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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 
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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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