF18 5/39 (13%) 42/42 (100%) 78/78 (100%) 5/5 (100) 42/112 (38%) 78/112 (70%)

CCNA1/C13ORF18 10/39 (26%) 40/42 (95%) 75/78 (96%) 10/13 (77%) 40/104 (38%) 75/104 (72%)

Hr-HPV 30/39 (77%) 23/42 (55%) 35/78 (45%) 30/73 (41%) 23/44 (52%) 35/44 (80%)
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 Finally, we also analyzed the performance of hr-HPV DNA testi ng and methylati on analysis as 

triage tests in pati ents referred with a Pap smear comprising atypical squamous cells of unknown 

signifi cance (ASCUS) or low-grade dysplasia. The test performance of hr-HPV in this specifi c group 

was moderate (41%-80%). The specifi city and PPV for CIN II or higher of methylati on analysis was 

high (>93%) and equal when compared to the whole group.

DISCUSSION

Using a promoter structure algorithm and microarray expression data, we previously identi fi ed 

13 potenti al gene promoters specifi cally methylated in cervical cancer [28]. Our present strategy 

using both cervical ti ssue specimens as well as cervical scrapings allows for a straightf orward in-

depth analysis of the methylati on status of these gene promoters and their possible diagnosti c 

relevance in cervical neoplasia. Our study indicates that in cervical scrapings hypermethylati on 

analysis for two markers (CCNA1 and C13ORF18) has a high specifi city (96% and 100%, 

respecti vely) and high positi ve predicti ve value (PPV) (100% and 92%, respecti vely), but low 

sensiti vity for CIN II or higher (both 37%) among women referred with an abnormal Pap smear. 

However, for a more proper measurement of the sensiti vity and specifi city all women coming 

from populati on-based screening should be analyzed. We regard evaluati on of our markers in 

this populati on as a next step in the validati on process of our markers.

 The current approach for early detecti on of cervical neoplasia in populati on based screening 

programs is sti ll cytomorphological assessment of cervical scrapings, despite its low sensiti vity 

[34]. Therefore, new approaches for detecti on of cervical neoplasia need to be developed. In this 

respect, populati on based screening with hr-HPV DNA testi ng has been extensively studied by 

many diff erent investi gators and appears to be on the brink of (Western) worldwide introducti on. 

Our study however shows again the low specifi city of hr-HPV testi ng and it is clear that especially in 

younger populati ons this approach for populati on based screening needs a triage test to prevent 

massive referrals to gynecologists [35]. Examples of such triage tests are cytology or methylati on 

tests. Diff erent characteristi cs of a triage test aft er a positi ve hr-HPV test can be envisioned. Our 

methylati on test has a high positi ve predicti ve value for CIN II or higher and therefore, hr-HPV 

positi ve pati ents with a positi ve methylati on test could be referred to a gynecologist directly for 

colposcopy and treatment in the same procedure. An important advantage of a methylati on 

test in this respect is, that such a test can be performed on the already available specimen, thus 

avoiding extra visits to general practi oners or gynecologists. Besides using our methylati on test 

as a triage test in primary hr-HPV screening, this test might also be applied in a triage setti  ng 

aft er primary cytological screening for pati ents referred with a smear showing ASCUS or mild 

dysplasia. In case of a positi ve test, again a more effi  cient see and treat policy could be followed 
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instead of taking colposcopically guided biopsies fi rst. It is obvious that cost-eff ecti veness of the 

introducti on of our methylati on test as a triage test should be further explored in prospecti ve 

large-scale trials in women parti cipati ng in populati on-based screening programs.

 Figure 4 shows possible scenarios for applicati ons of our current methylati on test. However, 

due to the low NPV of our current methylati on test, considerably more referrals to gynecologists 

aft er a positi ve hr-HPV DNA and negati ve methylati on test are sti ll not prevented and therefore 

another triage test such as cytology will sti ll be needed. 

Cytology
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Colposcopy

Methtest

Normal
5 year recall

+ -

normal≥ moderate

Normal
5 year recall

borderline or mild

Hr-HPV screening

Methtest
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Normal
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+ -

+ -
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Figure 4 | Proposed scheme for the incorporati on of a methylati on test in cervical cancer screening if 

either hr-HPV or cytology will be used as primary screening.

 In order to become integrated in primary screening for cervical neoplasia, bett er or 

additi onal methylati on markers should be added in order to increase the sensiti vity, without 

losing the specifi city for CIN II or higher grade lesions. Many studies have been conducted to 

analyze specifi c gene promoter methylati on in cervical scrapings [11-13,18,21,36], while others 

studies searched for novel methylati on markers [19,22,37]. One of these studies [19] described a 

similar approach to our study, in which the pharmacological unmasking microarray approach was 

used resulti ng in the identi fi cati on of 6 gene promoters (SPARC, TFPI2, RRAD, SFRP1, MT1G, and 

NMES1) specifi cally methylated in cervical cancer. TFPI2 was the only gene promoter similarly 

identi fi ed from their and our study. In the present study, TFPI2 was evaluated although not 

further analyzed in the cross-secti onal study as 26% of the normal cervical scrapings showed 

methylati on. We evaluated methylati on of SPARC previously in both paraffi  n ti ssues and matched 

scrapings of histological proven (pre)malignant cervical lesions (Yang et al., paper submitt ed 

for publicati on1). SPARC showed more frequent methylati on in cervical cancers, but also many 
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normal cervices were positi ve (13/20). Although SPARC and TFPI2 were the most promising gene 

promoters in the study of Sova et al. [19], our evaluati on in paraffi  n ti ssues and scrapings showed 

a low specifi city.

 Besides the need to identi fy a methylati on marker that is able to detect all CIN II and higher 

grade lesions, the biological process of de novo methylati on of promoter regions of tumor 

suppressor genes in cervical carcinogenesis might be of interest. We show in our study that 

approximately 25% of CIN II scrapings and 50% of CIN III scrapings are positi ve for C13ORF18 

and/or CCNA1. It is also generally assumed that approximately these percentages of CIN II/III 

will progress to cancer when left  untreated [38]. One could hypothesize that only methylati on 

positi ve lesions are propelled to progress and therefore need treatment. However, it will be 

diffi  cult to explore such a hypothesis. E.g. pati ents diagnosed with CIN II/III, preferably based on 

as small biopsies as possible [39], should be asked to parti cipate in a wait-and-see study. Long-

term follow-up of these pati ents by colposcopy and cytology should allow us to analyze a possible 

relati on between methylati on status and regression/progression of the lesions. However, such 

studies are hard to perform and easily fl awed by diff erent types of methodological biases. 

 In this study, we showed that 5 genes were more frequently methylated in cervical cancer 

compared to normal cervical specimens. CCNA1, TFPI2 and NPTX1 were previously described to 

be frequently methylated in cervical cancer [19,27,40]. Available data for CCNA1 and TFPI2 is in 

line with our present data. However, we found more TFPI2 methylati on in scrapings of normal 

cervices and less CCNA1 methylati on in scrapings of cervical cancers, which might be because 

of the small group size of the other studies. C13ORF18 and C1ORF166 have not previously been 

described to be methylated in any type of cancer. C1ORF166, now known as MUL1 or MULAN, 

is a RING fi nger E3 ubiquiti n ligase, anchored to mitochondria and implicated in the regulati on 

of mitochondrial dynamics. Because C1OR166 has been reported to acti vate NF- B pathway 

[41,42], its inacti vati on due to hypermethylati on implies a functi onal role for NF- B during 

progression of cervical cancer. However, this needs further study. Finally, C13ORF18 represents 

a gene with unknown functi on. Sequence comparisons suggest a role as phosphatase inhibitor 

(www.genecards.com2) that would fi t with the functi on of a tumor suppressor gene inacti vated 

in cancer by hypermethylati on. The elucidati on of the functi on of this gene is now subject of our 

future research. 

 In conclusion, two gene promoters, CCNA1 and C13ORF18 showed more methylati on with 

increasing severity of the underlying lesion analyzed in cervical scrapings from pati ents with an 

abnormal smear. The PPV for our methylati on test with these markers was high. Whether pati ents 

with a methylati on positi ve scraping should be directly referred for treatment of their cervical 

neoplasia deserves further explorati on in prospecti ve studies on populati on-based screening for 

cervical cancer. 
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ABSTRACT

Cervical neoplasia specifi c DNA methylati on markers with high sensiti vity and specifi city are 

urgently needed to improve current populati on-based screening on (pre)malignant cervical 

neoplasia. We aimed to identi fy new cervical neoplasia specifi c DNA methylati on markers and to 

design and validate a methylati on marker panel for triage of high risk (hr)-HPV positi ve pati ents. 

First, high through-put quanti tati ve methylati on specifi c PCRs (QMSP) on a novel OpenArray™ 

platf orm, representi ng 424 primers of 213 cancer specifi c methylated genes, were performed 

on frozen ti ssue samples from 84 cervical cancer pati ents and 106 normal cervices. Second, the 

top 20 discriminati ng methylati on markers were validated by LightCycler® MSP on frozen ti ssue 

from 27 cervical cancer pati ents and 20 normal cervices and ROCs and test characteristi cs were 

assessed. Three new methylati on markers were identi fi ed (JAM3, EPB41L3 and TERT), which were 

subsequently combined with C13ORF18 (previously identi fi ed by us as a cervical cancer specifi c 

marker) in our 4-gene methylati on panel. In a third and fourth step, our methylati on panel 

detected in cervical scrapings 94% (70/74) of cervical cancers, 82% (32/39) cervical intraepithelial 

neoplasia grade 3 or higher (CIN3+) and 65% (44/68) CIN2+, while specifi city was 79% (59/75) 

for CIN0/1. Finally, hypotheti cal scenario analysis showed that primary hr-HPV testi ng combined 

with our 4-gene methylati on panel as a triage test resulted in a higher identi fi cati on of CIN3 

and cervical cancers and a higher percentage of correct referrals compared to hr-HPV testi ng 

in combinati on with conventi onal cytology. In conclusion, our 4-gene methylati on panel might 

provide an alternati ve triage test aft er primary hr-HPV testi ng. 
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INTRODUCTION

Infecti on with high-risk human papillomavirus (hr-HPV) is causally linked to cervical carcinogenesis 

[1]. Cervical cancer incidence is reduced by cytologic screening, although cytologic morphologic 

assessment of cervical scrapings is not ideal, since its sensiti vity is only ~55% for CIN2+ [2]. 

Recently, preventi ve vaccines against hr-HPV-16 and hr-HPV-18 have been introduced in the 

Western world, which will reduce the incidence of cervical neoplasia signifi cantly. However, 

these vaccines do not cover 100% of cervical cancers, while it will take over decades before HPV 

vaccinati on aff ects cervical neoplasia incidence. Therefore, screening needs to be conti nued. 

Simultaneously, effi  ciency of cytologic screening in populati on-based screening programs will be 

reduced by vaccinati on, due to a gradual decline of cervical neoplasia prevalence. Hr-HPV testi ng 

of cervical scrapings has been shown to improve sensiti vity of cervical screening [3,4], but is also 

associated with low specifi city, especially in a young screening populati on [5]. For that reason, 

other markers are needed especially to improve the positi ve predicti ve value for populati on-

based screening of cervical neoplasia.

 Promoter methylati on of tumor suppressor genes has been reported to be an early event in 

carcinogenesis [6]. Gene promoter methylati on analysis of several cervical cancer specifi c genes 

has been suggested as an alternati ve diagnosti c tool for early detecti on of cervical neoplasia 

by QMSP [7,8]. Various methylated gene promoters for cervical neoplasia have been tested, 

mainly based on previously reported methylati on status in cervical neoplasia or other tumor 

types. None of these markers have been validated in large populati on-based studies on cervical 

cancer screening so far, due to too low detecti on rates of cervical carcinoma in study populati ons 

enriched for cervical neoplasia ]9]. 

 Diff erent approaches for identi fi cati on of new (cervical) cancer specifi c methylated gene 

promoters have been described [10-14]. Previously, we identi fi ed 13 genes that are methylated 

specifi cally in cervical cancer [12]. Of these genes, we have recently shown that C13ORF18 was 

the one of the best presently available methylati on markers for early detecti on of cervical cancer 

because of its high specifi city (97%) and sensiti vity (71%) [15]. However, the sensiti vity for CIN2 is 

25% and CIN3 51% of C13ORF18 and therefore necessitates additi onal markers. The OpenArray™ 

(Biotrove, Inc) based QMSP experiments could be a novel high-throughput applicati on for 

identi fying specifi c (cervical) cancer methylati on markers. This new methodology allows real-

ti me, 33 nL PCRs on a 3072 holes microarray with the size of a microscope slide [16]. Therefore, 

this assay can be used to measure the methylati on status of a considerable number of genes and 

pati ents samples in a relati vely short ti me. 

  The aim of the present study was to identi fy new methylati on markers for cervical neoplasia 

and to design and validate a methylati on marker panel for triage of hr-HPV positi ve pati ents. 
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Additi onally, a scenario analysis for populati on-based screening programs for cervical neoplasia 

was performed to compare our four-gene methylati on marker panel to conventi onal cytology as 

a triage test aft er primary hr-HPV testi ng. 

PATIENTS AND METHODS

General strategy
For the identi fi cati on and validati on of new cervical cancer specifi c methylati on markers the 

following strategy was applied (see fi gure 1). First, OpenArray™ QMSP was performed with 

424 primers (representi ng 213 genes) on DNA isolated from frozen ti ssue of cervical cancers 

(n=84) and normal cervices (n=106). Methylati on markers were ranked based on their power 

to discriminate between cervical cancer and normal cervices. In the second step, the fi rst 20 

methylati on markers, as derived from step 1 were selected for validati on by LightCycler© MSP 

on DNA isolated from frozen ti ssue of cervical cancers (n=27) and normal cervices (n=20). In both 

steps macrodissected frozen ti ssue secti ons were used, allowing methylati on analysis of relati vely 

pure neoplasti c cells in suffi  cient amounts of DNA. Aft er LightCycler© MSP, methylati on markers 

were ranked based on receiver operati ng curve (ROC) analysis and therefore markers with the 

highest discriminati ve power between normal and cervical cancer ti ssue were ranked on top. 

 Together with C13ORF18 (previously identi fi ed by our group) [15] the best 3 methylati on 

markers from step 1 and 2 were selected for fi rst validati on by QMSP on cervical scrapings from 

a large series of cervical cancer pati ents (n=74) and healthy age-matched controls (n=69). This 

third step enabled us to investi gate the discriminati ve power of methylati on analysis for cervical 

cancers compared to normal scrapings and to analyze if methylati on is related to stage or histology 

(in the cervical cancer group) or to age (in the group of controls). The series of pati ents used 

for QMSP analysis was an independent series of pati ents, as only 13 pati ents (8 cervical cancer 

pati ents and 5 normal cervices) were overlapping with the LightCycler© experiments. In a fourth 

step (second validati on), the potenti al as a diagnosti c tool of QMSP for these four genes was 

evaluated in a large series of scrapings (n=148) from pati ents, referred to our department with 

an abnormal Pap smear, taken during populati on-based screening. Finally, a scenario analysis 

for populati on-based screening programs for cervical neoplasia was performed to compare our 

methylati on marker panel to conventi onal cytology as a triage test aft er primary hr-HPV testi ng, 

as the populati on att ending for screening has a diff erent prevalence of CIN2+ in comparison 

to the study populati on used in step three. This analysis provides informati on on the expected 

performance of our methylati on marker panel in a populati on-based screening program.
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Top 20 LightCycler® MSP
frozen �ssue: 27 cervical cancers and 20 normals

QMSP top 3 + C13ORF18 (previously iden�fied)
scrapings:74 cancers, 69 normals, 

Sta�s�cal analysis

ROC analysis

Scenario analysis: methyla�on panel vs conven�onal cytology 
a�er primary hr-HPV tes�ng

OpenArray™ QMSP 424 primers (213 genes)
frozen �ssue: 84 cervical cancers and 106 normals

QMSP top 3 + C13ORF18 (previously iden�fied) scrapings: 
148 pa�ents referred with an abnormal Pap smear

Figure 1 | Study strategy

Pati ents
All pati ents referred to our outpati ent clinic for (possible) cervical neoplasia are asked to 

parti cipate in various studies on biomarkers in cervical neoplasia during their initi al visit at the 

outpati ent clinic in the University Medical Center Groningen (UMCG). Frozen ti ssue and cervical 

scrapings are prospecti vely collected and stored in our ti ssue bank from cervical cancer pati ents, 

from pati ents with normal cervices planned to undergo a hysterectomy for non-malignant reasons 

and from pati ents referred with an abnormal Pap smear. All pati ents referred with an abnormal 

Pap smear were diagnosed by biopsy or LLETZ (Large Loop Excision of the Transformati on Zone) 

and all ti ssue samples were scored by an experienced gynecologic pathologist (H.H.). Clinico-

pathological data are retrieved from pati ent fi les and stored in a large anonymous database. For 

all cervical cancer pati ents, an examinati on under general anesthesia is performed for staging 

in accordance with the Internati onal Federati on of Gynecology and Obstetrics (FIGO) criteria. 

All pati ents from whom material was obtained gave writt en informed consent. This study was 

approved by and followed the ethical guidelines of the Insti tuti onal Review Board of the UMCG.
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 For the OpenArray™ experiments frozen ti ssue specimens from 84 cervical cancer and 106 

normal cervices from our ti ssue bank were randomly selected. Stage of cervical cancer pati ents 

was: 2 (2%) FIGO stage IA1, 53 (63%) FIGO stage IB, 16 (19%) FIGO stage IIA, 9 (11%) FIGO 

stage IIB, 2 (2%) FIGO stage IIIB, 2 (2%) FIGO stage IV. The histological classifi cati on of cervical 

cancer pati ents was: 71 (85%) squamous cell carcinoma, 9 (11%) adenocarcinoma and 4 (4%) 

adenosquamous carcinoma. Median age of the cervical cancer pati ents was 50 years (range 25-

91). All normal cervix ti ssue samples were obtained from pati ents without a history of abnormal 

Pap smears who were planned to undergo a hysterectomy for non-malignant reasons. Indicati ons 

for hysterectomy were fi broids, prolaps uteri, adenomyosis, hypermenorrhea or a combinati on 

of these. All cervical ti ssues were judged as histopathological normal. Median age of the women 

with normal cervices was 49 years (range 32-83). Samples for LightCycler© MSP were randomly 

selected from these series of specimens (27 cervical cancers and 20 normal cervices).

 QMSP analysis was performed on cervical scrapings randomly selected from our ti ssue bank 

(74 cervical cancer pati ents, 69 normal cervices and 148 pati ents referred with an abnormal 

Pap smear). Stage of cervical cancers pati ents was: 38 (51%) FIGO stage IB, 10 (14%) FIGO 

stage IIA, 17 (23%) FIGO stage IIB, 7 (10%) FIGO stage IIIB and 2 (2%) FIGO stage IV. Histological 

classifi cati on of the cervical cancer pati ents was: 61 (82%) squamous cell carcinoma and 13 

(18%) adenocarcinoma. Pati ents referred with an abnormal Pap smear were divided in: 39 (26%) 

without dysplasia (CIN0), 39 (26%) CIN1, 30 (20%) CIN2, 38 (26%) CIN3 and 2 (2%) micro-invasive 

cervical carcinoma. Median age of cervical cancer pati ents was 47 years (range 27-85), of controls 

47 years (range 30-68) and of pati ents referred with an abnormal Pap smear 35 years (range 20-

65). 

Sample collecti on and DNA isolati on
From all samples 10 frozen ti ssue secti ons (10 μm) were cut, while for normal cervices 

macrodissecti on was performed to enrich for epithelial cells. Before and aft er cutti  ng a 

hematoxylin and eosin slide was made per tumor and normal cervices. All slides were checked 

for proporti on of cervical cancer cells (cut-off  value >50%) or presence of normal epithelium 

and the criteria as menti oned apply to all ti ssue samples used in this study. Cervical scrapings 

were collected using an Ayre’s spatula and endocervical brush. The collected cervical cells were 

suspended in 5 ml of phosphate buff ered saline (PBS: 6.4 mM Na2HPO4; 1.5 mM KH2PO4; 

0.14 M NaCl; 2.7 mM KCl (pH 7.2) and kept on ice unti l further processing. Of these 5 ml cell 

suspensions, 1 ml was used to make cytospins for cytomorphologic assessment and 4 ml was 

centrifuged, washed and the cell pellet was snap-frozen in liquid nitrogen and stored at -80°C as 

described previously [8]. DNA isolati on was performed using standard salt-chloroform extracti on 

and isopropanol precipitati on. Precipitated DNA was resuspended in 150 μl of Tris-EDTA buff er 
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(10 mM Tris; 1 mM EDTA, pH 8.0). Genomic DNA was amplifi ed in a multi plex PCR according to 

the BIOMED-2 protocol, to check the DNA quality [17].

OpenArray™ and LightCycler® experiments
The OpenArray™ platf orm (Biotrove, Inc.) consists of 3072 through-holes loaded with 250 nM 

of each diff erent primer per hole. Assays were custom made; representi ng 424 primers of 213 

cancer specifi c methylated genes; on average one gene was represented by 2 diff erent primers. 

These genes have been described to be discriminati vely more methylated in cervical cancers 

compared to normal cervices as shown by us [12,18] and others [10,19]. Aft er bisulfi te treatment 

on denatured genomic DNA by the EZ DNA methylati on kit according to manufacturer’s protocol 

(Zymogen, BaseClear, Leiden, the Netherlands), β-acti n copy number was determined by QMSP. 

The equivalent of 1500 β-acti n copies per sample was applied per sub-array of an OpenArray™ 

plate. Real-ti me QMSP was carried out in a total volume of 33 nL based on SYBR® Green I chemistry 

in an Applied Biosystems 7900HT Sequence Detector System. Plates were cycled according to the 

manufacturer protocol (www.biotrove.com). In the fi nal step, melti ng temperature (Tm) analysis 

was performed. Threshold cycles (Cts) were automati cally calculated by the OpenArray™ qPCR 

analysis soft ware. 

 LightCycler® MSPs were based on SYBR® Green I chemistry and the amplicon size was 

determined by capillary electrophoresis. An equivalent of 20 ng of bisulfi te treated genomic DNA 

was used per reacti on and the total reacti on volume was 10 μl.

 Quality control was performed using in vitro methylated and unmethylated leucocyte DNA 

samples. From the LightCycler platf orm, the cycle threshold (Ct) and melti ng temperature 

(Tm) were calculated by the Roche LightCycler 480 soft ware (Soft ware release 1.5.0). From 

the capillary electrophoresis platf orm, the band sizes and band heights were calculated by the 

Caliper soft ware (Caliper Labchip HT version 2.5.0, Build 195 Service Pack 2). A sample was called 

positi ve if the melti ng temperature and product size were within the specifi ed boundaries of 

the measured in vitro methylated DNA sample. Boundaries were for melti ng temperature ± 2°C 

and for product size ± 10 bp. In additi on, the Ct had to be under 40 cycles and the correct band 

intensity height had to be higher than 20, the latt er being a relati ve number calculated by the 

Caliper soft ware.

OpenArray™ data analysis
A novel biomarker scoring strategy based on a weighted combinati on of a marker’s discriminati ng 

power and its robustness was developed. The OpenArray™ system relates the presence of an 

amplifi cati on product to Ct and Tm. A sample was considered to be methylated, if Ct was less 

than 42 and Tm fell within an automati cally derived marker-specifi c Tm interval. For a given 
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candidate methylati on marker, the Tm-interval was chosen such that cancer samples tended to 

be classifi ed as “methylated” (i.e. within the Tm-interval) and the controls as “unmethylated”. 

To rank candidate Tm-intervals we used a scoring functi on  based on a 1-sided binomial test- 

that favors intervals with signifi cantly more cancer samples than could be expected from the 

overall percentage of cancer samples in the total set of samples. For each methylati on marker, 

we retained the highest-ranking Tm-interval that includes the in vitro methylated samples. 

 Next, we challenged the robustness of the selected Tm interval by randomly perturbing the 

original dataset. For this we used the Tm-variance (TmVar) derived from repeated measurements 

on in vitro methylated samples. More specifi cially, we generated for each marker a series of 

datasets in which the Tm values were replaced by random values selected from the normal 

distributi on with mean Tm and variance TmVar/NLev, where NLev is a noise level ranging from 1 

to 10. Per level, 1000 datasets were generated and for each dataset the quality of the Tm-interval 

was recorded using the above binomial scoring functi on. The average score -as measured over 

10 ti mes 1000 random perturbati ons- was used to rank biomarkers in ascending order. In the 

resulti ng ranking, methylati on markers with good discriminati ng power that is not aff ected by 

increasing levels of noise are sorted on top. 

QMSP on cervical scrapings
QMSP was performed aft er bisulfi te treatment on denatured genomic DNA. Bisulfi te treatment 

was performed with the EZ DNA methylati on kit according to manufacturer’s protocol (Zymogen, 

BaseClear, Leiden, the Netherlands). To correct for total DNA input, the housekeeping gene 

β-acti n was used as a reference. QMSP was carried out in a total volume of 20 μl in 384 well 

plates in an Applied Biosystems 7900 Sequence Detector (Applied Biosystems, Nieuwekerk 

a/d IJsel, the Netherlands). Each sample was analyzed in triplicate. The fi nal reacti on mixture 

consisted of 600 nM of each primer, 250 nM probe, 1x Quanti Tect Probe PCR Kit (Qiagen, Leiden, 

the Netherlands) and 50 ng of bisulfi te converted genomic DNA. As a positi ve control, serial 

diluti ons of genomic leukocyte DNA, in vitro methylated with the CpG methyltransferase(M.Sss 

I) (New England Biolabs. Inc., Beverly, MA), were used in each experiment. A DNA sample was 

considered to be methylated if at least 2 out of 3 exponenti al curves were visible with a Ct-value 

below 50 and DNA input of at least 225 pg β-acti n. All amplifi cati on curves were visualized and 

scored without knowledge of the clinical data. 

HPV detecti on and typing
In all samples, presence of hr-HPV was analyzed by PCR using HPV16 and HPV18 specifi c primers. 

For all HPV16 and HPV18 negati ve cases a general primer-mediated PCR using primer set GP5+/6+ 

was performed, with subsequent nucleoti de sequence analysis, as described previously [8]. As 
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control for the specifi city and sensiti vity of each HPV-PCR, serial diluti ons of DNA extracted from 

HPV16-positi ve CaSki and HPV18-positi ve HeLa cell lines were included. 

Stati sti cal analysis
All analyses were carried out using the SPSS soft ware package (SPSS 16.0, Chicago, IL, USA). 

To determine the three best performing methylati on markers aft er LightCycler® MSP, receiver 

operati ng curve (ROC) analysis was performed. Presented are AUCs as well as sensiti vity and 

specifi citi es. Diff erences in detecti on rates between normal scrapings, cervical cancers scrapings 

and CIN scrapings by methylati on markers were analyzed using the χ² test. Diagnosti c performance 

for methylati on markers and hr-HPV DNA testi ng was expressed in sensiti vity and specifi city with 

a cut-off  for CIN2+ or CIN3 or higher (CIN3+), respecti vely. Observed diff erences with a P value 

<0.05 were considered stati sti cally signifi cant.

Scenario analysis for populati on based screening program
Scenario analysis was performed in a virtual populati on of 100.000 women. The following 

assumpti ons were based on two populati on-based screening studies concerning hr-HPV testi ng 

and cytomorphological assessment [3,4]. In this virtual populati on 1.100 CIN2+ pati ents were 

presumed, divided in 363 CIN2, 704 CIN3 and 33 cervical cancers. Hr-HPV testi ng was esti mated 

to have a sensiti vity of 95% and specifi city of 94% for CIN2+. For conventi onal Pap smear as 

a triage test aft er hr-HPV testi ng, sensiti vity for CIN2/CIN3 was esti mated to be 70% and for 

cervical cancer 80%. The specifi city of conventi onal Pap smear for CIN2+ aft er hr-HPV testi ng 

was esti mated to be 82%. An analysis was performed for 2 scenarios: 1) primary hr-HPV testi ng 

followed by Pap smear, 2) primary hr-HPV testi ng followed by the methylati on test. The scenario 

analysis was performed for one screening round without follow-up taken into account.

RESULTS

Methylati on marker selecti on
OpenArray™ data analysis representi ng 424 primers of 213 cancer specifi c methylated genes, 

revealed a ranked list of genes based on the discriminati ve power between normal cervices and 

cervical cancers including the robustness of the assay. The 20 highest ranked methylati on markers 

were subsequently evaluated by LightCycler© MSP (see table 1 for sequences methylati on 

markers, see table 2 for OpenArray™ ranking). Table 2 shows LightCycler© MSP analysis in frozen 

ti ssue of 27 cervical cancers and 20 normal cervices ranked on the AUC to represent the best 

combinati on of sensiti vity and specifi city. In additi on, ROC analysis was performed for the early 

stage cervical cancers only (n=19) since this group might be more relevant and meaningful than 
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the total group of cervical cancers. This analysis revealed that the AUC was approximately the 

same resulti ng in the same ranking of genes (data not shown). Some genes (SLIT2, WT1 and 

DKK2) in table 2 are enlisted by both primer pairs, indicati ng that a larger region in the CpG island 

was methylated discriminati vely. The fi rst 3 markers JAM3, EPB41L3, and TERT were selected for 

further clinical validati on. 

Table 1 | Sequences methylati on markers

Methylati on marker Forward primer Reverse primer

JAM3 GGGATTATAAGTCGCGTCGC CGAACGCAAAACCGAAATCG

EPB41L3 GGGATAGTGGGGTTGACGC ATAAAAATCCCGACGAACGA

TERT GGTTTCGATAGCGTAGTTGTTTC CTACACCCTAAAAACGCGAAC

SLIT2_1 AGGGGAAGACGAAGAGCGT CACGAACTAACGCTACGCAA

SOX1 TTGTAGTTTTCGAGTTGGAGGTC AAAACGATACGCTAAACCCG

JPH3 TTAGATTTCGTAAACGGTGAAAAC TCTCCTCCGAAAAACGCTC

LMX1A CGGTATCGTTGTTTAGGAGGC CGTATAACTATTACCTCGAAACGCT

POMC GATTTGGGCGTTTTTGGTTTTTCGC GACTTCTCATACCGCAATCG

C13ORF18 TTTTTAGGGAAGTAAAGCGTCG ACGTAATACTAAACCCGAACGC

WT1_1 TGTGTTATATCGGTTAGTTGAGAGC CGCTACTCCTTAAAAACGCC

SLIT1 GCGTTATGGTGTTTTTATAGCGT TCTTCGATAACTCTACCCCGA

CDH4 GGGACGATTTTTCGTTGTTC TTCTACTACTCTCGCTCTCCGAC

TFPI2 GTTCGTTGGGTAAGGCGTTC CATAAAACGAACACCCGAACCG

ALX3 TTGCGTTTTATTTGTATTTCGC CTTAACGAACGACTTAACCGACT

DKK2_1 GTGCGGGGTAAGAAGGAAC AAAAACAATCAAATACGAAACGC

DKK2_2 GAGAGAGAAAGCGGGAGTTC TCACAATTACCCCGAAACG

WT1_2 GTATGGAGCGTTTTGCGAT AACGAATCCACATACCCGA

RPRM TCGAGGAAGAAGATGTCGAAG AAAAACCCGAACGAACGTAA

SLIT2_2 TAGCGGAGAGGAGATTACGC GACCCCTACATCTTAACAACCG

LOC285016 AGTTGTTTGGTATTCGCGGT CGACCCCTCCTAACTTTCG
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QMSP and hr-HPV on cervical scrapings from cervical cancer pati ents and normal 
cervices
In this fi rst validati on step 143 cervical scrapings (74 cervical cancer pati ents and 69 normal 

cervices) were included. Due to low DNA input, 5 cervical cancer pati ents and 10 normal cervices 

were excluded from further analysis. Methylati on markers were positi ve in cervical cancer 

scrapings in 83% to 90% and in normal cervices only in 5% to 14% (p<0.0001, see table 3). Our 

methylati on panel (JAM3, EPB41L3, TERT and C13ORF18) detected 94% of cervical cancers. Hr-

HPV was detected in 88% of cervical cancer scrapings and in 3% of normal cervical scrapings 

(table 3). The two hr-HPV positi ve scrapings from normal cervices were not positi ve for one of 

the selected methylati on markers (JAM3, EPB41L3, and TERT).

QMSP and hr-HPV on cervical scrapings from CIN pati ents
In total, 148 cervical scrapings from pati ents referred with an abnormal Pap smear were included 

in the second validati on step of the study. Due to low DNA input, 5 pati ents were excluded 

from further analysis. Table 3 summarizes the results of QMSP for the 4 genes separately and 

combined. Methylati on of EPB41L3 and JAM3 showed the highest detecti on level (65-68%) in 

CIN3 pati ents, while our methylati on panel detected 81% of CIN3 pati ents. Methylati on markers 

separately or the combinati on of 4 markers were highly discriminati ve between CIN1 or lower 

and CIN2+ pati ents (p<0.0001). Hr-HPV was detected in 47% of CIN0, 68% of CIN1, 72% of CIN2, 

95% of CIN3 and 100% in micro-invasive cervical carcinoma (table 3).

Diagnosti c performance of methylati on markers and hr-HPV
In table 4 the diagnosti c performance of methylati on markers are shown. The sensiti vity of 

methylati on markers separately and as a panel for CIN2+ varies between 37% and 65% and for 

CIN3+ between 54% and 82%. The specifi city of methylati on markers separately and as a panel 

varies between 79% and 100%, depending on defi niti on. Sensiti vity of hr-HPV test was 85% for 

CIN2+ with a low specifi city 43%-53%. The diagnosti c performance of the methylati on markers 

separately and as a panel were also analyzed in hr-HPV positi ve pati ents. The sensiti vity of our 

panel in hr-HPV positi ve pati ents was 71% for CIN2+ pati ents and 84% for CIN3+ pati ents.
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Table 2 | ROC analysis LightCycler MSP experiments.

Methylati on marker OpenArray™ ranking AUC ROC sensiti vity specifi city p-value

JAM3 6 0.889 77.8% 100% <0.001

EPB41L3 5 0.833 66.7% 100% <0.001

TERT 8 0.783 66.7% 90% 0.001

SLIT2_1 18 0.758 91.7% 60% 0.073

SOX1 4 0.750 100% 50% 0.004

JPH3 2 0.741 48.2% 100% 0.005

LMX1A 11 0.733 66.7% 80% 0.007

POMC 19 0.715 63.0% 80% 0.013

WT1_1 3 0.701 85.2% 55% 0.02

SLIT1 13 0.684 51.9% 85% 0.032

CDH4 14 0.659 51.9% 80% 0.064

C13ORF18 17 0.648 29.6% 100% 0.085

TFPI2 16 0.648 29.6% 100% 0.085

ALX3 1 0.634 51.9% 75% 0.119

DKK2_1 15 0.631 96.3% 30% 0.127

DKK2_2 7 0.620 96.2% 27.8% 0.181

WT1_2 10 0.525 100% 5% 0.771

RPRM 20 0.501 85.2% 15% 0.991

SLIT2_2 12 0.500 100% 0% 1.0

LOC285016 9 0.475 0% 95% 0.771

*AUC=area under the curve

Table 3 | Methylati on markers and hr-HPV detecti on in cervical scrapings

Marker Cancer Normal CIN0 CIN1 CIN2 CIN3 mi-Ca

JAM3 57/69 (83%) 3/59 (5%) 2/38 (5%) 6/37 (16%) 7/29 (24%) 24/37 (65%) 2/2 (100%)

EPB41L3 57/69 (83%) 8/59 (14%) 2/38 (5%) 6/37 (16%) 8/29 (28%) 25/37 (68%) 1/2 (50%)

TERT 62/69 (90%) 5/59 (8%) 2/38 (5%) 6/37 (16%) 4/29 (14%) 19/37 (51%) 2/2 (100%)

C13ORF18 50/69 (73%) 2/59 (3%) 0/38 (0%) 0/37 (0%) 4/29 (14%) 21/37 (57%) 2/2 (100%)

Combi* 65/69 (94%) 15/59 (25%) 5/38 (13%) 11/37 (30%) 12/29 (41%) 30/37 (81%) 2/2 (100%)

Hr-HPV 61/69 (88%) 2/59 (3%) 18/38 (47%) 25/37 (68%) 21/29 (72%) 35/37 (95%) 2/2 (100%)

*combi=combinati on 4 methylati on markers, mi-Ca=micro-invasive carcinoma



A four gene methylati on marker panel as triage test in hr-HPV positi ve pati ents

45

Scenario analysis populati on based screening for detecti on cervical neoplasia
Since the populati on att ending for screening has a diff erent prevalence of CIN2+ in comparison 

to our enriched study populati on, a scenario analysis was performed (see table 5). This analysis 

provides informati on on the expected performance of the methylati on test in a populati on-based 

screening program. Overall the detecti on of CIN2+ was almost equal between primary hr-HPV/

Pap smear and primary hr-HPV/methylati on test scenarios (p=0.934), while detecti on of CIN3 

and cervical cancers was higher for hr-HPV testi ng in combinati on with our methylati on panel 

(p=0.021). The percentage correct referrals was also higher in the methylati on test scenario 

(p<0.001).

Table 4 | Diagnosti c performance for pati ents referred with an abnormal Pap smear.

Marker Sensiti vity Specifi city

CIN2+ CIN3 + CIN0 CIN0/1

JAM3 49% (33/68) 67% (26/39) 95% (36/38) 89% (67/75)

EPB41L3 50% (34/68) 67% (26/39) 95% (36/38) 89% (67/75)

TERT 37% (25/68) 54% (21/39) 95% (36/38) 89% (67/75)

C13ORF18 40% (27/68) 59% (23/39) 100% (38/38) 100% (75/75)

Combi* 65% (44/68) 82% (32/39) 87% (33/38) 79% (59/75)

Hr-HPV 85% (58/68) 95% (37/39) 53% (20/38) 43% (32/75)

Only hr-HPV positi ve pati ents

JAM3 53% (31/58) 70% (26/37) 94% (17/18) 88% (38/43)

EPB41L3 55% (32/58) 70% (26/37) 100% (18/18) 88% (38/43)

TERT 40% (23/58) 54% (20/37) 94% (17/18) 88% (38/43)

C13ORF18 43% (25/58) 62% (23/37) 100% (18/18) 100% (43/43)

Combi* 71% (41/58) 84% (31/37) 89% (16/18) 77% (33/43)

 mi-Ca=micro-invasive carcinoma, *combi=combinati on 4 markers

Table 5 | Scenario analysis populati on based screening program

Scenario % CIN2 ≥ 
detected

% CIN2 
detected

% CIN3 
detected

% missed 
Carcinoma

% correct 
referral

HPV Cytology 66.8% 66.4% 66.5% 24.2% 45.4%

HPV METH 68.2% 47.8% 78.8% 3.0% 56.5%
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DISCUSSION

In this study, OpenArray™ technology in combinati on with LightCycler® MSP experiments and 

QMSP identi fi ed three new methylati on markers (JAM3, EPB41L3 and TERT), highly specifi c for 

detecti on of cervical neoplasia. Together with C13ORF18, previously identi fi ed by our group [15], 

these genes were incorporated in a methylati on panel that had a bett er diagnosti c performance 

as a triage test aft er hr-HPV testi ng, than currently widely applied cytology. Our hypotheti cal 

scenario analysis for populati on-based screening in silico evaluated a strategy of combining hr-

HPV testi ng with our methylati on panel and indicates that this approach may result in a higher 

detecti on of CIN3 and cervical cancers and a higher positi ve predicti ve value, when compared 

to hr-HPV with cytology as triage test. Our methylati on test outperformed cytology as triage 

test, despite the fact that our hypotheti cal scenario analysis took a relati vely high sensiti vity of 

cytology for CIN2/3 (70%) and cervical cancer (80%) aft er hr-HPV testi ng into account, which is in 

line with the study of Bulkmans et al. [4]. However, sensiti vity of conventi onal cytology and liquid 

based cytology is ~55% [2] in routi ne screening and the questi on remains if sensiti vity indeed will 

improve more than 15% aft er positi ve hr-HPV testi ng in routi ne screening. Due to future impact 

of HPV vaccinati on on CIN prevalence, primary hr-HPV testi ng can be used to compose a high 

prevalence populati on. This will be needed for any triage test to maintain an acceptable NPV and 

PPV [20]. 

 Strengths of the current study are: 1) all potenti al methylati on markers for detecti on of 

cervical cancer as known from literature so far were selected for the OpenArray™ experiments, 

2) the OpenArray™ platf orm is a high through-put assay that needs only small amounts of DNA, 

3) a validati on strategy was developed to select the best performing markers, 4) the selected 

markers were validated in scrapings from pati ents with pre-malignant cervical neoplasia. 

Limitati ons of the current study are: 1) as the number of samples was limited, repeati ng the 

OpenArray™ experiment was not an opti on, although this certainly would decrease the number 

of false-positi ve and false negati ve results, 2) the OpenArray™ assay analyzes only CpG islands in 

the promoter region (~500 bp around the transcripti on start site) of genes, 3) validati on of the 

markers on cervical scrapings was performed on a relati vely small series of pati ents, enriched for 

cervical neoplasia and should be validated in an independent cohort of pati ents, 4) the scenario 

analysis is based on a hypotheti cal populati on and is performed for only one screening round and 

takes not into account the data of follow-up. 

 An important advantage of the methylati on test is that it can be performed on the same 

sample as used for hr-HPV testi ng and therefore methylati on-based tests as triage tests are also 

promising in the context of self-sampling. Since self-sampling is suitable for hr-HPV testi ng but 

less appropriate for cytological examinati on [21], and probably other non-DNA-based assays (like 
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p16 staining), methylati on-based tests could also be an alternati ve in this approach. Recently, 

we investi gated the feasibility of methylati on testi ng in combinati on with cervico-vaginal lavages 

[22]. 

 Another advantage of methylati on-based testi ng is that in future this test may be further 

improved by identi fying even more sensiti ve and specifi c methylated gene promoters, while 

such signifi cant improvement is unlikely for the diagnosti c performance of cytology. Hence, 

further eff ort will be put in reaching 100% sensiti vity for CIN2 and CIN3 lesions. Since we already 

succeeded to reach a nearly 100% sensiti vity for cervical cancers with acceptable specifi city, this 

goal appears to be feasible. A possible strategy could be to discover new CIN2/3 methylati on 

markers by exploiti ng new genome-wide methodologies such as MeDIP/MIRA in combinati on 

with microarray analysis or next-generati on sequencing and to use our validati on strategy to 

propose these new high-grade cervical neoplasia specifi c methylati on markers for evaluati on in 

populati on-based screening trials.

 Since methylati on patt erns of the promoter regions of the genes identi fi ed in our current 

study are specifi c for cervical cancer and not present in normal cervical epithelium, it is interesti ng 

to speculate on the role of these genes in cervical carcinogenesis. JAM3 belongs to the family of 

juncti onal adhesion molecules, but how these molecules are exactly involved in carcinogenesis 

is not known so far [23] Expression of TERT results in telomerase acti vity and telomerase is 

observed in parti cularly 79% of cervical cancers pati ents [24]. Therefore, methylati on of the 

gene promoter of TERT seems to be a contradicti on in the concept of gene silencing due to 

methylati on. However, it has been shown that binding of the CTCF protein to the fi rst exon of the 

promoter region of TERT resulted in repression and methylati on of the CTCF binding site resulted 

in expression of TERT [25]. The EPB41L3 gene, also known as DAL-1, is a tumor suppressor gene 

[26], therefore loss of EPB41L3 might be involved in tumor progression (27). C13ORF18 encodes 

an open reading frame with unknown functi on presently [15]. Currently we are investi gati ng the 

role of C13ORF18 in cervical carcinogenesis. 

 In conclusion, we identi fi ed three new high-grade cervical neoplasia specifi c methylati on 

markers for detecti on of cervical neoplasia. Our methylati on test might provide a potenti al novel 

triage test aft er hr-HPV testi ng in populati on-based screening programs. Its possible applicati on 

deserves to be further explored in a populati on-based cohort. 
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ABSTRACT

Objecti ve: To explore the feasibility of DNA methylati on analysis for detecti on of cervical 

neoplasia in self-obtained cervico-vaginal lavages. 

Methods: Lavages collected by a self-sampling device and paired cervical scrapings were obtained 

from 20 cervical cancer pati ents and 23 pati ents referred with an abnormal cervical smear (15 

with high grade cervical intraepithelial neoplasia (CIN 2+) and 8 without CIN). All lavages and 

scrapings were analyzed by liquid based cytology (LBC), Hybrid Capture II (HC-II) for hr-HPV DNA 

detecti on and by DNA methylati on analysis (JAM3, TERT, EPB41L3 and C13ORF18). Concordance 

between lavages and scrapings was measured by Cohen’s Kappa (k).

Results: In lavages and scrapings from cervical cancer pati ents (n=20) methylati on analysis was 

positi ve in 19 (95%) and 19 (95%), HC-II in 16 (80%) and 15 (75%) and LBC in 15 (75%) and 19 

(95%), respecti vely. In lavages and scrapings from CIN2+ pati ents (n=15) methylati on analysis 

was positi ve in 10 (67%) and 12 (80%) respecti vely, HC-II in 15 (100%) and 15 (100%) and LBC 

in 11 (73%) and 12 (80%). Concordance between cervical scrapings and lavages (n=43) was for 

LBC k=0.522 (p<0.001), hr-HPV testi ng k=0.551 (p<0.001) and DNA methylati on analysis k=0.653 

(p<0.001). 

Conclusions: DNA methylati on analysis in cervico-vaginal lavages obtained by a self-sampling 

device is feasible and its diagnosti c performance appears to be at least comparable to the 

detecti on of cervical neoplasia by cytomorphology and hr-HPV. Our pilot study suggests that 

detecti on of cervical neoplasia by DNA methylati on analysis in cervico-vaginal lavages warrants 

explorati on of its use in large prospecti ve studies.
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INTRODUCTION

Current populati on-based screening programs for detecti on of (pre)malignant cervical lesions 

are based on cytomorphological assessment of cervical scrapings. Cytological screening is not an 

ideal method with sensiti vity for CIN2+ of 55% [1]. Cervical carcinogenesis is highly associated 

with high-risk human papillomavirus (hr-HPV) infecti on and hr-HPV is detected in almost all 

high-grade cervical intraepithelial neoplasia (CIN2+) and cervical cancers [2,3]. Hr-HPV testi ng of 

cervical scrapings has been shown to improve sensiti vity of cervical screening [4]. However, one 

of the major problems of hr-HPV testi ng is the low specifi city, especially for young women [5], 

resulti ng in a high false positi ve rate. 

 DNA promoter methylati on of tumor suppressor genes has been reported to be an early 

event in cervical carcinogenesis [6]. Therefore, a test based on methylati on markers could 

be relevant for the early detecti on of cervical neoplasia especially using markers that are not 

methylated in normal cells. Various methylated gene promoters have been identi fi ed, although 

none of these markers have a suffi  ciently high sensiti vity and/or specifi city to be used as primary 

screening tool in populati on-based screening [7]. Recently, in our search for cervical cancer 

specifi c methylati on markers with a specifi city of ~100% and the highest sensiti vity (>80%) [8] 

we identi fi ed 4 markers (JAM3, TERT, EPB41L3 and C13ORF18) out of 213 cervical cancer specifi c 

methylati on markers selected from literature in combinati on fulfi lling these criteria [9] (Eijsink 

et al, paper submitt ed for publicati on). Since in our laboratory these 4 markers currently form 

the most opti mal methylati on marker panel available, we used this 4-gene panel in the present 

study.

 Apart from improving screening tests technically, a major problem in current populati on-

based screening programs for cervical neoplasia is the parti cipati on rate. In the Netherlands, 

the total non-responders group is around 30%, which is comparable to other countries with 

populati on-based screening programs. Unfortunately, half of the cervical cancers is diagnosed 

in this group of women [10-14]. Introducti on of a self-sampling method resulted in an increase 

of the parti cipati on rate of a non-responder group up to 30% [15,16]. In countries currently 

without a populati on-based screening program for cervical neoplasia, self-sampling might be 

also a practi cal alternati ve. 

 A recent study showed that hr-HPV testi ng in self-obtained lavages is representati ve for 

detecti on of current HPV infecti ons, while in contrast cytomorphological assessment, liquid 

based cytology (LBC), of these lavages appeared to be not representati ve for the underlying 

cervical neoplasia [17]. Unti l now, no data on DNA methylati on analysis in cervico-vaginal lavages 

is available.
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 Aim of the present pilot-study was to explore the feasibility of DNA methylati on analysis 

for detecti on of cervical neoplasia in self-obtained cervico-vaginal lavages. In that respect we 

compared 1) results from DNA methylati on analysis in cervico-vaginal lavages obtained by 

a self-sampling device to DNA methylati on analysis on cervical scrapings collected from the 

same pati ents and 2) the detecti on of CIN2+ by DNA methylati on analysis to currently available 

methodology such as HC II and LBC. 

PATIENTS AND METHODS

Pati ents
Pati ents referred for cervical cancer or with an abnormal cervical smear were asked to parti cipate 

in this study during their initi al visit to the outpati ent clinic of the University Medical Center 

Groningen. For all cervical cancer pati ents an examinati on under general anesthesia was planned 

for staging in accordance with the Internati onal Federati on of Gynecology and Obstetrics (FIGO) 

criteria. During this examinati on, samples were taken by a gynecologist. For pati ents referred 

with an abnormal cervical smear, samples were taken during routi ne gynecologic examinati on 

at the fi rst outpati ent clinic visit. In all pati ents, cervico-vaginal cells were collected fi rst with a 

self-sampling device (Delphi Screener®, Delphi Bioscience B.V., Scherpenzeel, The Netherlands), 

followed by a cervical scraping. Twenty consecuti ve cervical cancer pati ents (in the period of 

November 2007 to March 2008) were included in this study and 23 consecuti ve pati ents referred 

with an abnormal cervical smear (October 2008 to May 2009). Histological classifi cati on of cervical 

cancer pati ents revealed: 15 with squamous cell carcinoma (75%), 4 with adenocarcinoma (20%) 

and 1 with adenosquamous carcinoma (5%). These pati ents were divided in 9 (45%) FIGO stage 

IB1, 3 (15%) FIGO stage IB2, 1 (5%) FIGO stage IIA, 4 (20%) FIGO stage IIB, 1 (5%) FIGO stage 

IIIA, 2 (10%) FIGO stage IIIB. The median age of the cervical cancer pati ents was 45 years (range 

22-85 years). Histological classifi cati on of pati ents referred with an abnormal cervical smear 

revealed: 3 micro-invasive carcinoma, 8 CIN3, 4 CIN2 (15=CIN2+) and 1 CIN1 and 7 no dysplasia 

(CIN0) (8=CIN0/1). Median age of pati ents referred with an abnormal cervical smear was 35 

years (range 22-61 years). This study was approved and followed the ethical guidelines of the 

Insti tuti onal Review Board of the University Medical Center Groningen. All pati ents gave writt en 

informed consent.

Sample collecti on and DNA extracti on
Cervico-vaginal cells were collected using a self-sampling device as described previously [17]. In 

brief, the instrument is fi lled with 5 ml buff ered saline and aft er release of the buff ered saline 
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into the vagina the buff ered saline is aspirated back automati cally by releasing the plunger. The 

soluti on containing cervico-vaginal cells was collected in ethanol-carbowax (2% polyethylene 

glycol, 50% ethanol). A total volume of 10 ml containing cervico-vaginal cells was divided into 

3 fracti ons for cytomorphological assessment (2 ml), Hybrid Capture II HPV testi ng (2 ml) and 

DNA isolati on (6 ml). The cervical scrapings were collected using the Cervex-Brush® Combi 

Sterile (Rovers Medical Devices B.V., Oss, The Netherlands) and cells were resuspended in 5 

ml PBS. Three ml was stored for DNA isolati on. One ml was resuspended in 1 ml carbowax for 

cytomorphology and 1 ml in 1 ml carbowax for Hybrid Capture II HPV testi ng. Samples for Hybrid 

Capture II HPV testi ng were stored at 4°C and samples for DNA isolati on were stored at -80°C. 

LBC was performed on cytospins (from lavages and cervical scrapings) that were Pap-stained and 

routi nely classifi ed by two cytologists and a pathologist without knowledge of the molecular 

and clinical data. DNA isolati on was performed using standard salt-chloroform extracti on and 

isopropanol precipitati on. Precipitated DNA was resuspended in 150 μl of Tris-EDTA buff er. 

Genomic DNA was amplifi ed in a multi plex PCR according to the BIOMED-2 protocol, to check 

the DNA quality [18]. 

Quanti tati ve Methylati on Specifi c PCR (QMSP)
QMSP was performed as we described previously [9,19]. In short, bisulfi te treatment on denatured 

genomic DNA was performed with the EZ DNA methylati on kit according to manufacturer’s 

protocol (Zymogen, BaseClear, Leiden, The Netherlands). To correct for total DNA input, QMSP of 

the housekeeping gene β-acti n was used as a reference. QMSP was carried out in a total volume 

of 20 μl in 384 well plates in an Applied Biosystems 7900HT Fast Real-Time PCR System (Applied 

Biosystems, Nieuwekerk a/d IJsel, The Netherlands). The fi nal reacti on mixture consisted of 600 

nM of each primer, 200 nM probe, 1x Quanti Tect Probe PCR Kit (Qiagen, Venlo, The Netherlands) 

and 50 ng of bisulfi te converted genomic DNA. As a positi ve control, serial diluti ons of genomic 

leukocyte DNA, in vitro methylated with SssI (CpG) methyltransferase (New England Biolabs. Inc., 

Beverly, MA), were used in each experiment. DNA methylati on analysis was performed for four 

genes (JAM3, TERT, EPB41L3 and C13ORF18) in triplicate. The QMSP primer and probe sequences 

used in this study are given in table 1. DNA methylati on analysis was scored positi ve when one of 

the genes showed any DNA methylati on.

HPV detecti on
For detecti on of the presence of hr-HPV, standard Digene Hybrid Capture II (HC-II) DNA testi ng 

was used according to manufacturer’s protocol (www.qiagen.com). 
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Stati sti cal Analysis
To determine the detecti on rate, CIN2+ was taken as a cut-off  value for the three tests in cervical 

scrapings and lavages. Concordance between cervical scrapings and lavages was measured 

by Cohen’s Kappa. In cervical cancer pati ents visible tumor cells in both samples was taken as 

cut-off  value to measure concordance for LBC. In pati ents referred with an abnormal cervical 

smear moderate dysplasia was taken as cut-off  value to measure concordance for LBC. Stati sti cal 

signifi cance was assumed if the P value was < 0.05.

Table 1 | Sequences DNA methylati on markers

Marker Forward primer Reverse primer Probe

C13ORF18 TTTTTAGGGAAGTAAAGCGTCG ACGTAATACTAAACCCGAACGC AGATGGAAGAAATTTTGGAGAT-
GCGCGTT

JAM3 GGGATTATAAGTCGCGTCGC CGAACGCAAAACCGAAATCG TAACCGCCTCAACGCCATATCGA-
AAATTACTAA

EPB41L3 GGGATAGTGGGGTTGACGC ATAAAAATCCCGACGAACGA AAATTCGAAAAACCGCGCGACG-
CCGAAACCA

TERT GGTTTCGATAGCGTAGTTGTTTC CTACACCCTAAAAACGCGAAC AAAAAACGCGACCCAAACCCCC-
GAAT

ACTIN TGGTGATGGAGGAGGTTTAGTA-
AGT 

AACCAATAAAACCTACTCCTCCCT-
TAA

ACCACCACCCAACACACAATAA-
CAAACACA

RESULTS

In this study 20 pati ents referred with cervical cancer and 23 pati ents with an abnormal cervical 

smear were included. DNA methylati on analysis was positi ve in 95% (19/20) of cervical cancer 

scrapings and in 95% (19/20) cervical cancer lavages, with both negati ve cases shown in two 

diff erent pati ents. DNA methylati on negati ve cervical cancer scraping and lavage both contained 

tumor cells, according to LBC. DNA methylati on analysis was positi ve in 80% (12/15) CIN2+ cervical 

scrapings and 67% (10/15) CIN2+ lavages. DNA methylati on analysis was positi ve in 0% (0/8) 

CIN0/1 cervical scrapings and 25% (2/8) CIN0/1 lavages. Concordance between cervical scrapings 

and lavages (n=43) for the methylati on test was k=0.653 (p<0.001). Detailed informati on about 

the 4 diff erent methylati on markers used in our methylati on marker panel is given in table 2. 

 Hr-HPV was detected by HC-II in 75% (15/20) cervical cancer scrapings and in 80% (16/20) 

of cervical cancer lavages. In CIN2+ pati ents hr-HPV was detected in 100% (15/15) of cervical 

scrapings and 100% of lavages (15/15). Hr-HPV was detected in 63% (5/8) CIN0/1 cervical 
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scrapings and 88% (7/8) CIN0/1 lavages. Concordance between cervical scrapings and lavages 

(n=43) for hr-HPV detecti on by HC-II was k=0.551 (p<0.001).

 LBC revealed tumor cells in 95% (19/20) cervical cancer scrapings and in 75% (15/20) cervical 

cancer lavages. LBC revealed moderate dysplasia or worse in 80% (12/15) cervical scrapings from 

CIN2+ pati ents and in 73% (11/15) lavages. LBC revealed no or mild dysplasia in 7/8 cervical 

scrapings from CIN0/1 pati ents and in 7/8 lavages. Concordance between cervical scrapings and 

lavages (n=43) for LBC was k=0.522 (p<0.001).

Table 2 | LBC, HC-II and DNA methylati on analysis results for cervical scrapings and cervico-vaginal 

lavages.

Test Detecti on rate CxCa (n=20) Cervical scraping Detecti on rate CxCa (n=20) Lavage

LBC 95% (19/20) 75% (15/20)

HC-II 75% (15/20) 80% (16/20)

C13ORF18 55% (11/20) 50% (10/20)

JAM3 75% (15/20) 90% (18/20)

EPB41L3 90% (18/20) 75% (15/20)

TERT 80% (16/20) 85% (17/20)

METH analysis 95% (19/20) 95% (19/20)

Test Detecti on rate CIN2+ (n=15) Cervical scraping Detecti on rate CIN2+ (n=15) Lavage

LBC 80% (12/15) 73% (11/15)

HC-II 100% (15/15) 100% (15/15)

C13ORF18 27% (4/15) 20% (3/15)

JAM3 67% (10/15) 60% (9/15)

EPB41L3 73% (11/15) 60% (9/15)

TERT 40% (6/15) 47% (7/15)

METH analysis 80% (12/15) 67% (10/15)

Test Detecti on rate CIN0/1 (n=8) Cervical scraping Detecti on rate CIN0/1 (n=8) Lavage

LBC 13% (1/8) 13% (1/8)

HC-II 63% (5/8) 88% (7/8)

C13ORF18 0% (0/8) 0% (0/8)

JAM3 0% (0/8) 13% (1/8)

EPB41L3 0% (0/8) 13% (1/8)

TERT 0% (0/8) 0% (0/8)

METH analysis 0% (0/8) 25% (2/8)
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DISCUSSION

Our study shows for the fi rst ti me that detecti on of DNA methylati on in cervico-vaginal lavages 

obtained by a self-sampling device is feasible and appears to be comparable with the methylati on 

status in cervical scrapings obtained from the same pati ent. Detecti on of cervical cancer and 

CIN2+ pati ents in lavages by the methylati on test was high and concordant with cervical scrapings. 

 Although the number of cervical cancer pati ents in this pilot-study is relati vely small, our data 

point to a potenti ally high detecti on rate (>95%) of cervical cancer pati ents by DNA methylati on 

analysis of our 4 markers in cervico-vaginal lavages. Our QMSP assays apparently need only a few 

neoplasti c cells or breakdown DNA from neoplasti c cells to detect gene promoter methylati on 

and this might explain our observati on that 5 cervical cancer lavages were tested positi ve by 

DNA methylati on analysis, while by LBC no tumor cells were observed. In general, cervico-vaginal 

lavages contain many normal vaginal cells and therefore a relati vely few abnormal cells can easily 

be missed by cytomorphological assessment of these lavages. Therefore QMSP assays seems to 

be more robust than cytomorphological assessment. In 2 cervico-vaginal lavages from the CIN0/1 

pati ents methylati on was detected. Because pati ents in this CIN0/1 group were referred to our 

outclinic hospital with an abnormal Pap smear, a higher rate of methylati on might be expected 

as was also seen for hr-HPV. To determine the exact specifi city and false-positi ve rate of the 

methylati on test in cervico-vaginal lavages, DNA methylati on analysis should be further tested 

in an large cervico-vaginal lavage control group without an abnormal Pap smear and normal 

histology. 

 Cervico-vaginal lavages have previously been shown to be representati ve for detecti on 

of current hr-HPV DNA [17]. In the future, populati on-based screening programs for cervical 

neoplasia might be based on hr-HPV testi ng, a very sensiti ve test, in combinati on with a triage 

test, such as DNA methylati on analysis [9]. Such a combinati on test should have a high sensiti vity 

in combinati on with a high positi ve predicti ve value, the latt er preventi ng massive referrals to 

gynaecologists for further examinati on. An additi onal important advantage of DNA methylati on 

analysis as a triage test aft er hr-HPV testi ng is, that both tests can be performed on the same 

sample, thereby avoiding additi onal gynaecologic examinati on of the pati ents. The value of 

combining hr-HPV testi ng with DNA methylati on analysis in a self-sampling approach needs to be 

further explored.

 LBC is a test with a very high specifi city and has been suggested also to be used as a triage 

test. However, as is shown in our pilot study 5 of 20 cervical cancer pati ents were missed by LBC 

in cervical cancer lavages compared to 1 of 20 in cervical cancer scrapings. It therefore seems 

that LBC aft er hr-HPV testi ng is less eff ecti ve in pati ents known to have cervical cancer in a lavage 

compared to visual scraping. 
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 In conclusion DNA methylati on analysis in cervico-vaginal lavages obtained by a self-sampling 

device is feasible and its diagnosti c performance appears to be at least comparable to the 

detecti on of cervical neoplasia by cytomorphology and hr-HPV. Our pilot study suggests that 

detecti on of cervical neoplasia by DNA methylati on analysis in cervico-vaginal lavages warrants 

explorati on of its use in large prospecti ve studies.
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ABSTRACT

Objecti ve: To assess the compliance of HSIL pati ents to the nati onal Dutch routi ne follow-up 

protocol in the fi rst two years aft er LLETZ and to determine if based on the status of excision 

margins, follow-up intervals could be modifi ed. 

Methods: A prospecti ve cohort study was performed in pati ents, referred because of an 

abnormal Pap smear between 1996 and 2004 and treated for HSIL with LLETZ. The Dutch nati onal 

routi ne follow-up protocol orders a Pap smear aft er 6, 12 and 24 months, respecti vely. Follow-

up results were completed by using PALGA, the nati on wide network and registry of histo- and 

cytopathology in the Netherlands. To assess compliance to the follow-up protocol, adequate 

follow-up was defi ned as three cervical smears taken aft er 6 (±3), 12 (±3) and 24 (±3) months, 

respecti vely. 

Results: Compliance to the fi rst two years follow-up protocol declined from 86.2% to 64.8% to 

51.2% for fi rst, second and third follow-up cervical smear, respecti vely. Pati ents with involved 

excision margins had a three ti mes higher overall risk of developing a subsequent HSIL aft er 

LLETZ as compared to pati ents with free excision margins (HR: 3.2, 95% CI=1.3-7.9, p=0.01). Risk 

for diagnosing HSIL during the fi rst 12 months of follow-up for pati ents with free excision margins 

was only 1%. 

Conclusions: Compliance to the Dutch nati onal routi ne follow-up protocol in HSIL pati ents 

aft er LLETZ is only moderate. For HSIL pati ents with free excision margins aft er LLETZ the fi rst 

cytological follow-up interval can safely be increased to 12 months. 

Key-words: high-grade squamous intraepithelial lesion (HSIL), Large Loop Excision of the 

Transformati on Zone (LLETZ), excision margin, follow-up, protocol, compliance.
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INTRODUCTION

Cytological examinati on of the cervix enables identi fi cati on of asymptomati c precursor lesions 

of cervical cancer, so-called squamous intraepithelial lesions (SILs). Widespread introducti on 

of populati on-based screening programs for these precursor lesions in developed countries 

contributed to a lower mortality and morbidity rate for cervical cancer. However, especially due 

to absence of populati on-based screening programs in many low-income countries the incidence 

of cervical cancer in 2002 was sti ll 493,000 cases with a mortality rate of 273,000 women 

worldwide in 2002 [1]. 

 Progression to cervical cancer of pre-malignant lesions is esti mated to be 1% for low-grade 

SILs (LSILs) and up to 50% for high-grade SILs (HSILs) [2,3]. Therefore, many clinicians feel 

compelled to treat pati ents with HSILs, while pati ents with LSILs are oft en followed up. Diff erent 

techniques have been developed for treatment of HSILs and these are all equally eff ecti ve [4-

6]. Nowadays treatment of choice for HSILs is a large loop excision of the transformati on zone 

(LLETZ). Advantages of this method are the simplicity of the procedure and the producti on of 

a specimen for histological diagnosis, thereby allowing assessment of the excision margins [7]. 

Using therapy in an outpati ent setti  ng to treat HSIL reduces the risk of cervical cancer by 95% 

in the fi rst eight years aft er therapy [8]. However, the risk of cervical cancer, even with a careful 

long-term follow-up scheme, remains fi ve ti mes greater for these pati ents as compared to the 

general populati on [9]. For that reason, aft er initi al treatment with LLETZ pati ents usually are 

followed up at diff erent intervals by cervical smear and/or colposcopy for early detecti on of a 

subsequent SIL. Many diff erent protocols at diff erent intervals for follow-up aft er LLETZ have 

been used and to our knowledge no data are available on compliance. Aft er incomplete excision 

it is well known that the chance of developing a subsequent SIL is higher when compared to 

complete excision [10]. 

 Aft er treatment of HSIL, the current Dutch nati onal guideline for follow-up includes a cervical 

smear at 6, 12 and 24 months aft er LLETZ. In case of no subsequent SIL during this 24 months 

follow-up, pati ents will return to the populati on-based screening program (one cervical smear 

per 5 year for women between 30-60 years), performed by general practi ti oners. Aims of the 

present study were to assess the compliance of our HSIL pati ents to the nati onal Dutch routi ne 

follow-up protocol in the fi rst two years aft er LLETZ and to determine if, based on the status of 

excision margins, follow-up intervals in the fi rst two years could be modifi ed.
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PATIENTS AND METHODS

Pati ents
A prospecti ve cohort study was performed in pati ents who were referred because of an abnormal 

Pap smear to the outpati ent clinic of the department of Obstetrics and Gynecology of the 

University Medical Center Groningen (UMCG), the Netherlands between 1996 and 2004. During 

this ti me period, pati ents were asked to parti cipate in various studies on new biomarkers in 

cervical neoplasia. In light of these studies informati on on data, diagnoses and treatment details 

were prospecti vely collected in separate databases aft er retrieval from the electronic pati ent 

fi les. For the present study only anonimised data were used from pati ents who had given writt en 

informed consent to parti cipate in the previously menti oned studies, which were all approved by 

the Insti tuti onal Review Board (IRB) from the UMCG.

Diagnosti c work-up and treatment protocol
Pati ents with a Pap 2 (atypical cells) or Pap 3A (mild/moderate dysplasia) cervical smear fi rst 

underwent a colposcopy and biopsy. Histological diagnosis of HSIL aft er biopsy was followed by 

LLETZ. Pati ents referred to the outpati ent clinic with a Pap 3B (severe dysplasia) cervical smear 

or higher, without suspicion of cervical cancer, underwent colposcopy and LLETZ in the same 

session. Aft er LLETZ the routi ne follow-up of pati ents consists of a cervical smear at 6, 12 and 24 

months, taken at the outpati ent clinic of the UMCG by a gynecologist. In case of no subsequent 

SIL, pati ents returned to the populati on based screening program, which implies one cervical 

smear per 5 year for women between 30 and 60 years by the general practi ti oner. This protocol 

is in accordance with nati onal Dutch guidelines for follow-up aft er LLETZ since 1996. In case of an 

abnormal cervical smear during follow-up the pati ent was scheduled for colposcopy and biopsy 

or re-LLETZ. 

 Histological examinati on of all specimens was performed by an experienced gynecologic 

pathologist (HH). Since 1996 the status of the endocervical and ectocervical excision margins of a 

LLETZ are examined systemati cally. Excision margins were labeled as positi ve when endocervical 

and/or ectocervical margins showed dysplasia.

Selecti on criteria
Between January 1996 and December 2004, 808 pati ents visited our outpati ent clinic because 

of an abnormal Pap smear. For the present study we selected 520 pati ents from the database 

who underwent LLETZ for HSIL. Median follow-up of the study populati on was 53 months with a 

minimum of 6 months and a maximum of 131 months. 
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Follow-up data collecti on
PALGA, the nati on wide network and registry of histo- and cytopathology in the Netherlands, was 

used to complete follow-up informati on regarding the results of cervical smears during follow-up. 

For all pati ents, all cytological and histological follow-up informati on on date, kind of treatment 

and results were collected. Follow-up data were collected ti ll March 2007.

Stati sti cal analysis 
For data collecti on and analysis, the soft ware system of SPSS soft ware package was used (SPSS 

14.0, Chicago, IL, USA). To assess compliance to the follow-up protocol, we defi ned complete 

follow-up as cervical smears taken aft er 6 (±3), 12 (±3) and 24 (±3) months, respecti vely. Analysis 

for compliance to the follow-up protocol at the diff erent ti me points in the fi rst two years was 

only performed for those pati ents in whom a complete follow-up protocol sti ll was possible, i.e. 

pati ents who did not have a second smear were censored for the analysis at the third ti me point. 

In additi on, pati ents with an abnormal or not to judge Pap smear during follow-up and pati ents 

who underwent a hysterectomy for other reasons were censored. The ti me from the LLETZ to the 

incidence of SIL in follow-up was assessed for pati ents with free excision margins as compared 

to pati ents with margins not free of dysplasia, by using a Kaplan Meier model. Diff erences were 

tested by using a log-rank test. In additi on, Cox regression analyses were performed to esti mate 

the impact of excision margins on the incidence of SIL and HSIL. To esti mate the overall probability 

of SIL occurring at diff erent ti me points, life-tables were constructed. Stati sti cal signifi cance was 

assumed if the P value was <0.05. 

RESULTS

Any cytological follow-up was performed in 515/520 (99%) eligible HSIL pati ents who underwent 

LLETZ. Compliance to the follow-up protocol declined from 86.2% to 64.8% to 51.2% for fi rst, 

second and third cervical smear, respecti vely (table 1). Therefore, only 51.2% of the HSIL pati ents 

treated with LLETZ completed the total follow-up program in the fi rst two years. 

 An abnormal Pap smear (Pap 2 >) during overall follow-up was found in 62/515 (12.0%) 

pati ents. Histological follow-up specimens were available from biopsies, LLETZ and hysterectomies 

(also for non-cervical neoplasia reasons) for 83/515 (16.1%) pati ents. Histological diagnosis of 

these follow-up specimens was: 1 (0.2%) not available, 42 (8.2%) no dysplasia, 13 (2.5%) LSIL and 

22 (4.2%) HSIL. In 35/515 (6.8%) pati ents subsequent SILs were diagnosed; 24/35 (68.6%) during 

the fi rst two years of follow-up and 11/35 (31.4%) aft er two years follow-up. During the fi rst 

two years of follow-up 12/22 (54.5%) HSILs were diagnosed and aft er two years 10/22 (45.5%). 



Chapter 5

66

For pati ents with an abnormal Pap smear during follow-up (n=62), histological specimens were 

obtained from 41 (66%) pati ents. Histological diagnosis of these specimens was: 14 no dysplasia, 

9 LSIL and 18 HSIL.

Table 1 | Compliance to follow-up protocol

Category First 
cervical smear

Category Second 
cervical smear

Category Third 
cervical smear

Eligible Censored* 515
0

515
60

455
72

<3 months 6 (1.2%) <9 months 22 (4.8%) <21 months 44 (11.5%)

3-9 months 444 (86.2%) 9-15 months 295 (64.8%) 21-27 months 196 (51.2%)

>9 months 65 (12.6%) >15 months 138 (30.3%) >27 months 143 (37.3%)

Total 515 (100%) Total 455 (100%) Total 383 (100%)

*Censored: pati ents aft er fi rst and second follow-up with no cervical smear, with an abnormal or not to judge 
cervical smear or a hysterectomy. 

 Excision margins were free of dysplasia in 315 (61.2%) pati ents, not free of dysplasia in 101 

(19.6%) pati ents and diffi  cult to determine or not menti oned in 99 (19.2%) pati ents. As a result 

416 pati ents were available for the analysis of the associati on between excision margins and 

subsequent SIL. Figure 1 shows the occurrence of subsequent SIL in relati on to the status of 

the excision margins. In 315 pati ents with free excision margins 17 (5.4%) subsequent SILs were 

diagnosed as compared to 11 (10.9%) subsequent SILs in 101 pati ents with involved excision 

margins (log-rank test, p=0.017). Pati ents with involved excision margins therefore had more 

than two ti mes higher chance of developing a subsequent SIL compared to pati ents with free 

excision margins (HR: 2.5, 95% CI=1.1-5.3, p=0.021).

 In pati ents with free excision margins and subsequent SILs (n=17), 6 pati ents were diagnosed 

with LSIL and 11 pati ents were diagnosed with HSIL. In pati ents with involved excision margins 

and subsequent SIL (n=11), 2 pati ents were diagnosed with LSIL and 9 pati ents were diagnosed 

with HSIL. In fi gure 2 subsequent HSIL for free excision margins, 3.5% (11/315), is compared with 

subsequent HSIL for involved excision margins, 8.9% (9/101) (log-rank test, p=0.006). Pati ents 

with involved excision margins had a three ti mes higher chance of developing subsequent HSIL 

compared to pati ents with free excision margins (HR: 3.2, 95% CI=1.3-7.9, p=0.01).

 Table 2 shows in more detail the risk of detecti ng SIL during follow-up. The overall risk for 

HSIL was 0% aft er fi rst 6 months, 2% aft er 1 year and 1% aft er 2 years. The overall risk for SIL 

was 1% aft er fi rst 6 months, 3% aft er 1 year and 2% aft er 2 years. If we only consider pati ents 

with free excision margins, the overall risk for HSIL is even lower, 0% aft er 6 months, 1% aft er 1 

year and 1% aft er 2 years. In pati ents with involved excision margins the overall risk is 2% aft er 6 

months, 6% aft er 1 year and 1% aft er 2 years. 
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Numbers at 
risk 

Free: 40 
Not Free: 5

Numbers at 
risk 

Free: 12 
Not Free: 1 

Numbers at 
risk

Free: 93
Not Free: 12 

Numbers at 
risk 

Free: 185 
Not free: 34 

Numbers at 
risk 

Free: 258 
Not free: 75 

Numbers at 
risk 

Free: 315 
Not free: 101 

P=0.017

excision margins not free

excision margins free

Figure 1 | Time (in years) to subsequent SIL (LSIL or >) based on status of excision margins. Time to 

subsequent SIL (LSIL or >) was esti mated by the Kaplan-Meier method and evaluated by log-rank test.

P=0.006

excision margins not free

excision margins free

Numbers at 
risk 

Free: 40 
Not Free: 5

Numbers at 
risk 

Free: 12 
Not Free: 2 

Numbers at 
risk

Free: 97
Not Free: 12 

Numbers at 
risk 

Free: 188 
Not free: 34 

Numbers at 
risk 

Free: 263 
Not free: 76 

Numbers at 
risk 

Free: 315 
Not free: 101 

Figure 2 | Time (in years) to subsequent HSIL based on status of excision margins. Time to subsequent 

HSIL was esti mated by the Kaplan-Meier method and evaluated by log-rank test.
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Table 2 | Probability developing SIL over ti me

Probability SIL total group 
(n=515)

Probability SIL for excision 
margins (n=416)

Probability HSIL for excision 
margins (n=416)

Time point SIL HSIL Free Not free Free Not free

6 months 1% 0% 0% 2% 0% 2%

12 months 3% 2% 2% 7% 1% 6%

24 months 2% 1% 2% 1% 1% 1%

DISCUSSION

Our study indicates that pati ents diagnosed with HSIL, treated with LLETZ and free excision 

margins have a negligible risk (1%) for detecti on of HSIL during the fi rst 12 months of follow-up. 

Therefore, for HSIL pati ents aft er LLETZ with free excision margins the fi rst follow-up visit might 

be postponed unti l 12 months aft er treatment. 

 Recently a meta-analysis by Ghaem-Maghami et al. showed a pooled prevalence of overall 

22% post-treatment cervical dysplasia (defi ned as abnormal cytology or histology) for pati ents 

treated with loop diathermy and involved excision margins [10]. A lower prevalence of post 

treatment cervical dysplasia (6.8%) in our study compared to this meta-analysis is probably due 

to the defi niti on of post-treatment disease, which was defi ned as histological proven LSIL or 

higher in our study. Another explanati on could be that in our hospital management of pati ents 

with abnormal Pap smears is centralized at the Cervical Dysplasia Outpati ent Clinic. All pati ents 

are treated by a small group of medical doctors, specialized in colposcopy and LLETZ, using a 

standardized treatment protocol over years. Ghaem-Maghami et al. recommended that pati ents 

with incomplete excision margins need close follow-up for at least 10 years and some pati ents 

may benefi t from an immediate second treatment [10]. Several other studies suggested to follow-

up pati ents with incomplete excision more intensively by colposcopy and/or cytology, because of 

an increased risk of subsequent dysplasia [11-14]. Our study however again illustrates that also 

the far majority of pati ents with incomplete excision do not develop HSIL, so intensive follow-up 

will result in a possible benefi t for only a very small number of these pati ents. 

 Persistent post-treatment high-risk human papillomavirus (hr-HPV) is a risk factor for 

subsequent SIL [15,16]. A meta-analysis of Zielinski et al. showed that the status of excision 

margins, post-treatment cytology, post-treatment hr-HPV or combinati ons had a negati ve 

predicti ve value of 91-99%, the positi ve predicti ve values of these parameters were 25-51% [17]. 

Based on this study they proposed to follow-up pati ents with negati ve cytology in combinati on 
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with negati ve hr-HPV DNA testi ng less intensively. Sti ll the need for a marker with a higher positi ve 

predicti ve value remains, which allows more individually modifi cati on of follow-up protocols. 

 The eff ecti veness of a follow-up protocol is limited by the compliance to the protocol by 

both medical doctor and pati ent. In our study compliance to the follow-up protocol in the fi rst 

two years aft er LLETZ was only 51%. To our knowledge there are no data on compliance to the 

follow-up protocol aft er LLETZ. An explanati on for the moderate compliance that we observed 

could be that the simplicity of the LLETZ procedure in an outpati ent setti  ng, may give to pati ents 

the idea that their conditi on is less severe and therefore needs less follow-up care [18]. Another 

explanati on might be that anxious women are less likely to att end for a repeat cervical smear 

within the recommended ti me frame [19]. If the last explanati on is true, anxiety for follow-up 

visits should be decreased by face-to-face educati on and supporti ve care aft er colposcopy [20]. 

Although our follow-up was mainly performed by the same medical doctor who also performed 

the LLETZ, compliance was sti ll disappointi ng. With the current decreasing compliance over ti me, 

it might be more eff ecti ve to bypass the fi rst follow-up visit aft er 6 months and focus on increasing 

compliance one year aft er LLETZ. Furthermore, the need for long-term follow-up should be 

emphasized, because due to weak performance of the Pap smear [21] in combinati on with 

moderate compliance to the follow-up protocol and the fact that almost half of the subsequent 

HSILs (45.5%) are diagnosed aft er the fi rst 2 years of the routi ne follow-up protocol, the risk of 

developing cervical cancer for HSIL pati ents aft er LLETZ is sti ll present.

 In conclusion, our study in a large, well documented series of pati ents indicates that 

compliance to the Dutch nati onal routi ne follow-up protocol in HSIL pati ents aft er LLETZ is only 

moderate. For HSIL pati ents treated with LLETZ and free excision margins fi rst follow-up interval 

might safely be increased to 12 months. 
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ABSTRACT 

Early recurrences aft er treatment (<24 months) for high-grade cervical squamous intraepithelial 

lesions (HSIL) might be due to inadequate treatment, while late recurrences (≥24 months) might 

represent de novo lesions. Aim of our pilot-study was to determine diff erences in gene promoter 

methylati on patt erns in paired lesions from pati ents with early and late recurrent HSIL. 

Methods: From 1996 to 2004, 538 pati ents with a HSIL were diagnosed and treated in our 

department of which 25 pati ents (4.6%) developed recurrent HSIL. Paired samples from 14 initi al 

HSILs and their recurrences (6 early and 8 late) were available and analyzed for methylati on 

status of 5 gene promoters (C13ORF18, CCNA1, DAPK, CADM1 and TFPI2). 

Results: Early recurrent HSILs showed a higher frequency of gene promoter methylati on compared 

to late recurrent HSILs in initi al lesions (p=0.016) as well as in the recurrent lesions (p=0.032). 

Except for C13ORF18 (k=1.00, p=0.014) in early recurrent HSIL, no concordance between gene 

promoter methylati on in initi al HSIL and early and late recurrent HSIL was observed. 

Conclusions: Frequency of gene promoter methylati on is increased in pati ents with an early 

recurrent HSIL. Therefore, we hypothesize that early recurrence aft er treatment for HSILs may 

not only be due to inadequate treatment, but perhaps also on a more progressed form of HSIL.
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INTRODUCTION

Cervical cancer is preceded by high-grade squamous intra-epithelial lesions (HSILs). Progression 

to cervical cancer of these pre-malignant lesions is esti mated to be up to 50% and therefore HSILs 

are generally treated with Large Loop Excision of the Transformati on Zone (LLETZ) [1,2]. Only a 

small minority of HSIL pati ents will develop a recurrent lesion aft er LLETZ [3,4]. Recurrent lesions 

can be due to either incomplete excision of the initi al lesions (residual lesions) or development 

of de novo lesions [5]. Disti ncti on between residual and de novo lesions is commonly defi ned as: 

lesions diagnosed within 2 years follow-up (residual) and lesions diagnosed aft er 2 years follow-

up (de novo) [6]. Of course, such a cut-off  is arbitrary. For example, residual lesions can also 

be detected aft er 2 years due to low sensiti vity of the Pap smear [7] or bad compliance to the 

follow-up protocol [3]. 

 Apart from inadequate treatment, early recurrences might also be due to a more progressed 

state of lesions. Epigeneti c alterati ons such as gene promoter methylati on frequently occur in 

cervical carcinogenesis. A variety of methylated gene promoters in cervical neoplasia has been 

identi fi ed [8-14] and methylati on assays are currently explored for their possible applicati on as 

diagnosti c tools for the early detecti on of cervical neoplasia [15,16]. Simultaneously, it has been 

suggested that increased frequency of gene promoter methylati on might be associated with a 

higher chance of recurrences aft er treatment of HSIL pati ents [17]. Recently, it has been shown 

that HSIL, geneti cally resembling cervical cancer lesions, more frequently had dense methylati on 

of CADM1 [18]. Therefore, it might be that pati ents with early recurrences have more progressive 

lesions characterized by increased frequency of gene promoter methylati on.

 Aims of the present study were to determine diff erences in gene promoter methylati on 

between pati ents with an early recurrent HSIL and a late recurrent HSIL and to compare for early 

and late recurrent lesions the concordance for gene promoter methylati on between initi al and 

recurrent HSIL. 

PATIENTS AND METHODS

Pati ents 
All pati ents referred to the outpati ent clinic of the University Medical Center Groningen (UMCG) 

with an abnormal Pap smear were prospecti vely included in various studies on new biomarkers 

in cervical neoplasia between January 1996 to December 2004 (n=808). In light of these studies, 

data on diagnoses and treatment details were prospecti vely collected in separate databases aft er 

retrieval from the electronic hospital pati ent fi le. PALGA, the nati on wide network and registry 
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of histo- and cytopathology in the Netherlands, was used to collect follow-up informati on. This 

electronic database contains all histo- and cytopathological results per pati ent. For the present 

study, we selected pati ents, who had given writt en informed consent to parti cipate in the 

previously menti oned studies that were all approved by the Insti tuti onal Review Board (IRB) 

from the UMCG. 

Diagnosti c work-up and treatment protocol
Pati ents with a Pap 2 (atypical cells) or Pap 3A (mild/moderate dysplasia) cervical smear fi rst 

underwent a colposcopy and biopsy. Histological diagnosis of HSIL aft er biopsy was followed by 

LLETZ. Pati ents referred with a Pap 3B (severe dysplasia) cervical smear or higher, without suspicion 

of cervical cancer, underwent colposcopy and LLETZ in the same session. Aft er LLETZ, the routi ne 

follow-up of pati ents was a cervical smear at 6, 12 and 24 months, taken by a gynaecologist of 

the UMCG, and in case of no recurrent SIL return to the populati on based screening program, 

which implies one cervical smear per 5 year for women between 30 and 60 years by the general 

practi ti oner. This protocol is in accordance with the Dutch guidelines for follow-up aft er LLETZ 

since 1996. In case of an abnormal cervical smear during follow-up, the pati ent was scheduled 

for colposcopy and biopsy or re-LLETZ. Histological examinati on of all specimens was performed 

by an experienced gynaecologic pathologist (HH). Since 1996, the status of the endocervical and 

ectocervical excision margins or a LLETZ are examined systemati cally. 

Selecti on criteria
In the period January 1996 to December 2004, a total number of 538 pati ents were diagnosed 

with HSIL at the department of Obstetrics and Gynaecology of the UMCG. During the follow-up 

period, 25 pati ents developed a recurrent HSIL. For the present study, 16 pati ents were selected 

of which enough ti ssue was available from the initi al lesion as well as the recurrent lesion. The 

median age of these pati ents was 32 years (range: 22-44 years). 

Sample collecti on and DNA extracti on
On average 12 secti ons (4 μm) were cut from each paraffi  n ti ssue block and if possible secti ons 

were macro-dissected to enrich for the lesion. Secti ons were deparaffi  nized using 100% xylene 

followed by 100% ethanol washing. The pellet was resuspended in a buff er containing SDS and 

proteinase K and DNA was extracted with phenol-chloroform followed by ethanol precipitati on 

[19]. Finally, precipitated DNA was resuspended in 50 μl of Tris-EDTA buff er. Genomic DNA was 

amplifi ed in a multi plex PCR according to the BIOMED-2 protocol, to check DNA quality [20]. In 

parallel with the secti ons for DNA extracti on, secti ons before, in between and aft er cutti  ng were 

stained with hematoxilin and eosin (H&E). All secti ons were reviewed (HH) to confi rm the original 
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histopathological classifi cati on and to ascertain the presence of the lesion in the secti ons, used 

for DNA extracti on.

HPV detecti on and typing
For detecti on of the presence of hr-HPV, genomic DNA was analysed with specifi c HPV-16 

primers as described previously [21]. On all HPV-16 negati ve cases a general primer-mediated 

PCR was performed using primer set GP5+/6+, with subsequent nucleoti de sequence analysis, as 

described previously [22]. 

Quanti tati ve Methylati on Specifi c PCR (QMSP)
QMSP was performed aft er bisulfi te treatment on 1 μg denatured genomic DNA, as previously 

reported [16]. Bisulfi te treatment was performed with the EZ DNA methylati on kit according to 

manufacturer’s protocol (Zymogen, BaseClear, Leiden, the Netherlands). To correct for total DNA 

input, the housekeeping gene β-acti n was used as a reference for measurement of total DNA 

input. QMSP was carried out in a total volume of 20 μl in 384 well plates in an Applied Biosystems 

7900 Sequence Detector (Applied Biosystems, Nieuwekerk a/d IJsel, the Netherlands). Each 

sample was analyzed in triplicate. The fi nal reacti on mixture consisted of 300 nM of each primer, 

200 nM probe, 1x Quanti Tect Probe PCR Kit (Qiagen, Venlo, the Netherlands) and 50 ng of 

bisulfi te converted genomic DNA. As a positi ve control, serial diluti on of genomic leukocyte DNA, 

in vitro methylated with Sss I (CpG) methyltransferase (New England Biolabs. Inc., Beverly, MA), 

were used in each experiment. A DNA sample was considered to be methylated if at least 2 or 

3 triplicates showed exponenti al curves with a Ct-value below 50. All amplifi cati on curves were 

visualized and scored without knowledge of the clinical data. Five genes (C13ORF18, CCNA1, 

DAPK, CADM1, TFPI2) all known to be frequently methylated in cervical neoplasia were tested 

with QMSP [10-12,16].

Stati sti cal Analysis
Early recurrent HSIL was defi ned as occurring within 2 years follow-up and late recurrent HSIL 

as occurring aft er 2 years follow-up. Single gene promoter methylati on status was compared 

between early and late recurrent HSIL group, in initi al HSIL and recurrent HSIL using the Chi-

square test. Overall frequency of gene promoter methylati on (initi al and recurrent lesions) was 

compared between early recurrent HSILs and late recurrent HSILs by the Mann-Whitney U test. 

To assess a specifi c methylati on patt ern, concordance between initi al HSIL and recurrent HSIL for 

gene promoter methylati on was assumed if initi al HSIL and recurrent HSIL were either positi ve or 

negati ve. Concordance between gene promoter methylati on for initi al HSIL and recurrent HSIL 

was measured by Cohen’s Kappa. Stati sti cal signifi cance was assumed if the P value was <0.05.
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RESULTS

Pati ents
Histological classifi cati on of paired HSIL samples was confi rmed aft er pathology review by an 

experienced gynepathologist (HH) for 14/16 pati ents. Based on a 24 months cut-off , 6 pati ents 

were diagnosed with early recurrent HSIL and 8 pati ents with late recurrent HSIL. For all pati ents, 

ti me interval between initi al HSIL and recurrent HSIL is described in table 1. In the early recurrent 

HSIL group, one pati ents (pati ent ID: 3) was only treated by extensive biopsies. Data on referral 

Pap smears for colposcopy and follow-up Pap smears (cervical smear aft er ±6, ±12 and ±24 

months) are shown in table 1. 

Table 1 | Pati ents characteristi cs and follow-up data

Pati ent Referral
smear
initi al 

First
FU

smear

Second
FU 

smear

Third
FU 

smear

Referral
smear

subsequent

Interval
in

Months*** 

Resecti on 
margins 

initi al

Treatment

1 Pap 3B Pap 4 – Pap 4 1 Not free LLETZ

2 Pap 3B Pap 3A – – Pap 3A 6 Not free LLETZ

3 Pap 3A Pap 3A – – Pap 3A 7 Free Biopsies 

4 Pap 3B Pap 1 – – * 7 Not Free LLETZ

5 Pap 3B Pap 3A – – Pap 3A 8 Not free LLETZ

6 Pap 3B Pap 4 – – Pap 4 8 Free LLETZ

7 Pap 3A Pap 1 – – * 24 Free LLETZ

8 Pap 3B Pap 1 Pap 1 Pap 3B Pap 3B 29 Not free LLETZ

9 Pap 3A Pap 1 Pap 1 Pap 3A Pap 3A 35 Free LLETZ

10 Pap 3A Pap 1 – – Pap 3B 53 Free LLETZ

11 Pap 3A Pap 1 Pap 1 Pap 1 Pap 3A 62 Not free LLETZ

12 Pap 3A Pap 1 Pap 1 Pap 1 * 63** Not to judge LLETZ

13 Pap 3B Pap 1 Pap 1 Pap 1 Pap 3A 102 Unknown LLETZ

14 Pap 3A Pap 1 – – Pap 3B 106 Free LLETZ

FU=follow-up, *Reff ered for colposcopy because of vaginal bleedings, ** aft er 18 months LSIL; referred for colpos-
copy because of vaginal bleeding, ***interval between initi al HSIL and subsequent HSIL
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Table 2 | Methylati on and HPV status for initi al and recurrent lesions

Sample DAPK C13ORF18 CADM1 CCNA1 TFPI2 HPV

1 A 16

Early recurrent

1 B 16

2 A 16

2 B 16

3 A 16

3 B 16

4 A 16

4 B 16

5 A 16

5 B 16

6 A 16

6 B 16

7 A 16

Late recurrent

7 B 16

8 A 16

8 B 16

9 A 16

9 B 16

10 A 16

10 B 16

11 A 16

11 B -

12 A 16

12 B -

13 A 16

13 B 45

14 A -

14 B 18

A=initi al lesion, B=recurrent lesion ■ methylated ■ unmethylated
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Gene promoter methylati on analysis 
Table 2 summarizes methylati on status and frequency for initi al and recurrent lesions. Gene 

promoter methylati on was detected in initi al lesions for DAPK 5/14 (36%), C13ORF18 2/14 (14%), 

CADM1 9/14 (64%), CCNA1 2/14 (14%) and TFPI2 3/14 (21%). In recurrent lesions gene promoter 

methylati on was detected for DAPK 3/14 (21%), C13ORF18 2/14 (14%), CADM1 6/14 (43%), 

CCNA1 3/14 (21%) and TFPI2 2/14 (14%). Comparing methylati on status per gene promoter in 

initi al HSILs and recurrent HSILs, did not result in a signifi cant diff erences between the early 

recurrent HSIL group and the late recurrent HSIL group. 

 In initi al lesions as well as in the recurrent lesions, frequency of gene promoter methylati on 

was higher in the early recurrent HSIL group compared to the late recurrent HSIL group (median 

frequency 2 vs. 0.5 (p=0.016) and 1.5 vs. 0 (p=0.032), respecti vely). 

 A complete concordant methylati on patt ern was observed only for C13ORF18 6/6 (k=1.00, 

p=0.014) between initi al HSILs and early recurrent HSILs. For the other gene promoters, no 

concordant methylati on patt ern was observed between initi al HSILs and recurrent HSILs. 

Hr-HPV DNA analysis
In the early recurrent HSIL group, all initi al lesions and recurrent lesion were positi ve for HPV-16 

(table 2). In the late recurrent HSIL group, three lesions were hr-HPV negati ve, 2 recurrent lesions 

and 1 initi al lesion. No concordance between HPV-16 in initi al HSIL and late recurrent HSIL was 

observed (p=0.285).

DISCUSSION

Our present study indicates a higher frequency of methylati on in pati ents with an early 

recurrent HSIL compared to late recurrent HSIL. In a previous study in an overlapping pati ent 

populati on, we already showed that pati ents with involved excision margins had an increased 

risk of developing a recurrent HSIL compared to pati ents with free excision margins [3]. However, 

over 80% of pati ents, with positi ve excision margins, did not develop a recurrent HSIL [3,4]. One 

may doubt whether this phenomena is only caused by thermal destructi on of residual lesions 

aft er LLETZ. Both host as well as tumor related factors may be involved. In earlier work, we 

showed that operati ve procedures for (pre)neoplasti c cervical lesions may induce an enhanced 

immune response that may be involved in resoluti on of parti ally removed lesions [21]. However, 

a concept of subsets of HSILs with diff erent biological behavior can also be envisioned. An 

increased frequency of gene promoter methylati on in pati ents with early recurrent HSIL when 
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compared to pati ents with late recurrent or no recurrent HSIL suggests a subset of HSILs with a 

more progressive stage. 

 Gene promoter methylati on is not only an early event in cervical carcinogenesis, but an 

increased frequency is also associated with the severity of the lesion [14]. Several geneti c and 

epigeneti c alterati ons are necessary to cause progression of pre-malignant lesions to cancer. 

In a recent study by Wilti ng et al. using comparati ve genomic hybridizati on, a chromosomal 

profi le closely related to cervical cancer was found for 28% of HSILs [18]. In this subset of HSILs, 

CAMD1 also was found to be more frequently methylated. It was suggested that this subset 

of HSILs might have a higher tendency to become invasive. However, all pati ents underwent 

treatment and no further follow-up data were presented. In another study, an associati on was 

found between proliferati on acti vity and recurrences in HSIL pati ents, again suggesti ng a more 

aggressive behavior of a subset of HSILs [23]. 

 Persistence of hr-HPV aft er treatment is a risk factor for recurrence, especially persistence of 

HPV-16 and therefore it has been suggested that these pati ents need more intensive follow-up 

[24]. In our study persistence of HPV-16 was especially observed in early recurrent HSIL pati ents. 

In the late recurrent HSILs persistence of HPV-16 was not so obvious. A part of the late recurrent 

HSILs appear to be due to de novo infecti on.

 An important limitati on of our study is the low number of analyzed lesions. Despite our 

large database of treated HSIL pati ents the total number of ti ssue specimens was limited by the 

low percentage of recurrent HSIL. Moreover, a part of the pati ents with recurrent lesions were 

treated in other hospitals. In light of the low numbers of analyzed lesions, our study should 

be regarded as a hypothesis generati ng study that needs further verifi cati on in larger series of 

pati ents. 

 In conclusion, our study shows that frequency of gene promoter methylati on is increased 

in pati ents with an early recurrent HSIL. Therefore, we assume that early recurrence aft er 

treatment for HSIL is not only depending on inadequate treatment, but also might be based on 

more aggressive behavior as represented by increased gene promoter methylati on. 
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ABSTRACT

Objecti ve: A large number of studies explored a wide variety of cell biological characteristi cs 

in early stage cervical cancer, but so far no cell biological markers are routi nely used in clinical 

decision making. The aim of this systemati c review was to identi fy cell biological markers related 

to survival and/or pelvic lymph node metastasis in cervical cancer pati ents primarily treated by 

surgery and to perform a meta-analysis to evaluate their potenti al clinical diagnosti c relevance. 

Methods: A PubMed, Embase and Cochrane literature search was performed. Only studies 

concerning cervical cancer pati ents, primarily treated by surgery (FIGO stage IA-IIB) and 

investi gati ng a relati on between a cell biological marker and prognosis were included in 

our analysis. Study quality was assessed based on criteria concerning defi niti on of the study 

populati on, descripti on of pati ent, tumor and assay characteristi cs and stati sti cal analysis. 

Studies with a quality score of 4 or lower were excluded. 

Results: Our primary search identi fi ed 1,646 studies. Data extracti on and study quality assessment 

were performed in 54 studies. A quality score of ≥5 was given to 29/54 studies, concerning 40 cell 

biological markers. Fourteen were reported to be independent prognosti c markers for survival 

and 11 were related to the presence of pelvic lymph node metastasis. Due to insuffi  cient data, 

meta-analysis could not be performed for any of these markers.

Conclusion: Only a relati vely small number of cell biological markers showed a relati on with 

survival, pelvic lymph node metastasis or were independent prognosti c markers in early stage 

cervical cancer. At present, clinical applicati ons for these markers have not been established. 
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INTRODUCTION

Cervical cancer is the second most common cancer in women worldwide [1]. Due to introducti on 

of populati on-based screening programs in developed countries the incidence of cervical cancer 

is declining, while proporti onally more pati ents are diagnosed with early stage cervical cancer. 

Early stage pati ents are oft en treated primarily by radical surgery, but in case of positi ve margins 

or pelvic lymph nodes metastasis they will oft en also receive adjuvant (chemo)radiotherapy (two 

or three modality treatment). Classic prognosti c factors in early stage cervical cancer are: tumor 

size, depth of stromal invasion, lymphovascular space involvement, and parametrial invasion, 

all being a component of FIGO classifi cati on [2-5]. In additi on, lymph node metastasis has been 

shown to be an independent prognosti c factor in early stage cervical cancer pati ents [6]. Five-

year survival is around 90% in cervical cancer pati ents primarily treated by surgery without lymph 

node involvement and decreases to approximately 65% in case of lymph node metastasis [7]. 

 Currently the classic prognosti c factors are used to determine which pati ents will be off ered 

adjuvant (chemo)radiotherapy aft er radical surgery. Despite high survival rates there is sti ll a 

small proporti on of primarily operated pati ents who, based on currently widely accepted criteria 

will not receive adjuvant therapy, but will suff er from recurrent disease, oft en in the pelvis. 

Identi fi cati on of these pati ents by cell biological markers would have a signifi cant impact on 

current clinical practi ce. Another major challenge in treati ng early stage cervical cancer pati ents 

is to avoid two or three modality treatment. In stage IB pati ents 12-22 percent will have pelvic 

lymph node metastases and therefore will also receive (chemo)radiotherapy, resulti ng in an 

increased treatment-related morbidity [7]. In additi on to a variety of imaging techniques such 

as CT, PET-CT and/or MRI, cell biological markers determined preoperati vely might be helpful 

to identi fy these pati ents who then might be treated upfront with (chemo)radiotherapy. Finally, 

although survival rates for early stage cervical cancer pati ents are good, regardless of primary 

treatment modality, overall approximately 5-20 percent of pati ents will die of disease. Cell 

biological markers should identi fy these pati ents and preferably also be able to predict where the 

disease will recur (pelvis or distant). Especially, these pati ents should be included in clinical trials 

in which innovati ve treatment schedules are explored. To meet the challenges as summarized 

above cell biological markers should at least have one of the following characteristi cs: 1) an 

independent prognosti c factor for survival and/or 2) a predictor of pelvic lymph node metastasis.

 A large variety of cell biological markers have been investi gated in early stage cervical cancer 

and publicati ons on this line of research are increasing per week. Surprisingly, this has not led 

to the applicati on of any cell biological marker in a clinical setti  ng. A main reason for this might 

be that, as a result of the variety of markers tested in only small series of pati ents, consistent 

informati on concerning a specifi c marker seems not to exist. A second reason might be that 
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most cell biological markers are not evaluated in prospecti vely collected, large cohorts of cervical 

cancer pati ents, which are uniformly treated. It is unlikely that cell biological markers e.g. related 

to response to radiati on will have prognosti c impact in a cohort of pati ents primarily treated by 

surgery, while simultaneously markers related to pelvic lymph node metastasis do not necessarily 

will have prognosti c impact in pati ents primarily treated by (chemo)radiati on. 

 The aim of the present systemati c review was to identi fy cell biological markers related to 

survival and/or pelvic lymph node metastasis in cervical cancer pati ents primarily treated by 

surgery. Additi onally, in order to more reliably esti mate their possible clinical diagnosti c relevance 

we planned to perform a meta-analysis of individual studies on identi cal cell biological markers. 

METHODS

Search strategy 
A PubMed, Embase and Cochrane literature search was performed to identi fy studies on prognosti c 

cell biological markers in cervical cancer. Studies published unti l February 1, 2009 were included 

in this systemati c review. Mesh-terms used for primary search were: Uterine Cervical Neoplasm, 

Biological Markers, Genes Neoplasm, Neoplasm Proteins, Prognosis and Tumour/Tumor marker. 

In order to be confi dent that all related publicati ons were identi fi ed by our primary search, we 

hand-searched references from relevant reviews. The total number of identi fi ed publicati ons was 

1458 for PubMed, 451 for Embase and 0 for Cochrane. In PubMed and Embase 263 publicati ons 

were identi fi ed in both databases, aft er extracti on of these publicati ons a total number of 1,646 

studies was identi fi ed (see fi gure 1). 

Selecti on criteria for data extracti on
Based on arti cle ti tle we fi rst excluded abstracts, that concerned tumors other than cervical 

cancer (n=359). Secondly we excluded non-English publicati ons (n=123). The total number of 

studies remaining for abstract evaluati on was 1,164. Abstracts were reviewed and selected by 

two independent researchers (JJHE and MGN). Abstract selecti on was based on the following 

criteria: (1) the study concerned cervical cancer pati ents primarily treated by surgery (FIGO stage 

IA-IIB), (2) a relati on between a cell biological marker and prognosis was evaluated and (3) a 

minimum pati ent count of n=> 50 (arbitrarily chosen). Aft er this round 54 publicati ons on 65 

diff erent cell biological markers were selected for data extracti on (see fi gure 1).
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Data extracti on
Data were extracted by two independent researchers using a predefi ned form. Topics in this 

form were: year of publicati on, country, number of pati ents, years of pati ent inclusion, method 

of case selecti on (retrospecti ve or prospecti ve cohort of pati ents), age at ti me of diagnosis 

(mean, median, range), follow-up ti me (mean, median, range), distributi on of stage, tumor 

type and diff erenti ati on grade, type of treatment, pelvic lymph node metastasis, recurrences, 

assay method and interpretati on of assay used, number of marker positi ve and negati ve tumors, 

numbers of (disease specifi c and overall) death, and results of univariate and/or multi variate 

survival analyses (log-rank analysis, logisti c regression, cox regression). 

 

1646  studies  
Primary search  

1164  studies  
Abstract evalua�on  

29 studies (40 cell biological markers)
Used for systema�c review

 
 

54 studies (65 cell biological markers) 
Used for data extrac�on

Exclusion criteria:
(1) publica�ons concerning other tumors
(2) non-English publica�ons

Exclusion criteria: 
(1) cervical cancer pa�ents not primarily treated by surgery
(2) no rela�on between cell biological marker and prognosis  
(3) pa�ent count <50

Exclusion criteria: studies with a quality score of 4 or lower.

Figure 1 | Selecti on process
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Study quality assessment 
The quality of studies was assessed by two independent researchers. Discordance between 

scores was reappointed on consensus of opinion. The quality measurement form was based 

on work from Hayes et al. and the REMARK (REporti ng recommendati ons for tumour MARKer 

prognosti c studies) criteria from McShane et al. [8,9]. In summary, the following criteria were 

investi gated; whether (1) the study reported in- and exclusion criteria; (2) study data were 

prospecti vely collected; (3) 6 out 8 of the following pati ents and tumor characteristi cs were 

described: (a) age, (b) stage, (c) tumor type, (d) diff erenti ati on grade, (e) lymph vascular space 

involvement, (f) depth of invasion, (g) lymph node status, (h) tumor size; (4.1) the assay used to 

measure biomarker expression was suffi  ciently described; (4.2) interpretati on of the assay was 

described; (5) defi niti on of the study endpoint; (6) the follow up ti me of pati ents in the study; (7) 

the study reported how many pati ents were available for stati sti cal analysis. Studies with a total 

score of eight were considered to show the highest study quality, while a zero score indicated 

the lowest quality. Criteria 1 and 2 are strongly related to prospecti ve studies, implying that most 

retrospecti ve studies could only reach a maximum quality score of 6 (criteria 3 to 7). In order to 

be included in the systemati c review it was allowed to miss only one of the remaining 6 criterions 

to ensure that these studies are providing real insight into the reliability of their data. Therefore, 

the cut-off  value for studies to be included in the systemati c review was set at a quality score of 

5 or higher.

Analysis
First selected studies describing cell biological markers associated with disease outcome in 

univariate analysis will be described in clusters bases on biological functi on. Aft er that, the 

independent prognosti c cell biological markers and their relati on with pelvic lymph node 

metastasis will be described. All cell biological markers tested in a multi variate model are 

described in a fi gure by Hazard Rati o and confi dence interval. Due to insuffi  cient data none of 

these cell biological markers could be meta-analyzed.

RESULTS

The study selecti on process is summarized in fi gure 1. In total 29 studies were selected for 

systemic review concerning 40 cell biological markers. Eighteen cell biological markers showed 

a relati on with survival in univariate analysis, and 14 were shown to be independent predictors 

for survival. Eleven cell biological markers were related to pelvic lymph node metastasis. In the 

next subsecti ons fi rst the selected cell biological markers associated with disease outcome in 
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univariate analysis will be described in more detail. In order to generate a clear overview, clusters 

of cell biological markers were created based on biological functi on. Aft er that, the independent 

prognosti c cell biological markers and their relati on with pelvic lymph node metastasis will be 

described. 

Angiogenesis markers
Three angiogenesis markers were evaluated: hypoxia-inducible factor 1-α (HIF1-α), vascular 

endothelial growth factor (VEGF) and angiogenesis inhibitor thrombospondin-1 (TSP-1) [10-13]. 

HIF1-α expression indicates HIF1 acti vity, which is known to have an essenti al role in oxygen 

homeostasis [14]. Strong expression of HIF1-α was related to poor overall and disease free 

survival [10]. VEGF is involved in neovascularisati on of tumors [15] and in two studies high VEGF 

was related to a poor overall and disease free survival [11,12], while in one study including only 

pelvic lymph node positi ve pati ents a relati on with survival was not found [13]. In the same 

study, the angiogenesis inhibitor TSP-1 was also not related to survival in univariate analysis [13]. 

In conclusion, existi ng data suggest parameters of increased angiogenesis to be related to poor 

survival in early stage cervical cancer. However, only a small number of studies (n=4) has been 

published concerning these markers.

Apoptosis markers
Five diff erent apoptosis markers were evaluated in cervical cancer pati ents: Bax, Bcl-2, Bcl-xl, 

MDM2 and p53. The protein Bcl-2 enhances cell survival and can be inhibited by Bax (Bcl-2 

associated protein X), although Bax is also directly involved in apoptosis [16,17]. Bcl-xl is an anti -

apoptoti c protein and infl uences apoptosis in the same way as Bcl-2. MDM2 is a cellular protein 

and is able to inacti vate the tumor suppressor gene p53, thereby enhancing cell survival [18]. 

In one study, a relati on between positi ve Bcl-2 staining and a bett er survival was found [19]. 

All other apoptosis related cell biological markers showed no relati on with survival [20-22]. In 

summary, at present there appears to be no apparent relati on between markers of apoptosis and 

survival in early stage cervical cancer. 

Cell cycle regulati on markers
Among many other players cell cycle control is regulated by cyclin-dependent kinases (CDKs), 

the acti vity of which is regulated by several acti vators (cyclins) and inhibitors (Ink4, Cip and Kip 

inhibitors such as p16, p21 and p27). Consti tuti ve and deregulated CDK or cyclin acti vati on as 

well as loss of CDK inhibitors might contribute to carcinogenesis and tumor proliferati on [23]. The 

prognosti c value of p16, p21 and p27 was investi gated in one study. [24]. High p16 expression 

was related to a bett er disease specifi c survival, but for p21 and p27 no relati on with survival 
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was found. Cyclin A, cyclin D3 and cyclin E expression were also not related to survival [25]. 

Inhibitor of diff erenti ati on/DNA binding (Id) proteins are transcripti on factors involved in cell 

cycle regulati on, apoptosis and angiogenesis [26,27]. Three diff erent Id proteins (Id-1, Id-2 and 

Id-3) were investi gated in one study and strong or moderate Id-1 expression was related to poor 

overall and disease free survival [28]. In summary, a variety of cell cycle regulati ons markers 

have been investi gated. To date it seems that only a small proporti on of these markers might be 

related to survival in early stage cervical cancer.

DNA characteristi cs
Tumors containing malignant cells with specifi c DNA characteristi cs such as DNA ploidy and DNA 

index may have diverse biological behaviour and therefore these DNA characteristi cs may have 

prognosti c impact. DNA ploidy and DNA index did not show a relati on with survival [29-31], 

while proliferati on index, defi ned as the percentage G2M plus the percentage S-phase fracti on, 

was related to poor survival [30]. Also, S-phase fracti on alone was related to poor survival [29]. 

Increased proliferati on as determined by fl ow cytometry therefore seems to be related to poor 

survival in early stage cervical cancer pati ents.

EGFR pathway
EGFR and HER-2/neu are tyrosine kinase receptors that belong to the epidermal growth factor 

receptor family. EGFR and C-erbB-2 (also known as HER-2/neu) signaling is important in processes 

associated with carcinogenesis and tumor progression, such as inhibiti on of apoptosis, cell 

migrati on, cell growth and angiogenesis [32]. A relati on between both moderate/strong EGFR as 

well as positi ve C-erbB-2 immunostaining and poor survival was observed [22], while two other 

studies did not report such a relati on [21,33]. No striking evidence currently exists for a strong 

relati on between EGFR pathway and survival in early stage cervical cancer.

HPV
High-risk human papillomavirus (hr-HPV) DNA is present in virtually all cervical carcinomas [34] 

and hence seems not to be useful as a prognosti c factor. However, hr-HPV type or hr-HPV copy 

numbers diff er between pati ents and could be used as prognosti c cell biological markers. For 

Hr-HPV DNA copy number no relati on with survival was found [35], while high levels of HPV E6/

E7 mRNA expression, high levels of HPV-16 E6 mRNA expression and HPV18 were related to 

poor overall survival [35,36]. In conclusion, these data suggest a relati on between characteristi cs 

of HPV, such as E6/E7 mRNA expression and HPV18, and survival in early stage cervical cancer 

pati ents. 
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Metastasis markers
CD44 is a transmembrane protein belonging to the family of adhesion molecules. These 

molecules are involved in cell-cell and cell-matrix interacti on and loss of CD44 contributes to 

metastati c spread [37]. Several isoforms of CD44 are known (CD44v1-CD44v10) [38]. In early 

stage cervical cancer CD44v3 immunostaining appears to be not related to survival [39]. In two 

studies, positi ve CD44v6 immunostaining was related to poor overall survival [39,40], while 

another study did not show any relati on with survival [41]. These confl icti ng results are both 

derived from studies evaluati ng a large number of pati ents and applying the same methodology. 

Therefore, the relati on between CD44v6 and survival remains unclear and a large study with 

prospecti vely collected pati ent samples is needed. 

 Acti vati on of the clotti  ng system, including accumulati on of blood platelets (trombocytosis), 

has been suggested to play a role in metastati c spread of tumor cells. How blood platelets are 

involved in metastasising disease is not fully understood [42]. In one study a strong relati on 

between trombocytosis and poor survival in stage IB pati ents was described [21]. 

 Cathepsin D is a lysosomal protease that increases the metastati c potenti al of tumor cells 

by digesti ng the extracellular matrix. The prognosti c value of Cathepsin D was investi gated in 

two studies [21,33], of which one found a relati onship between positi ve Cathepsin D protein 

expression as determined by immunohistochemistry and survival [33]. 

 The product of the nm23 gene is identi cal to nucleoside diphosphate (NDP) kinase and a 

reducti on in nm23 gene expression has been associated with tumor cells of high metastati c 

potenti al [43,44]. Positi ve nm23/NDP kinase protein expression was related to poor survival 

in early stage cervical cancer pati ents [45]. Reduced expression of B-catenin, an essenti al 

component of intercellular juncti ons, has been associated with metastati c spread [46]. For 

cervical adenocarcinoma a relati on between reduced B-catenin staining and poor survival was 

found[47]. 

 In summary, metastasizing disease is a clinical indicator for poor survival and almost all 

metastasis markers, that have been investi gated sofar appear to be related to survival in cervical 

cancer pati ents.

Serum tumor markers
Serum tumor markers are especially interesti ng cell biological markers, since for determinati on 

of these markers a tumor specimen is obviously not needed. Squamous cell carcinoma anti gen 

(SCC-ag) can be detected in cytosol of normal squamous epithelial cells, but only in limited 

amounts in sera from healthy controls. It has been suggested that in case of squamous cell 

carcinoma SCC-ag is passively released into the circulati on [48]. Serum SCC-ag levels were 

investi gated using enzyme immunoassays in four diff erent studies and in three studies a strong 
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relati on between high pre-operati ve serum SCC-ag levels and poor survival was observed [29,49-

51]. Serum Cancer anti gen 125 (CA-125) and the combinati on of CA-125 with SCC-ag, also called 

double tumor marker (DTM) index, were evaluated in one study and a relati on with poor disease 

specifi c survival was observed [50]. Surprisingly in this study only squamous cell carcinoma 

pati ents were evaluated, while it is known that CA-125 is especially related to adenocarcinoma 

of the cervix [52]. So far, there seems no biological explanati on for the relati on between CA-125 

and poor prognosis in squamous cell carcinoma of the cervix. In conclusion, there is convincing 

evidence that increased preoperati ve serum SCC-ag is associated with poor survival in early stage 

cervical cancer.

Proliferati on markers
Proliferati on of tumor cells is an important characteristi c of tumor behavior and therefore cell 

biological markers refl ecti ng the proliferati on rate of a tumor seems interesti ng. However, for 

two diff erent proliferati on markers, BM28 and KI-67, no relati on with survival was observed [25]. 

Miscellaneous cell biological markers
The receptor for hepatocyte growth factor receptor is a product of the c-Met proto-oncogene 

[53]. Acti vati on of this receptor may result in changes in cell morphology, cell migrati on and cell 

growth. Overexpression of c-Met appeared to be related to poor survival [54]. Other investi gated 

cell biological markers such as PD-ECGF (platelet-derived endothelial cell growth factor), uPA 

(urokinase-type plasminogen acti vator), PAI-1 (plasminogen acti vator inhibitor type 1) and FHIT 

(fragile histi dine triad) showed no relati on with survival in cervical cancer pati ents, primarily 

treated by radical surgery [55-57]. 

 

Independent prognosti c cell biological markers for survival
All cell biological markers tested in multi variate model including classic prognosti c factors are 

shown in fi gure 2. The strength of the associati ons between cell biological markers and survival 

is described by the hazard rati o. Fourteen cell biological markers showed a relati on with overall 

survival in a multi variate model (table 1), while 9 markers were independent prognosti c markers 

for disease free and/or disease specifi c survival. 

Cell biological markers related to pelvic lymph node metastasis

Eleven cell biological markers were related to pelvic lymph node metastasis in univariate analysis 

(table 2). Serum SCC-ag was most intensively investi gated in diff erent studies and high expression 

was strongly related to pelvic lymph node metastasis. Expression of 3 markers, cyclin A, p16 

and C-erbB-2, was inversely related to pelvic lymph node metastasis. Two studies calculated
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Figure 2 | All cell biological markers tested in a multi variate model

the performance characteristi cs of VEGF and serum SCC-ag for predicti ng pelvic lymph node 

metastasis. A VEGF cut-off  value of 400 pg/mg resulted in a sensiti vity of 75%, a specifi city of 70%, 

a positi ve predicti ve value of 41% and a negati ve predicti ve value of 92% for predicti ng pelvic 

lymph node metastasis [11]. A serum SCC-ag cut-off  value of 2 ng/ml resulted in a sensiti vity of 

58%, a specifi city of 86%, a positi ve predicti ve value of 51% and a negati ve predicti ve value of 

89% for predicti ng pelvic lymph node metastasis [51]. 

DISCUSSION 

Aft er selecti on based on methodological quality criteria our systemati c literature search identi fi ed 

29 studies concerning 40 cell biological markers evaluated in early stage cervical cancer pati ents 

primarily treated by surgery. Eighteen cell biological markers showed a relati on with survival, 

while for 11 markers (VEGF, Cyclin A, p16, DNA ploidy, EGFR, C-erbB-2, cathepsin D, SCC-ag, CA-

125, DTM, PD-ECGF) a relati on with pelvic lymph node metastasis was reported. In multi variate 

analysis 14 cell biological markers (VEGF, HIF1-α, BCL-2, CD44v6, HPV-18, HPV E6/E7 mRNA, EGFR, 

B-Catenin, c-Met, serum SCC-ag, DTM (SCC/CA-125), Id-1, Cathepsin D and S-phase fracti on) 
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were independent prognosti c markers for survival of which preoperati ve serum SCC-ag showed 

the strongest associati on with survival. A small number of cell biological markers, especially 

pre-operati ve serum SCC-ag, was investi gated in several, independent studies. However, due 

to insuffi  cient retrievable data for none of these cell biological markers a meta-analysis could 

be performed. Aft er abstract evaluati on only 4.6% (54/1,164) of studies were selected for data 

extracti on. Most studies were excluded based on heterogeneity of primary treatment modality 

in the study populati on; only a small number of studies were performed in pati ents primarily 

treated by surgery or allowed evaluati on of this populati on separately. 

 This systemati c review, focused on prognosti c cell biological markers evaluated in cervical 

cancer pati ents primarily treated by surgery. To be clinically meaningful, prognosti c markers need 

to answer clinically relevant questi ons. In early stage cervical cancer primarily treated by surgery 

this means a possible relati on with likelihood of reasons for adjuvant (chemo)radiati on and/or a 

relati on with disease specifi c survival. With respect to disease specifi c survival another important 

issue is whether recurrences occur loco-regionally or distant. Unfortunately most studies do not 

provide this type of informati on. 

 In early stage cervical cancer pati ents who are eligible for surgery based on classic prognosti c 

markers, cell biological markers as such could be useful for the selecti on of pati ents for primary 

treatment modality. Our systemati c review indicates that at present the most useful cell biological 

marker seems to be preoperati ve serum SCC-ag level, as this marker is most strongly related to 

clinical outcome in cervical cancer pati ents, primarily treated by surgery. In agreement with our 

results, Reesink-Peters et al. showed that preoperati ve SCC-ag level indeed is an independent 

predictor for receiving postoperati ve radiotherapy in a large well-documented series of cervical 

cancer pati ents [58]. As no survival analysis was conducted in this study, it was excluded for the 

present review. Additi onally, elevated serum SCC-ag levels seem to identi fy a subgroup of lymph 

node negati ve pati ents aft er senti nel lymph node (SLN) procedure, which might benefi t from 

full lymphadenectomy. It was hypothesized that these pati ents might have micro-metastasis 

or a false SLN [59]. Disadvantages of pre-operati ve serum SCC-ag determinati on are that it is 

restricted to pati ents with squamous cell carcinoma and that pre-operati ve serum SCC-ag levels 

can not be reliably used in pati ents previously treated by exconisati on due to a fast decline of 

SCC-ag in serum [60]. Finally, to really proof the clinical value of pre-treatment serum SCC-ag 

analysis a study should be performed in which early stage pati ents are randomized between 

primary treatment modality selecti on with or without pre-treatment serum SCC-ag analysis. 

Apart from disease free survival endpoints for such a study should focus on treatment-related 

morbidity. 

 Despite the fact that we identi fi ed a number of well-documented studies all meeti ng a 

certain quality standard sti ll diff erent conclusions can be drawn from studies evaluati ng the 
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same cell biological marker. McShane et al. stressed the point that discrepancies between results 

of studies concerning the same marker are oft en caused by diff erences in study methodology 

[9], such as diff erent study populati ons, diff erent methods to determine marker expression 

(e.g. an enzyme immunoassay or immunohistochemical staining) or diff erent anti bodies used 

for immunostaining, etc. To more precisely defi ne the role of the most promising cell biological 

markers, large well-designed prospecti ve multi -center studies should be performed and in these 

prospecti ve studies, REMARK criteria should be considered in advance, thereby improving study 

quality [9]. 

 In conclusion, our systemati c review identi fi ed independent prognosti c cell biological markers 

in cervical cancer pati ents primarily treated by surgery. Currently preoperati ve serum SCC-ag 

seems to be the most useful cell biological marker for clinical decision making in early stage 

cervical cancer, but its clinical signifi cance has not yet been shown in prospecti ve studies. Future 

research should focus on improving study quality, while exploring new cell biological markers. 
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ABSTRACT

Objecti ve: To correlate the expression of EGFR components with clinical behaviour of early stage 

cervical cancer. 

Pati ents and Methods: Tissue samples of 336 consecuti ve FIGO stage IB-IIA cervical cancer 

pati ents all treated primarily by radical surgery were collected. Clinico-pathological and follow-

up data were prospecti vely obtained during standard treatment and follow-up. As representants 

for the EGFR pathway, expression of EGFR, pEGFR, PTEN, pAKT, and pERK was assessed by 

immunohistochemistry on ti ssue microarrays (TMAs). 

Results: Positi ve immunostaining was observed for EGFR in 32.1%, for pEGFR in 21.0%, for PTEN in 

38.3%, for pAKT in 5.3% and for pERK in 4.3% of tumour samples. Positi ve EGFR immunostaining 

was associated with squamous cell carcinoma of the cervix (OR=7.41, 95% CI=3.38-16.23, 

p<0.001), negati ve pEGFR immunostaining with poor diff erenti ati on (OR=0.39, 95% CI=0.20-0.73, 

p=0.004) and negati ve PTEN immunostaining with metastati c pelvic lymph nodes (OR=0.51, 95% 

CI=0.30-0.90, p=0.019). In multi variate analysis only pelvic lymph node metastasis (HR=6.11, 95% 

CI=3.46-10.77, p<0.001) and poor diff erenti ati on (HR=1.91, 95% CI=1.12-3.26, p=0.018) were 

related to disease specifi c survival.

Conclusion: In early stage cervical cancer loss of PTEN expression is associated with pelvic lymph 

node metastasis, suggesti ng PTEN to be one of the tumour suppressor genes aff ecti ng pelvic 

lymph node metastasis. However, expression of EGFR pathway components does not appear to 

have prognosti c impact in surgically treated early stage cervical cancer. 
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INTRODUCTION

Early stage cervical cancer is generally treated by radical hysterectomy and pelvic lymph node 

dissecti on. In cases with poor clinico-pathological factors, adjuvant radiotherapy with or without 

chemotherapy is oft en administered. Conventi onal prognosti c factors in early stage cervical cancer 

are: tumour size, depth of stromal invasion, lymphovascular space involvement, parametrial 

invasion and pelvic lymph node metastasis [1-4]. Pelvic lymph node metastasis appears to be 

the most important of these parameters [5], with a fi ve-year survival approximati ng 90% in node 

negati ve early stage cervical cancer pati ents primarily treated with surgery and decreasing to 

approximately 65% in pati ents with pelvic lymph node metastasis [6]. In early stage cervical 

cancer, molecular markers could be helpful in selecti ng lymph node negati ve pati ents with 

an unfavourable prognosis for adjuvant treatment and might identi fy new targets for pati ent-

tailored therapy.

 The epidermal growth factor receptor (EGFR) is involved in the ErbB signalling network, which 

is oft en deregulated in cancer. Autophosphorylati on of EGFR to pEGFR leads to acti vati on of the 

Ras/Raf/MEK/ERK pathway and the PI3K/AKT pathway, both of which are involved in processes 

that are associated with carcinogenesis and tumour progression, such as inhibiti on of apoptosis, 

cell migrati on, cell growth, and angiogenesis [7]. PTEN (phosphatase and tensin homolog deleted 

on chromosome ten) acts as a tumour suppressor gene by inhibiti ng phosphorylati on and 

thereby acti vati on of AKT [8,9]. Only few data, obtained in small series of cervical cancer pati ents 

primarily treated by surgery, exist on EGFR or PTEN expression [10-13] and no published studies 

provide a comprehensive analysis of several EGFR pathway components simultaneously in a well-

defi ned series of early stage cervical cancer pati ents. 

   Previous studies of molecular markers in early stage cervical cancer have been limited by 

the small number of pati ents evaluated and/or mediocre documentati on of clinico-pathological 

parameters. The present study was designed to correlate expression of EGFR, pEGFR, PTEN, pAKT 

and pERK in relati on to clinico-pathological parameters and disease specifi c survival in a large, 

well-documented series of pati ents with early stage cervical cancer and long-term follow-up. 

PATIENTS AND METHODS

Pati ents and treatment 
Since 1980, clinico-pathological characteristi cs and follow-up data of all cervical cancer pati ents 

referred to the Department of Gynaecologic Oncology of the University Medical Center Groningen 

have been prospecti vely entered into a computerized database. Clinical staging of each pati ent 
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is performed under general anaesthesia in accordance with the Internati onal Federati on of 

Gynaecology and Obstetrics (FIGO) criteria. For the present study we selected all early stage 

cervical cancer pati ents, treated primarily by surgery between January 1980 and December 2004 

from our database (n=336). All pati ents underwent type 3 radical hysterectomy and pelvic lymph 

node dissecti on. Pati ents with pelvic lymph node metastases, parametrial invasion or positi ve 

excision margins received adjuvant external beam radiotherapy with or without chemotherapy. 

Paraffi  n-embedded formalin-fi xed primary tumour ti ssue was collected from each pati ent. 

Pati ents were only included in our analysis, if suffi  cient, representati ve tumour ti ssue was 

available for TMA constructi on. Aft er completi on of treatment, pati ents were followed up at the 

outpati ent clinic for at least 5 years.

Insti tuti onal Review Board approval
In the University Medial Center Groningen clinico-pathologic and follow-up data are prospecti vely 

obtained during standard treatment and follow-up and stored in a computerized registrati on 

database. For the present study, all relevant data were retrieved from this computerized database 

into a separate, anonymous database. Pati ent identi ty was protected by study-specifi c, unique 

pati ent numbers. Codes were only known to two dedicated data managers, who also have daily 

responsibility for the larger database. In case of uncertainti es with respect to clinico-pathologic 

and follow-up data, the larger databases could only be checked through the data managers, 

thereby ascertaining the protecti on of pati ents’ identi ty. Using the registrati on database all ti ssue 

specimens were identi fi ed by unique pati ent numbers and retrieved from the archives of the 

Department of Pathology. Therefore, according to Dutch law no further Insti tuti onal Review 

Board approval was needed for this study (htt p://www.federa.org/).

Tissue Microarray (TMA) constructi on
As previously described, representati ve areas of tumour were marked on haematoxylin- and 

eosin- (H&E) stained slides of the paraffi  n-embedded ti ssue [14]. Areas of necrosis and/or heavy 

leucocyti c infi ltrate were avoided. The TMAs were constructed using a precision instrument 

(Beecher Instruments, Silver Spring, Maryland). Three 0.6 mm in diameter cores were punched 

from the marked area of the paraffi  n-embedded ti ssue (donor block) and transferred to 

a predefi ned locati on in a blank paraffi  n block (recipient block). Aft er all the cores had been 

inserted, the recipient block was placed in an oven of 37°C for 15 minutes to att ach the cores 

to the surrounding paraffi  n. Each TMA also contained benign (skin epithelia, normal cervical 

ti ssue and colon polyps) and tumour (breast, colon and ovarian carcinoma) ti ssue that served as 

controls for immunostaining and comparison of TMAs. In total 5 TMAs were constructed. 
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Immunohistochemistry
For immunohistochemistry, 4 μm secti ons were cut from the TMA and mounted on amino-

propyl-ethoxy-silan (APES, sigma-Aldrich, Diesenhofen Germany)-coated glass slides. Immuno-

histochemistry for EGFR, pEGFR, PTEN, pAKT and pERK was performed as described previously 

[15]. Details of the anti bodies used for immunohistochemistry and methods for anti gen retrieval 

are summarized in table 1. The avidin-bioti n-peroxidase method was uti lized for all anti body 

detecti on, except pAKT for which the EnVision horseradish peroxidase system (Dako, Copenhagen, 

Denmark) was used. Slides were deparaffi  nised in xylene and rehydrated in ethanol. Endogenous 

peroxidase was blocked by incubati on with 0.3% hydrogen peroxidase for 30 minutes. For 

stainings in which the avidin-bioti n-peroxidase method was used, endogenous avidin and bioti n 

acti vity was blocked using a blocking kit (Vector Laboratories, Burlingame, UK). Immunostaining 

was visualized by 3’3-diaminobenzidinetetrahydrochloride and counter immunostaining was 

performed with haematoxylin. 

Table 1 | Anti bodies uti lized for immunostaining 

Anti gen Anti gen retrieval Clone Company Diluti on Incubati on ti me

PTEN Citrate (pH 6)1 6H2.1 Cascade2 1:100 60 minutes

EGFR Proteinase K 0.1%, 
30 minutes

111.6 Neomarkers3 1:200 60 minutes

pEGFR EDTA (pH 8)1 1H12 Cell Signaling4 1:200 60 minutes

pAKT 1/2 Citrate (pH 6)1 736E11 Cell Signaling4 1:50 overnight (4°C)

pERK 1/2 Citrate (pH 6)1 20G11 Cell Signaling4 1:50 overnight (4°C)

1. Secti ons were boiled in a microwave for 15 minutes
2. Cascade Bioscience, Winchester, USA
3. Neomarkers, Lab Vision Corporati on, Fremont, USA
4. Cell signaling, Danvers, USA

Evaluati on of immunostaining

Scoring was performed by two independent observers (JJHE, MGN) without knowledge of 

clinical data. A concordance of more than 90% was found. The discordant cases were reviewed 

and scores were reassigned on consensus of opinion. Immunostaining intensity was semi 

quanti tati vely scored. Only pati ents with at least two representati ve cores were included in 

the analysis. Tumours were considered positi ve for EGFR in when >10% positi ve membranous 

immunostaining was observed [12]. pAKT and pERK immunostaining were considered positi ve if 

>10% of a tumour showed cytoplasmic and/or nuclear immunostaining [15]. Positi ve expression 
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of PTEN was defi ned as >10% cytoplasmic immunostaining [16]. Positi ve pEGFR was defi ned as 

at least weak positi ve cytoplasmic immunostaining, as the acti vated EGFR is internalized [17]. 

Stati sti cal analysis

Stati sti cal analysis was performed with SPSS 16.0 for Windows (SPSS Inc., Chicago, IL). 

Associati ons (Odds Rati os and 95% CI) between immunostaining intensity and clinico-patho-

logical characteristi cs were assessed in a univariate logisti c regression model using positi ve 

protein expression as dependent factor and the clinico-pathological characteristi cs as 

independent factors. Relati ons (Hazard Rati os and 95% CI) between disease specifi c survival, 

clinico-pathological features and immunostaining were calculated using both univariate and 

multi variate Cox proporti onal hazard analysis. In these analyses, factors with a p value >0.10 in 

the univariate analyses were excluded stepwise in multi variate analyses. P values of <0.05 were 

considered stati sti cally signifi cant.

RESULTS

Pati ents and tumour characteristi cs 
In total 336 pati ents diagnosed with early stage cervical cancer (IB1: n=221 (66%); IB2: n=, 63 

(19%); IIA: n=52 (15%)) and treated by radical hysterectomy and pelvic lymph node dissecti on 

were identi fi ed. In 310 cases suffi  cient pre-treatment ti ssue was available for TMA constructi on. 

Median age was 43 years (range 17-86 years) and median follow-up ti me was 5.5 years (range 

0.31-18.60 years). Overall 5-year disease specifi c survival for the 310 pati ents was 82.4%. 

Additi onal pati ent and tumour characteristi cs are summarized in table 2. 

 

Clinico-pathological factors in relati on to EGFR, pEGFR, PTEN, pAKT and pERK
The proporti on of pati ents included in the analysis based on two or more representati ve cores 

was 93.5% for EGFR, 93.5% for pEGFR, 91.0% for PTEN, 90.7% for pAKT and 89.1% for pERK. 

Figure 1 shows a representati ve negati ve and positi ve core for each staining. Positi ve EGFR 

immunostaining was observed in 93/290 (32.1%) pati ents, positi ve pEGFR immunostaining in 

61/290 (21.0%) pati ents, positi ve PTEN immunostaining in 108/282 (38.3%) pati ents, positi ve 

pAKT immunostaining in 15/281 (5.3%) pati ents and positi ve pERK immunostaining in 12/276 

(4.3%) pati ents. Positi ve pEGFR immunostaining correlated with PTEN (OR 2.454, 95% CI 

1.367-4,403, p=0.003) and with pERK (OR 4.468, 95% CI 1.380-14.468, p=0.013). No additi onal 

correlati ons between the immunostains were found (data not shown). 
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Table 2 | Pati ents and tumour characteristi cs. 

N=310 N (%)

FIGO stage

IB1 197 (64%)

IB2 63 (20%)

IIA 50 (16%)

Treatment

WM 188 (61%)

WM + radiotherapy 106 (34%)

WM + chemo-radiotherapy 16 (5%)

Tumour type

Squamous carcinoma 200 (65%)

Adenocarcinoma 87 (28%)

Other 23 (7%)

Diff erenti ati on grade

Good/moderate 180 (58%)

Poor 124 (40%)

Unknown 6 (2%)

Lymphangioinvasion

Yes 160 (52%)

No 149 (48%)

Unknown 1 (0%)

N=310 N (%)

Depth of invasion

0-10 mm 165 (53%)

≥10 mm 131 (42%)

Unknown 14 (5%)

Margins

Negati ve 299 (96%)

Positi ve 11 (4%)

Lymph nodes

Negati ve 222 (72%)

Positi ve 88 (28%)

Tumour diameter

0-4 cm 223 (72%)

≥ 4 cm 87 (28%)

Recurrence

No 245 (79%)

Local-regional 38 (13%)

Distance 14 (5%)

Progression 4 (1%)

Unknown 9 (5%)

WM= Wertheim Meigs

Table 3 shows clinico-pathological features in relati on to immunostaining. Positi ve membranous 

immunostaining for EGFR was associated with squamous cell carcinoma of the cervix (OR=7.41, 

95% CI=3.38-16.23, p<0.001), negati ve pEGFR cytoplasmic immunostaining was associated with 

poor diff erenti ati on (OR=0.39, 95% CI=0.20-0.73, p=0.004) and negati ve PTEN immunostaining 

was associated with metastati c pelvic lymph nodes (OR=0.51, 95% CI=0.30-0.90, p=0.019). 

EGFR, pEGFR, PTEN, pAKT and pERK and disease specifi c survival
In univariate Cox Regression analysis, none of the immunostain results correlated with disease 

specifi c survival (table 4). In multi variate Cox Regression analysis only positi ve lymph nodes 

(HR=6.11, 95% CI=3.46-10.77, p<0.001) and poor diff erenti ati on (HR=1.91, 95% CI=1.12-3.26, 

p=0.018) were independent prognosti c factors for disease specifi c survival.
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Figure 1 | Tumour microarray stained for EGFR, pEGFR, PTEN, pAKT, and pERK (100x). Negati ve staining 

(a, c, e, g, and i). Positi ve staining (b, d, f, h, and j). 
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Table 4 | Disease specifi c survival (Cox regression analysis) 

Univariate Multi variate

HR (95%CI) P value HR (95%CI) P value

Age 1.02 1.00-1.04 0.055 #

Stage ≥IB2 2.34 1.38-3.98 0.002 #

Squamous 0.72 0.40-1.29 0.266 #

Poor diff erenti ati on 1.73 1.01-2.95 0.045 1.91 1.12-3.26 0.018

Lymphangioinvasion 2.38 1.32-4.26 0.004 #

Infi ltrati on depth ≥10 mm 2.00 1.15-3.49 0.014 #

Positi ve lymph nodes 5.76 3.30-10.04 <0.001 6.11 3.46-10.77 <0.001

Tumour diameter ≥4 cm 2.45 1.44-4.16 0.001 #

EGFR 1.24 0.69-2.22 0.468 #

pEGFR 0.81 0.39-1.66 0.556 #

PTEN 0.61 0.33-1.14 0.120 #

pAKT 0.71 0.17-2.93 0.638 #

pERK 0.05 0.0-15.02 0.298 #

# = not included in fi nal analysis, HR = Hazard rati o, 95%CI = 95% confi dence interval

DISCUSSION

Immunohistochemical expression of EGFR pathway components EGFR, pEGFR, PTEN, pAKT and 

pERK was evaluated in relati on to clinico-pathological parameters and disease specifi c survival in 

a consecuti ve series of early stage cervical cancer pati ents. Our study indicates that loss of PTEN 

expression frequently occurs in early stage cervical cancer and is related to pelvic lymph node 

metastasis (OR=0.51, 95% CI=0.30-0.90, p=0.019), but not to survival. Only limited data exist on 

PTEN expression and its possible implicati ons for the biologic behaviour of cervical cancer. In a 

study by Lee et al. reduced PTEN expression was identi fi ed in 17.6% (15/85) of surgically treated 

cervical cancer pati ents and was associated with decreased disease free and overall survival, but 

not with pelvic lymph node metastasis [13]. They reported a gradual reducti on of PTEN expression 

along the conti nuum from normal epithelium through intraepithelial neoplasia to squamous cell 

carcinoma. Discrepancies between the data from Lee et al. and our study might be due to the 

number of evaluated pati ents (n=85 vs. n=310) and/or interpretati on of immunostaining, since 

Lee et al. defi ned reduced PTEN expression by comparison with corresponding normal ti ssue 

[13]. In our opinion, a minimal percentage of positi ve cells should be taken into account when 
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assessing PTEN expression in a tumour. In a study comparing diff erent immunostainings in TMA 

and full secti ons of vulvar cancer pati ents, a minimal percentage of positi ve cells was also taken 

into account and this study resulted in a good reproducibility of immunostaining on TMA [18]. 

 Experimental data also indicate a role for loss of PTEN in determining the metastati c potenti al 

of tumours. In a study uti lizing a benign melanocyti c hyperplasia mice model, silencing PTEN lead 

to the development of melanoma and metastases to lymph nodes and lungs [19]. In a study of 

colorectal cancer pati ents, Sawai et al. observed an associati on between reduced PTEN expression 

and liver metastases [20]. Acti vati on of receptor tyrosine kinases (RTKs) such as epidermal 

growth factor receptor, Her2/neu and insulin-like growth factor receptor 1 results in recruitment 

of phosphoinositi de 3-kinase (PI3K) [9]. The direct product of PI3K is phosphati dylinositol-3,4,5-

triphosphate (PIP3) and PIP3 is the primary target of PTEN [21]. Loss of PTEN functi on results in 

accumulati on of PIP3 and delete thereby acti vati on of its downstream targets: the AKT pathway. 

Acti vati on of the AKT pathway may cause cell cycle progression, cell survival, cell spreading and 

moti lity and angiogenesis [9]. In our study, no relati on between loss of PTEN and acti vati on of 

the AKT pathway was found. Our low percentage (5.3%) of pAKT positi ve cases is in contrast 

to previous studies in cervical cancer that used the same anti body and staining protocol but 

observed 29-94% pAKT positi ve cases [22-24]. A major diff erence between these studies and 

our study is that we assessed pAKT in a much larges series (310 versus 31) of early stage cervical 

cancer pati ents. 

 Loss of PTEN can be due to mutati ons, deleti ons, gene promoter methylati on or microRNAs 

(miRs) [25-28]. Mutati ons and deleti ons of PTEN are rare events in cervical cancer [16,22,29]. 

In a study by Yang et al. PTEN methylati on was observed in 20/127 (15.7%) cervical cancers, 

while Cheung et al. reported PTEN methylati on in 36/62 (58%) of squamous cell cervical cancers. 

They found no PTEN expression in 3 of 10 PTEN methylati on negati ve cases and in 0 of 10 PTEN 

methylati on positi ve cases [16]. Preliminary data from our cases show PTEN gene promoter 

methylati on in 4/19 (21%) cases. No PTEN immunostaining was observed in these 4 PTEN 

methylati on positi ve cases (data not shown). Loss of PTEN expression could also occur via miRs. 

Several miRs, such as miR-21 and miR-214, can target PTEN [27,28]. Both miRs appear to be up-

regulated in cervical cancer [30,31], but a relati on with PTEN loss has not been reported. It might 

be that loss of PTEN expression can only parti ally be explained by down regulati on via miRs. 

 A downstream component of the PI3K/AKT pathway, known as the mTOR pathway (mammalian 

Target of Rapamycin), is up regulated in many cancers. As a consequence of PTEN loss, acti vati on 

of the mTOR pathway may occur. As shown in, in-vitro and in-vivo experiments, cells without 

PTEN are more sensiti ve to mTOR inhibitors (rapamycin) [32,33]. These mTOR inhibitors might 

provide effi  cacious additi onal therapy in cervical cancer pati ents with an unfavourable prognosis 

and loss of PTEN. 
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 Our study indicates a strong relati on between squamous cell carcinomas and EGFR staining, 

which was previously reported in cervical cancer by Kersemaekers et al. [11]. In their study, EGFR 

overexpression was observed in 54% (73/136) cervical cancer cases and was associated with 

reduced disease free and reduced overall survival in surgically treated cervical cancer pati ents 

[11]. These fi ndings could not be confi rmed in our large series of cervical cancer pati ents, where 

32.1% of cases overexpressed EGFR. One explanati on might be the use of a diff erent anti body. 

Another possibility is that our study included a larger percentage of adenocarcinomas (28% 

versus 9%) and as is shown in our study, EGFR expression is highly associated with squamous cell 

carcinoma. 

 In conclusion, in early stage cervical cancer, loss of PTEN expression is associated with pelvic 

lymph node metastasis, suggesti ng that PTEN is one of the tumour suppressor genes aff ecti ng 

pelvic lymph node metastasis in early stage cervical cancer. Overall however, the EGFR pathway 

does not appear to have prognosti c impact in surgically treated early stage cervical cancer. 
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ABSTRACT

Purpose: Acti vati on of the EGFR-signaling pathway has been reported to induce resistance 

to (chemo)radiati on in cancers, such as head & neck cancer, while EGFR-targeted agents in 

combinati on with (chemo)radiati on appear to improve treatment effi  cacy. The aim of this study 

was to determine the relati on between proteins involved in the EGFR-pathway and response 

to (chemo)radiati on and survival in a large, well-documented series of cervical cancer pati ents.

Experimental design: Pre-treatment ti ssue samples of 375 consecuti ve FIGO stage Ib-IVa cervical 

cancer pati ents treated with (chemo)radiati on between January 1980 and December 2006 were 

collected. Clinicopathologic and follow-up data were prospecti vely obtained during standard 

treatment and follow-up. Protein expression of EGFR, pEGFR, PTEN, pAKT, and pERK was assessed 

by immunohistochemistry on ti ssue microarrays. 

Results: EGFR staining was present in 35.3%, pEGFR in 19.7%, PTEN in 34.1%, pAKT in 4.1% and 

pERK in 29.2% of tumors. pEGFR staining was related to PTEN (P=0.001) and to pERK staining 

(P=0.004). EGFR staining was inversely related to PTEN (P=0.011). In multi variate analysis, 

membranous staining of EGFR (HR=1.84; 95%CI=1.20-2.82; P=0.005) and cytoplasmic staining 

of pEGFR (HR=1.71; 95%CI=1.11-2.66; P=0.016) were independent predictors of poor response 

to (chemo)radiati on. Membranous EGFR staining also was an independent prognosti c factor for 

poor disease-specifi c survival (HR=1.54; 95%CI=1.09-2.17; P=0.014).

Conclusions: EGFR and pEGFR immunostaining are frequently observed and independently 

associated with poor response to therapy and disease-specifi c survival in cervical cancer pati ents 

primarily treated by (chemo)radiati on. Our data presents the EGFR pathway as a promising 

therapeuti c target in already ongoing clinical trials.
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INTRODUCTION

Standard treatment of locally advanced cervical cancer has changed from radiotherapy alone to 

concurrent plati num-based chemoradiati on. Despite this change, the 5-year survival in pati ents 

with locally advanced cervical cancer is sti ll around 52% [1]. Currently, there are no (biological) 

markers available that accurately predict response to (chemo)radiati on.

 Epidermal growth factor receptor (EGFR) is involved in the ErbB signaling pathway, which 

is oft en dysregulated in cancer. Autophosphorylati on of EGFR to pEGFR leads to acti vati on of 

two downstream pathways: the Ras/Raf/MEK/ERK pathway and the PI3K/AKT pathway. PTEN 

(Phosphatase and Tensin Homolog Deleted on Chromosome Ten) acts as a tumor suppressor 

gene by inhibiti ng phosphorylati on and thereby acti vati on of AKT [2,3]. Both downstream EGFR-

pathways have been shown to be involved in processes associated with carcinogenesis and 

tumor progression, such as inhibiti on of apoptosis, cell migrati on, cell growth, and angiogenesis 

[4], and more recently also in conferring resistance to irradiati on [(5,6].

 EGFR and some of its downstream targets have been studied previously in cervical cancer, 

but confl icti ng results about their prognosti c signifi cance have been reported [7-12]. Expression 

of phosphorylated AKT (pAKT) in cervical cancer appeared to be related to local recurrence, as a 

measure for radiati on resistance [13] and Faried et al. showed that pati ents with pAKT negati ve 

tumors had a more favorable prognosis [14]. In contrast, Lee et al. found an inverse correlati on 

for pAKT with survival [15]. Hypermethylati on and mutati ons of the PTEN gene have been 

associated with poor outcome aft er radiotherapy [16,17]. Thus, the prognosti c signifi cance of 

diff erent components of the EGFR-pathway in cervical cancer is equivocal, due to small, various 

(frequently a mix of primarily surgically and radiotherapeuti cally treated) pati ent populati ons and 

diff erences in immunohistochemistry. Moreover, protein expression of EGFR and its downstream 

targets have not been studied before in relati on to response to (chemo)radiati on in cervical 

cancer. 

 In head & neck squamous cell carcinoma, protein expression of EGFR appears to be related 

to a higher local relapse rate, indicati ng a poor response to radiotherapy [18,19]. Moreover, a 

recent randomized clinical trial showed a signifi cant prolonged progression-free survival for head 

& neck squamous cell cancer pati ents treated with radiotherapy in combinati on with cetuximab, 

a chimeric human mouse anti -EGFR monoclonal anti body, when compared to standard radio-

therapy [20].

 The aim of the present study was to determine protein expression of EGFR, pEGFR, PTEN, 

pAKT, and pERK in relati on to response to (chemo)radiati on and survival in a large, well-

documented series of cervical cancer pati ents.
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PATIENTS AND METHODS

Pati ents
For the present study, all pati ents primarily treated by radiotherapy or chemoradiati on in the 

University Medical Center Groningen or in collaborati ng hospitals between January 1980 and 

December 2006 were selected. Pati ents with stage IVB disease were excluded, as their treatment 

was individualized. Follow-up data was collected for at least fi ve years or up ti ll January 2008. 

Staging was performed according to FIGO guidelines. Radiotherapy included external beam 

radiotherapy (EBRT) up to 45 Gy and low dose rate brachytherapy, two applicati ons of 17.5 Gy. 

Concurrent chemotherapy before 1999 consisted of three cycles of carboplati n and fl uorouracil 

(5-FU). Carboplati n dose was 300 mg/m2, dissolved in 250 ml 5% glucose, given over 30 minutes 

intravenously (i.v.) on Day 1. Fluorouracil dose was 600 mg/m2, dissolved in 2 liter of saline and 

administered i.v. conti nuously on Days 2 to 5. This cycle was repeated another two ti mes every 

28 days. Aft er 1999 chemotherapy consisted of Cisplati n 40 mg/m2 i.v. once a week for 6 weeks 

concomitant with external pelvic and intracavitary radiati on. Paraffi  n-embedded formalin-fi xed 

primary tumor ti ssue was collected from each pati ent. Pati ents were only included in the analysis 

if enough tumor ti ssue was available for ti ssue microarray (TMA) constructi on.

Insti tuti onal Review Board approval
In the University Medical Center Groningen clinicopathologic and follow-up data are prospecti vely 

obtained during standard treatment and follow-up and stored in a computerized registrati on 

database. For the present study, all relevant data were retrieved from this computerized database 

into a separate, anonymous database. Pati ent identi ty was protected by study-specifi c, unique 

pati ent numbers. Codes were only known to two dedicated data managers, who also have daily 

responsibility for the larger database. In case of uncertainti es with respect to clinicopathologic 

and follow-up data, the larger databases could only be checked through the datamanagers, 

thereby ascertaining the protecti on of pati ents’ identi ty. Using the registrati on database all 

ti ssue specimens were identi fi ed by unique pati ent numbers and retrieved from the archives of 

the Department of Pathology. Therefore, according to Dutch law no further Insti tuti onal Review 

Board approval was needed1.

Evaluati on of response to (chemo)radiati on
In the period up to 1993 eligible pati ents underwent an additi ve hysterectomy 6-8 weeks aft er 

completi on of (chemo)radiati on. Aft er 1993 only pati ents with residual disease in a biopsy taken 

8-10 weeks aft er completi on of primary treatment underwent surgery [21]. Hysterectomy or 

1 htt p://www.federa.org
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biopsy aft er (chemo)radiati on was only performed when a pati ent (technically) was judged to 

be operable. As post-(chemo)radiati on biopsy and / or hysterectomy to evaluate response to 

(chemo)radiati on) were performed in only a selected group of pati ents, response to (chemo)

radiati on was evaluated retrospecti vely in two models. Model I: Response to (chemo)radiati on 

was determined by locoregional disease-free survival in all pati ents, which was defi ned as the 

period from diagnosis to clinical locoregional progression of disease during treatment or to 

locoregional recurrence aft er treatment. If locati on of recurrence was unknown, pati ents were not 

included in this analysis. Model II: In order to be able to analyze two populati ons with supposedly 

the highest diff erence in sensiti vity to (chemo)radiati on, two populati ons with opti mal and very 

poor response to (chemo)radiati on were defi ned. Pati ents with complete disease eridicati on 

were pati ents with no residual disease in their post treatment biopsy/hysterectomy specimen 

and who did not have a locoregional recurrence in the follow-up, with a follow-up ti me of at least 

2 years, versus pati ents with clinical evidence of disease progression during treatment or clinical 

evidence of disease persistence at examinati on aft er completi on of primary treatment.

Tissue microarray constructi on
For the constructi on of the TMA only pre-treatment biopsies were used. Areas of representati ve 

tumor ti ssue were marked on haematoxylin- and eosin- (H&E) stained slides of the paraffi  n-

embedded ti ssue. Areas of necrosis and areas with severe leukocyte infi ltrati on were avoided. 

The TMAs were constructed by using a precision instrument (Beecher Instruments, Silver 

Spring, Maryland). Three cores of 0.6 mm in diameter were punched from the marked area on 

the paraffi  n-embedded ti ssue (donor block). These cores were then placed in a blank paraffi  n 

block (recipient block), in pre-defi ned locati ons. Aft er inserti ng all the cores, the recipient block 

was placed in an oven at 37°C for two minutes, in order to att ach the cores to the surrounding 

paraffi  n. Each TMA also contained internal controls, including healthy ti ssue (skin epithelia, 

normal cervical ti ssue and colon polyps) and tumor ti ssue (breast, colon, and ovarian cancer). In 

total 7 TMAs, each containing approximately 200 cores, were constructed.

Immunohistochemistry
For immunohistochemistry, 3 μm secti ons were cut from the TMA. These secti ons were mounted 

on amino-propyl-ethoxy-silan (APES, Sigma-Aldrich, Diesenhofen Germany)-coated glass slides. 

Details of the anti bodies used for immunohistochemistry and methods for anti gen retrieval 

are summarized in supplementary table 1. For anti body detecti on the avidin-bioti n-peroxidase 

method was used for all, except pAKT. For pAKT staining the EnVision horseradish peroxidase 

system (Dako, Copenhagen, Denmark) was used. Slides were deparaffi  nized in xylene and 

rehydrated in ethanol. Endogenous peroxidase was blocked by incubati on with 0.3% hydrogen 
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peroxidase for 30 minutes. Staining was visualized by 3’3-diaminobenzidinetetrahydrochloride 

and counterstaining was performed with haematoxylin. 

Evaluati on of staining
Staining intensity was semi-quanti tati vely scored as negati ve (0), weak positi ve (1+), positi ve (2+), 

and strong positi ve (3+). Also the percentage of positi ve cells was recorded. In case of diff erences 

between cores, scores were averaged for stati sti cal analyses. Tumors were considered positi ve 

for EGFR in case of ≥10% membranous staining [22]. pAKT and pERK staining were considered 

as positi ve if >10% of tumor cells showed positi ve (2+) cytoplasmic and/or nuclear staining 

[23]. Positi ve staining of PTEN was defi ned as >10% cytoplasmic staining [16]. Positi ve pEGFR 

staining was defi ned as at least weak positi ve (1+) cytoplasmic staining, as the acti vated EGFR is 

internalized [24]. Scoring was performed by two independent observers (MGN, KAH), without 

knowledge of clinical data. A concordance of more than 90% for all stainings was found. The 

discordant cases were reviewed and scores were reassigned on consensus of opinion. Only 

pati ents with at least two representati ve cores were included in the analysis.

Stati sti cal analysis
Stati sti cal analysis was performed with SPSS 16.0 for Windows (SPSS Inc., Chicago, IL). Diff erences 

in age were compared with the Student’s t test. Other baseline characteristi cs, as well as 

associati ons between stainings, were compared with the Pearson’s chi-square test. Associati ons 

between the presence of positi ve immunostaining and clinicopathological characteristi cs were 

assessed in logisti c regression models, where immunostaining was used as dependent factor 

and the clinicopathological characteristi cs were used as independent factors. To determine 

factors involved in the presence of poor response to (chemo)radiati on (model II), response to 

(chemo)radiati on (as dependent factor) was evaluated in relati on to clinicopathological factors 

and protein expression (as independent factors) with logisti c regression analysis. Because 

treatment modality (radiotherapy vs. chemoradiati on) is not a pati ent / tumor-dependent factor, 

but a ti me-dependent factor, as standard treatment changed over ti me from radiotherapy alone 

to chemoradiati on it was included in multi variate analysis. Factors with a P value >0.10 were 

excluded stepwise in multi variate analysis; in the fi nal step, only factors with a P value <0.05 

were included. Disease-specifi c survival (DSS) was defi ned as the period from diagnosis to death 

as a consequence of cervical cancer, or last follow-up visit alive or death from another cause. 

Overall survival (OS) was defi ned as the ti me from diagnosis to death of any cause or last follow-

up visit alive. Survival curves were generated using the Kaplan-Meier method, with evaluati on 

of the diff erences by the Mantel-Cox log rank test. Diff erences in locoregional disease-free 

(model I), DSS and OS according to clinicopathological characteristi cs and protein expression 
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were analyzed using Cox regression analyses. As chemoradiati on is a ti me-dependent factor, 

multi variate analyses were adjusted for treatment modality. Variables with a P value >0.10 in 

univariate analysis were excluded stepwise in multi variate analysis; in the fi nal step, only factors 

with a P value <0.05 were included. P values of <0.05 were considered stati sti cally signifi cant.

RESULTS

Pati ent and tumor characteristi cs
From January 1980 to December 2006 489 pati ents were diagnosed with cervical cancer and 

primarily treated with (chemo)radiati on. In 375 cases (77%) suffi  cient pre-treatment ti ssue was 

available for TMA constructi on. The baseline characteristi cs of the 114 pati ents from whom 

no tumor ti ssue could be obtained diff ered from the study populati on, as they had more oft en 

advanced stage (≥IIb) disease (P<0.001). The other baseline characteristi cs were comparable (data 

not shown). Clinicopathological characteristi cs of pati ents included in this study are summarized 

in table 1. Median follow-up ti me was 3.4 years (range 0.1-18.3) for all pati ents. For pati ents sti ll 

alive at last follow-up median follow-up ti me was 6.0 years (range 0.5-18.3). Primary radiotherapy 

was given to 189 (50%) pati ents, whereas (chemo)radiati on was given to 186 (50%) pati ents. The 

only diff erence in baseline characteristi cs between these two groups was that pati ents primarily 

treated with chemoradiati on were younger (median age 46.8 vs. 64.8; P<0.001). Biopsies taken 

8-10 weeks aft er completi on of primary treatment or hysterectomy specimens of 279/375 (74%) 

pati ents were available to evaluate response to therapy. The pati ents who did not underwent 

biopsy or hysterectomy aft er therapy were signifi cantly older than pati ents who did (median age 

69.8 vs. 50.6; P<0.001).

 

Clinicopathological factors in relati on to staining of EGFR, pEGFR, and pAKT
Immunohistochemistry was performed for EGFR, pEGFR, PTEN, pAKT, and pERK. The proporti on 

of pati ents with less than 2 representati ve ti ssue cores varied from 1.6-5.1%. Supplementary 

fi gure 1 shows a representati ve negati ve and positi ve tumor for each staining. Healthy cervical 

epithelium showed weak positi ve membranous EGFR and cytoplasmic pEGFR expression. PTEN 

stained positi ve and pERK stained weakly positi ve in the cytoplasm as well as in the nuclei, while 

pAKT was negati ve in cervical epithelium. Positi ve EGFR staining was present in 129/365 (35.3%), 

positi ve pEGFR staining in 71/361 (19.7%), positi ve PTEN staining was present in 126/369 (34.1%) 

tumors, positi ve pERK staining in 104/356 (29.2%), and positi ve pAKT staining in 15/364 (4.1%) of 

tumors. pEGFR staining was positi vely related to PTEN (P=0.001) and to pERK staining (P=0.004). 

EGFR positi vity was inversely related to PTEN (P=0.011). No other associati ons were found (data 

not shown). 
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Table 1 | Pati ent and tumor characteristi cs

 N = 375

Age at diagnosis   

Median 54  

Range 21-92

 N %

FIGO stage   

Ib1 42 11%

Ib2 27 7%

IIa 51 14%

IIb 179 48%

IIIa 11 3%

IIIb 51 14%

IVa 14 4%

Histology   

Squamous 311 83%

Adenocarcinoma 52 14%

Other 12 3%

Diff erenti ati on grade   

Good / moderate 223 59%

Poor 128 34%

Unknown 24 6%

Lymphangioinvasion   

No 248 66%

Yes 54 14%

Unknown 73 19%

Tumor diameter   

0-4 cm 99 26%

>=4 cm 238 63%

Unknown 38 10%

 Positi ve EGFR staining was less frequently observed in adenocarcinoma than in squamous cell 

carcinoma (OR=0.19; 95%CI=0.08-0.47; P<0.001) (table 2). pEGFR positi vity was related to high 

tumor stage (≥IIb) (OR=2.00; 95%CI=1.07-3.70; P=0.029), while poor diff erenti ati on (OR=0.39; 
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95%CI=0.21-0.75; P=0.004) and lymphangioinvasion (OR=0.20; 95%CI=0.06-0.66; P=0.008) were 

less frequently observed in pEGFR positi ve pati ents. Positi ve pAKT staining increased with age 

(OR=1.04; 95%CI=1.00-1.08; P=0.027). No associati ons were found for PTEN and pERK staining 

and any clinicopathological characteristi c. As our specimens were collected over a long ti me 

period we also analyzed i.e. EGFR expression in carcinomas of the pati ents diagnosed before 

1997 vs. those aft er 1997 (in 1997 the formula of formalin was slightly changed). We found 

no signifi cant diff erences between the frequency of positi vity before (59/163) and aft er 1997 

(70/202), indicati ng that expression is not aff ected by the storage ti me of the ti ssue blocks in this 

study.

Figure 1 | Survival curves. Kaplan-Meier curves for the relati on of EGFR and pEGFR immunostaining 

with disease-specifi c (a, b) and overall survival (c, d).
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Table 2 | Relati on between immunostaining and clinicopathological factors

 
 

EGFR -  EGFR +  EGFR positi ve

n/total % n/total % OR (95%CI) P value

Age (conti nuous)     1.00 (0.99-1.02) 0.717

Age ≥54 121/236 51% 66/129 51%  

Stage ≥IIb 151/236 64% 95/129 74% 1.57 (0.98-2.52) 0.061

Adenocarcinoma 46/226 20% 6/127 5% 0.19 (0.08-0.47) <0.001

Poor diff erenti ati on 87/226 38% 39/117 33% 0.80 (0.50-1.28) 0.348

Lymphangioinvasion 30/189 16% 23/105 22% 1.49 (0.81-2.72) 0.199

Tumor diameter ≥4 cm 141/209 67% 90/119 76% 1.50 (0.90-2.49) 0.120

 
 

pEGFR -  pEGFR + pEGFR positi ve

n/total % n/total % OR (95%CI) P value

Age (conti nuous)     1.02 (1.00-1.03) 0.071

Age ≥54 144/290 50% 42/71 59%  

Stage ≥IIb 189/290 65% 56/71 79% 2.00 (1.07-3.70) 0.029

Adenocarcinoma 38/279 14% 14/71 20% 1.56 (0.79-3.07) 0.200

Poor diff erenti ati on 108/271 40% 14/68 21% 0.39 (0.21-0.74) 0.004

Lymphangioinvasion 50/234 21% 3/59 5% 0.20 (0.06-0.66) 0.008

Tumor diameter ≥4 cm 182/263 69% 46/61 75% 1.36 (0.72-2.59) 0.340

 
 

PTEN - PTEN +  PTEN positi ve

n/total % n/total % OR (95%CI) P value

Age (conti nuous)     1.01 (1.00-1.03) 0.085

Age ≥54 121/243 50% 69/126 55%  

Stage ≥IIb 168/243 69% 82/126 65% 0.83 (0.53-1.31) 0.429

Adenocarcinoma 33/237 14% 19/120 16% 1.16 (0.63-2.15) 0.629

Poor diff erenti ati on 82/229 36% 44/117 38% 1.00 (0.52-1.91) 1.000

Lymphangioinvasion 35/202 17% 17/96 18% 1.03 (0.54-1.94) 0.935

Tumor diameter ≥4 cm 160/225 71% 74/107 69% 0.91 (0.55-1.50) 0.716



Expression of EGFR and acti vated EGFR predict poor response to (chemo)radiati on and survival in cervical cancer

127

 
 

pAKT -  pAKT +  pAKT positi ve

n/total % n/total % OR (95%CI) P value

Age (conti nuous)     1.04 (1.00-1.08) 0.027

Age ≥54 175/349 50% 12/15 80%  

Stage ≥IIb 233/349 67% 12/15 80% 1.99 (0.55-7.20) 0.293

Adenocarcinoma 50/337 15% 0/15 0% 0.00 (0.00-0.00) 0.997

Poor diff erenti ati on 120/331 36% 3/11 27% 0.66 (0.17-2.53) 0.544

Lymphangioinvasion 49/282 17% 2/12 17% 0.95 (0.20-4.48) 0.949

Tumor diameter ≥4 cm 96/219 44% 12/13 92% 5.26 (0.67-41.03) 0.113

 
 

pERK - pERK +  pERK positi ve

n/total % n/total % OR (95%CI) P value

Age (conti nuous)     1.01 (0.99-1.02) 0.357

Age ≥54 129/252 51% 54/104 52%  

Stage ≥IIb 170/252 67% 67/104 64% 0.87 (0.54-1.41) 0.581

Adenocarcinoma 34/241 14% 16/103 16% 1.12 (0.59-2.13) 0.731

Poor diff erenti ati on 89/236 38% 36/97 37% 0.97 (0.60-1.59) 0.918

Lymphangioinvasion 35/199 18% 16/87 18% 1.06 (0.55-2.03) 0.870

Tumor diameter ≥4 cm 159/233 68% 67/89 75% 1.42 (0.81-2.47) 0.218

OR = Odds rati o, 95%CI = 95% confi dence interval

EGFR and pEGFR are associated with response to (chemo)radiati on

Locoregional progression during treatment or locoregional recurrence in follow-up was observed 

in 100/364 (27%) pati ents (model I). The locati on of recurrence of 11 pati ents was unknown and 

therefore these pati ents were not included in the analysis. Furthermore, 45 pati ents with clinical 

progression or persistence of disease at examinati on aft er completi on of primary treatment and 

147 pati ents with complete disease eridicati on were identi fi ed (model II). 44 of 45 pati ents with 

clinical progression or persistence of disease indeed died of their residual locoregional disease. 

Table 3 summarizes the relati on between response to (chemo)radiati on, immunohistochemical 

staining of the 5 parameters and clinicopathological characteristi cs in the two models. Univariate 

analysis revealed that EGFR and pEGFR staining were related to poor response in both models 

and therefore these stainings were included in multi variate analysis. In model I, positi ve staining 

of EGFR and pEGFR were independent predictors of poor response to therapy (EGFR: HR=1.84; 

95%CI=1.20-2.82; P=0.005; pEGFR: HR=1.71; 95%CI=1.11-2.66; P=0.016), as confi rmed by an 

even stronger relati on between EGFR and pEGFR and response in model II analyzing the most 

extreme groups with respect to response only. Furthermore, simultaneous positi ve staining of
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both EGFR and pEGFR (N=21) was also signifi cantly associated with response to (chemo)radiati on 

in both univariate models (data not shown). 

Table 3 | Response to (chemo)radiati on. Model I: Cox regression analysis for ti me to clinical 

locoregional progression of disease during treatment or to locoregional recurrence aft er treatment 

(a), and model II: logisti c regression analysis for pati ents with clinical progression or persistence of 

disease aft er treatment versus pati ents with complete disease eradicati on (b). 

A Model I Univariate Multi variate1

n=364 HR (95%CI) P value HR (95%CI) P value

Age 1.01 (0.99-1.02) 0.268 #

Stage ≥IIb 2.54 (1.51-4.29) <0.001 2.66 (1.52-4.66) 0.001

Adenocarcinoma 1.72 (1.06-2.79) 0.027 2.07 (1.24-3.44) 0.005

Poor diff erenti ati on 1.04 (0.69-1.57) 0.861 #

Lymphangioinvasion 0.95 (0.53-1.69) 0.859 #

Tumor diameter ≥4 cm 2.15 (1.27-3.64) 0.004 *  

EGFR positi ve 1.77 (1.19-2.63) 0.005 1.84 (1.20-2.82) 0.005

pEGFR positi ve 2.06 (1.35-3.15) 0.001 1.71 (1.11-2.66) 0.016

PTEN positi ve 0.73 (0.47-1.13) 0.162 #

pAKT positi ve 0.67 (0.21-2.11) 0.495 #

pERK positi ve 1.14 (0.74-1.74) 0.552 #

B Model II Univariate Multi variate1

n=192 OR (95%CI) P value OR 95%CI P value

Age 1.01 (0.99-1.04) 0.241 #

Stage ≥IIb 2.93 (1.27-6.64) 0.011 *

Adenocarcinoma 4.48 (1.83-10.98) 0.001 8.96 (2.99-26.85) <0.001

Poor diff erenti ati on 0.86 (0.41-1.77) 0.678 #

Lymphangioinvasion 1.64 (0.70-3.88) 0.258 #

Tumor diameter ≥4 cm 2.95 (0.16-7.53) 0.024 *

EGFR positi ve 3.28 (1.63-6.61) 0.001 6.08 (2.39-15.47) <0.001

pEGFR positi ve 2.86 (1.31-6.22) 0.008 4.06 (1.58-10.43) 0.004

PTEN positi ve 1.13 (0.56-2.26) 0.731 #

pAKT positi ve 0.51 (0.06-4.33) 0.535 #

pERK positi ve 1.13 (0.52-2.43) 0.759 #

1Adjusted for treatment modality, # = not included in multi variate analysis, * = not included in the fi nal step of the 
multi variate analysis, HR = Hazard rati o, OR = Odds rati o, 95%CI = 95% confi dence interval
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Table 4 | Results of Cox regression analysis for disease-specifi c death and death from any cause

Disease-specifi c death Univariate Multi variate1

n=375 HR (95%CI) P value HR (95%CI) P value

Age 1.00 (0.99-1.01) 0.596 #

Stage ≥IIb 2.35 (1.56-3.54) <0.001 2.56 (1.67-3.93) <0.001

Adenocarcinoma 1.54 (1.02-2.32) 0.040 1.71 (1.11-2.63) 0.014

Poor diff erenti ati on 1.24 (0.89-1.72) 0.211 #

Lymphangioinvasion 1.10 (0.70-1.72) 0.675 #

Tumor diameter ≥4 cm 2.06 (1.35-3.13) 0.001 *

EGFR positi ve 1.50 (1.08-2.08) 0.015 1.54 (1.09-2.17) 0.014

pEGFR positi ve 1.51 (1.04-2.20) 0.032 *

PTEN positi ve 0.80 (0.57-1.14) 0.222 #

pAKT positi ve 0.59 (0.22-1.58) 0.293 #

pERK positi ve 1.18 (0.83-1.68) 0.350 #

Death from any cause Univariate Multi variate1

n=375 OR (95%CI) P value OR 95%CI P value

Age 1.01 (1.01-1.02) 0.002 *

Stage ≥IIb 1.97 (1.39-2.78) <0.001 1.97 (1.39-2.78) <0.001

Adenocarcinoma 1.21 (0.81-1.79) 0.354 #

Poor diff erenti ati on 1.15 (0.85-1.55) 0.355 #

Lymphangioinvasion 1.12 (0.75-1.66) 0.590 #

Tumor diameter ≥4 cm 1.69 (1.19-2.39) 0.003 *

EGFR positi ve 1.43 (1.07-1.91) 0.016 *

pEGFR positi ve 1.43 (1.02-2.00) 0.039 *

PTEN positi ve 0.87 (0.64-1.19) 0.383 #

pAKT positi ve 0.71 (0.33-1.54) 0.390 #

pERK positi ve 1.15 (0.83-1.58) 0.401 #

1Adjusted for treatment modality, # = not included in multi variate analysis, * = not included in the fi nal step of the 
multi variate analysis, HR = Hazard rati o, 95%CI = 95% confi dence interval

Positi ve EGFR staining is related to poor prognosis
Positi ve immunostaining of EGFR and pEGFR were also related to DSS and OS in univariate analysis 

(table 4). During the follow-up period 195/375 (52%) pati ents died, of which 151 died of cervical 

cancer. The 5-year DSS rate was 53% in EGFR positi ve pati ents versus 63% in EGFR negati ve 
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pati ents and 50% in pEGFR positi ve pati ents versus 60% in pEGFR negati ve pati ents (fi gure 1a and 

1b). The 5-year OS rate was 47% in EGFR positi ve pati ents versus 55% in EGFR negati ve pati ents 

and 48% in pEGFR positi ve pati ents versus 53% in pEGFR negati ve pati ents (fi gure 1c and 1d). In 

multi variate Cox regression analysis for DSS including stage and histology, positi ve EGFR staining 

was independently related to poor DSS (HR=1.54; 95%CI=1.09-2.17; P=0.014) (table 4). The 

relati on between EGFR and OS was borderline signifi cant (HR=1.33; 95%CI=0.99-1.77; P=0.058), 

and therefore EGFR was fi nally excluded from the stepwise multi variate analysis. pEGFR was 

not related to DSS (HR=1.30; 95%CI=0.86-1.98; P=0.216) and OS (HR=1.15; 95%CI=0.78-1.68; 

P=0.447) in multi variate analysis. Finally, simultaneous positi ve staining of both EGFR and pEGFR 

(N=21) was also signifi cantly associated with DSS and OS in univariate analysis (data not shown). 

DISCUSSION

Our study in a large, well-documented series of consecuti ve cervical cancer pati ents primarily 

treated with (chemo)radiati on, reveals that EGFR immunostaining is associated with poor DSS 

(HR=1.54; 95%CI=1.09-2.17; P=0.014). Furthermore, this study is the fi rst to report that positi ve 

immunostaining of EGFR (HR=1.84; 95%CI=1.20-2.82; P=0.005) and pEGFR (HR=1.71; 95%CI=1.11-

2.66; P=0.016) predict poor response to (chemo)radiati on in cervical cancer, independent of 

stage, histology, and treatment modality. In our study, response to (chemo)radiati on was defi ned 

in two diff erent ways. The relati on of both EGFR (OR=6.08; 95%CI=2.39-15.47; P<0.001) and 

pEGFR (OR=4.06; 95%CI=1.58-10.43; P=0.004) with response was the strongest in our model 

with the highest contrast in radiosensiti vity (model II), supporti ng the idea that indeed EGFR and 

pEGFR are associated with a poor response to (chemo)radiati on in cervical cancer. Interesti ngly, in 

this model stage was not an independent prognosti c factor for poor response, while it is a strong 

prognosti c factor for survival. However, response to (chemo)radiati on is a diff erent phenomenon, 

not necessarily related to stage, but to a variety of (cell biological) factors, such as hypoxia, etc., 

but also EGFR and pEGFR expression. An increased staining of EGFR has also been shown to 

be involved in poor response to radiotherapy in other malignancies, for example head & neck 

squamous cell cancer [18,19]. The relati on between EGFR and response to radiotherapy might 

be explained by the fact that EGFR is involved in DNA-double strand break repair [25]. Radiati on-

induced EGFR-signaling acti vates the PI3K/AKT pathway, resulti ng in DNA-double strand break 

repair by interacti on with DNA-dependent protein kinases [26]. Another explanati on might be 

that radiati on acti vates EGFR-signaling, even in the absence of ligand binding, for example by 

increasing TGF-α expression, which can acti vate EGFR [27]. As a consequence, this acti vati on 

of the downstream signaling cascades causes inhibiti on of apoptosis and promoti on of cell 
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proliferati on [4]. Therefore, carcinomas with increased levels of EGFR or pEGFR might acti vate 

this EGFR-signaling pathway more effi  ciently, resulti ng in a decreased local control.

 Because of its apparent involvement in response to radiotherapy, EGFR-targeted therapy has 

recently been implemented as a new therapeuti c strategy in various malignancies (reviewed in 

[28]). However, the relati on between EGFR protein expression and response to EGFR-inhibitors 

is questi onable, as colorectal cancer pati ents without detectable EGFR protein expression did 

respond to treatment with cetuximab [29,30]. Various EGFR-related biomarkers were found to 

predict response to treatment with EGFR-inhibitors. For instance, in colorectal cancer and non 

small cell lung cancer KRAS mutati ons are associated with resistance to EGFR-inhibitors [31], 

while specifi c EGFR mutati ons and high copy numbers of the EGFR gene predict a bett er response 

in non-small cell lung cancer [32,33]. In cervical cancer neither EGFR mutati ons [34], nor EGFR 

gene amplifi cati on [35], and only a few (0-8%) KRAS mutati ons [36-39] have been observed. 

These data combined with the relati on that we fi nd for EGFR and pEGFR immunostaining and 

poor response to (chemo)radati on suggest that the additi on of EGFR-inhibitors to standard 

chemoradiati on should be evaluated in advanced stage cervical cancer pati ents. Up ti ll now, 

in cervical cancer only a single phase II study using gefi ti nib, an EGFR-tyrosine kinase inhibitor 

(EGFR-TKI), as monotherapy for recurrent cervical cancer was reported recently with modest 

response rates [40]. Clinical trials with cetuximab in additi on to (chemo)radiati on in the treatment 

of locally advanced cervical cancer are ongoing2.

 No relati on was found between PTEN, pAKT and pERK and response to (chemo)radiati on. 

Positi ve PTEN staining was observed in 34.1% of tumors, which is lower than previously reported 

[16,41,42]. This might be due to diff erences in study populati ons, as other studies mainly 

focussed on early stage cervical cancer and positi ve PTEN staining decreases in more advanced 

stage disease [16]. In our study pAKT was only positi ve in 4.1% of tumors. In previous studies 

pAKT immunostaining was observed in 29-94% [13,14,43], although the same anti body and 

protocol for immunostaining were used. pAKT staining was not related to response to therapy 

nor to survival, possibly due to the relati vely small number of positi ve cases in our study. To 

our knowledge, this is the fi rst study investi gati ng pERK protein expression in cervical cancer. 

Acti vated ERK was not related to response to therapy, nor to survival.

 In conclusion, our study indicates that EGFR and pEGFR immunostaining are independent 

markers for poor response to (chemo)radiati on and EGFR immunostaining is an independent poor 

prognosti c factor for DSS. In advanced stage cervical cancer pati ents, the apparent involvement 

of EGFR in response to (chemo)radiati on presents the EGFR pathway as a promising therapeuti c 

target in already ongoing clinical trials, in which EGFR-inhibitors are combined with standard 

chemoradiati on in cervical cancer pati ents.

2 htt p://www.cancer.gov/clinicaltrials, NCT00104910
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Supplementary Table 1 | Anti bodies used for Immunohistochemical staining

Supplementary Figure 1 | Representati on 

immunostained tumor ti ssue. Represent-

ati ve immunostained tumor speciment 

for EGFR, pEGFR, PTEN, pAKT and pERK 

negati ve (a, c, e,g and i) and positi ve (b, d, 

f, h and j) staining at 400x magnifi cati on.
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SUMMARY

For a longti me practi ce in detecti on, diagnosis and therapy of cervical neoplasia has been based 

on classic clinicopathologic parameters such as cytomorphology of cervical smears, histology of 

cervical biopsies and/or radical hysterectomy specimens, fi ndings at rectovaginal examinati on 

etc. In contrast to malignancies such as breast cancer, where molecular markers such as estrogen 

receptor expression and c-erbB-2 amplifi cati on have greatly impacted on clinical practi ce, 

comparable molecular markers have not been implemented in screening, diagnosis and treatment 

of cervical neoplasia. High risk HPV (hr-HPV) DNA detecti on in cervical smears for populati on-

based screening might be regarded as the excepti on to this rule, but its implementati on is sti ll a 

matt er of debate. Aim of this thesis was to explore possible opportuniti es of a variety of molecular 

markers for implementati on in screening, diagnosis and treatment of cervical neoplasia.

 Populati on-based screening has reduced the incidence of cervical cancer signifi cantly in the 

Western world. However, both the methodology for primary screening as well as the diagnosti c 

work-up, treatment and follow-up of pati ents with (pre)malignant cervical neoplasia are 

characterized by signifi cant fl aws, that leave ample room for improvement. A primary screening 

test with a higher sensiti vity and specifi city than the currently used Pap smear e.g. primary hr-

HPV testi ng in combinati on with a triage test for hr-HPV positi ve women may increase effi  cacy 

of current populati on-based screening for cervical cancer. A test based on detecti on of DNA 

methylati on appears to be an att racti ve tool to use for cervical neoplasia screening, since gene 

promoter methylati on is an early event in cervical carcinogenesis. So far, no methylati on markers 

however have been shown to be useful for cervical neoplasia screening, especially due to low 

sensiti vity for high-grade premalignant lesions. Recently, we reported 13 possible cervical cancer 

specifi c methylated biomarkers identi fi ed by pharmacological unmasking of cervical cancer cell 

lines as determined by global gene expression microarrays in combinati on with large-genome 

computati onal screening [1]. In chapter 2 of this thesis an in-depth analysis of the methylati on 

patt erns of these 13 candidate genes in cervical neoplasia was performed and their diagnosti c 

relevance determined. Five of 13 gene promoters (C13ORF18, CCNA1, TFPI2, C1ORF166 and 

NPTX1) were found to be more frequently methylated in frozen cervical cancer compared to 

normal cervix specimens. Quanti tati ve methylati on analysis for these 5 markers revealed that 

CCNA1 and C13ORF18 methylati on were both present in 68/97 cervical scrapings from cervical 

cancer pati ents and in only 5 and 3 scrapings, respecti vely, from 103 healthy controls (p<0.0005). 

In cervical scrapings from pati ents referred with an abnormal PAP smear, CCNA1 and C13ORF18 

were methylated in 2/43 and 0/43 cervical intraepithelial neoplasia (CIN) 0 and in 1/41 and 

0/41 CIN1, respecti vely. Furthermore, 8/43 CIN2, 22/43 CIN3 and 3/3 micro-invasive cancer 

pati ents were positi ve for both markers. Although sensiti vity for CIN2+ (for both markers 37%) 
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was low, specifi city (96% and 100%, respecti vely) and positi ve predicti ve value (92% and 100%, 

respecti vely) were high. Therefore, when confi rmed in other and larger series of pati ents with 

abnormal Pap smears these markers when positi ve might lead to direct referral to gynecologists. 

 Based on a systemati c review and our results, as described in chapter 2, we concluded that 

the sensiti vity of methylati on markers for CIN 2+ is sti ll too low and that the present methylati on 

markers therefore are not suitable for populati on-based cervical cancer screening [2,3]. In chapter 

3 a high-throughput applicati on representi ng 424 markers was used to identi fy new methylati on 

markers for detecti on of cervical neoplasia. Three cervical neoplasia specifi c methylati on 

markers (JAM3, EPB41L3 and TERT) discriminated well between cervical scrapings from cervical 

cancer pati ents and normal cervices (p<0.0001). These three markers were combined with 

our previously identi fi ed methylati on marker (C13ORF18) [2] in a new methylati on panel. This 

methylati on panel detected 94% of cervical cancers, 82% CIN3+ and 65% CIN2+, while specifi city 

was 79% for CIN0/1 lesions in pati ents who were referred with an abnormal Pap smear to our 

colposcopy clinic. In hr-HPV positi ve pati ents, sensiti vity increased to 84% for CIN3+ and 71% 

for CIN2+ with a small reducti on in specifi city. Scenario analysis for populati on-based screening 

suggested that hr-HPV testi ng in combinati on with our methylati on panel as a triage test, may 

result in higher identi fi cati on of CIN3 and cervical cancers and a higher percentage of correct 

referrals to gynecologists compared to hr-HPV testi ng in combinati on with liquid-based cytology 

(LBC). Our methylati on panel comprising JAM3, EPB41L3, TERT and C13ORF18 therefore might 

provide an alternati ve triage test aft er primary hr-HPV testi ng. 

 In the Netherlands around 30% of women are not att ending for cervical cancer screening 

aft er being invited by their general practi ti oners (non-responders) [4], while simultaneously half 

of cervical cancer pati ents are diagnosed in this populati on [5]. A self-sampling approach might 

increase the parti cipati on rate of a non-responder group with 30% [6]. Self-sampling appears to 

be representati ve for hr-HPV testi ng but not for cytomorphological assessment [7]. Therefore, 

we investi gated in chapter 4 DNA methylati on analysis (JAM3, EPB41L3, TERT and C13ORF18) 

in cervico-vaginal lavages obtained by a self-sampling device in 20 cervical cancer pati ents and 

23 pati ents referred with an abnormal cervical smear (15 CIN2+ and 8 CIN0/1). In additi on, LBC 

and hr-HPV DNA detecti on by Hybrid Capture II (HC-II) was performed. In lavages and scrapings 

from cervical cancer pati ents (n=20) methylati on analysis was positi ve in 19 (95%) and 19 (95%), 

HC-II in 16 (80%) and 15 (75%) and LBC in 15 (75%) and 19 (95%) pati ents, respecti vely. In 

lavages and scrapings from CIN2+ pati ents (n=15) methylati on analysis was positi ve in 10 (67%) 

and 12 (80%), HC-II in 15 (100%) and 15 (100%) and LBC in 11 (73%) and 12 (80%), pati ents 

respecti vely. Concordance between cervical scrapings and lavages (n=43) was for LBC k=0.522 

(p<0.001), hr-HPV testi ng k=0.551 (p<0.001) and DNA methylati on analysis k=0.653 (p<0.001). 

DNA methylati on analysis in cervico-vaginal lavages obtained by a self-sampling device is feasible 
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and its diagnosti c performance appears to be at least comparable to the detecti on of cervical 

neoplasia by cytomorphology and hr-HPV. Our pilot study suggests that detecti on of cervical 

neoplasia by DNA methylati on analysis in cervico-vaginal lavages warrants explorati on of its use 

in large prospecti ve studies.

 High-grade CIN (CIN2/3) is generally treated by Large Loop Excision of the Transformati on 

Zone (LLETZ). Many diff erent follow-up protocols at diff erent intervals are used and no data on 

compliance are available. In chapter 5, we assessed the compliance to the Dutch routi ne follow-

up protocol (cervical smears aft er 6, 12 and 24 months) of our CIN2/3 pati ents in the fi rst two 

years aft er LLETZ. Compliance to the fi rst two years follow-up protocol declined from 86.2% to 

64.8% to 51.2% for fi rst, second and third follow-up cervical smear, respecti vely. Furthermore, 

since it is well known that the chance of developing a subsequent lesion aft er LLETZ is higher 

when excision margins are not free, we determined based on the status of the excision margins, 

whether follow-up intervals could be modifi ed. In a cohort of 520 CIN2/3 pati ents treated by 

LLETZ, pati ents with involved excision margins had a three ti mes higher overall risk of developing 

a subsequent CIN2/3 aft er LLETZ as compared to pati ents with free excision margins (HR: 3.2, 

95% CI=1.3-7.9, p=0.01). The risk for diagnosing CIN2/3 during the fi rst 12 months of follow-up 

for pati ents with free excision margins was only 1%. In conclusion, compliance to the Dutch 

nati onal routi ne follow-up protocol in CIN2/3 pati ents aft er LLETZ is only moderate and the fi rst 

cytological follow-up interval can safely be increased to 12 months for CIN2/3 pati ents with free 

excision margins aft er LLETZ. 

 Early recurrences aft er treatment (<24 months) for CIN2/3 might be due to inadequate 

treatment, while late recurrences (≥24 months) might represent de novo lesions. We therefore 

hypothesized that methylati on patt erns in early recurrences may be more comparable to their 

primary lesions than late rcurrences. In chapter 6, a pilot study was performed to determine 

diff erences in gene promoter methylati on patt erns in paired lesions from pati ents with early (6 

pati ents) and late recurrent CIN2/3 (8 pati ents). The methylati on status of fi ve gene promoters 

(C13ORF18, CCNA1, DAPK, CADM1 and TFPI2) was analyzed. Early recurrent CIN2/3 showed a 

higher frequency of gene promoter methylati on compared to late recurrent CIN2/3 in initi al 

lesions (p=0.016) as well as in the recurrent lesions (p=0.032). Except for C13ORF18 (k=1.00, 

p=0.014) in early recurrent CIN2/3, no concordance between gene promoter methylati on in initi al 

CIN2/3 and early and late recurrent CIN2/3 was observed. We concluded from this pilot study 

that although numbers were small it appears that frequency of gene promoter methylati on is 

increased in pati ents with an early recurrent CIN2/3. Therefore, early recurrence aft er treatment 

for CIN2/3 may not only be due to inadequate treatment, but perhaps also points to a more 

aggressive form of CIN2/3.
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 Molecular markers could also be useful to identi fy preoperati vely those early stage cervical 

cancer pati ents who have a high likelihood to be treated with two or three modaliti es, when 

treated upfront with surgery. A large variety of molecular markers have been evaluated in early 

stage cervical cancer, but so far none of these molecular markers has reached the clinic. In chapter 

7, a systemati c literature search was performed in order to identi fy molecular markers related 

to survival and/or pelvic lymph node metastasis and to perform a meta-analysis to evaluate 

their possible clinical diagnosti c relevance. Our primary search identi fi ed 1164 studies and 54 

studies were selected for data extracti on and study quality measurement. Almost half of the 

studies were excluded based on study quality. Fourteen molecular markers were independent 

prognosti c markers for survival (VEGF, HIF1-α, BCL-2, CD44v6, HPV-18, HPV E6/E7 mRNA, EGFR, 

B-Catenin, c-Met, SCC, DTM (SCC/CA-125), Id-1, Cathepsin D and S-phase fracti on). Eleven 

markers were related to the presence of lymph node metastasis (VEGF, Cyclin A, p16, DNA ploidy, 

EGFR, C-erbB-2, cathepsin D, SCC, CA-125, DTM, PD-ECGF). For none of these molecular markers 

a meta-analysis could be performed. Only a relati vely small number of cell biological markers 

showed a relati on with survival, pelvic lymph node metastasis or were independent prognosti c 

markers in early stage cervical cancer. At present, clinical applicati ons for these markers have not 

been established. 

 In additi on to identi fi cati on of node negati ve pati ents with an unfavorable prognosis, who 

might benefi t from adjuvant treatment, molecular markers can also be evaluated in early stage 

cervical cancer to identi fy new targets for pati ent-tailored therapy. In chapter 8, the expression 

of EGFR pathway components was correlated to clinical behaviour of early stage cervical cancer. 

Tissue microarrays representi ng 336 consecuti ve FIGO stage IB-IIA cervical cancer pati ents 

were used to assess protein expression of EGFR, pEGFR, PTEN, pAKT, and pERK. Positi ve EGFR 

staining was associated with squamous cell carcinoma of the cervix (OR=7.41, 95% CI=3.38-

16.23, p<0.001), negati ve pEGFR staining with poor diff erenti ati on (OR=0.39, 95% CI=0.20-

0.73, p=0.004) and negati ve PTEN staining with metastati c pelvic lymph nodes (OR=0.51, 95% 

CI=0.30-0.90, p=0.019). In multi variate analysis, only pelvic lymph node metastasis and poor 

diff erenti ati on were related to disease specifi c survival. In conclusion, in early stage cervical 

cancer loss of PTEN expression is associated with pelvic lymph node metastasis, suggesti ng PTEN 

to be one of the tumor suppressor genes aff ecti ng pelvic lymph node metastasis. However, the 

EGFR pathway as a whole does not appear to have prognosti c impact in surgically treated early 

stage cervical cancer. 

 Acti vati on of the EGFR pathway has also been reported to induce resistance to (chemo)

radiati on in cancers, such as head and neck cancer, while EGFR-targeted agents in combinati on 

with (chemo)radiati on appear to improve treatment effi  cacy. In chapter 9, protein expression of 

several representati ves of the EGFR pathway (EGFR, pEGFR, PTEN, pAKT and pERK) were assessed 
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on ti ssue microarrays from 375 consecuti ve FIGO stage Ib-IVa cervical cancer pati ents treated 

with (chemo)radiati on. We found that membranous staining of EGFR (HR=1.84; 95%CI=1.20-

2.82; p=0.005), and cytoplasmic staining of pEGFR (HR=1.71; 95%CI=1.11-2.66; p=0.016) were 

independent predictors of poor response to (chemo)radiati on. Additi onally, membranous EGFR 

staining was an independent prognosti c factor for poor disease-specifi c survival (HR=1.48; 

95%CI=1.03-2.12; p=0.032). Our results support ongoing clinic trials in which EGFR-inhibitors are 

combined with chemoradiati on in cervical cancer pati ents. 

FUTURE PERSPECTIVES

In 2009 a preventi ve vaccine against hr-HPV-16 and hr-HPV-18 has been introduced in the 

Nati onal Immunizati on Program in the Netherlands for all girls 12 years of age. In additi on catch-

up vaccinati on was off ered to girls 13-16 of age. As current vaccines cover about 70% of hr-

HPV infecti ons and because in the fi rst rounds of vaccinati on only 50-60% of the invited girls 

parti cipated, populati on-based screening will need to be conti nued also in the future. However, 

effi  cacy of screening programs, based on cytomorphology will gradually decline by vaccinati on, 

due to the lower incidence of cervical neoplasia, which inevitably will result in a decreased positi ve 

predicti ve value of the Pap smear test. Since large scale HPV vaccinati on in 12 year old girls only 

recently was introduced, it will take at least two decades before vaccinated women will enter the 

populati on based screening program in the Netherlands. During this pre-vaccinati on era, eff orts 

to improve screening effi  cacy should focus on both a more sensiti ve screening strategy as well as 

an increase of the current 70% parti cipati on rate e.g. by introducti on of a self-sampling approach 

for women not att ending regular screening. In the post-vaccinati on era a large proporti on of 

women parti cipati ng in populati on based screening programs will be vaccinated, so cervical 

neoplasia incidence will be signifi cantly lower in this populati on. Therefore, a screening strategy 

especially with a higher positi ve predicti ve value should be aimed for. Studies, presented in this 

thesis indicate that new molecular tests, e.g. based on gene promoter methylati on, may be 

capable of meeti ng these challenges in future populati on based screening programs.

 Our current methylati on panel has the potenti al to detect ~95% of cervical cancer pati ents, 

~80% of CIN3 pati ents and ~40% of CIN2 pati ents. How the diagnosti c performance of our 

panel will be in a populati on based screening setti  ng, where the relati ve number of cases is 

much lower, remains to be determined. Most clinicians will value the detecti on rate of CIN3 

and CIN2 as too low and will strive for a sensiti vity for CIN3 of 90-95%. However, currently 

applied Pap smear testi ng reaches a sensiti vity of ~55% for the detecti on of CIN2+ in populati on 

based screening programs [8]. Hr-HPV testi ng of cervical scrapings has been shown to improve 
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sensiti vity of cervical screening [9,10], but is also associated with low specifi city, especially in 

a young screening populati on [11]. Despite promising results the challenge remains to identi fy 

new methylati on markers to increase the sensiti vity of our methylati on panel in CIN2 and CIN3 

pati ents, while maintaining high specifi city. In order to identi fy novel cervical cancer specifi c 

methylati on markers several methods can be envisioned such as: restricti on landmark genomic 

scanning (RLGS) [12], diff erenti al methylati on hybridizati on (DMH) [13] and pharmacologic 

unmasking of the promoter region and detecti on of re-expression on microarrays [1,14]. RLGS 

and DMH both use methylati on restricti on enzymes. Disadvantage of both high-throughput DNA 

methylati on screening tools is that only a limited number of CpG islands are covered by these 

methods. The pharmacologic unmasking expression microarray approach is a method to enrich 

for genes that are silenced by methylati on and re-expressed by treatment of cervical cancer cell 

lines with demethylati ng agents. Disadvantages of this approach are that by using cervical cancer 

cell lines an enormous list of candidate genes is produced and the relevance of the identi fi ed 

genes in primary cervical cancer specimens may be questi onable. To enrich for cervical cancer 

specifi c methylati on markers a relaxati on ranking algorithm and promoter alignment has been 

applied with reasonable success [1,15]. Another more recently developed approach is to enrich 

methylated DNA by immunoprecipitati on (MeDIP) using an anti body against 5-methylcytosine 

residues in combinati on with methylati on-specifi c oligonucleoti de microarray [16,17] or 

sequencing [18]. To purify methylated DNA a methylated-CpG island recovery assay (MIRA) can 

be applied, which uses anti body-coupled methyl-binding domain proteins [19-21]. The great 

advantages of MeDIP and MIRA are that they allow whole genome methylati on analysis, only 

small amounts of DNA are required and DNA extracted from paraffi  n embedded ti ssue may 

be used as well. These new approaches have not been reported for the identi fi cati on of novel 

methylati on markers for cervical neoplasia yet and will be explored by us in the near future. 

 In this thesis we show that detecti on of cervical neoplasia in cervico-vaginal lavages by a 

methylati on test is feasible and should be further evaluated in a large populati on based screening 

program. This new approach may not only improve current populati on based screening programs 

by reaching the non-responders, but especially in countries currently without screening program 

this method may be a practi cal alternati ve for all women to be screened. Recently, a new self-

sampling method, using FTA® cartridges allowing simple DNA eluti on, has been introduced for 

hr-HPV testi ng [22]. Since this method can only be used for molecular diagnosti cs a combinati on 

with our methylati on panel appears to be promising.

 A phenomenon that should be considered in light of using methylati on markers in the clinic is 

fi eld cancerizati on or fi eld eff ect. This concept was fi rst proposed in 1953 by Slaughter et al. and 

suggests that cells with molecular oncogenic alterati ons are already present in morphologically 

normal appearing cells adjacent to the primary tumor [23]. Due to the development of molecular 



Chapter 10

144

techniques this classic concept can be further explored. Epigeneti c alterati ons, such as gene 

promoter methylati on, are frequently observed in “normal” ti ssue, adjacent to the primary 

lesion [24–26]. It would be interesti ng to investi gate this phenomenon in cervical neoplasia, 

because this may have impact on the applicati on of methylati on markers in diagnosti cs of cervical 

neoplasia. In routi ne follow-up of CIN2/3 pati ents aft er LLETZ, it may be that aft er removal of 

the lesion, methylati on can sti ll be detected, as has also been shown for hr-HPV. A plausible 

hypothesis is that persistence of epigeneti c alterati ons aft er removal of CIN2/3 is associated with 

a higher risk for developing recurrent CIN. In future, we will explore the diagnosti c applicati on of 

our methylati on panel in the follow-up of CIN2/3 pati ents aft er LLETZ. 

 Recurrences aft er LLETZ for CIN2/3 occur in less than 10% [27,28]. Therefore over 90% of CIN 

2/3 pati ents are parti cipati ng in a routi ne follow-up protocol (in the Netherlands cervical smears 

6, 12 and 24 months aft er LLETZ) without any benefi t. Compliance to this follow-up protocol 

is only ~50% [27]. This current ineffi  cient approach may be improved by selecti on of low-risk 

pati ents for a less intensive follow-up protocol. We already showed that in pati ents with free 

excision margins aft er LLETZ the fi rst cytological follow-up interval can be safely increased to 

12 months. From a randomized Dutch clinical trial, investi gati ng hr-HPV testi ng aft er LLETZ for 

CIN2/3, it was concluded that pati ents with normal cytology and no hr-HPV aft er 6 months may 

omit the 12 months visit [29]. One could speculate that aft er LLETZ for CIN2/3 with free excision 

margins only aft er 12 months a cervical smear in combinati on with hr-HPV testi ng should be 

performed. During 12 months more hr-HPV infecti ons will be cleared, so more hr-HPV tests and 

cervical smears will be negati ve. If both tests are negati ve, pati ents could be followed up in our 

populati on based screening program (Pap smear every 5 years, age 30-60). For pati ents with 

involved excision margins the current routi ne follow-up protocol should be used including hr-

HPV testi ng. If both tests are negati ve aft er 6 months the 12 month visit can be omitt ed. These 

proposals should result in more effi  cient follow-up and reducti on in costs and therefore need to 

be investi gated in a randomized study. 

 A great challenge in treatment of cervical cancer pati ents is to select pati ents with an 

unfavorable prognosis who may benefi t from additi onal (targeted) therapy. Molecular markers 

could be helpful to meet this challenge and molecular marker studies might identi fy new targets 

for pati ent-tailored therapy. Loss of PTEN expression occurs frequently and is related to pelvic 

lymph node metastasis in early stage cervical cancer pati ents as we showed in chapter 8. In-vitro 

and in-vivo experiments indicate that cells without PTEN are more sensiti ve to mTOR inhibitors 

(rapamycin) [30,31]. These mTOR inhibitors may proof to be eff ecti ve in early stage cervical cancer 

pati ents with an unfavourable prognosis and loss of PTEN. In advanced stage cervical cancer 

high EGFR expression frequently occurs and is also related to poor response to chemoradiati on 

and disease specifi c survival, as we showed in chapter 9 [32]. Pati ents with high EGFR tumour 
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expression may benefi t from EGFR inhibitors such as cetuximab. However, in colorectal cancer, 

pati ents without EGFR protein expression did also respond to treatment with cetuximab. It has 

been shown that EGFR and KRAS mutati ons and a high copy number of EGFR are related to 

response to EGFR inhibitors [33–35]. In cervical cancer EGFR mutati ons/amplifi cati on and KRAS 

mutati ons occur infrequently [36–41]. Combining these data with our data on an inverse relati on 

between high EGFR expression and response to chemoradiati on, suggests that advanced cervical 

cancer pati ents may benefi t from adding EGFR inhibitors to standard (chemo)radiotherapy 

and clinical trials are already ongoing. A recent randomized clinical trial showed a signifi cant 

prolonged overall survival for unselected head and neck squamous cell cancer pati ents treated 

with radiotherapy in combinati on with cetuximab, when compared to standard radiotherapy 

[42]. 

 Finally, in the Netherlands and in the Western world cervical neoplasia research should focus 

on development of 1) more effi  cient vaccinati on strategies with vaccines that include more hr-

HPV types 2) more sensiti ve and specifi c molecular tests for cervical neoplasia screening and 3) 

new (targeted) therapies for cervical cancer pati ents at high risk for recurrence or with recurrent 

disease. Given that more than 80% of cervical cancer cases occur in developing countries with 

great lack of fi nancial resources [43], the focus for the developing world should be on wide scale 

introducti on of cheap, prophylacti c vaccines, eff ecti ve in one formulati on. 
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SAMENVATTING

Tot op heden is het opsporen, het stellen van een diagnose en de behandeling van afwijkingen 

aan de baarmoederhals gebaseerd op klassieke klinische en pathologische parameters zoals: het 

beoordelen van een uitstrijkje, het beoordelen van weefsel van de baarmoederhals, bevindingen 

bij lichamelijk onderzoek, etc. In tegenstelling tot andere vormen van kanker zoals borstkanker, 

waar testen gebaseerd op kleine veranderingen in een cel (moleculaire veranderingen) een 

wijziging in de behandeling teweeg hebben gebracht, is dit voor baarmoederhalskanker 

niet het geval. Het opsporen van hoog risico humaan papillomavirus (hr-HPV), het virus dat 

baarmoederhalskanker veroorzaakt, in uitstrijkjes is een uitzondering hierop. Over de invoering 

van deze hr-HPV test wordt echter nog steeds gediscussieerd. Het doel van dit proefschrift  was 

om verschillende moleculaire markers te onderzoeken die gebruikt zouden kunnen worden bij 

het opsporen, het stellen van de diagnose en de behandeling van baarmoederhalskanker.

 Het vroeg opsporen van baarmoederhalskanker door middel van bevolkingsonderzoek heeft  

een daling van het aantal gevallen van baarmoederhalskanker tot gevolg gehad in de landen 

die dit toepassen. De manier van opsporen, de behandeling en het vervolgen van pati ënten na 

een behandeling kan nog steeds verbeterd worden. De eff ecti viteit van het bevolkingsonderzoek 

zouden we kunnen verbeteren met een test die beter is dan het huidige uitstrijkje in het opsporen 

van baarmoederhalskanker en voorstadia hiervan. Een test gebaseerd op methylati e, een 

verandering aan het DNA door het koppelen van een methylgroep aan het DNA, zou een alternati ef 

kunnen zijn. DNA methylati e treedt vroeg op bij het ontstaan van baarmoederhalskanker. Onlangs 

hebben we 13 baarmoederhalskanker specifi eke methylati e markers beschreven [1]. Hoofdstuk 

2 van dit proefschrift  beschrijft  dat 5 van deze 13 methylati e markers (C13ORF18, CCNA1, 

TFPI2, C1ORF166 en NPTX1) meer gemethyleerd waren in weefsel van baarmoederhalskanker 

pati ënten vergeleken met weefsel van gezonde vrouwen. Vervolgens zijn deze 5 methylati e 

markers getest in uitstrijkjes van baarmoederhalskanker pati ënten en pati ënten zonder 

baarmoederhalskanker. CCNA1 en C13ORF18 waren positi ef in 70% (68/97) van de uitstrijkjes 

van pati ënten met baarmoederhalskanker en slechts in 5 en 3 uitstrijkjes, respecti evelijk, van 103 

gezonde vrouwen. Vervolgens zijn deze twee methylati e markers onderzocht in uitstrijkjes van 

pati ënten die verwezen waren met een afwijkend uitstrijkje. Het bleek dat 37% van de mati ge 

tot ernsti ge voorstadia van baarmoederhalskanker, dit zijn afwijkingen die behandeld moeten 

worden, konden worden opgespoord met CCNA1 en C13ORF18. Dit percentage is laag, maar het 

percentage dat positi ef was voor CCNA1 en C13ORF18 en daadwerkelijk een mati g tot ernsti g 

voorstadium had was hoog (96% en 100%). Daarom werd er in deze studie geconcludeerd dat 

deze twee methylati e markers, indien ze positi ef zijn in het uitstrijkje, met name geschikt zijn om 

een pati ënte direct door te verwijzen naar een gynaecoloog. 
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 Een systemati sch overzicht van de literatuur en onze resultaten zoals beschreven in hoofdstuk 

2 geven aan dat methylati e markers voor het opsporen van afwijkingen aan de baarmoederhals, 

die behandeld moeten worden, nog niet geschikt zijn om te gebruiken in het bevolkingsonderzoek 

[2,3]. In hoofdstuk 3 wordt een techniek beschreven, waarbij in één experiment uit 424 

methylati e markers nieuwe methylati e markers konden worden geselecteerd voor het opsporen 

van afwijkingen aan de baarmoederhals. Drie methylati e markers (JAM3, EPB41L3 en TERT) 

werden uit deze groep van 424 methylati e markers geselecteerd. Samen met de door ons eerder 

ontdekte methylati e marker C13ORF18, vormden deze vier methylati e markers onze methylati e 

test. Met deze methylati e test kon in uitstrijkjes 94% van de pati ënten met baarmoederhalskanker 

en 65% van de pati ënten met mati g tot ernsti ge voorstadia van baarmoederhalskanker worden 

opgespoord. Vervolgens is gekeken of in de groep pati ënten die hr-HPV positi ef zijn er meer 

pati ënten worden opgespoord met de methylati e test, hetgeen inderdaad het geval bleek te 

zijn. Wij concluderen dat onze methylati e test een interessante tweede test kan zijn, nadat het 

uitstrijkje is onderzocht op hr-HPV.

 In Nederland gaat 30% van de vrouwen niet in op de uitnodiging van het bevolkingsonderzoek, 

waarin afwijkingen aan de baarmoederhals worden opgespoord [4]. Tegelijkerti jd is bekend, 

dat ongeveer de helft  van alle pati ënten met baarmoederhalskanker uit deze groep vrouwen 

afk omsti g is [5]. Door introducti e van een zogenaamde zelft est neemt deelname aan het 

bevolkingsonderzoek met 30% toe, met name van vrouwen, die normaal gesproken niet 

deelnemen [6]. Een zelft est is geschikt om te gebruiken in combinati e met een hr-HPV test, maar 

niet om de verzamelde cellen te beoordelen onder een microscoop [7]. Om deze reden hebben 

we in hoofdstuk 4 de methylati e markers: JAM3, EPB41L3, TERT en C13ORF18 onderzocht in 

combinati e met een zelft est, afgenomen bij 20 baarmoederhalskanker pati ënten en 23 pati ënten 

verwezen met een afwijkend uitstrijkje. Tevens werden van deze zelft est de verkregen cellen 

beoordeeld op afwijkingen onder de microscoop en bepaald of er hr-HPV aanwezig was. De 

zelft est werd in deze studie vergeleken met het gewone uitstrijkje, dat ook was afgenomen bij 

dezelfde pati ënte. In de groep pati ënten met baarmoederhalskanker was de methylati e test in de 

zelft est positi ef bij 95% (19/20), terwijl de methylati e test in het gewone uitstrijkje ook bij 95% 

(19/20) positi ef was. In de groep pati ënten met baarmoederhalskanker was hr-HPV aanwezig in 

80% (16/20) in de zelft est en in 75% (15/20) in het uitstrijkje. Voor afwijkende cellen was dit 75% 

(15/20) in de zelft est en 95% (19/20) in het uitstrijkje. In de zelft est en uitstrijkjes van pati ënten 

met een mati g tot ernsti ge afwijking aan de baarmoederhals was de methylati e test positi ef in 

67% (10/15) en 80% (12/15), hr-HPV 100% en 100% en afwijkende cellen 73% (11/15) en 80% 

(12/15), respecti evelijk. Voor alle drie de testen was de overeenkomst tussen de zelft est en het 

uitstrijkje hoog. De toepassing van een methylati e test op een zelft est is dus goed mogelijk. Deze 

toepassing moet verder worden onderzocht in een grote groep pati ënten.
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 Mati g tot ernsti ge voorstadia van baarmoederhalskanker worden in het algemeen behandeld 

door deze elektrisch weg te snijden, dit wordt een lisexcisie genoemd. Na deze behandeling 

worden er verschillende protocollen gebruikt om pati ënten te vervolgen en er is niet bekend 

hoeveel pati ënten zich aan dit protocol houden. In Nederland is afgesproken om bij alle 

pati ënten die een lisexcisie hebben ondergaan een uitstrijkje te maken na 6, 12 en 24 maanden. 

In hoofdstuk 5 hebben we onderzocht hoeveel pati ënten zich houden aan dit protocol. Het 

bleek dat 86,2% van de pati ënten het eerste uitstrijkje liet maken, 64,8% het eerste en tweede 

uitstrijkje en slechts 51,2% alle drie de uitstrijkjes liet maken. Het risico op het ontwikkelen van 

opnieuw een afwijking aan de baarmoederhals is groter, wanneer het sneevlak van de lisexcisie 

niet vrij is van de afwijking. Wij hebben gekeken wat het risico is op het ontwikkelen van opnieuw 

een afwijking als het sneevlak juist wel vrij is en dit bleek slechts 1% te zijn in de eerste 12 

maanden na behandeling. Concluderend kunnen we stellen dat veel pati ënten zich niet houden 

aan het in Nederland afgesproken protocol. Tevens kan het eerste vervolg uitstrijkje veilig na 12 

maanden verricht worden, indien het sneevlak vrij is. 

  Na een lisexcisie voor mati ge of ernsti ge voorstadia van baarmoederhalskanker, kan de 

afwijking na de behandeling terugkomen (recidief). Dit kan snel zijn na de behandeling, binnen 24 

maanden, of laat na de behandeling, na 24 maanden. De hypothese is, dat wanneer de afwijking 

binnen 24 maanden na de behandeling terugkomt, er sprake is van een restafwijking, doordat de 

behandeling in eerste instanti e onvoldoende uitgebreid is geweest. Wanneer de afwijking na 24 

maanden terugkomt, is er waarschijnlijk sprake van een nieuw ontstane afwijking. In hoofdstuk 

6 is deze hypothese onderzocht in weefsel van pati ënten bij wie een recidief is vastgesteld, door 

vijf methylati e markers (C13ORF18, CCNA1, DAPK, CADM1 en TFPI2) te testen in zowel de eerste 

afwijking als het recidief. In de groep pati ënten waarbij het recidief binnen 24 maanden ontstond 

waren meer methylati e markers positi ef ten opzichte van de groep waarin het recidief na 24 

maanden ontstond. Uit deze kleine studie hebben we geconcludeerd dat het aantal positi eve 

methylati e markers groter is in de groep pati ënten die binnen 24 maanden een nieuwe afwijking 

ontwikkeld. Dit zou kunnen betekenen dat het binnen 24 maanden ontstaan van een recidief 

niet alleen komt doordat de behandeling onvoldoende was, maar mogelijk ook doordat deze 

afwijkingen agressiever zijn.

 De behandeling van baarmoederhalskanker bestaat uit een operati e al dan niet gecombineerd 

met radiotherapie en/of chemotherapie, of uit radiotherapie gecombineerd met chemotherapie. 

Pati ënten die in eerste instanti e worden geopereerd moeten in sommige gevallen, bijvoorbeeld 

als de lymfeklieren kankercellen bevatt en (positi eve lymfk lieren), aanvullend behandeld worden 

met radiochemotherapie. Om de bijwerkingen van de verschillende behandelingsvormen zoveel 

mogelijk te beperken, verdient het de voorkeur om pati ënten slechts één vorm van behandeling 

te geven. Moleculaire prognosti sche markers zouden een rol kunnen spelen om te voorspellen 

welke pati ënten een betere overlevingskans hebben en bij welke pati ënten er sprake is van 
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positi eve lymfk lieren. In hoofdstuk 7 hebben we op systemati sche wijze de literatuur doorzocht 

om alle bekende moleculaire markers gerelateerd aan overleving en positi eve lymfk lieren te 

identi fi ceren en te onderzoeken of deze moleculaire markers mogelijk klinisch relevant zijn 

in pati ënten met een vroeg stadium baarmoederhalskanker. Er zijn in deze studie veerti en 

moleculaire markers gevonden die onafh ankelijk gerelateerd waren aan de overleving van 

pati ënten (VEGF, HIF1-α, BCL-2, CD44v6, HPV-18, HPV E6/E7 mRNA, EGFR, B-Catenin, c-Met, 

SCC, DTM (SCC/CA-125), Id-1, Cathepsin D en S-phase fracti on). Elf moleculaire markers waren 

gerelateerd aan de aanwezigheid van positi eve lymfk lieren (VEGF, Cyclin A, p16, DNA ploidy, 

EGFR, C-erbB-2, cathepsin D, SCC, CA-125, DTM, PD-ECGF). In deze literatuurstudie werd slechts 

een klein aantal moleculaire markers gevonden die gerelateerd waren aan overleving en positi eve 

lymfk lieren. Op dit moment is er voor deze markers geen toepassing in de dagelijkse prakti jk. 

 Moleculaire markers zijn ook interessant in het kader van het ontwikkelen van nieuwe 

behandelingen voor vroeg stadium baarmoederhalskanker, met name voor de pati ënten die 

vooraf een slechte prognose hebben. De epidermale groeifactor receptor (EGFR) is een eiwit 

aanwezig in de cel en speelt een rol in het kankerproces. Zijn functi e hangt nauw samen met 

die van andere eiwitt en, zoals: pEGFR, PTEN, pAKT, en pERK. In hoofdstuk 8 hebben we de eiwit 

expressie van EGFR, pEGFR, PTEN, pAKT en pERK gerelateerd aan klinische en pathologische 

gegevens van 336 pati ënten met vroeg stadium baarmoederhalskanker (FIGO stadium IB-IIA). 

Het onderzoek toonde aan dat de aanwezigheid van het EGFR eiwit geassocieerd was met het 

type baarmoederhalskanker uitgaande van plaveiselcellen. Afwezigheid van het eiwit pEGFR was 

geassocieerd met een slechte diff erenti ati e van de tumor en afwezigheid van het eiwit PTEN 

was geassocieerd met positi eve lymfk lieren. Indien deze componenten gezamenlijk werden 

onderzocht in een multi variate analyse was geen enkele component individueel geassocieerd 

met overleving. Geconcludeerd werd dat de afwezigheid van het eiwit PTEN geassocieerd is met 

positi eve lymfk lieren en dat het PTEN gen mogelijk een rol speelt in het ontstaan van uitzaaiingen 

in de lymfeklieren.

 Er zijn aanwijzingen dat acti vati e van EGFR gerelateerd is aan een slechtere respons op 

radiochemotherapie en dat medicijnen die specifi ek eff ect hebben op EGFR in combinati e 

met radiochemotherapie de eff ecti viteit van de behandeling zouden kunnen verbeteren. In 

hoofdstuk 9 zijn de componenten EGFR, pEGFR, PTEN, pAKT en pERK onderzocht in een groep 

van 375 pati ënten met baarmoederhalskanker die behandeld zijn met radiochemotherapie 

(FIGO stadium Ib-IVa). In deze studie werd vastgesteld dat het aanwezig zijn van het eiwit 

EGFR een onafh ankelijke voorspeller was voor het slecht reageren op de behandeling met 

radiochemotherapie en gerelateerd was aan slechtere overleving van de ziekte. Onze resultaten 

ondersteunen de gedachte van studies die op dit moment worden uitgevoerd waarbij de pati ënte 

behandeld wordt met radiochemotherapie en een medicijn dat eff ect heeft  op EGFR.
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TOEKOMSTVISIE

In 2009 is gestart met de vaccinati e tegen HPV 16 en HPV 18, twee belangrijke veroorzakers van 

baarmoederhalskanker, in het nati onale vaccinati e programma in Nederland. Meisjes vanaf 12 

jaar worden ingeënt en ondertussen wordt aan meisjes tussen de 13 en 16 jaar ook vaccinati e 

aangeboden. Het opsporen van baarmoederhalskanker in het bevolkingsonderzoek zal ondanks 

de vaccinati e de komende jaren gewoon moeten doorgaan om twee redenen: 1) het huidige 

vaccin is gericht tegen HPV 16 en 18, 70% van de baarmoederhalskankers wordt daardoor 

veroorzaakt, 2) in de eerste vaccinati e ronde heeft  slechts 50-60% van de meisjes meegedaan. 

Het zal tenminste twee decennia duren voordat het eff ect van de vaccinati e te verwachten is, 

namelijk een daling van het aantal gevallen van voorstadia van baarmoederhalskanker en van 

baarmoederhalskanker. Ook in deze periode moet ingezet worden op verbeteringen van het 

bevolkingsonderzoek. Dit kan door de manier van opsporen te verbeteren en ervoor te zorgen 

dat meer vrouwen deelnemen aan het bevolkingsonderzoek, door bijvoorbeeld gebruik te maken 

van een zelft est. In de periode nadat de vaccinati e het aantal gevallen van baarmoederhalskanker 

heeft  verlaagd, is er met name behoeft e aan een bevolkingsonderzoek, dat de kleine groep 

pati ënten met baarmoederhalskanker opspoort en dat daarbij niet vrouwen naar de gynaecoloog 

worden gestuurd die geen afwijking hebben. De studies die in dit proefschrift  staan hebben laten 

zien dat een methylati e test, ook in combinati e met een zelft est, een mogelijke verbetering kan 

geven van het toekomsti ge bevolkingsonderzoek.

 Onze huidige methylati e test kan 95% van de pati ënten met baarmoederhalskanker, 80% van 

de pati ënten met een ernsti g voorstadium van baarmoederhalskanker en 40% van de pati ënten 

met een mati g ernsti g voorstadium van baarmoederhalskanker opsporen. Hoe onze methylati e 

test het zal doen in een bevolkingsonderzoek zal nog moeten worden uitgezocht. De meeste 

gynaecologen zullen de methylati e test op dit moment niet goed genoeg vinden, maar realiseren 

zich daarbij niet dat het huidige uitstrijkje slechts 55% van de mati ge tot ernsti ge voorstadia 

en baarmoederhalskanker opspoort [8]. Voor de hr-HPV test is aangetoond dat deze test 

baarmoederhalskanker zeer goed opspoort [9,10], maar er worden daarnaast ook veel vrouwen 

positi ef getest, die slechts een voorbijgaande hr-HPV infecti e hebben zonder afwijking aan de 

baarmoederhals. Dit komt met name voor in de groep jonge vrouwen [11]. De uitdaging ligt nu 

in het ontwikkelen van een methylati e test die nog beter is in het opsporen van de voorstadia 

van baarmoederhalskanker en er zijn verschillende methoden om deze methylati e markers te 

ontdekken.

 In dit proefschrift  is aangetoond dat het opsporen van afwijkingen aan de baarmoederhals 

door middel van een methylati e test in combinati e met een zelft est mogelijk is. Deze methode 

zal in een grotere groep vrouwen verder moeten worden onderzocht. Deze methode zal in de 
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toekomst niet alleen het bevolkingsonderzoek kunnen verbeteren in Nederland, maar zal ook in 

landen waar geen bevolkingsonderzoek is een prakti sch alternati ef kunnen zijn. 

 Een fenomeen dat in ogenschouw genomen moet worden in het kader van het gebruik van 

een methylati e test in de dagelijkse prakti jk is het zogenaamde ‘veld eff ect’. Dit fenomeen is voor 

het eerst beschreven in 1953 door Slaughter en collega’s en gaat ervan uit dat normaal uitziende 

cellen die om de kankercellen heen liggen al moleculaire veranderingen hebben ondergaan, 

die ook gezien worden in kankercellen [12]. Bekend is dat methylati e ook waargenomen kan 

worden in ‘normaal’ weefsel dat om de het kankerweefsel heen ligt [13–15]. Het zou interessant 

zijn om dit fenomeen te onderzoeken in baarmoederhalskanker. Het zou kunnen zijn dat indien 

een voorstadium van baarmoederhalskanker verwijderd wordt, methylati e nog steeds aanwezig 

blijft . Een plausibele hypothese zou kunnen zijn dat in deze gevallen een afwijking aan de 

baarmoederhals sneller terugkomt. In de toekomst zou de methylati e test onderzocht moeten 

worden in een groep pati ënten bij wie door middel van een lisexcisie een voorstadium van 

baarmoederhalskanker is verwijderd. 

 Het terugkeren van een afwijking van de baarmoederhals treedt slechts op in ongeveer 10% 

van de pati ënten die behandeld zijn met een lisexcisie [16,17]. Dit betekent dat ruim 90% van 

de pati ënten vervolgens routi nemati g wordt vervolgd met uitstrijkjes na 6, 12 en 24 maanden, 

zonder hier voordeel van te hebben. Daarnaast neemt slechts 50% van de pati ënten volledig deel 

aan dit protocol [16]. Deze relati ef ineffi  ciënte benadering zou verbeterd kunnen worden door 

pati ënten die een klein risico hebben om opnieuw een afwijking te ontwikkelen minder intensief 

te vervolgen. In dit proefschrift  is aangetoond dat het eerste uitstrijkje veilig na 12 maanden kan 

worden verricht bij pati ënten bij wie de sneevlakken van de lisexcisie vrij zijn. In een Nederlandse 

studie, waarin de hr-HPV test onderzocht werd na een lisexcisie, werd aangetoond dat na een 

lisexcisie indien het uitstrijkje en de hr-HPV test niet afwijkend waren na 6 maanden, het vervolg 

uitstrijkje na 12 maanden kon worden overgeslagen [18]. Een andere opti e zou kunnen zijn, 

indien de sneevlakken vrij zijn, na 12 maanden een uitstrijkje te maken en een hr-HPV test te 

verrichten. Als beide testen niet afwijkend zijn zou de pati ënte verder vervolgd kunnen worden 

in het reguliere bevolkingsonderzoek (een uitstrijkje eens in de 5 jaar). De pati ënten van wie 

de sneevlakken niet vrij zijn zouden het normale vervolgonderzoek moeten doorlopen met de 

toevoeging van de hr-HPV test. Indien het uitstrijkje en de hr-HPV test niet afwijkend zijn na 6 

maanden, kan het vervolgonderzoek na 12 maanden worden overgeslagen. Deze benadering zal 

moeten leiden tot een effi  ciënter en kosteneff ecti ever vervolgschema voor pati ënten met een 

afwijking aan de baarmoederhals die behandeld zijn met een lisexcisie.

 In het kader van het verbeteren van de huidige behandeling van baarmoederhalskanker is 

het identi fi ceren van pati ënten met een slechte overlevingskans van belang, omdat zij wellicht 

kunnen profi teren van innovati eve behandelingsvormen, die ingrijpen op specifi eke moleculaire 

veranderingen in de kankercel. Studies die het voorkomen en het belang voor het biologisch 
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gedrag van dergelijke moleculaire veranderingen in baarmoederhalskanker onderzoeken kunnen 

eerste aanwijzingen voor dergelijke nieuwe therapieën opleveren. 

 De aankomende jaren zal het onderzoek betreff ende baarmoederhalskanker in Nederland 

en in het Westen zich moeten focussen op: 1) een effi  ciëntere vaccinati e strategie tegen meer 

hr-HPV types dan de twee in de momenteel beschikbare vaccins, waarbij de parti cipati egraad 

verbeterd dient te worden 2) een betere moleculaire test voor het bevolkingsonderzoek naar 

baarmoederhalsafwijkingen en 3) innovati eve behandelingen voor baarmoederhalskanker 

pati ënten, gebaseerd op specifi eke moleculaire afwijkingen in de kankercel. Gezien het feit dat 

tegenwoordig 80% van alle pati ënten met baarmoederhalskanker in ontwikkelingslanden leven 

[19], zal het onderzoek in deze landen zich moeten focussen op grootschalige introducti e van 

goedkope vaccins, die slechts één keer toegediend dienen te worden.
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