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Introduction

The most recent cancer report in Belgium was published in 2011 and showed that in 2008, 643 women were diagnosed

with cervical cancer at a mean age of 54 years and that 186 died of this disease. The crude incidence and mortality rates

(n/100.000) are respectively 11.8 and 3.4 [1]. The five-year survival for the period 2004 - 2008 in our country regard-

less of stage was 70%. According to stage the survival was Stage 1: 92%, Stage 2: 64%, Stage 3: 55%, and Stage 4: 15%.

These figures look good, but we have to keep in mind that 65% of the patient data is missing [2]. 

In our country cervical cancer is the eighth most frequent tumour in females (2.3%) and the third most frequently oc-

curring gynecological tumour. The majority of cervical tumours are diagnosed in Stage 1, but no significant trend is ob-

served for these tumours over the last ten years [1].

In Belgium the recommendation to screen is adapted from the European Guidelines and foresees one Pap smear

or liquid-based cytology sample for women of 25 to 64 years at a three-year interval [3-6]. In the Flemish region,

cervical cancer screening program began in 1994 and in Walloon region no formal screening program is in place

[3,7,8].

Currently, the screening for cervical cancer is essentially still opportunistic, which means that a smear is taken on the

initiative of the woman or her clinician (general practitioner or gynaecologist). The coverage has remained stable the

last 15 years. For the period 1998 – 2000 and 2007 – 2010, the coverage rate was respectively, 59% and 62%. This is

still well below the aim of 85%, which was set in 1994! Furthermore the screening is still based on cytology, with only

reflex HPV testing in case of ASCUS. 

Cervical cancer still exists due to the fact that still around 40% of the women in Belgium are not taking part in the

screening and to the fact that cytology misses almost half of all abnormal smears. The reality is that half of the women

with cervical cancer are never screened and that 20% of the women with cervical cancer did have a pap smear within

the last five years, but the cytology was “normal” [9]. 

The cancers, which are often missed by conventional cytology, are the adeno- and adenosquamous carcinomas [10,

11]. In fact there is a rise in the absolute and relative incidence of cervical adenocarcinoma (ADC) in many countries

[10, 11]. The decline of cervical cancer has to be attributed to a decrease in squamous cell carcinoma (SCC). ADC cur-

rently accounts for up to 25% of all cases of cervical cancer [12]. This may again be due to the limitations of detecting

ADC at screening or it could be that the incidence of ADC is truly on the rise [13].
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Human papillomavirus (HPV) has been identified as the causal factor of precancer and cancer of the cervix [14, 15].

Genital HPV is acquired through skin-to-skin contact. The best example of skin-to-skin contact is intimate genital or

orogenital contact. The lifetime risk of getting infected with HPV is 80% [14, 15]. About 80 to 90% of all HPV in-

fections are transient however and disappear within one to two years [11, 14-17]. If the HPV infection persists, then

there is a significant risk of developing a precancerous lesion. The timeframe from initial infection to preinvasive and

in the end invasive disease appears to be at least 10 to15 years [11]. When one uses cytology for screening, one looks

for the abnormality caused by a HPV infection. The cytology screening has a sensitivity of only 53% [18]. To be sure

that everyone understands this, almost 50% of all precancers and cancers are missed; perhaps an understatement but

cytology has a high false negative rate. The latter is especially true for the adenocarcinomas. HPV is the causal fac-

tor for cervical (pre)cancer and it is therefore more logical to look if the HPV infection is present or not. Primary

HPV screening would be a major improvement with a sensitivity of 93% [18].

The optimal screening strategy should identify those cervical cancer precursors likely to progress to invasive can-

cers (maximizing the benefits of screening) and avoid detection and unnecessary treatment of transient HPV infection

and its associated benign lesions that are not destined to become cancerous (minimizing the potential harms associ-

ated with screening) [19].  

Cervical cancer guidelines should be simple to use for the clinician and acceptable for women. Confusion among

women and physicians leads to not attending the screening program, over- and under-screening, increased morbidity

and mortality, and an increased cost for society without any benefits.

When to start and when to stop screening

The screening is recommended to start at 25 years and to stop at 65 years [3-8]. When you look at the distribu-

tion of smear according to age, then you notice that 10% is younger then 25 years, 82% of the women are from

the target population (25-64 years) and 7% are older then 65 years [8]. The screening under 25 years and over 65

years cost the RIZIV/INAMI [20] about 12 million Euro per year. These costs are well-spent if lives are saved. In

2004, England raised the starting age of cervical screening from 20 to 25 years [21]. There is an increase of the

incidence of cervical cancers in young women, but this increase in incidence is unrelated to the change in screen-

ing policy of 2004 [21]. The increase is likely to be associated with an increase in exposure to background risk

including HPV [21]. The screening coverage in the women 25-29 years is declining. Efforts should be made to

change this attempt.

A earlier large British study looked at odds of developing cervical cancer based on whether or not women had Pap

in prior three-year interval [22]. Cervical screening in women ages 22-24 years had little or no impact on the rates of

invasive cervical cancer up to age 30 years [22]. Due to the fact that women are getting older, in could be argued to

increase the upper limit age to 70 years. The latter especially if you think that more women die of cervical cancer above

70 years than below 30 years. More research is needed before the upper age limit can be altered. Unfortunately this

leads the screening of young women to unnecessary evaluation and potentially to treatment of pre-invasive cervical

lesions that have a high probability of regressing spontaneously and that are on average many years from having sig-

nificant potential for becoming invasive cancer [10, 11, 14, 19]. One of the greatest dangers of this over-treatment is

premature birth [23]. 

Based on the first HPV vaccination trials, women below 25 years should be recommended to have a HPV vaccina-

tion [24]. The combination of HPV vaccination in adult and young adult women is expected to reduce substantially

the cervical cancer disease burden in Belgium compared to screening alone [25]. Up to 40 years HPV vaccination is

cost-effective in women [25].

The HPV vaccination coverage rate for a completed schedule in 12-13 year-olds in the Flemish region (Vlaan-

deren) is 84%, while in the Walloon region it hardly reaches 20% [26-28]. The Flemish region is the best-vaccinated

region in the world. This is due to the school-based program, which started in September 2011. Instead of screen-

ing young women, they should be informed about the benefits of HPV vaccination, the risk of sexual transmitted

infections, the use of condoms, and the methods of contraception. The high vaccination figures will reflect in 15

to 30 years in a substantial reduction of precancer (estimated > 50%) and cancer (estimated (> 80%) [29]. Cur-

rently vaccines against more HPV types are in trials. Already the first data of a nine-valent vaccine have been pre-

sented [30]. This vaccine is directed against the high-risk HPV infections types 16, 18, 31, 33, 45, 52, and 58 and

the low-risk HPV infections, types 6 and 11. With the high efficacy rates against precancer lesions, it is to expected

that this vaccine can prevent approximately 90% of all cervical cancers. A biologics license application for this

vaccine (V503) to the U.S. Food and Drug Administration (FDA) is to be expected at the end of 2013 or the be-

ginning of 2014 [31].
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What should be done: cytology, HPV, or HPV+, and cytology triage? 

Multiple meta-analyses have shown that a Pap cytology test fails to detect on average 50% of clinically significant pre-

cancers and cancers present at the time of testing [32]. The main reason why Pap smears miss almost 50% of all precan-

cers and cancers is the fact that it is performed by humans and therefore subjective. HPV screening is superior to cytology

because it is objective, reproducible, and standardized. HPV testing has a sensitivity of 40 to 45% higher than cytology.

This means automatically c.q. practically a strong reduction in false negatives. 

The evidence for this can be found in 24 cross-sectional studies and 11 multi-country randomized controlled trials (RCT)

[32-47]. In order to have a good comparison for Belgium, we will have to look at the four RCTs performed in industrial-

ized European countries. The four countries were Sweden (Swedescreen), the Netherlands (POBASCAM), England (ARTIS-

TIC), and Italy (NTCC) [37, 39, 41, 44, 47]. All studies had different screening protocols. 

Precancer lesions and the 4 RCTs

The relative incidence of CIN3 or worse histological findings after the first screening round was similar in all stud-

ies (Table 1) with no evidence of heterogeneity (p = 0.681) [37, 39, 41, 44, 47, 48]. The fact that they are similar sug-

gests that the efficacy in prevention depends primarily on the screening test and not on the different screening protocols

[47].

All these results show clearly that HPV-based screening detects persistent precancer (high-grade) lesions before cytol-

ogy. This early detection will allow treatment of these lesions before that they can become invasive. 

Cancer and the 4 RCTs

On an individual basis the 4 RCTs are not powered enough to measure the effect of HPV testing, as an alternative to reg-

ular cytological screening, on the incidence of invasive cancer [37, 39, 41, 44]. For this reason a follow-up study of the 4

RCTs was performed together with a pooling of the data [47].

The pooled analysis incorporated a total of 76,464 women aged 20–64 years followed up for a median of 6.5 years (1,

214,415 person-years) [37, 39, 41, 44, 47]. The study-adjusted pooled relative detection rate for invasive cervical cancer

among all women from recruitment to end of follow-up are shown in Table 2 [47]. 

The screening methods were not significantly different for the detection of invasive cancer during the first 2.5 years

of follow-up after study entry (Table 3) [47]. After 2.5 years, the HPV screening arm became significantly lower then

the standard cytology arm. The pooled rate ratio for invasive cervical carcinoma among all women from recruitment to

end of follow-up was 0.60 (95% CI 0.40–0.89), with no evidence of heterogeneity between the studies (p = 0.52) [47].

A random-effects model gave an almost identical estimate (0.61, 0.41–0.91) [47, 49]. The fact that the gain in reduction

of cervical cancer started after 2.5 years, excludes prevalent cases and reflects to true gain of HPV based screening above

cytological screening. The gain of HPV will only increase if the quality of cytology decreases. 

Table 1. — Detection rate ratios of CIN 3 or worse: HPV
vs. cytology and 95% CI.
NTCC* 0.34 (0.15–0.75)

POBASCAM 0.39 (0.27–0.53)

ARTISTIC 0.52 (0.28–0.97)

Swedescreen 0.53 (0.29–0.98)

*in women aged 35 years or older

Table 3. — Pooled detection rate ratio for invasive can-
cer: HPV vs. cytology and 95% CI according to follow-
up since entry of the study.
≤ 2.5 years of follow-up 0.79 (0.46–1.36)

> 2.5 years of follow-up 0.45 (0.25–0.81)

End of follow-up (median 6.5 years) 0.60 (0.40–0.89)

Table 2. — Pooled detection rate ratio for invasive cancer
from recruitment to end of follow-up: HPV vs. cytology and
95% CI 
NTCC 0.37 (0.17–0.80)

Swedescreen 0.71 (0.23–2.25)

POBASCAM 0.72 (0.40–1.27)

ARTISTIC 0.83 (0.26–2.66)

Pooled 0.60 (0.40–0.89)

Table 4. — Cumulative incidence per 105 with 95% CI of
invasive cervical cancer after a negative screenings test at
entry. 
Years of follow-up 3.5 5.5 

Cumulative incidence

Negative HPV 4.6 (1.1–12.1) 8.7 (3.3–18.6) 

Negative cytology 15.4 (7.9–27.0) 36.0 (23.2–53.5)
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In the introduction it was assumed that conventional cytology missed more often adenocarcinomas then squamous car-

cinoma. The key question is what will and can HPV screening achieve? 

The assumption increased in validity when one looks at the pooled rate ratio for morphology. The rate ratios were lower

for adenocarcinoma (0.31; 95% CI 0.14–0.69) than for squamous-cell carcinoma (0.78: 95 % CI 0.49–1.25) [47]. Especially

for the young women, the increased gain is high. Because the proportion of adenocarcinomas fell by age: 40% in women

younger than 30 years, 35% in those aged 30–34 years, 30% in women age 35–49 years, and 23% in those 50 years or older

[47]. The rate ratios did not differ for stage. HPV testing has an even higher gain for adenocarcinomas then for squamous

cancers. It cannot be emphasized enough: adenocarcinomas are often missed in the classical screening. Adenocarcinomas

are in 94% due to HPV 16, 18, and 45 [29]. The introduction of prophylactic HPV vaccination (primary prevention) and HPV

screening (secondary prevention) will therefore have a major impact on the incidence of these cancers [14].

What to do when a woman is high-risk (HR) HPV positive

In the POBASCAM, Swedescreen, and ARTISITC a cytological triage was performed; the NTCC HPV positive women

were directly referred for colposcopy with or without biopsy [37, 39, 41, 44]. The pooled ratio showed that in case of cy-

tological triage, there was no increase in biopsies (1.02; CI 95 % 0.97-1.07) [47]. In case of direct referral to colposcopy

in case of HPV positivity (the NTCC trial), the number of biopsies were more then doubled (2.24; CI 95%, 2.09-2.39) [47].

As there is no difference in the detection rate of invasive cancer, it is to be recommended that all women who have a high-

risk HPV infection should have a cytological triage. Practically this means that if a woman has a HR HPV infection a cy-

tological analysis should be done (Figure 1). If cytology is normal the smear should be repeated after one year, and if cy-

tology is abnormal, she should be referred for colposcopy with or without biopsy. The smear becomes a diagnostic smear

instead of a screening smear.

Based on the HERACLES and SCALE trial, one can conclude that cervical cancer below 50 years is due to a HPV in-

fection 16, 18 or 45 [50, 51]. This type-specific analysis could also be included in the triage of HR HPV positive women

(Figure 2). Only women younger then 50 years of age and infected with one of these types should have reflex cytology;

all the others should be rescreened after five years. 

In the future this will probably alter when the current generation of vaccinated women reach the screening age. It is

likely that this generation will only need a smear every 10, 15, or even 20 years. Attractive for the future is also the self-

sampling in cervical screening. Women could take a sample by themselves and send it to the laboratory. If the results

comes back as HPV positive, she should be invited to visit a doctor for the traditional type specific HPV screening and di-

agnostic cytology. 

Additional staining of the smear and markers can do further fine-tuning, but current there is need for more evidence be-

fore in can be used in routine practice. It is important to do a type-specific analysis and not HR HPV positive or negative
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Figure 1. — Flow-chart of HPV screening for women between 30-65 years of age.

Figure 2. — Alternative flow-chart of HPV screening for women between 30-50 years of age.
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test; the reason why the majority of the HPV infections are transient and will disappear within two years. Only persistent

infections should be treated from a clinical point of view. This will protect women from unnecessary harm and injury. If

for instance a woman who has a HPV 16 infection today and two years later a HPV 18 infection, it is not a persistent in-

fection. She should be informed that this is normal and that she does not need any treatment. If one would have done the

analysis with a HR HPV positive or negative test, the clinician would not have known that she had a transient infection

on the one hand and a new infection on the other hand. This would wrongly lead to the conclusion that it is a persistent

infection that needs treatment. 

An additional tool in the triage is the viral load of a HPV infection [52]. As most infections will disappear, you can fol-

low the activity of the virus. The normal pattern will be an increase in the viral load and then a decrease back to zero. If

this is happening, one can wait. If a viral load stabilizes regardless of the height because it is a logarithmic scale, the cli-

nicians should be worried because this can be regarded as a persistent infection with a risk of progression of the lesion.

When applying this rule of HPV screening and cytological triage in women between 25 and 30 years, one should be very

cautious. The reason is that this could lead to anxiety among the women and their clinicians, leading increased additional

investigations. There is a substantial risk for over-management in case of regressive precancer lesions caught by HPV

screening. At the moment there is simply not enough data for HPV screening in this age group to draw firm conclusions.

The evidence for using it in this age group is thin. There is however sufficient evidence for not screening below 25 years

of age. If HPV screening is done in women between 25 -30 years of age, then the algorithm of cytological triage in case

of a HR HPV infection would lead to inappropriate high numbers of colposcopy and unnecessary biopsies. The number

of unnecessary conisations with its associated morbidity and mortality, will undoubtedly also increase.

Especially in this age group it is necessary to perform a HPV type specific triage and an ASCUS or LSIL or more triage

(Figure 3). This triage system takes in consideration the age together with the three possible HPV groups: 1) no HPV in-

fection, 2) HPV positive not HPV types 16, 18, and 45 and 3) HPV 16,18, and 45 positive. It is complex in use, but the

logically next step of acceptance. Alternatively one could also directly incorporate more rigorously all the available data

in one figure (Figure 4) [50, 51]. The latter is logical and simple to use. It will however take time before everyone will ac-

cept this flow-chart and uses it. 

Only in case of a persistent HPV infection of the same type for longer then two years a colposcopy should be performed.

When for a LSIL an advice of colposcopy is given, this should be done very tactfully. If during a colposcopy the lesion(s) are

clearly low grade or less, one should not biopsy these lesions. If there is doubt or if one does not feel comfortable, then one

should take a biopsy. It is the opinion of the author that one should use common sense when reading a protocol. If the proto-
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Figure 3. — Flow-chart of HPV screening for women between 25-30 years of age.

Figure 4. — Alternative flow-chart of HPV screening for women between 25-30 years of age.
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col states to take a biopsy it should not automatically mean that the clinician should take a biopsy. It is hilarious if you always

follow an opinion without thinking. It is not because your are equipped with… that you should have… with every one. 

The current practice of serial monogamy leads to new HPV infections (at every age) without any direct significance. It

is naïve to perform only cytology below 30 years if are screening. Women, men, and clinicians should accept that more

then 80% of all HPV infections will disappear (at any age) spontaneously and do not need any additional treatment. The

fact that some one has a HPV infection, is a reflection that she is sexual active. There is nothing wrong in consented sex.

HPV in this regard can best be compared with the common cold. Reduce anxiety and explain this to your patient and their

loved ones. This will of course cost more time, but it will also increase the satisfaction of avoiding unnecessary treatment.

In the past when I did premature deliveries in the middle of the night, I often wondered how many of these deliveries

could be avoided if we would have had the knowledge and talked to our patients. If your are still not convinced, please go

to a Neonatal Intensive Care (NIC) Unit and check how many of the premature delivers were among women with a con-

isation in the passed. 

Which HPV test should be used? [53]

This seems a strange topic because the clinicians are generally not involved in choosing the HPV test. The clinician

should however be aware that there are multiple HPV tests available and that some earlier HPV tests will miss one out of

ten cancers. This is important if screening is based on HPV testing. At the end of the day the clinician is held responsible

for the missed cancer. Every clinician should therefore know what the differences are between an L1 test and an E6/E7

test [53]. 

A HPV infection can be present in a patient in a free form (episomal), in an integrated form in the host DNA or in

a mixed form which means free and integrated. From a clinical point of view the integrated viruses are important be-

cause in this form the lesions are most likely to progress to a high-grade lesion or invasive cancer. It is therefore es-

sential that HPV tests also look at the integrated HPV types [53]. For this reason HPV tests should not only type

specific but also region specific. Crucial specific regions in the HPV genome are L1, E1/E2, and E6/E7. During inte-

gration of the HPV in the human genome sometimes L1 expression is lost, but E6/E7 expression remains always pres-

ent. E6/E7 are pivotal in the development of cancer (L1 negative cancers exist, but not E6 or E7 negative cancers) [53].

In other words, if one were to use an E6/E7 test all cancers would be detected, including the ones where L1 was lost.

A test looking only for L1 and not for E6/E7 will miss about 10% of all invasive cancers.

In our country the most frequent used HPV tests are probably Hybrid Capture II (Qiagen) and the Cobas 4800 HPV DNA

Test. To cut a long story short, if you read their labels, then you notice that these are L1 only tests. For a more detailed de-

scription I would like to refer to a previous publication titled: “Cervical cancer screening: which HPV test should be

used—L1 or E6/E7?” [53]. 

The introduction of the first HPV testing based on L1 increased the sensitivity for screening considerable (30 to 40%).

With the current knowledge of integration and progression, it is time to fine-tune these HPV tests. Nowadays a HPV test

should also look at E6/E7 in order not to miss the 10% integrated HPV cancers. It will cost money to alter the HPV test-

ing system, but from a medical legal point it is difficult to defend an L1-only test. If the right test is used at the right place,

unnecessary death due to cervical cancer in women can be avoided [54]. Let us remember cervical cancer affects mainly

young women with young families and the qualities years lost after a wrong test will become uncountable. 

At what frequency should screening be performed

In the pooled data of the 4 RTCs, the adjusted rate ratio after a negative test on entry was 0.30 (95% CI: 0.15–0.60), with

no evidence of heterogeneity (p = 0.23) between the studies and with an almost identical random-effects model estimate

(0.34, 0.14–0.86) [37, 39, 41, 44, 47, 49]. In Table 4 the cumulative incidence of invasive cervical cancer at entry after a

negative cytology and after a HPV negative test are shown. The cumulative detection rate of invasive cervical cancer eight

years after enrolment was more then doubled in the cytology screen women compared to the HPV screened women, re-

spectively, 93.6 per 105 (95 % CI 70.5–121.8) and 46.7 per 105 (95 % CI 32.1–65.5) [47]. This is a clear indication how

many relevant precancers and cervical cancers are missed by cytology.

The cumulative incidence of invasive cervical cancer after a negative cytology test at 3.5 years is almost doubled the

figures after a negative HPV test at 5.5 years. In other words a five-year screening interval with HPV testing is far better

and safer then a screenings interval of three years with cytology. The remarks: “ Larger screenings intervals when the cur-

rent vaccinated population will enter the screening age is indicated” is without a shadow of a doubt, the understatement

of the next century. Shorter screenings interval of less than five years with HPV testing will only lower the specificity as

most HPV infections are transient [55]. 
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The adagio less for more should be embraced. Compared to cytology screening, screening with HPV at a five-year in-

terval will reduce the number of smears taken, the number of colposcopies, the number of biopsies, the number of coni-

sations, and most importantly will reduce the number of cervical cancers at a significantly lower cost. This win-win

situation in an era of economical crisis should be used to speed up the integration of HPV screening.

In the vaccinated population, it seems reasonable to extend this interval to 10, 15 or even 20 years. However before this

can only be introduced, the expected efficacy of the prophylactic HPV vaccination is confirmed in daily clinic. One should

not rush and take too many steps at a time. This will only confuse people and make them unwilling to accept it. Every new

step taken should be with sufficient evidence and pace, so that is becomes acceptable and understandable for everyone. 

Current prophylactic HPV vaccination is expected to reduce cervical cancer with more then 80%. There is therefore

still a need for screening. The introduction of the HPV based cervical screening will provide a 70% greater protection

against invasive cervical cancer then the currently used cytology-based screening. Together HPV vaccination and screen-

ing will abandon cervical cancer to the history books. Every success comes with a price. Cervical cancer can only be erad-

icated if all stakeholders have the knowledge, work together and respect each other.

References

[1] “Cancer incidence in Belgium 2008”. Belgium Cancer registry 2011. Available at: http://www.kankerregister.org/media/docs/StK_publicatie.pdf

[2] Van Hoof E., Remeu E., Lenaerts L., De Wandeler E., Mores B., Goolaerts J.: “Evaluatie van het Kankerplan 2008-2010”. Brussel: Wetenschap-

pelijk Instituut Volksgezondheid, Kankercentrum, 2012. 

[3] Coleman D., Day N., Douglas G., Farmery E., Lynge E., Philip J., Segnan N.: “European Guidelines for Quality Assurance in Cervical Cancer

Screening. Europe against cancer programme”. Eur. J. Cancer, 1993, 29A, S1.

[4] Council of the European Union: “Council recommendation of 2 December 2003 on cancer screening”. Off. J. Eur. Union, 2003, 878, 34.

[5] European Commission: “European Guidelines for Quality Assurance in Cervical Cancer Screening, 2008”. 2nd ed. Luxembourg: Office for Official

Publications of the European Communities, 2008.

[6] Arbyn M., Simoens C., Van Oyen H., Foidart J.M., Goffin F., Simon P, Fabri V.”: “Analysis of 13 million individual patient records pertaining to

Pap smears, colposcopies, biopsies and surgery on the uterine cervix (Belgium, 1996-2000)”. Prev. Med., 2009, 48, 438.

[7] Arbyn M., Van Oyen H.: “Cervical cancer screening in Belgium. Eur. J. Cancer, 2000, 36, 2191.

[8] Hulstaert F., Arbyn M., Huybrechts M., Vinck I., Puddu M., Ramaekers D.: “Cervical Cancer Screening and Human Papillomavirus (HPV) Test-

ing”. KCE reports 2006: vol. 38C. Available at: http://kce.fgov.be/sites/default/files/page_documents/d20061027337.pdf

[9] de Bie R.P., Vergers-Spooren H.C., Massuger L.F., Siebers A.G., Salet-van der Pol M.R., Vedder J.E., et al.: “Patients with cervical cancer: why

did screening not prevent these cases?” Am. J. Obstet. Gynecol., 2011, 205, 64.e1.

[10] Seoud M., Tjalma W.A., Ronsse V.: “Cervical adenocarcinoma: moving towards better prevention”. Vaccine, 2011, 29, 9148. 

[11] Tjalma W.A.A., Weckx K.: “Cervical cancer and prevention by vaccination”. BJMO, 2009, 3, 106. 

[12] Parkin D.M., Bray F.: “Chapter 2: The burden of HPV-related cancers”. Vaccine, 2006, 24, S11.

[13] Vizcaino A.P., Moreno V., Bosch F.X., Munoz N., Barros-Dios X.M., Parkin D.M.: “International trends in the incidence of cervical cancer: I. Ade-

nocarcinoma and adenosquamous cell carcinomas”. Int. J. Cancer, 1998, 75, 536.

[14] Tjalma W.A., Arbyn M., Paavonen J., van Waes T.R., Bogers J.J.: “Prophylactic human papillomavirus vaccines: the beginning of the end of cer-

vical cancer”. Int. J. Gynecol. Cancer, 2004, 14, 751. 

[15] Tjalma W.A., Van Waes T.R., Van den Eeden L.E., Bogers J.J.: “Role of human papillomavirus in the carcinogenesis of squamous cell carcinoma

and adenocarcinoma of the cervix”. Best Pract. Res. Clin. Obstet. Gynaecol., 2005, 19, 469.

[16] Plummer M., Schiffman M., Castle P.E., Maucort-Boulch D., Wheeler C.M.: “A 2-year prospective study of human papillomavirus persistence

among women with a cytological diagnosis of atypical squamous cells of undetermined significance or low-grade squamous intraepithelial lesion”.

J. Infect. Dis., 2007, 195, 1582.

[17] Rodríguez A.C., Schiffman M., Herrero R., Wacholder S., Hildesheim A, Castle P.E., et al.: “Rapid clearance of human papillomavirus and impli-

cations for clinical focus on persistent infections”. J. Natl. Cancer Inst., 2008, 100, 513.

[18] Meijer C.J., Berkhof J., Castle P.E., Hesselink A.T., Franco E.L., Ronco G., et al.: “Guidelines for human papillomavirus DNA test requirements

for primary cervical cancer screening in women 30 years and older”. Int. J. Cancer, 2009, 124, 516.

[19] Saslow D., Solomon D., Lawson H.W., Killackey M., Kulasingam S.L., Cain J., et al.: “Screening guidelines for the prevention and early detection of

cervical cancer”. Am. J. Clin. Pathol., 2012, 137, 516.

[20] Arbyn M., Van Oyen H.: “Analysis of individual health insurance data pertaining to Pap smears, colposcopies, biopsies and surgery on the uterine

cervix (Belgium, 1996-2000)”. Brussels: Scientific Institute of Public Health, 2004, 1.

[21] Patel A., Galaal K., Burnley C., Faulkner K., Martin-Hirsch P., Bland M.J., et al.: “Cervical cancer incidence in young women: a historical and ge-

ographic controlled UK regional population study”. Br. J. Cancer, 2012, 106, 1753.

[22] Sasieni P., Castanon A., Cuzick J.: “Effectiveness of cervical screening with age: population based case-control study of prospectively recorded data”.

BMJ, 2009, 339, b2968.

[23] Aleman J.M., Ariën J.Y., Tjalma W.A.A.: “The effects of conization on pregnancy outcome: a literature review. (De gevolgen van conisatie

op zwangerschapsuitkomsten: een literatuuroverzicht)”. Tijdschrift voor Geneeskunde, 2012, 68, 801.

[24] Tjalma W.A.A.: “Cervical cancer and prevention by vaccination: results from recent trials”. Ann. Oncol., 2006, 17, 217.

[25] Demarteau N., Van Kriekinge G., Simon P.: “Incremental cost-effectiveness evaluation of vaccinating girls against cervical cancer pre- and post-

sexual debut in Belgium”. Vaccine, 2013, 31, 3962. doi: 10.1016/j.vaccine.2013.06.008. Epub 2013 Jun 15.

[26] Hoppenbrouwers K., Roelants M., Theeten H., Lernout T., Braekman T., Van Damme P.: “Documentation and socio-demographic determinants of

vaccination coverage in 14 years old adolescents in Flanders (Belgium)”. London: EUSUHM, June 26-29, 2013.

[27] Immunization Coverage study in infants and adolescents in Flanders, Belgium, 2012 – report of the Flemish Government (in Dutch). Available at:  http://

www.zorg-en-gezondheid.be/vaccinatiegraad/#vaccinatiegraadstudie. Accessed December 29, 2013.



W.A.A. Tjalma218

[28] Top G., Paeps A.: “HPV-vaccinatie in Vlaanderen – Resultaten van de eerste twee vaccinatiejaren 2010-2012” (in Dutch). Vlaams Infectieziek-

tenbulletin 2012. Available at: http://www.infectieziektebulletin.be/defaultSubsite.aspx?id=31717#.UcvaNrVCS1t. Accessed December 29, 2013.

[29] Tjalma WAA.: “Prophylatic HPV vaccination and efficacy”. In: Takac I. (ed). Recent advances in cervical cancer., 2012, p. 19-44 http://hdl.han-

dle.net/ 10067/1074720151162165141

[30] Joura E.: “The pivotal Phase III study (Protocol 001) evaluated the efficacy, safety and immunogenicity of V503 (n=7,099) compared to GARDASIL

(n=7,105) in 16-26-year old females”. Abstract #SS 8-4, Florence, Italy: EUROGIN, November 3 – 6, 2013 

[31] Merck’s Investigational 9-valent HPV Vaccine, V503, Prevented 97 Percent of Cervical, Vaginal and Vulvar Pre-cancers Caused by Five Additional

HPV Types, in Phase III Study. Available at: http://www.mercknewsroom.com/news-release/research-and-development-news/mercks-

investigational-9-valent-hpv-vaccine-v503-prevente. Accessed 29 December 2013.

[32] Louvanto K., Chevarie-Davis M., Ramanakumar A.V., Franco E.L., Ferenczy A.: “HPV testing with cytology triage for cervical cancer screen-

ing in routine practice”. Am. J. Obstet Gynecol., 2013. pii: S0002-9378(13)02244-8. doi: 10.1016/j.ajog.2013.12.033. [Epub ahead of print]

[33] Sasieni P., Cuzick J.: “Could HPV testing become the sole primary cervical screening test?” J. Med. Screen., 2002, 9, 49.

[34] Mayrand M.H., Duarte-Franco E., Rodrigues I., Walter S.D., Hanley J., Ferenczy A., et al.: “Human papillomavirus DNA versus Papanicolaou

screening tests for cervical cancer.” N. Engl. J. Med., 2007, 357, 1579.

[35] Bulkmans N.W., Berkhof J., Rozendaal L., van Kemenade F.J., Boeke A.J., Bulk S., et al.: “Human papillomavirus DNA testing for the detection

of cervical intraepithelial neoplasia grade 3 and cancer: 5-year follow-up of a randomised controlled implementation trial”. Lancet, 2007, 370
1764.

[36] Dillner J., Rebolj M., Birembaut P., Petry K.U., Szarewski A., Munk C., et al.: “Long term predictive values of cytology and human papillomavirus testing

in cervical cancer screening: joint European cohort study”. Br. Med. J., 2008, 337, a7154.

[37] Naucler P., Ryd W., Törnberg S., Strand A., Wadell G., Elfgren K., et al.: “Efficacy of HPV DNA testing with cytology and triage and/or repeat HPV

DNA testing in primary cervical cancer screening”. J. Natl. Cancer Inst., 2009, 101, 88.

[38] Leinonen M., Nieminen P., Kotaniemi-Talonen L., Malila N., Tarkkanen J., Laurila P., Anttila A.: “Age-specific evaluation of primary human pa-

pillomavirus screening versus conventional cytology in a randomized setting”. J. Natl. Cancer Inst., 2009, 101, 1612.

[39] Kitchener H.C., Almonte M., Thomson C., Wheeler P., Sargent A., Stoykova B., et al.: “HPV testing in combination with liquidbased cytology in pri-

mary cervical screening (ARTISTIC): a randomized controlled trial”. Lancet Oncol., 2009, 10, 672.

[40] Anttila A., Kotaniemi-Talonen L., Leinonen M., Hakama M., Laurila P., Tarkkanen J., et al.: “Rate of cervical cancer, severe intraepithelial neo-

plasia and adenocarcinoma in-situ in primary HPV DNA screening with cytology triage: randomized study with organized screening programme”.

Br. Med. J., 2010, 340, c1804.

[41] Ronco G., Giorgi-Rossi P., Carozzi F., Confortini M., Dalla Palma P., Del Mistro A., et al.: “New Technologies for Cervical Cancer screening

(NTCC) Working Group. Efficacy of human papillomavirus testing for the detection of invasive cervical cancers and cervical intraepithelial neo-

plasia: a randomized controlled trial”. Lancet Oncol., 2010, 11, 249.

[42] Katki H.A., Kinney W.K., Fetterman B., Lorey T., Poitras N.E., Cheung L., et al.: “Cervical cancer risk for women undergoing concurrent testing

for human papillomavirus and cervical cytology: a population-based study in routine clinical practice”. Lancet Oncol., 2011, 12, 663.

[43] Bosch F.X.: “Human papillomavirus: science and technologies for the elimination of cervical cancer”. Expert Opin. Pharmacother., 2011, 12, 2189.

[44] Rijkaart D.C., Berkhof J., Rozendaal L., van Kemenade F.J., Bulkmans N.W., Heideman D.A., et al.: “Human papillomavirus testing for the de-

tection of high-grade cervical intraepithelial neoplasia and cancer: final results of the POBASCAM randomized controlled trial”. Lancet Oncol.,
2012, 13, 78.

[45] Leinonen M.K., Nieminen P., Lönnberg S., Malila N., Hakama M., Pokhrel A., et al.: “Detection rates of precancerous and cancerous cervical le-

sions within one screening round of primary human papillomavirus DNA testing: prospective randomised trial in Finland”. BMJ, 2012, 345, e7789.

[46] Ogilvie G.S., Krajden M., van Niekerk D.J., Martin R.E., Ehlen T.G., Ceballos K.,et al.: “Primary cervical cancer screening with HPV testing com-

pared with liquid-based cytology: results of round 1 of a randomised controlled trial—the HPV FOCAL Study”. Br. J. Cancer, 2012, 107, 1917.

[47] Ronco G., Dillner J., Elfström K.M., Tunesi S., Snijders P.J., Arbyn M., et al.: “Efficacy of HPV-based screening for prevention of invasive cervi-

cal cancer: follow-up of four European randomized controlled trials”. Lancet, 2014, 383, 524. doi: 10.1016/S0140-6736(13)62218-7. Epub 2013

Nov 3.

[48] Arbyn M., Ronco G., Anttila A., Meijer C.J., Poljak M., Ogilvie G., et al.: “Evidence regarding human papillomavirus testing in secondary pre-

vention of cervical cancer”. Vaccine, 2012, 30, F88.

[49] Greenland S.: “Quantitative methods in the review of epidemiologic literature”. Epidemiol. Rev., 1987, 9, 1.

[50] Tjalma W.A., Fiander A., Reich O., Powell N., Nowakowski A.M., Kirschner B., et al.: “Differences in human papillomavirus type distribution

in high-grade cervical intraepithelial neoplasia and invasive cervical cancer in Europe”. Int. J. Cancer, 2013, 132, 854.

[51] Tjalma W.A., Depuydt C.E.; “Don’t forget HPV-45 in cervical cancer screening”. Am. J. Clin. Pathol., 2012, 137, 161.

[52] Trevisan A., Schlecht N.F., Ramanakumar A.V., Villa L.L., Franco E.L., Ludwig-McGill Study Group: “Human papillomavirus type 16 viral load

measurement as a predictor of infection clearance”. J. Gen. Virol., 2013, 94, 1850.

[53] Tjalma W.A., Depuydt C.E.: “Cervical cancer screening: which HPV test should be used—L1 or E6/E7?” Eur. J. Obstet. Gynecol. Reprod. Biol.,
2013, 170, 45.

[54] Tjalma W.A.A., Depuydt C.E.: “Cervical atypical glandular cells and false negative HPV testing: a dramatic reality of the wrong test at the right

place”. Eur. J. Gynaecol. Oncol., 2014, 35, 117

[55] Rodríguez A.C., Schiffman M., Herrero R., Hildesheim A., Bratti C., Sherman M.E., et al.: “Longitudinal study of human papillomavirus persist-

ence and cervical intraepithelial neoplasia grade 2/3: critical role of duration of infection”. J. Natl. Cancer Inst., 2010, 102, 315.

Address reprint requests to:

W.A.A. TJALMA, M.D., Ph.D.

Department of Gynecology and Gynecologic Oncology

Antwerp University Hospital, University of Antwerp,

Wilrijkstraat 10, 2650 Edegem (Belgium)

e-mail: Wiebren.Tjalma@uza.be


