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1. Executive Summary

not yet written

2. Assessment of the performance of screening tests: principles and criteria for selection (G. Ronco, M. Arbyn)

CRITERIA AND EVIDENCE FOR THE INTRODUCTION OF NEW SCREENING TESTS IN

CERVICAL CANCER SCREENING

Confidential

Screening by conventional cervical cytology has been proven to be effective in reducing mortality from and incidence of invasive cervical cancer (ICC) . In the interventions shown to be effective, cytology was used as a screening test while cytologically ‘positive’ women (with different cut-off) were referred for colposcopy. Those, among them with histologically confirmed intraepithelial lesions  were treated. Again,  cutoff for treatment was not always the same but in general only CINII or more severe lesions were treated (especially in the earliest experiences, sometimes only CINIII and in some case only ‘carcinoma in situ’ was treated). Treatment of such lesions was indeed the only intervention to change the natural history of disease. Treatment in the first years was in general conisation, but lesion destruction (by laser vaporisation or cryotherapy) and lesion excision by LEEP showed similar effectiveness.  The reduction of ICC incidence with such kind of intervention was dramatic in many cases. This proves  that:

a) a very large proportion of invasive cervical cancers have a pre-invasive stage, an intraepithelial lesion, detectable by cytology

b) destruction or ablation of intraepithelial lesions prevents progression to invasive cancer.

It is also clear, from this, that any screening test able to identify the same histologically confirmed CINII or more severe lesions as conventional cytology can be expected to result in the same effectiveness as conventional cytology if applied with the same policy (age of start and stop, interval between tests, colposcopy, treatment).  

Clearly, an increased detection of pre-invasive lesions is not desirable as itself (and could even simply result in an increase of unneeded treatments) but only as long as it provides higher protection from ICC. 

The effect, in terms of protection from ICC, of identifying further CINII+ above conventional cytology and the effect of missing lesions identified by conventional cytology could in principle be estimated with adequate knowledge of the natural history of pre-invasive lesions. An invasive cancer would arise with conventional cytology if the corresponding pre-invasive lesion is not detected before  invasion. This will happen if the time invasion is shorter than the screening interval or if cytology is negative at all screening tests done while the lesion is present and before invasion.  This cancer would be prevented by an alternative test if such test is positive at least once during such an interval, given its policy of application. The opposite would arrive for cases negative to the alternative test. An invasive cancer would be prevented with cytology but not with the alternative test  if all alternative tests performed before invasion are negative (this obviously also depends on the schedule of application) while at least one cytology is positive. 

The key information is therefore the (age specific) cumulative probability of regression and of progression of high-grade lesions to invasive cancer at different time intervals. This information is indeed lacking. It is now clear that a large majority of CIN I cases regress, frequently in a quite short time interval, and only a few progress to higher grade lesions. These lesions can be interpreted as the morphological expression of the invasive phase of HPV infection, although the correlation with HPV DNA presence is far from perfect. The natural history of high grade lesions is much less well understood, due to the impossibility, for obvious ethical reasons, of conducting follow-up studies without treatment, having invasive cancer as the outcome. Indirect data suggest that the time needed for progression is very long and that not all such lesion progress during the women’s life and some regress spontaneously. Regression of even biologically immortalised clones could result, from example, from immunological response. Van Oortmartsen and Habbema (1991) and  Gustaffson and Adami (1989), by modelling screening results and incidence of ‘interval’ cancers independently estimated an average duration of pre-invasive lesions (unfortunately without distinction by grade)  up to the clinical diagnosis of about 12 years. The former authors, assuming a Weibull distribution of progression times, also simultaneously estimated a shape parameter of 1.58 and test sensitivity of 80% (it can be derived from the distribution what proportion of screened people have progression times < screening interval) .  They also found a lower (16%) probability of progression for lesions found at age <34 then for those at higher age (60%). By studying the Detection Rate and the ‘cumulative incidence’ of intraepithelial lesions at different ages in the Maribo County cohort and cancer cumulative incidence in the same population before screening, Bos et al (1997) estimated an interval regression of pre-invasive lesions between age 25 and 50 of 35-42% and an interval progression of 23-24% (assuming test sensitivity of 70-90%). Again, however, no distinction by grade of lesions was done. 

A crucial question is how long data on the natural history of cytology-identified lesions can be automatically applied to lesions identified with different methods. This would have a great impact on screening effectiveness given test sensitivity: if the progression rate of cyto+,alternative- lesions is much higher than that of those  cyto-,alternative+, then reduced effectiveness could result even with increased overall sensitivity. Should it be assumed that all lesions of the same grade, independently of how they have been identified, have the same natural history, except the opposite is proven? Or should this assumption be done only if a similar natural history was directly observed? In my view, the hypothesis of different natural histories can (and must) be done only if there is some a priori reason ( biological plausibility or indirect data) suggesting it. This is a general rule in biomedical research: an hypothesis of effect modification is done only if there is some a priori reason (and otherwise accepted only if there is strong direct evidence). Otherwise this will imply the impossibility of generalising any study result. For example, any intervention shown to be effective in a population should undergo a new experimental evaluation before introduction in another population, as effectiveness in the former population could in principle be related to the its specific genetic features. 

Nevertheless, as this is a crucial assumption for estimates of cervical screening effectiveness, a careful examination of possible reasons must be done. Indeed hints suggesting different possible natural histories exist. For example, concerning pre-invasive lesions identified by the alternative method and not by cytology, it is a reasonable hypothesis that the probability of being cytologically positive could be related to the size of the lesion (size of the surface providing atypical cells) and that this could also be related to the probability of regression.  The same can be true for lesions identified with cytology but not with the alternative method: a number of studies ( e.g Campion et al, 1986; Nobbenhuis at al.1999) found a very low probability of progression from low-grade to high-grade lesion if high-risk HPV could not be found. 

Finally, no data on the joint sensitivity of cytology repeated at 3-5 year intervals are available (IARC 1986; Day, 1986 provides longitudinal sensitivity data). It is possible that the results of such tests are not independent. This affects the probability of no test positive before invasion. The same is true for the joint sensitivity of alternative test.

 New methods have been proposed for primary screening (or for ‘triage’ of selected cytological categories). These tests can be applied  with the purpose of increasing screening effectiveness, therefore of further reducing ICC incidence and/or mortality. However, they can also be adopted with other purposes, e.g. reducing costs, improving the satisfaction of staff, replacing cytologists difficult to recruit, reducing the number of women’s recalls etc. In any case, in European countries, where a substantial activity of early diagnosis based on conventional cytology exists from many years, a new method would  be acceptable only if it provides at least the same protection from cancer as conventional cytology, with the currently recommended policies. In addition, substantial overall increases in costs are not acceptable without an increase of protection. Such costs obviously relate to the overall cost of screening and not to the cost of a single test.  Larger cost increases are acceptable with an increase of protection, although cost-effectiveness should however be acceptable. It must be kept in mind, about this, that protection by screening with cervical cytology is already high and therefore very large improvements cannot be expected. 

It is however fundamental to clarify whether the new method is intended to increase protection or not and its schedule of application, as this will affect the kind of evidence required.  

It is clear that the paradigm for determining the relative effectiveness of a new screening method compared to conventional cytology is a randomised trial having ICC incidence as the outcome measure. However, the size (and therefore time and cost) needed for such a kind of studies is very large. This can imply an unacceptable delay in the adoption of useful new technologies and even the risk, given the rapid turnover, of concluding the evaluation when the technology itself is no more (commercially) available. Therefore there is a need for surrogate approaches, as long as they can provide reasonably scientifically sound evidence. 

The purpose is not increasing effectiveness and it is expected to apply the test with the same policy as conventional cytology. 

Since the policy is the same, as stated above, the new approach will have the same effectiveness as conventional cytology if the same lesions are identified at the same time. This information can be provided by cross sectional studies in which (i) both the new test and conventional cytology are applied to the same women and (ii) the number of histologically confirmed CINII+ is the outcome. Ideally data should be tabulated as follows:

HISTOLOGICALLY CONFIRMED CINII + LESIONS

	
	Conventional Cytology +
	Conventional cytology -

	New test +
	A
	B

	New test -
	C
	D


If C/(A+C) is very small, then at least similar effectiveness can be assumed, independently of assumptions on the natural history.  

These studies are reasonably also preliminary (also for ethical reasons) to more demanding ones aiming to prove increased effectiveness: it is difficult to make the hypothesis of higher effectiveness for a screening based on a new test if it does not allow identifying lesions in excess to those detected by conventional cytology. 

Finally these cross-sectional studies allow directly estimating PPV. This is a crucial determinant of costs both economic and human (burden for women) and should therefore always be estimated.

The spectrum of lesions present in study populations should be reasonably representative of those present in regularly screened women. This is best obtained if study women are a random sample of the screened population.  

Many similar studies, comparing HPV testing to cervical cytology have been published (for a recent review see Cuzick 2002). Unfortunately some are limited to very young women or to high-risk populations. Sensitivity increase by HPV seems indeed to be larger in young women). In most of them sensitivity for the lesions detected by at least one of the methods (i.e. without correction for verification bias) is above 90% for ‘high risk’ HPV types ((A+B)/(A+B+C)>0.9  or C/(A+B+C)< 0.1) while the sensitivity of conventional cytology ranges from 45% to 80% (0.45<= (A+C)/(A+B+C)<=0.8) (Fahey, 1995; Nanda, 2000). The exclusion of the unknown quantity of D (D assumed to be zero) is the source of verification bias.  Is probably small when the alternative test is a modern hrHPV DNA detection method such as HC2, PCR.  Theoretically it implies impossibility of calculating sensitivity and specificity.  Nevertheless, relative true positivity rate (sensitivity) and relative false positivity rate and positive predictive value can be computed without bias.  Therefore a proportion between a maximum of  about 20% and a minimum of less than 12% (this is not informative, I should say: a minimum of almost zero%) of cytologically detected lesions would be missed by HPV testing, depending of the HPV testing system used. 

There are no direct data on the progression potential of such lesions. Indirect data are the following:

a) DNA from any HPV type can be detected in virtually all cervical cancer cases (Walboomers et al. 1999). (Sensitivity could however be lower in regular screening activity both because of the test used - but viral DNA integration, that is a major cause of false negative results is actually less frequent in pre-invasive lesions than in invasive cancers - and for the restriction of types searched ).  HrHPV DNA is a necessary but insufficient condition for cervical cancer development (for a review of evidence, see: Bosch, 2002).

b) Some studies (see above) found a very low probability of progression from low grade to high-grade lesion if high-risk HPV could not be found. (Grade was not histologically determined, therefore relevant misclassification of the initial grade is possible); references to add 

c) Cellular immortalisation needs the activity of viral oncogenes (E6,E7) and is lost if they are suppressed (Ref to add)

Despite the underlined limitations these results overall strongly suggest that the progression potential of cytologically positive but HPV negative lesions (=C) is lower than that of the remaining cytologically positive lesions (=A).  On the other hand, a two to five fold number of cytologically negative but HPV+ lesions are added by HPV testing (=B=2 to5*C). (Ref) Again, data on the progression potential of these lesions are not available  but it is hard to imagine that it is 2-5 times lower than that of cytologically positive HPV negative lesions So it is improbable that more progressing cases are found in C than in A.  

Therefore these data overall represent reasonably sufficient evidence that HPV testing, is as at least as effective as conventional cytology if applied with the same schedule and that there is a potential for an increased protection.  Nothing is said about regression rate.  

Data on liquid-based cytology (LBC) in the described format are substantially lacking. A number of ‘split sample’ studies comparing liquid-based to conventional cytology on the same women has been published. In general, the number of cytological diagnoses and not that of  histologically confirmed lesions is reported. Only one study reports it (but indirectly, in terms of Positive Predictive  Value) (Marc: I am not completely sure. Was it a ‘split sample’ study?). Although results are variable (some study show an increased and some a decreased number of cytologically ‘positive’ diagnoses) the proportion of conventional positive, LBC negative results is never large (Marc, is this true? could you check this?). 

‘Split-sample’ studies are considered to underestimate the sensitivity of liquid-based cytology as the material available after conventional cytology is limited.  Therefore studies comparing the detection rate (DR) in different groups of women, each tested by only one of the two methods, have been conducted. These kind of studies provide an unbiased estimate of the relative sensitivity of tests if the expected prevalence of  disease in the two groups  is the same (Morrison xxx). This can be obtained by randomising the assignment to tests.  Published studies are actually not randomised (therefore the high increases of ‘positives’ observed in some studies could be the result of lack of comparability between populations & implicit lower cut-offs for positivity) and again mainly consider only cytological (not histological) diagnoses.  Randomised studies based on histologically confirmed DR are running in the Netherlands and in Italy.

These studies do not allow directly estimating the proportion of cases positive to each combination of the two tests. In principle, even with the same sensitivity of LBC as conventional cytology for pre-invasive lesions or with an higher one, it could be possible that: (i) the lesions identified are largely not the same and (ii) that progression potential in conventional+, LBC- lesions is much higher than in those conventional-,LBC+.  These conditions together would result in lower protection by LBC-based screening. However,   

· available data from ‘split sample’ studies do not suggest that (i) is true and 

· the  biological plausibility of (ii) is low since diagnosis is based in both cases on (the same) morphological criteria.

(i) and (ii) are similar

The purpose is increasing effectiveness and/or changing the policy of application. 

As stated above, there is evidence that HPV testing allows identifying cytologically negative high-grade lesions. This represents a potential for higher effectiveness but does not prove it as long as different natural histories can be presumed (see above). There are indeed hints suggesting this hypothesis. Increase in sensitivity by HPV above cytology seems higher in very young women and  many lesions found at this ages are indeed plausibly regressive (see above) (Ref). An extremely high frequency of high-grade, HPV positive lesions has been observed in teenagers (Woodman et al 2001).  Some of these studies show a very low sensitivity of cytology (40-50%) compared to the 80% estimated on the basis of interval cancer incidence, again suggesting possible non-progression or regression. 

Indeed, it is possible, as stated above,  that the probability of a lesion to be found by Pap-testing is related to its size, which could be also related to the probability of regression. On the other hand, there is little biological plausibility for a lower probability of progression of cytologically negative high-grade lesions, conditionally on non-regression (and age). Progression seems related to the accumulation of cellular genetic abnormalities, allowed by the functional impairment of onco-supressor genes by viral products (should be better expressed, E6-7 do not target human genes but proteins, p53-E6/Rb-E7) (Ref). These are substantially random events, with probability influenced by ‘cofactors’ (e.g. smoking, hormones) that are not known to be related to cytology (Ref).

The probability of regressions of excess lesions found by HPV needs therefore to be studied in order to allow stating an increased effectiveness. 

A possible way of studying differential regression of lesions is a randomised study, testing at entrance one arm with HPV and the other arm with cytology and re-testing them both with the same method (plausibly cytology) at a follow-up, after treatment of lesions detected at entrance. The outcome should be the difference in detection () histologically confirmed high-grade lesions both at entrance and at follow-up (or a detection rate ratio for CIN2+ >1 at entrance and <1 at follow-up). Given randomisation, both are expected to be the same in both arms if there is no differential effect of HPV testing (one extra condition is blinding of colpo/histo for type of screen test used). A reduction of pre-invasive lesions at follow-up in one arm will provide an estimate of increased sensitivity of the corresponding test for lesions not regressing during the follow-up period. Evidence of increased sensitivity for persistent lesions would strongly suggest increased protection from ICC if the same test interval, age range etc. is applied, although it will be difficult to translate these data to a quantitative estimate of ICC incidence reduction differences. 

By comparing the excess DR at entrance and the reduction of DR at follow-up it is possible to estimate a differential regression of lesions found by the two tests. This would also allow estimating increases in over-treatment by adoption of the new test. 

Studies with this general design are running in the Netherlands (Meijer 2003 Eurogin) in Sweden (ask Joakim for references), in Italy (Ronco 2003 Eurogin) and in Canada. 

A possible objective for the adoption of a new screening test could be a change in the screening policy, especially an increase of screening intervals. This would affect overall costs of screening and would be a desirable result even without increased protection, as it would represent a reduction in the burden (?) for women. In addition this would plausibly allow a improving coverage (if a good invitational system exists), therefore affecting screening effectiveness ‘on the field’ and efficiency .  (Use efficacy above).

Increased intervals would be plausible with HPV testing both because of increased sensitivity and because existing data strongly suggest  that HPV infection precedes high-grade lesions of many years (Yilitalo et al 2000; Carozzi et al 2000). Therefore long screening intervals could be applied in HPV negative women. On the other hand, HPV+ women, who are a small percentage of  population and are at increased risk, could be screened  at shorter intervals (this percentage is not so small). This strategy could result in an earlier diagnosis in some cases (as a result both of increased sensitivity and of reduced screening intervals in HPV+ women) and in a delayed diagnosis in others (as a result of delayed screening in HPV-women).  

These results cannot be estimated simply on the basis of sensitivity in cross-sectional studies. 

A possible approach are randomised trials as described above, looking at  DR at the currently adopted screening interval and with increased screening frequency in HPV-positive women. 

The ratio of DRs at re-screening between ‘experimental’ (among previously HPV-) and ‘conventional’ arm would provide an estimate of which proportion of high grade lesions would have a delayed diagnosis as a result of an increased screening interval.  This would provide an essential evaluation of the safety of using prolonged intervals. On the other hand increased lead-time obtained with HPV testing (and increased frequency in HPV+ women) compared to cytology can be estimated by observing   the time of diagnosis of histologically confirmed high-grade CIN in each arm. Improvements in lead time would strongly suggest improvements in effectiveness, although it would again be difficult to translate quantitative estimates of the former into quantitative estimates of the latter. 

Non-randomised follow-up studies of women having undergone HPV testing (not used to determine further management) and re-tested by cytology at different intervals will also provide an estimate of the proportion of lesions that would have a delayed diagnosis by increasing screening intervals in HPV- women. A study with this design (Sherman et al, 2003) found low risk of having a CIN3 detected up to 45 months in women who were either positive either to cytology or to HPV and had annual cytology as a recommended practice. However this kind of studies do not provide information on possible increases of protection as the actual time of diagnosis of lesions arising in HPV+ cytology – women cannot be determined (the lesion can arise or become detectable at colposcopy after HPV test is positive).
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3. The conventional Pap smear (U. Schenck)

3.1. Introduction to Cervical Cytology 

Cytology can be defined as the science of cells. In the clinical medical context this is generally understood as cytology applied for diagnostic medical purposes. So synonyms are applied cytology, diagnostic cytology, clinical cytology,  and cytopathology. The latter indicates, that cytology is used to recognise disease, where pathology is the science of disease. For this chapter the term cervical cytology is preferred to other terms like vaginal cytology, gynaecologic cytology, Pap test, and Pap smear. 

The preference for "cervical cytology" also indicates that the test is largely used as the standard screening method throughout the world for cervical cancer and that vaginal carcinoma as the old term vaginal smear might suggest is relatively rare and not the primary target of screening programs. 

To perform the test cells detached from the cervix with a sampling device are analysed under a microscope. If precursor lesions or cervical carcinoma are detected, adequate triage or treatment are initiated. If well organised,  especially when imbedded in screening programs reaching a high coverage of the target population, deaths from cervical cancer can be prevented in most cases.  

3.2. Historical Background

Diagnostic cytology has been used as a early as in the 19th century, even before biopsy - generally defined as histological analysis of a tissue of a living being - became a clinical method. Publications by Babes (1926) and Papanicolaou (1927) related to the cytological diagnosis of cervical cancer were not transferred into medical practice. Only after a monograph by Papanicolaou and Traut in the early 1940s the method found widespread use  and in honour of George Papanicolaou the method became often referred to as "Pap Test" or "Pap Smear". Papanicolaous' name also became widely known since he classified the results with a system of 5 groups with the Roman numbers I to V, which was useful in its time and has been replaced by report schemes arranged to the expected underlying histological type of lesion. Since the introduction of cytology as a method of cancer detection the knowledge about the test has growing including the definition of special lesions to be found like endometrial carcinoma, ovarian carcinoma. The most important development was the finding that the test is not only able to detect cancer but also its precursor lesion. With the development of differential cytology several degrees of intraepithelial lesion were diagnosed and separation of intraepithelal lesions like carcinoma in situ from invasive carcinoma can be performed with reasonable results that can guide patient management. Probably, there is no other field of pathology where issues of quality assurance were addressed so early. Further major topics of development were related to improving the test performance by special techniques like automation or liquid based cytology. At the same time continuous research has been devoted to develop alternative or complementary tests.

3.3. Principles of the cytological method

Cells are sampled with a sampling device from the surface of the uterine cervix and the cervical canal. Cells are smeared on a glass slide either directly or deposited on a slide after being first transferred to a liquid medium. For visual evaluation by the human observer the cells must be stained. The cells are then analysed using a microscope. The result of the microscopical examination forms the basis of the cytological report, which may guide further actions where indicated.

The principle which allows cervical cancer screening with cervical cytology can be simplified as follows: Cervical cancer is a frequent cancer developing on the basis of long term easily diagnosable precursor lesions, which allow definitive curative treatment in an easily accessible non vital organ. The Pap test is available as a safe screening method with high sensitivity and specificity, is simple and sampling causes only minimal discomfort to allow for a high compliance even among healthy feeling woman. Aside from primary prevention of cervical cancer that might become possible in the future by vaccination the situation seems ideal with cancer prevention via early detection of the precursor lesions and their elimination. For those patients who have already developed cervical cancer the preponement of the diagnosis by the test improves the prognosis, since cervical carcinoma shows a clear stage related cure rate. Concerning severe dysplasia and carcinoma in situ which do not tend to regress spontaneously conisation is available allowing both final diagnosis of the lesion and its cure.

Based on these premises cervical cancer screening has been initiated in many places throughout the world. Where in place and available and accepted by the women it has resulted in a dramatic decrease in cervical cancer incidence and mortality. The cervical smear became the most successful cancer test in medical history and is used almost without changes since its introduction into practice 60 years ago.

Still, it became also clear that the method is not perfect, still woman are dying of cervical cancer, among them women who had cervical smears. Many Pap test scandals have been reported and there is no doubt, there are more still to come. In contrast to the oversimplification presented above, cervical cancer screening is highly complex.  These are the major reasons explaining the need for guidelines for cervical cancer screening.

3.4. Reading a Cervical Smear

Reading a cervical smear is a rather complex procedure. Primarily it can be understood as a search procedure including single cell classification and a slide interpretation. With a number of e.g. 50.000 squamous and 5.000 endocervical cells it is clear that not all of these are evaluated visually in detail. The number of atypical cells in a smear may be quite low, especially in low grade intraepithelial lesions. The problem of searching for a few atypical cells in a large area has been the basis for the development of the cytotechnologists' profession, and a thorough visual screening of cervical smears is still the basis for all cervical cancer screening programs. This chapter will address both the localisation phase and the interpretation phase of cervical cytology. In reality both cannot be easily separated.

3.4.1. Screening Technique and Localisation

Magnification: The resolution of the unaided human eye is about  0.1mm, 100µ. Considering a nuclear size of 10µ, a ten power magnification is about the minimal enlargement required if regular sized nuclei are to be detected at all. At this magnification no nuclear detail can be recognised. For screening purposes generally another 10 power magnification is used. With this set up we end up with a standard of  a 10 power objective and  a 10 power eye piece magnification resulting in a 100 power total magnification, which is today the standard for screening purposes. With this magnification nuclear features are mainly size and contrast, structural resolution is very poor even after foveal fixation. Lower magnification can be used for orientation but not for screening in gynaecological cytology. Higher magnification,  25x and 40x is used to view objects of interest in more detail. Obviously, cytological preparations have to be read with a microscope. 

Screening technique: Generally, the screening of a case starts on one of the edges of the cover glass. After the inspection of the field of view, the observer passes on to the next field of view with a quick movement of the stage. This process of alternating movements and stops is continued in the same direction until the opposite side of the cover slip is reached. Here the observer moves to the next line where the screening is continued in the opposite direction. In this way the slide is screened in a "meander"-like fashion until the total area of the slide has been screened. 

Detailed understanding of the screening process: The screening process can be understood as follows. With a duration of about 180 msec the slide is moved from one field of view to the next . During this time there is no foveal fixation.  The new field of view is examined during the latency period by peripheral vision. If no conspicuous object is found, after about 230 msec the microscope stage is moved to the next field of view. If there is a conspicuous object, it will be fixed by the fovea after a very rapid eye movement, a saccade. If necessary, in the same field of view several objects will be fixed, each after a saccadic eye movement. Then the stage will be moved to the next field of view. This process shows some obvious limitations in screening performance. Only a limited part of the specimen area is analysed with stationary fields of view. During stage movement no fixation takes place. Most of the area can be covered only by peripheral vision. In the periphery of the fields of view foveal fixation is found less frequently. Functionally the optical system works like a dual magnification system. 


Screening Technique and Quality Assurance: The relation of total screening time, number of fields of view and the slide area in stationary fields of view can be calculated. It is evident that there is a correlation between total screening time and the specimen area that can be overseen during the stops in the screening process. There is no doubt that with less screening time per specimen, not the total slide area but just part of it is seen. The use of large-field binoculars (e.g., 40° visual angles) does not really solve the problem since the detection threshold of peripheral vision increases towards the margin of the fields of view. The use of miniature cover glasses also does not seem acceptable. The use of special cell preparation techniques like liquid based cytology resulting in deposition of the representative sample with a randomised distribution in a limited slide area has been discussed and is at present the only acceptable approach to reduce the deposition area substantially. If the time spent by a cytotechnologist on a case is evaluated, not only the screening time but also some time for documentation of the screening results have to be taken into account. If a cytotechnologist needs on the average five minutes per slide and one minute for documentation, he or she will be able to read 10 cases per hour and 60 cases per day in six hours spent at the microscope. Of this time, about 60 minutes will be used for reading patient documents and filling in forms. Organisation of the lab should focus on keeping the inter case interval short in relation to the microscopy time.

Under almost optimal working conditions the cytotechnologist has to do a superb job. The problem of searching for a suspicious cell can be illustrated by the following analogy: detect large cars among smaller cars while flying 1,000 m high in an area 230 km in length and 720 m broad within five minutes at a velocity of twice the speed of sound. If a cytotechnologist screens 180 slides per day, as has been reported from some laboratories, she will need approximately three hours for reading sheets and documentation. In the case of a total microscopy time of six hours per day, the time devoted to screening slides would be about three hours, which means that only about one minute of screening time can be devoted to a single, one-slide case. Cervical cytology becomes a method that is comparable to rapid prescreening can help with early detection in some cases of cervical carcinoma, yet the aim of early detection of precursors and applying therapy to avoid invasive cervical carcinoma cannot be reached with an acceptable sensitivity. 

A woman who undergoes a Papanicolaou smear cannot be sure that her smear is being screened adequately. Our data show that visual screening has many limitations; therefore, we have generally suggested a daily screening maximum of 60 slides, presuming six hours at the microscope. It seems essential to define such daily limits per cytotechnologist and 24 hours. Definitions of the maximum slide numbers per year and primary screener are not useful for quality assurance in daily practice.  

Essentially, modern techniques did not change the workplace or working conditions for the cytotechnologist in recent years. Regular recording of the screening pattern in the daily routine could be an important step in quality improvement. Computer programs can ask the cytotechnologist to rescreen all areas in a slide that might have been omitted. Implementing approaches to documenting all screening coordinates on a slide lead only to a minor increase in the costs of screening programs but on a large scale improve quality and potentially cost effectiveness. In future settings where cytological diagnosis might be a co-operative approach of man and machine, the technical microscope set up might anyhow need special microscope stages allowing for documentation of screening coordinates and relocation of objects. Such microscope stages also allow a presetting of the screening meander.

3.4.2. Cell analysis: Interpretation

The basic assumption of cytological diagnosis is that it is related to the histology of the relevant tissue. This means that there is an equivalent appearance of cells even after the cells are detached from tissue and all three dimensional information is lost. This basis including its limitations have been essential for cytology as a successful diagnostic tool both in other fields of exfoliative cytology and in fine needle cytology.

There are two main approaches to the interpretation of cells that are usually combined. One is based on the recognition and identification of cell types, the other is the criteria oriented approach e.g. analysing cells for the so called criteria of malignancy. A number of characteristic cell types are important for the interpretation of the cells. In most cases the cytological diagnosis is based on a cell population rather than on a single cell. In any case cytological interpretation is subjective. The complexity of these processes explains why training (Chapter 10) and proficiency testing (Chapter 7) are so important in clinical cytology. 

Examples of benign cells: 

· Squamous epithelial cells 

· Atrophic squamous cells 

· Endocervical columnar cells
Cells indicating intrepithelial cell changes:  
· Cells of mild dysplasia 

· 

 HYPERLINK "http://zytologie.schenck.de/bilder/index.php3?action=view&start=72&id=2617" \t "_blank" 
Cells of severe dysplasia and carcinoma in situ

Cells from invasive cancer:
· Cells of invasive squamous cell cancer 

· 

 HYPERLINK "http://zytologie.schenck.de/bilder/index.php3?action=view&start=36&id=593" \t "_blank" 
Adenocarcinoma of the Endocervix

Normal cytological findings

Separating "normal cellular findings" from "benign cellular changes" seems to be major problem. Since the days of Papanicolaou with his Pap classes I and II such separations have survived, still a number of aspects speak in favour of skipping such a separation in favour of a group that me called e.g. "negative", "negative for epithelial abnormality" or similar. Normal components of cervical smears are squamous cell, endocervical cells, endometrials cells at certain age groups and phases of the cycle. Atrophic epithelium may considered as normal or in some settings as benign cellular change, especially if atrophy induces inflammation or degeneration. 

Benign cellular changes

Numerous variants of benign cellular findings have been described. For many of them there is no clinical relevance. Rather many are important if they are not interpreted correctly and lead to over-diagnosis with potential over-treatment.

In general benign cellular changes may be related to:

· microbiology, infection, inflammation, 

· special hormonal situation / epithelial atrophy 

· ongoing or previous therapy 

· reaction to trauma

Examples of benign cellular changes according to the Bethesda System 2001:

Reactive cellular changes associated with:

· inflammation (includes typical repair), 

· radiation, 

· intrauterine contraceptive device (IUD). 

Glandular cells status post hysterectomy.

Atrophy.

Possibilities of clinical relevance of benign cellular changes:

· No clinical relevance at all 

· Cellular changes impeding cytological reading of the specimen 

· Cellular changes potentially inducing overdiagnosis 

· Cellular findings of benign changes needing patient treatment

Findings of follicular cervicitis are an example for a finding without clinical relevance. Still, potential over interpretation makes the findings important. Tissue repair has mostly no clinical meaning, still repair may over interpreted. 

Cytology of selected lesions

Patterns of different lesions are generally expressed by criteria catalogues. Knowledge of such criteria lists is important for training as well as for practical diagnosis. Still many cases do not display the complete set of characteristics but show only some of them, possibly added by some contradicting features. 

Adequacy of the sample

Most report schemes nowadays have a component related to the adequacy of the sample. The cytologist can answer the question, if the slide looks adequate for evaluation, but never will be able to classify a smear as representative. Accepting the smear as representative is a clinical decision based on the cytologic outcome and the observations made by the smear taker at the time of sampling. In general smears should contain both squamous eptithelial cells and endocervical glandular cells, which is documented in the report.

3.5. The Cytological Report

The numerical report schemes like Pap classes are obsolete. All reports must be text based and should use a standardised terminology implemented and stored in the laboratory information system (LIS). Since report schemes distribute medical and financial resources, generally national report schemes are used. Unfortunately translation among the different report schemes is difficult. For this reason more uniform reporting in Europe seems highly desirable. Annex  ... provides a suggestion for a uniform report scheme that might be implemented into the cytology laboratory software and allow for uniform data collection still accepting regional variety in the editing of the report. Purely manual reporting without computer documentation is no more acceptable for cervical screening laboratories. Where no national report schemes are in place choosing one of the common report schemes like the Bethesda System, BSCC Report Scheme, CISHOE or Munich report scheme is possible, still additional work to improve translatability is worthwhile. Texts and components should be easily accessible from the LIS by use of mnemonics or assigned codes. The LIS must allow for free-text capabilities which are necessary e.g. for special interpretations, comments and recommendations that deviate from standard routine. 

3.6. Clinical application of cervical cytology

3.6.1. Use of cervical cytology for primary screening

Performance data

Performance data of diagnostic tests are generally expressed in terms of sensitivity, specificity, positive and negative predictive values (See chapter...). Data concerning the performance of cytology are contradicting and controversial. Ideally data from the cytology lab should be collected in a way allowing to subgroup cases, so that different points of a ROC curve can be constructed. 

Cytology works well despite its limited sensitivity due to its very high specificity. With the extremely low prevalence of relevant lesions otherwise the positive predictive value would get extremely low. Screening programs have been organised in a way to compensate with repeated smears the sub-optimal sensitivity of the test. So the program sensitivity is higher than the sensitivity of the individual test.

Weighing sensitivity versus specificity 

Depending on regional paradigms and over time one or the other may be stressed more. Also the behaviour of the  cytopathologist will be influenced by information on priory probabilities and risk. Fear of false negatives and in particular fear of litigation may increase the percentage of non-negative reports (unsatisfactory and abnormal samples) to over 20%. In other settings all non-negative reports may be below 5%.

Major problems for the evaluation of performance data:

· No uniform definition of the target lesion. 

· Definition of thresholds is difficult 

· Lack of gold standard 

· Colposcopy has major deficits in sensitivity and specificity 

· Histology has the character of an alternative test 

· Influence of prevalence on predictive values

Patient factors influencing the sensitivity:

· Size of the lesion 

· Type of the lesion 

· Localisation of the lesion 

· Patient age 

· Hormone situation 

· Microbiological situation and coexisting disease

Effectivity

Cervical cancer screening programmes aim at preventing cervical cancer with minimal negative side-effects using available resources in an optimal way. Effectivity concerning the prevention of cervical cancer has been proven by number of results from screening programs and also opportunistic screening. The documentation on the avoidance of adverse effects of screening seem to be less well documented. 

On an individual basis lesions get increasingly rarer for women with the number of previous negative cervical cytology test results, so that a protective effect can be calculated. Women developing cervical carcinoma are especially those who never had a Pap-smear or only long time ago. 

To evaluate the effectivity of screening programs takes very long time, especially if the measuring endpoint is reduced incidence and mortality of cervical cancer. Comparing the outcome of the screening activity with the aim of the programme is an important aspect of quality assurance.

Lists of parameters which must be monitored and targets to be achieved in a cervical screening programme have been given in the previous European Guidelines and were divided into those that can be measured in the short term and those that can be measured in the long term.

It seems that where the short term parameters are fulfilled as planned, the success of screening programs can be taken as guaranteed even if the long term effectivity will need many years to be proven. Insofar monitoring the short term indicators is important since otherwise there is no chance to recognise diverging of programme and practice and react to deficits. 

It is possible to have an effective preventive programme which is not cost effective or may additionally have more adverse effects, than can reasonably be accepted. Therefore documentation of all aspects related to cervical cancer screening is very important. It is important to reach the optimal effect in relation to the available resources. 

Sensitivity has been generally estimated in the range of 60 to 80% of the high lesions and lower for less severe lesions. 

With increasing duration of population screening programs effectivity can be expected to decrease. According to Bayes theorem with the same sensitivity and specificity of a test the positive predictive value can be  expected to decrease with reduced prevalence of lesions. Till now, for cytology this effect is not proven to influence practice. 

3.6.2.  Use of Cytology in the follow up of lesions or after therapy

Cytology can be used to detect persisting, recurring or development of new lesions after therapy of e.g. by conisation, hysterectomy or radiation. Effects of radiation therapy can be observed over decades in a number of cases. Cytological interpretation of such specimens may be difficult.

3.6.3.  Use of Cytology after reports of abnormal cytology (triaging)

The usefulness of cytology will be related to the type and grade of abnormality found in the previous report. See chapter: 8 Management of patients with report of abnormal cytology. 

The purpose of cytology after an abnormal cytology may be:

· Continued search for abnormality 

· Confirming the previous findings 

· Controlling for regression of findings
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4. Liquid based cytology

M. Arbyn, with contribution of O. Real, P. Klinkhamer (?)

Thin-layer cytology or liquid based cytology (LBC) is a new technique for transferring the cellular material to the microscope slide. The cervical broom is usually recommended for taking the sample. However the a plastic extended tip spatula or the combined use of plastic spatula and endo-cervical brush are also options. 

The smear is not transferred in the usual way onto a slide. The sampling device carrying the material is immersed in a container with a special liquid transport medium. The container is then sent to a specially equipped laboratory. At present, there are several commercial systems available. 

With the ThinPrep-2000 or more fully automated ThinPrep-3000 processor (Cytyc, Boxborough, MA, US), the liquid is aspirated through a membrane and the cellular material detains to the filter, which is then stamped onto a slide in the form of a very thin layer, often called a monolayer. With the PrepStain machine the SurePath (formerly, AutoCyte PREP, TriPath Imaging Inc., Burlington, NC, US) material is sedimented through a density gradient [Howel, 1998].    

Only ThinPrep and SurePath have so far been approved in the United States by the American Food and Drug Administration (FDA).  Other fluid based systems were manufactured as well
.  

Until recently, only for ThinPrep it was allowed by the FDA to claim lower inadequacy rates and higher detection rates of LSIL and HSIL in comparison with conventional cytology.   For AutoCyte only the label of improved preparation quality and equal detection of cytological abnormalities was attributed.  In May 2003, the FDA approved the claim of increased HSIL detection with SurePath as well.     

A first advantage of these fluid based methods is that almost all the sampled cells are rinsed into the liquid while with the conventional smear a selective portion of the cellular material may remain trapped on the sampling device [Rubio, 1977]. Transfer via a fluid medium increases the likelihood of representative smears [Hutchinson, 1993].  In addition, fixation of the cell material is optimal. However, the altered background requires training and a period of adaptation of the cytologist [Austin, 1998]. Red blood cells and mucus are for the most part absent and leukocytes are more evenly distributed.  Epithelial fragments, which are difficult to interpret on a classical smear, are for the most part disaggregated during the preparation, while diagnostic clusters of columnar or metaplastic cells are usually preserved. The microscopic visualisation of a calibrated thin layer of properly distributed cells is more comfortable for cytological interpretation, which should facilitate the evaluation of cytological structures [Linder, 1997; Austin, 1998]. 

Multiple smears can be made or additional investigations performed on the residual fluid (e.g. DNA detection of the human papillomavirus or Chlamydia) without the necessity to recall the woman concerned  [Ferenczy, 1997; Sherman, 1997]. 

A considerable disadvantage is the higher cost - both the capital investment and the operating costs. 

Critical remarks regarding liquid based cytology

Accuracy

A higher sensitivity is claimed for thin layer cytology in comparison with the conventional Pap test. More LSIL+-lesions can be found using liquid based methods.  But, the number of studies, where this statement is biopsy proven, is limited.

Payne [2000] states that the diagnostic characteristics (sensitivity, specificity) are insufficiently documented throughout literature.  Most often the extra yield of positive slides is not submitted to verification with a valid golden standard.  The cut off for positivity is not standardised. Most often the proportion of slides with diagnosis LSIL+ is measured.  The specificity is hardly studied. 

Historical comparisons between thin layer smears and conventional cytology applied in an earlier period in a similar clinical setting show increased detection rates for SIL. 

Proportion of unsatisfactory smears

The proportion of inadequate/unsatisfactory specimen varies throughout literature. The definition of ‘inadequacy/unsatisfactory smears’ shows also important variation.  Most studies report an increase of satisfactory quality judgement.  Pooled analysis of the studies, selected by Payne [2000], yielded a halving of the percentage of inadequate slides (RR: 0.54; CI 0.51-0.56).

Screening time  

In only a few studies screening time was measured [Ferenczy, 1996; McGoogan, 1996].  Thin-layer preparations require around 3 minutes of reading versus 4-6 minutes for conventional Pap smears [reported by Payne, 2000]. The need for adjusting of the microscope’s objective is eliminated since the cellular material is in localised in only one very thin layer [Payne, 2000].   McGoogan reports interpretation of thin layer specimen to be more tiring.  Papillo remarked that the shorter evaluation time was set off partly by a longer processing/preparation time [Papillo, 1992].  This remark is not valid anymore for the more automated processors, ThinPrep-3000 and Prepstain. 

Training of laboratory staff
The transition to liquid based cytology needs sufficient training.  In the beginning period there seems to be a tendency for over-interpretation [Austin, 1998]. 

Ancillary testing
The possibility of application of ancillary tests (HPV DNA-detection, …) without the need of recalling the woman is an often cited advantage of liquid based methods [Sherman, 1997]. 

Automated processing

Mono-layer specimen might be more proper target for (semi-)automated screening devices.

Propositions for future research: 

Future research should apply more rigid controlled study designs: randomised trials (conventional versus liquid based methods), in settings representative for a screening situation, with clear definitions of study outcomes including validation of test results by acceptable golden standards.  Studies assessing the adequacy of slides should imply all components of the quality judgement: cellularity, composition, preservation, aspect, presence of obscuring elements.  

The difference in sensitivity and specificity between liquid based and conventional cytology relative to histology and the adequacy of smears should be further documented. 

The results must be translated into relevant public health outcomes: cancers prevented, life years gained, ….

Recent reviews, meta-analyses and pilot studies

Several reviews and meta-analyses regarding the performance of LBC were performed over the last 5 years (see list in annex).  

Conclusions formulated by the reviewing authors were disparate and depended largely on selection criteria to include individual studies, the considered performance parameters.  

For this reason it was decided to conduct an exhaustive meta-analysis in the framework of the 3rd priority of the European Network for Cervical Cancer Screening, the evaluation of new screening methods.

This meta-analysis will be more exhaustive than previous ones including all studies documenting for LBC and CP detection rates, accuracy, screening time and accuracy (sensitivity, specificity and predictive values) obtained by complete or partial verification of test results and documenting all possible influencing factors such as: composition of the study population, clinical setting (screening, follow-up or mixed), the version of the LBC-system (betaTP, TP2000, TP3000; CytoRich, AutoCyte PREP, SurePath), collection devices, training of smear takers and readers, blinding of screeners, reviewers, colposcopists, and histologists, quality control of cytotechnologists' 1st diagnosis, definition and completeness of golden standard verification, thresholds for cytology and histology, length of follow-up period, and last but not the disclosed interests of the researcher and involvement of the manufacturers of devices.  

Definitive results of this complete meta-analysis are expected in 2003.

From the preliminary results of our meta-analysis, we can conclude (see Table 1):

· Split sample studies

· More LSIL lesions are detected in LBC (liquid based cytology) than in CP (conventional Pap smear): 11% (CI: 7-16%) more in ThinPrep slides and 35% (CI: 14-60%) more in AutoCyte/SurePath slides.  The detection rate ratios for ASCUS and HSIL are not statically different from unity.

· The pooled inadequacy rate is lower in LBC preparations but this was statistically not significant due to enormous inter-study heterogeneity.

· Direct-to-vial studies

· More LSIL and lesions are detectable in LBC and this observation is significant for both ThinPrep and AutoCyte/SurePath.
For ThinPrep: 71% (CI: 37-114%) more HSIL and 71% (CI: 39-103%) more LSIL.  For AutoCyte/SurePath: 54% (CI: 21-95%) more HSIL and 67% (CI: 39-100%) LSIL.  Detection rates for ASCUS were similar.  

· The pooled inadequacy rate was significantly lower in AutpCyte/SurePath slides: ratio of 0.15 (CI: 0.09-0.25).  Inadequacy rates were also lower in ThinPrep smears, but this difference was not statistically significant due to the large inter-study variability.

· Detection rate ratios are considerably higher in direct-to-vial studies, indicating bias in split-sample studies in disadvantage of LBC.  Spreading of cellular material for a conventional Pap smear preparation might cause selective removal of diagnostic elements that are not available anymore for LBC.

Table 1. Meta-analysis: pooling of ratios of detection rates and inadequacy rates (LBC/Conventional Pap): including 102 studies [Arbyn, 2003].

	Split Sample
	
	
	
	
	
	

	ThinPrep
	
	
	
	
	AutoCyte/SurePath

	Test threshold
	Pooled estimate
	95% CI
	
	Pooled estimate
	95% CI

	 
	
	Lower
	Upper
	
	
	Lower
	Upper

	HSIL+
	1.01
	0.97
	1.06
	
	0.99
	0.92
	1.07

	LSIL+
	1.06
	1.04
	1.09
	
	1.21
	1.08
	1.36

	LSIL
	1.11
	1.07
	1.16
	
	1.35
	1.14
	1.60

	ASC+
	1.06
	0.99
	1.13
	
	1.06
	0.97
	1.16

	ASC
	1.01
	0.86
	1.18
	
	0.95
	0.80
	1.13

	Inadequate
	0.60
	0.30
	1.21
	
	0.71
	0.37
	1.36

	
	
	
	
	
	
	
	

	Direct-to-Vial
	
	
	
	
	
	

	ThinPrep
	
	
	
	
	AutoCyte/SurePath

	Test threshold
	Pooled estimate
	95% CI
	
	Pooled estimate
	95% CI

	
	
	Lower
	Upper
	
	
	Lower
	Upper

	HSIL+
	1.71
	1.37
	2.14
	
	1.54
	1.21
	1.96

	LSIL+
	1.68
	1.39
	2.03
	
	1.62
	1.35
	1.95

	LSIL
	1.71
	1.42
	2.06
	
	1.67
	1.39
	2.00

	ASC+
	1.21
	1.04
	1.40
	
	1.18
	1.02
	1.36

	ASC
	0.99
	0.87
	1.14
	
	0.84
	0.66
	1.05

	Inadequate
	0.84
	0.32
	2.22
	
	0.15
	0.09
	0.25


The meta-analysis described above is still preliminary.  Further quality control of data-extraction and sub-group meta-analysis, SROC curve analysis and meta-regression will be performed.   Subgroup analyses by increasing level of study quality are currently in progress. 

The study material documenting detection rates, summarised in Table 1, is insufficiently indicative for an improved accuracy of LBC with respect to CP.   Therefore verification with a valid golden standard is needed.  Verification of the true status of the cervical epithelium (presence or absence of CIN), by colposcopy and biopsy should preferentially be performed on all subjects and concern essentially moderate or more severe dysplasia or cancer.  This was only done in two split-sample studies [Ferenczy, 1996a; 1996b; Coste, 2003].  The results of these 2 studies are summarised in Table 2.

Table 2.  Evaluation of the accuracy of LBC in comparison with conventional cytology. Restricted to studies with complete verification by a golden standard (colposcopy/biopsy).

Ferenczy A. et al, Acta Cytol 1996; 40: 1136-42.

TP-beta; follow-up situation.

	Test
	Test cut-off
	Outcome
	TP
	FN
	FP
	TN

	LBC
	HSIL
	CIN2+
	40
	40
	7
	277

	
	LSIL
	
	66
	14
	88
	196

	
	ASCUS
	
	70
	10
	122
	162

	
	HSIL
	CIN1+
	43
	143
	4
	174

	
	LSIL
	
	123
	63
	31
	147

	 
	ASCUS
	 
	145
	41
	47
	131

	CP
	ASCUS
	CIN2+
	66
	14
	109
	175

	 
	ASCUS
	CIN1+
	130
	56
	45
	133


	Test
	Test cut-off
	Outcome
	Sensitivity
	Specificity
	% Test +
	PPV
	NPV

	LBC
	HSIL
	CIN2+
	50.0%
	97.5%
	12.9%
	85.1%
	87.4%

	
	LSIL
	
	82.5%
	69.0%
	42.3%
	42.9%
	93.3%

	
	ASCUS
	 
	87.5%
	57.0%
	52.7%
	36.5%
	94.2%

	
	HSIL
	CIN1+
	23.1%
	97.8%
	12.9%
	91.5%
	54.9%

	
	LSIL
	
	66.1%
	82.6%
	42.3%
	79.9%
	70.0%

	 
	ASCUS
	 
	78.0%
	73.6%
	52.7%
	75.5%
	76.2%

	CP
	ASCUS
	CIN2+
	82.7%
	61.6%
	48.1%
	38.1%
	92.6%

	 
	ASCUS
	CIN1+
	70.1%
	74.7%
	48.1%
	74.4%
	70.4%


Table 2 (continued)
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TP2000, screening situation and follow-up situation
 

Colposcopy patients

	Test
	Test cut-off
	Outcome threshold
	TP
	FN
	FP
	TN

	LBC  
	ASCUS+
	CIN1+
	497
	41
	120
	166

	CP  
	 
	 
	509
	28
	115
	175

	LBC  
	LSIL+
	CIN1+
	455
	83
	86
	200

	CP  
	 
	 
	483
	54
	84
	206

	LBC  
	ASCUS+
	CIN2+
	281
	12
	336
	195

	CP  
	 
	 
	283
	10
	341
	193

	LBC  
	LSIL+
	CIN2+
	268
	25
	273
	258

	CP  
	 
	 
	277
	16
	290
	244

	LBC  
	HSIL+
	CIN2+
	231
	62
	57
	474

	CP  
	 
	 
	242
	51
	54
	480


	Test
	Test cut-off
	Outcome
	Sensitivity
	Specificity
	% Test +
	PPV
	NPV

	LBC  
	ASCUS+
	CIN1+
	92.4%
	58.0%
	74.9%
	80.6%
	80.2%

	CP  
	 
	 
	94.8%
	60.3%
	75.5%
	81.6%
	86.2%

	LBC  
	LSIL+
	CIN1+
	84.6%
	69.9%
	65.7%
	84.1%
	70.7%

	CP  
	 
	 
	89.9%
	71.0%
	68.6%
	85.2%
	79.2%

	LBC  
	ASCUS+
	CIN2+
	95.9%
	36.7%
	74.9%
	45.5%
	94.2%

	CP  
	 
	 
	96.6%
	36.1%
	75.5%
	45.4%
	95.1%

	LBC  
	LSIL+
	CIN2+
	91.5%
	48.6%
	65.7%
	49.5%
	91.2%

	CP  
	 
	 
	94.5%
	45.7%
	68.6%
	48.9%
	93.8%

	LBC  
	HSIL+
	CIN2+
	78.8%
	89.3%
	35.0%
	80.2%
	88.4%

	CP  
	 
	 
	82.6%
	89.9%
	35.8%
	81.8%
	90.4%


Table 2 (continued)
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TP2000, screening situation and follow-up situation (only clinical testing data are considered, not the optimised testing data)

Screening situation

	Test
	Test cut-off
	Outcome threshold
	TP
	FN
	FP
	TN

	LBC  
	ASCUS+
	CIN1+
	67
	35
	145
	1503

	CP  
	 
	 
	73
	29
	102
	1550

	LBC  
	LSIL+
	CIN1+
	54
	48
	60
	1588

	CP  
	 
	 
	60
	42
	43
	1609

	LBC  
	ASCUS+
	CIN2+
	32
	9
	180
	1529

	CP  
	 
	 
	35
	6
	140
	1573

	LBC  
	LSIL+
	CIN2+
	28
	13
	86
	1623

	CP  
	 
	 
	30
	11
	73
	1640

	LBC  
	HSIL+
	CIN2+
	21
	20
	20
	1689

	CP  
	 
	 
	21
	20
	12
	1701


	Test
	Test cut-off
	Outcome
	Sensitivity
	Specificity
	% Test +
	PPV
	NPV

	LBC  
	ASCUS+
	CIN1+
	65.7%
	91.2%
	12.1%
	31.6%
	97.7%

	CP  
	 
	 
	71.6%
	93.8%
	10.0%
	41.7%
	98.2%

	LBC  
	LSIL+
	CIN1+
	52.9%
	96.4%
	6.5%
	47.4%
	97.1%

	CP  
	 
	 
	58.8%
	97.4%
	5.9%
	58.3%
	97.5%

	LBC  
	ASCUS+
	CIN2+
	78.0%
	89.5%
	12.1%
	15.1%
	99.4%

	CP  
	 
	 
	85.4%
	91.8%
	10.0%
	20.0%
	99.6%

	LBC  
	LSIL+
	CIN2+
	68.3%
	95.0%
	6.5%
	24.6%
	99.2%

	CP  
	 
	 
	73.2%
	95.7%
	5.9%
	29.1%
	99.3%

	LBC  
	HSIL+
	CIN2+
	51.2%
	98.8%
	2.3%
	51.2%
	98.8%

	CP  
	 
	 
	51.2%
	99.3%
	1.9%
	63.6%
	98.8%


From the few completely verified datasets, no conclusion of improved accuracy of the ThinPrep system can be made.  Coste [2003] even concluded that the conventional Pap smear is superior to LBC.  Nevertheless, it must be stated that: the first study was done with beta-version of the ThinPrep system; both studies are conducted on split samples; possibly some learning effects might have influenced negatively the results for LBC since involved smear takers and cyto-technolgists were not yet thoroughly accustomed with the new technique.

Demonstration pilot projects conducted in Scotland and England 

In a pilot study, conducted by the Scottish Cervical Screening Programme, [SCSP, 2002], smear takers were randomised in two groups, collecting respectively conventional Pap smears and Thinprep preparations.  Smears and vials were sent to 4 laboratories where cyto-technologists were previously trained in interpretation of LBC smears.   

Table 3.  Proportion of inadequate smears and cytological abnormalities and ratios observed in two randomised groups of women from 4 Scottish areas.  In group-1, a ThinPrep smear, and in group-2, conventional smear was taken [SCSP, 2002]. 

	
	
	
	Proportion
	Ratio

	

	Cytological category
	 
	ThinPrep
	CP
	(TP/CP)
	(95% CI)

	Unsatisfactory
	
	1.86%
	8.00%
	0.23
	(0.20-0.26)

	Borderline
	
	
	3.67%
	4.35%
	0.84
	(0.76-0.94)

	Mild dyskaryosis
	
	2.10%
	1.09%
	1.93
	(1.60-2.32)

	Moderate dyskaryosis
	0.97%
	0.48%
	2.01
	(1.52-2.66)

	Severe dyskaryosis
	 
	1.09%
	0.59%
	1.84
	(1.42-2.38)

	Total (N=30288)
	
	
	
	
	


The positive predictive values (cut-offs not documented) were similar for both preparation techniques
.

Subsequent to the publication of these results, the Scottish Government decided to convert completely to liquid based cytology.

UK demonstration project

As part of a 12 month pilot project conducted in 3 selected laboratories LBC was introduced, after a learning transition period of 3 to 6 months [Moss, 2003]. At the same time, triage of women with results showing borderline abnormality or low-grade dyskaryosis with HPV DNA was incorporated as well.  The cytological results of the 1st six months of the pilot period (which are not influenced by the HPB triage) were compared with the four previous years where exclusively conventional cytology was used.  In two laboratories, the ThinPrep system was introduced and in another the SurePath.  It must be mentioned that different sampling devices were use before and after introduction of LBC.

The proportion of inadequate smears before and after conversion to LBC is shown in Table 4.  The inadequacy rate dropped significantly in all laboratories and in all age groups after introduction of LBC.  The quality of conventional smears increased with age. No age differential was observed anymore in the LBC period.  The inadequacy rate was lowest in the SurePath laboratory.  The multivariate relation between inadequacy and age-group, preparation system, time period and laboratory is illustrated in Table 5.

Table 4. Prevalence of inadequate smears by preparation system. (computed over the 4 CP years and the 1st six months of the LBC period). 

	Preparation system
	% inadequate
	95% CI

	Conventional Pap
	9.7
	9.4-1.0

	ThinPrep
	2.0
	1.8-2.2

	SurePath
	0.9
	0.8-1.1


Table 5. Multivariate relation between inadequacy rates and preparation system, adjusted for age, period and laboratory assessed by logistic regression.

	Factor
	Odds Ratio
	95% CI
	
	Factor
	Odss Ratio
	95% CI

	Preparation system
	
	
	Age group
	
	

	Conventional
	1
	-
	
	20-34 y
	1
	-

	ThinPrep
	0.152
	0.140-0.164
	
	35-49 y
	0.862
	0.600-0.631

	Surepath
	0.092
	0.080-0.106
	
	50-64 y
	0.615
	0.699-0.729

	
	
	
	
	
	
	

	Period
	
	
	
	Laboratory
	
	

	Apr97-Mar98
	1
	-
	
	A
	1
	-

	Apr98-Mar99
	0.880
	0.859-0.902
	
	B
	0.714
	0.699-0.729

	Apr99-Mar00
	0.827
	0.806-0.848
	
	C
	0.823
	0.805-0.843

	Apr00-Mar01
	0.825
	0.804-0.846
	
	
	
	

	Pilot (6m)
	see ThinPrep,

Surepath
	-
	
	
	
	


The change in detection of cytological abnormalities in the 3 participating laboratories is shown in Figure 1.
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Figure 1.  Evolution of the prevalence of squamous cytological abnormalities by laboratory and by cytological category. (time periods are indicated by the mid-month).

In the laboratories B and C a substantial increase in reporting of borderline lesions was found in the first month of the pilot period.  This was followed by a quick decrease (in the 2nd or 3rd month) and a gradual increase over the following months.  

The prevalence of mild dyskaryosis increased substantially in laboratory C in the first months to 4%, but then it decreased in the subsequent months to become stable around 3%.  Considering the first six months together, there was a 10% 

The relative changes in the detection of rates of cytological abnormalities in LBC versus CP by age group and by laboratory are shown in Table 6.

Table 6.  Relative change in the prevalence of abnormal smears, SIL and HSIL in LBC smears in comparison with CPs, by laboratory, by age and overall (crude and weighted).

	
	Abnormalies (>=boderdeline)
	SIL (>=mild dyskaryosis
	HSIL (>=mod. dyskaryosis

	Laboratory
	RR
	95% CI
	RR
	95% CI
	RR
	95% CI

	A
	0.988
	0.938-1.041
	1.248
	1.186-1.314
	1.099
	0.975-1.238

	B
	0.940
	0.897-0.986
	0.999
	0.926-1.077
	0.848
	0.748-0.962

	C
	1.370
	1.300-1.442
	1.728
	1.604-1.862
	1.550
	1.363-1.761

	All labs (mh
)
	1.063
	1.033-1.095
	1.177
	1.127-1.230
	1.101
	1.025-1.183


	Age
	RR
	95% CI
	RR
	95% CI
	RR
	95% CI

	20-34
	1.150
	1.109-1.193
	1.248
	1.186-1.314
	1.175
	1.079-1.280

	35-49
	0.962
	0.911-1.015
	1.028
	0.937-1.128
	1.008
	0.874-1.164

	50-64
	0.926
	0.848-1.011
	1.034
	0.870-1.230
	0.747
	0.552-1.013

	20-64 (mh)
	1.061
	1.031-1.092
	1.176
	1.126-1.229
	1.096
	1.021-1.177


Up hereto, no population randomised clinical trials were performed opposing LBC to CP and using an outcome of histologically verified moderate dysplasia or worse.  Only such a study can provide the definitive answer that LBC is more performant in the detection of high-grade disease.  Such a trial is currently set up in the Netherlands including 90 000 women.

Conclusion

Insufficient high-quality data are available to judge on the superiority of fluid based cervical cytology in comparison the conventional Pap smear with respect to the accurate prediction of moderate dysplasia or worse in the cervical epithelium.

The quality of LBC smears is improved considerably.  The inadequacy rate is lowest in SurePath preparations.

Interpretation of LBC smears requires less time.

In expectation of definitive results from well-conducted RCTs, we propose to recommend both type of preparations, CP and LBC with a certain reservation for the cost-effectiveness for LBC.
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Part prepared by U. Schenck

Due to the shortcomings of cervical cytology a number of techniques have been suggested to improve the diagnostic performance. Some relate to changes related to all cases participating in the program, some relate to a selection of the patients at the smear taking level and some relate to procedures that are performed in the laboratory e.g. for immediate additional information.

· DNA Cytometry 

· In-situ Hybridisation 

· Molecular markers

With the plans to develop automated systems for the analysis of pap smears it became clear very early, that cells smeared on slides in a rather disorderly fashion cannot be the optimal basis for automation. Therefore a number of improved preparation methods were developed. In most of these the cells were sampled into a liquid medium and from there deposited on the slides. The resulting specimen were given names like: Mono-layer slides, thin layer slides, liquid based cytology, sedimentation smears, centrifugal cytology or similar. It seems that liquid based cytology is the preferred term now. Due to the smaller deposition area for the cells, microscopical screening of the slides takes less time. The discussion on its routine application instead of the smearing method considers both the question of improved diagnostic performance, costs and organisational aspects. The comparison of  performance data has been analysed in a number of meta-analysis and liquid bases cytology is being dealt with in a number of health technology assessment report. Since morphological presentation of cells is different in liquid based cytology some additional training is needed to adapt to this type of slides.
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5. Automation in cervical cancer screening 

5.1. Prepared by Pekka Nieminen, Finland

Automation assisted screening methods are developed to:

-increase sensitivity and specificity of pap-smear screening

-decrease the workload of cytotechnicians and cytopathologists

-decrease the cost of the screening programmes

-finally decrease the incidence and mortality of cervical cancer

Automated screening devices have been developed from the beginning of 1990´s and they have been commercially available from mid 90´s.  Systems have been either interactive (Papnet®) or selective” systems (AutoPap/FocalPoint®).  Also new devices are emerging based on liquid pap systems.  The technology has been using either neural network or algoritmic data prosessing.

Automation assisted screening is aimed to increase sensitivity and specificity by finding e.g. small atypical cells, known to be very difficult to find in conventional screening.  These include both squamous and glandular cells.  The performance of screening is designed to increase by excluding part of the slides from manual screening or by enriching the most atypical cells to images or to be studied by the microscope.

By enhancing the effectiveness of the screening work, automation is thought to allow more slides to be screened by the same staff.  This would be an advantage, because in many countries there is a severe shortage of cytotechnicians.  As part of these automated devises are capable to process either conventional or liquid based smears, it allows them to be used in different kinds of screening programmes.

There are several articles published concerning the performance of automation assisted screening.  They show generally a better sensitivity with al least same specificity than conventional screening.  Most of these articles have been retrospective (quality control) and/or relatively small numbers of smears have been studied.  However, randomised, prospective public health trials in primary screening setting have been published very few.  The show equal or slightly better performance compared to manual conventional screening.

The technological development is very rapid in this branch.  New technology is emerging and some of the older models and devices are not anymore commercially available.  However, automation is inevitably coming to the screening programmes, using interactive or other protocols.

When implementing the new methods, it is needed to carefully ascertain and evaluate the performance of the method in primary (public health) screening up to the final invasive end points with randomised prospective studies.  Thus it is important to organise the trials in such a way that the technology studied can be used for several years in the trial, irrespective of its commercial availability.
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5.2. Prepared by U. Schenck

Soon after the introduction of the Pap smear first initiatives for its automation were taken. A number of concepts have been followed and have been abandoned again. All concepts that reached the level of clinical application for quality assurance or for primary screening were based on the image analysis of samples that can be checked visually and archived according to standard cytology laboratory practice. 

5.2.1. The goals of automated cytology

The intention to develop automated tools for cervical cytology reading comes from the same problem that also was the origin of the cytotechnology profession: The search for a few small objects i.e. all variants of abnormal cells in the large area of the slide. From an economical point of view the idea was in the seventies and eighties to replace expensive human observers by simple automated systems. Also it was a goal to allow for cytology screening where no cytotechnologists were available. With an increased understanding of the complexity of cytology automation the goal shifted to developing systems that were as good or better that best practice of "manual" cytology. Even today anything like fully automated cytology in not in sight so the gaol has shifted to implementing automated screening system in various ways into the cytology screening labs as computerised helpers for cytotechnologist and cytopathologists.

· Reduce some of the primary screening workload of CTs 

· Do quality assurance of all cases 

· Select cases that need to be screened by CTs completely 

· Select and display objects of interest for medical professional for interaction

5.2.2. Principles of the process of computerised cytology

All automated systems that can be classified as slide oriented automated light microscopes. 

· Mechanical set up for slide transport 

· Identification of the slide 

· Automated stage 

· Autofocus system 

· Image acquisition by via optical system 

· Segmentation of objects of interest 

· Object classification 

· Slide classification 

· Object presentation on screen or relocalisation

5.2.3. Preparations for automated cytology

During the seventies and eighties of last century there was the prevailing view that conventional cytology preparations i.e. smear would not be feasible for automated screening. For this reason a number of techniques for special preparations for cytology have been developed. Two major development have to be noticed: Such preparation are, once preparation gets simple also useful in cytology without beeing use for cytology automation. Secondly, with the fast development of computer technology also automated reading of conventional smear is possible.

5.2.4. Currant status of automated cytology screening

At present (April 2003)  there is not much choice among the systems offered commercially. Both smear and liquid based cell preparation are targeted cellular probes. At present not more than 25% of the cases can be sorted out by computerised systems as negative needing no further review. The rest of the cases can be dealt with either by reviewing objects of interest on a computer monitor or after relocalisation via the microscope or by fully rescreening the slide. A major problem is the question of responsibility. Depending on the local situation this may be with the cytopathologist using the system, with manufacturer or with the health care system. The amount of human interaction may vary and also reflect the medico-legal situation in the country of application.

5.2.5. Required functions and performance

The required functions and the performance needed to be accepted have been discussed over years (Tucker et. al. ). The International Academy of Cytology has worked out criteria in 1984 and discussed the criteria later again (Bartels et. al. 19..). 
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6. HPV

6.1. Primary HPV testing

6.2. HPV triage

6.3. HPV follow-up after treatment

HUMAN PAPILLOMAVIRUS DETECTION IN POST-THERAPEUTIC FOLLOW-UP

Baldauf J-J.

Cervical intraepithelial neoplasia (CIN) defines asymptomatic lesions for which a treatment is justified because some of them may develop into cancer. The literature indicates that the success rate of this procedure is generally over 90 % (1-7). The risk of dropping out of the follow-up clearly increases with time (2, 3); this calls for an intensive early follow-up to detect a large majority of residual lesions before the patients are lost to the follow-up. To detect residual or recurrent lesions that could develop into cancer, the follow-up modalities vary greatly, either in the investigations carried out or in the periodicity and number of years during which these examinations are required. In fact, the various protocols designed for postoperative follow-up seem to be based less on the diagnostic performances of each examination than on the physician's habits, the workload of the various cervical pathology centers, even the cost of examinations. 

Colposcopy and cytology provide complementary information. Postoperative cytologic false negatives may have several reasons: the small size of the residual lesion, sampling difficulties due to postoperative anatomical modifications (especially severe stenosis), or a too superficial sample when the colposcopist tries to avoid bleeding before colposcopy (4, 8). Conversely, postoperative cytologic false positives are less common (1-4). The majority are minor anomalies, often regressing spontaneously. This evokes either the natural history of the residual lesion or a falsely positive interpretation of the smear caused by inflammatory changes concomitant with the healing process.

The rates of postoperative unsatisfactory colposcopy vary from 76.2 % to 98.5 % (4, 9, 10).  They are lower in older patients, deeper excision and if the squamocolumnar junction was not visible at the preoperative colposcopy. The colposcopic appearance of recurrent lesions is usually similar to that of original CIN but the difficulty in diagnosing them is essentially bound up with the fact that they are mostly localised in the endocervical canal (4, 12). Some authors (3) noted a 100 % sensitivity of colposcopy after loop electrosurgical excision whereas others observed false negative colposcopy (4) which emphasize how difficult it is to differentiate a postoperative dystrophy and metaplasia from an authentic residual intraepithelial neoplasia. 

HPV testing methods which are easy to perform and reproducible, have been recently developped. The reliability of the postoperative oncogenic HPV detection for the diagnosis of residual intraepithelial neoplasia is in the process of being assessed. Different studies (13-22) with disparate inclusion criteria and rather short follow-up duration have been published (table 1 and table 2). The sensitivity of the postoperative oncogenic HPV detection for the diagnosis of residual intraepithelial neoplasia varies from 92% to 100%, whereas its specificity ranges from 44 % to 86 %. The clinical significance of a positive HPV detection in the absence of cytological or colposcopic abnormalities remain unclear and should be further assessed. Neithertheless, the excellent negative predictive value of HPV testing combined with the cytology enables to shorten the post-operative follow-up due to the high probability of recovery. 

 Table 1 The reliability of the postoperative oncogenic HPV detection by PCR 

	Authors

	n
	Follow-up

(months)
	Residual

CIN
	Sensitivity


	Specificity


	PPV



	Bekkers (13)
	90
	13
	6
	
	
	28 %

	Distefano (14)
	36
	9
	?
	
	50 %
	41 %

	Kjellberg (15)
	100
	100
	35
	
	97 %
	

	Nagai (16)
	58
	4
	31
	100 %
	89 %
	45 %

	Elfgren (17)
	23
	3
	27
	100 %
	95 %
	75 %

	Bollen (18)
	43
	16
	48
	100 %
	44 %
	52 %

	Nobbenhuis (19)
	184
	29
	24
	90 %
	92 %
	67 %

	Paraskevaidis (20)
	123
	41
	60
	93 %
	84 %
	


CIN = cervical intraepithelial neoplasia; PPV = positive predictive value

Table 2 : Reliability of post-operative HPV testing by hybrid capture2 

	Authors

	n
	Residual

CIN
	Sensitivity


	Specificity


	PPV



	Jain* (21)
	79
	23
	100 %
	44 %
	42 %

	Lin** (22)
	75
	27
	100 %
	48 %
	52 %


CIN = cervical intraepithelial neoplasia; PPV = positive predictive value

*previously planed hysterectomy

**patients with involved margins or positive ECC
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Other new technologies: Colposcopy 

6.4. Overview (Daniel da Silva)

Screening for cervical cancer requires the use of a technique which is easy to perform by medical and paramedical personnel at large, is low cost, provides no discomfort to the patient and has a relatively high sensitivity and specificity, and allows to differentiate individuals with asymptomatic pre-clinical disease from those who have no disease. 

Colposcopy permits the illuminated observations of the cervix through a stereoscopic microscope. This requires long term experience to acquire a expertise in colposcopic pattern recognition. Even in several years of colposcopic practice, the inter-observer and intra-observer variations in colposcopic interpretations may not reach Kappa values greater than 0.50. The specificity of colpocopy is low, due to over-interpretation of aceto-white areas on the transformation zone and limited sensitivity with regard to endocervical lesions. Microinvasive carcinoma are misinterpreted. Colposcopy is not to intended to be a screening tool.  Colposcopic still remains the “gold standard” for assessment of any woman presenting an abnormal cytological smear, for taking a direct biopsy and performing a cone biopsy. In the expert observer this may be a predictor of the histological diagnosis.  

6.5. Technique of colposcopy (Jean-Jacques BALDAUF)
Cervical smear is an effective screening test, but it does not provide a precise diagnosis of the lesion because of the poor correlation between cytology and histology. In case of cytological abnormalities, colposcopy with directed biopsies and/or endocervical curettage should be performed before any form of treatment to confirm the cervical lesion and determine its severity, its topography and its extension.

Colposcopy permits examination of the cervix and vagina. In a premenopausal woman, examination can be carried out at any phase of the menstrual cycle, but it is optimally performed during the oestrogenic phase. In patients with atrophic cervical epithelium or cervico-vaginitis examination should be carried out after prior oestrogenic preparation or appropriate antiseptic treatment. It is better not to perform colposcopy after pelvic examination or after a cervical smear has been taken. Scraping of the cervix may cause mucosal erosions or bleeding and hinder examination of the endocervix. 

Examination of the cervix
After examination of the vulva, an appropriate speculum is inserted taking due care not to injure the cervix. Examination should be started at a low magnification after rinsing the cervix with normal saline and removing any excess cervical mucus. The green filter may be used at this stage of the examination to observe the vascular patterns.

A 3 or 5 % acetic acid solution application to the cervix is the key part of colposcopy. An acetowhite reaction occurs when the squamous epithelium is abnormal. Acetic acid causes tissue oedema and superficial coagulation of intracellular proteins, thus reducing the transparency of the epithelium. Complete colposcopic examination requires observation of the original squamous epithelium, the entire transformation zone, the squamocolumnar junction and as much of the columnar epithelium of the cervix as possible. Locating the squamocolumnar junction is the key procedure in colposcopic interpretation. If the squamocolumnar junction is not or only incompletely visible, i.e. if the internal - endocervical - limit of the normal or atypical squamous epithelium is not entirely apparent, then colposcopy is unsatisfactory.

Application of Lugol's iodine causes a homogeneous dark brown staining of normal squamous epithelium It is a good method for demarcating abnormal areas when the cervix is actually being treated.

Colposcopic biopsy and endocervical examination
Biopsies are performed under colposcopic guidance after precisely localizing the abnormal areas using acetic acid and iodine tests. It is recommended that several specimens should be obtained from the most abnormal areas. The biopsy forceps should enable a good quality specimen to be obtained. That requires good prehension of the cervix, a clean section and ablation of sufficiently large tissue fragments. Generally, haemostasis follows spontaneously. In very rare cases, more copious bleeding may require local compression, application of Monsel's solution or sometimes the insertion of a vaginal pack. In cases in which it is difficult to obtain a forceps biopsy limited excision with the diathermy loop may be preferable.

Examination of the endocervical canal is the most difficult part of colposcopy. Difficulties crop up when the squamocolumnar junction is not visible or when cytology suggests a glandular lesion. Sometimes cervical opening techniques need to be used. A simple procedure is to take a cotton applicator and press on a lip of the portio in order to retract and dilate the cervical os. It is more convenient and effective to insert the mouth of a forceps into the cervical canal and gradually open its jaws. Kogan's endocervical speculum, which is an instrument specially designed for examining the endocervical canal, can also be used.

When visualization of the upper limit of an abnormal transformation zone is not possible during observation of the endocervical canal or when a glandular lesion is suspected, examination can be followed up with an endocervical curettage. A special endocervical curette, such as Kevorkian's curette, needs to be used. 

Examination of the vagina
Inspection of the vaginal walls is part of any colposcopic examination. It is performed after examination of the cervix. After observation of the lateral walls, stepwise withdrawal of the speculum allows the anterior and posterior surfaces of the vagina to be investigated. The iodine staining is particularly important since iodine-negative areas are easier to identify on the vaginal mucosa than acetowhite lesions, which are often discreet and hidden by prominent vaginal folds.

Recording of findings
Once the colposcopic examination is completed, it is essential that all observations are entered on a structured colposcopy chart. The chart should show the situation of the squamocolumnar junction and clearly define the topography and nature of the different lesions, as well as biopsy sites. 

6.6. 
Colposcopy   J.A. Jordan (U.K.)

Colposcopy was described first by Hinselmann in 1925.  The colposcope is nothing more than a microscope which allows the cervix to be reviewed at magnification between x6 and x40.  The aim of colposcopy is to allow the trained colposcopist to identify premalignant disease of the cervix.   The colposcopist relies on the fact that following the application of 3-5% acetic acid premalignant disease appears white, and changes in the subepithelial angioarchitecture become apparent.  Unfortunately, not all areas of aceto white epithelium are representative of premalignant disease:  for example, areas of immature metaplasia are densely aceto-white.  

A further technique, first described in 1928, is to apply Schiller’s iodine. Normal squamous epithelium is rich in glycogen and stains dark brown with iodine, whereas premalignant squamous epithelium is deficient in glycogen and is non-staining.  Unfortunately,  not all non-staining areas represent premalignant disease.   

In the absence of cytology, colposcopy can and has been used to screen for premalignant disease but for reasons mentioned above the specificity of the technique is low.

Ideally colposcopy should be reserved for use in women who have been screened by cytology and who have been found to have abnormal cytological changes.

7. Comparison of methods

8. Appendices

8.1. Collection of cellular material of the uterine cervix, preparation of an adequate Pap smear

M. Arbyn 

See Ch3Append1a.doc

8.2. Processing of cellular material in laboratory and microscopic interpretation of Pap smears

Transferred to CH4

8.3. Uniform reporting of cervical cytology

8.4. Best practices for HPV
8.5. Best practice of colposcopy

Transferred to CH 8: management of women with cervical cytological abnormalities
8.6. Propositions for a European cytological reporting system

by U. Schenck

Example of Reporting Form from Portugal
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8.6.1. Example of Holland  
Comparison of the Dutch system with Bethesda system

We present in this section the paper of 4 pages "Towards a common European classification and coding system for Pap-smears" of 28. September 2002 of A. Hanselaar (University of Nijmegen and Dutch Cancer Society). 

With the Pap-smear test a simple, innocuous, and effective diagnostic-test is available. Cytology, which must be performed under strict quality assurance and control protocols, can give a considerable reduction in the incidence and mortality of cervical cancers in a population if all women attend and all detected lesions are adequately followed up. 

Common European coding and classification criteria for cytology should be implemented.

The cytological diagnosis of abnormal cells in a smear is a subjective procedure that depends on the quality of the smear and of the capability and experience of the examiner and also depends on the time that is being given to the preparation and examination of the smear. Cytological diagnosis of the uterine cervix can impossibly be carried out without errors. Several systems for the classification of Pap-smears have been described. The Bethesda System in the United States has contributed to the assessment of the adequacy of the specimen; it uses standardized diagnostic terminology and makes recommendations. In Europe several national and local systems are used which have a large overlap in diagnostic categories. 

There exists a need to combine the strong aspects of these systems to create one European-classification system. Such a system might still use local-national terminology, but should be computer-coded in the same way.  Furthermore uniform classification criteria should be agreed upon. Finally in order to facilitate evaluation at all levels of screening programs agreement should exist on the contents of an aplication form for screening purposes.

Netherlands Classification system

In the Netherlands a uniform application form (figure 1) and a standardized cytological classification system, which contains six sections (CISOE-A; table 1), are used. 

In table 2 a comparison is given of the CISOE-A system and the Bethesda system. The CISOE-A system forms the basis of a systematic examination and standardized coding of the smears. All pathology laboratories in the Netherlands store the results in the automated pathology archive, PALGA, according to a standardized cervix registration and information system. Hereby national, regional or local evaluation is possible.

Figure 1.
National Netherlands application form for cervical cytologic examination.

Labnumber: ........-........

Date of receival: ......../......../........

CYTOPATHOLOGICAL EXAMINATION OF THE CERVIX*

Date of birth
: 



Registration no. 
   :

Name
: 





Initials
:

Place of birth/ 
:

Native country
:

Home address 
:

Residence
: 



Postal code 

    :

Insurance company
:



Registration number  : 

Name doctor 

:
1. Date of smear ..../..../.... 

2. Indication smear; screening

0 1 program invitation

0 2 repeat after inadequat

3. Smear by

0 1 family doctor

0 2 gynecologist 

0 9 otherwise: .........................

4. Instrument smear

0 1 cervexbrush

0 2 cytobrush and spatula

0 3 spatula

0 9 otherwise: .........................

5. Complaints 

0 0 none

0 1 abnormal loss of blood 

0 9 otherwise: ........................

6. Date of menstruation ..../..../....

7. Menstruation pattern

0 0 none 

0 1 regular



0 2 irregular

0 3 (post)menopausal (>1 year

  no menstruation) 


0 9 otherwise: ………………..

0 x unknown

8. Contraceptive

0 x unknown

0 1 hormonal

0 2 IUCD

0 9 otherwise: ..................

0 x unknown:

9. Use of  hormone

(otherwise than contraceptive)

0 0 no

0 1 yes: ....................

0 x unknown:

10. Remarks

0 0 no

0 1 yes: ....................

11. Indication smear; medical indication 

0 3 (gynecological) complaints/symptoms

0 4 repeat smear 

0 5 DES-daughter

0 6 on request by the patient 

0 9 otherwise: ......................... 

12. Surgery of the cervix

0 0 no 

0 1 cryo, or laser

0 2 conisation, leep excission, biopsy

0 3 supravaginal uterusextirpation

0 5 radiotherapy

0 6 combination, nl:

0 9 otherwise: ...

0 x   unknown

13. Aspect cervix

0 1 normal 

0 2 not seen

0 3 abnormal\suspect portio

14. Pregnancy

0 1 Pregnancy, .... weeks

0 2 post partum, .... weeks

0 3 lactation, .... weeks

0 4 postlactation, .... weeks

Table 1:

The Netherlands CISOE-A system.
	
	C
	I
	S
	O
	E

	
	Composition
	Inflammatory changes
	Squamous

Epithelium
	Other changes/ endometrium
	Endocervix cylinder epithelium/

	0
	Insufficient
	Not applicable
	Not applicable
	Not applicable
	Not applicable

	1
	Endocervical cells present (EC)
	Virus infection
	No changes
	No other changes
	No changes

	2
	Squamous metaplastic cells present (SM)
	Trichomonas vaginalis
	Abnormal squamous cells
	Epithelium atrophy
	No endocervical epithelium

	3
	Endometrium (EM) present
	Bacterial infection
	Atypical squamous metaplasia
	Atypical repair reaction
	Few atypical endocervical cells

	4
	EC + SM cells present
	Candida albicans (monilia)
	Mild dysplasia
	Mild atypical endometrium
	Mild atypical endocervical cells

	5
	EC + EM cells present
	Haemophilus vaginalis (gardnerella)
	Moderate dysplasia
	Moderate atypical endometrium
	Moderate atypical endocervical cells

	6
	SM + EM cells present
	No signs of  inflammation
	Severe dysplasia
	Severe atypical endometrium
	Severe atypical endocervical cells

	7
	EC + SM + EM cells present
	Actinomyces
	Carcinoma in situ
	Adenocarcinoma endometrium
	Adenocarcinoma in situ endocervical epithelium

	8
	Only squamous cells 
	Chlamydia
	Micro-invasive squamous cell carcinoma
	Metastasis malignant tumor
	Not applicable

	9
	Not applicable
	Non-specific inflammation
	Invasive squamous cell carcinoma
	Not applicable
	Adenocarcinoma of the Endocervix


	A

	Adequacy

	1
	Adequate

	2
	Sufficient but limited by (problem typing)

	3
	Not adequate caused by (problem typing)


Adequacy problem typing

a) much blood
f)
cytolysis

b) many leukocytes
g)
thick smear

c) little epithelial cells
h)
few squamous cells and many endocervical cylinder cells

d) bad fixation
j)
no endocervical cylinder cells

e) mechanical damage

Table 2: 
Comparison of the Netherlands CISOE-A system with Bethesda system.

	CISOE-A class (8)


	Bethesda- class (23)



	S2-3, E3
	ASCUS/AGUS

	S4, E4, E5
	LSIL

	S5
	HSIL

	S6, E6
	HSIL

	S7, E7
	HSIL/AIS

	S8, S9, E9


	(micro-)invasive squamous cell / adeno-carcinoma


Table 3:  Advises for repeat smear or referral to gynecologist for colposcopic evaluation

	“CISOE-A Classes”
	Abnormality
	Advise
	Follow-up advise

	S1, O1-2
	normal
	5 year
	

	S2-4, O3, E3-5
	minor abnormality including ASCUS, LSIL
	6 months
	Normal ( 12 months; 2x normal ( next screening invitation

Abnormal ( gynecologist

	
	
	
	

	S5-7, E6-7, O4-6
	more severe abnormality including HSIL
	Gynecologist
	After treatment, repeat after 6-12-24 months

After no treatment, repeat after 6-12 months

	
	
	
	

	S8-9, E9, O7-8
	carcinoma
	Gynecologist
	After treatment, repeat after 6-12-24 months

	
	
	
	

	A2j 
	no endocervical and/or squamous metaplastic cells present
	6 months
	After 2x A2j, ( next screening invitation



	A3

	not adequate
	6 weeks
	


8.6.2. Discussions on Terminology

We present in this section the paper of 6 pages "Discussion of ECCSN Terminology Group" of 26. February 2003 of U. Schenck which summarises the general discussions on "Terminology". The general discussions of the terminology for uniform reporting schemes will be continued within the Network, and also with experts outside of the Network.

Aim: To cover diversity of Reporting Schemes in Europe and provide a basis for comparability of data collected from the European Cervical Cancer Screening Programs and for a future development of a Uniform Reporting in Europe.

Overview

Lack of uniform terminology and reporting in cervical cancer screening programs is a major drawback for the organisation of cervical cancer screening programs and the international comparison of data. The report scheme presented here can be used as report scheme in cytology labs, where no official national report scheme is in practise. Where national report schemes are in place, this report scheme may be implemented into screening laboratory software as a hidden layer to guarantee for uniform data collection for quality assurance. It is presumed that all cervical cytology screening labs use specialised software implementing report administration and quality assurance. While national report schemes will persist, since report schemes are a major factor in the distribution of medical resources, this report scheme should be considered as a basis allowing for translatability of cytological findings among diverse schemes like those in practise e.g. in Austria, Germany, the Netherlands, the United Kingdom and the United States of America. 

To cover the diversity of report schemes this scheme has more options than will necessarily appear in a the cytological report. So, part of the report scheme presented here is optional like reporting on microbiology. While understanding hormonal influence on the vaginal epithelium is absolutely necessary in the daily cytological practise, hormonal evaluation is not part of the report. 

Definition of terms

There is no restriction concerning the addition of free text components, where this is the local or regional choice. It is also local choice to add educational comments or “disclaimers”. If not otherwise stated, the report is based on a visual evaluation of a Pap-stained one slide smear preparation.

Like in a histological report procedures should be specified, documented and commented where needed. This would include a documentation of what was received, the type of specimen smear vs. liquid medium, the staining Papanicolaou versus other, and the type of slide reading visual screening by health professional versus automated slide reading with specification of the system. Vaginal smears after hysterectomy should be clearly marked separately, provided the clinical information is given. 

Following abbreviations are used below:

ADQ: 
Adequacy

COMP:
Composition

CAT:
Categorisation

LES:
Lesion

EME
Endometrial

ECE
Endocervical

REC: 
Recommendations

MIC:
Microbiological

ADQ
Statistical groups concerning Adequacy

Explanation: Concerning adequacy there are two basic options: Satisfactory or Unsatisfactory. On a national or regional form, presence or absence of squamous and endocervical cells would appear in the cellular composition field.  It has been suggested to replace the terms satisfactory and unsatisfactory by suitable and unsuitable. For slides that are “unsatisfactory / satisfactory but limited by...” a comment whether this is patient or smear-taker related or a combination of the latter might be added. In any case the significance of a compromised sample concerning the representativity of the material remains a question for the smear-taker.

· Satisfactory for evaluation / or satisfactory but limited by..

· Satisfactory for evaluation

· Satisfactory for evaluation but limited by lack of Endocervical / Transformation zone component.

· Satisfactory for evaluation but limited by other than lack of endocervical cells (specify reason)

· Unsatisfactory for cytological evaluation

· Specimen rejected/not processed (specify reason) 

· Specimen processed and examined, but unsatisfactory for evaluation of epithelial abnormality because of (specify reason) 

COMP 
Epithelial Cellular Composition

Explanation: In all settings of cytological practise the cellular composition of the slides is evaluated. Still the result may not appear in the report explicitly. By recording the cells at least at the cytological reading level statistical anaIysis is possible. 

· Squamous cells present. Option: Indicate the prevailing cell type: 1=Parabasal cells, 2= Small intermediate cells 3= Large intermediate cells 4= Superficial cells
· Endocervical / Transformation zone component present

· Endometrial cells present (Compare Chapter EME)

· Other Cell types
CAT
General categorisation of the smear concerning neoplastic changes:

Explanation: A “general categorisation” would be essential for report schemes in European Screening Programs. It separates the cases of “No malignant or suspicious cells found” from all other cases “Suspicious or lesional Cytological Findings” 

Among the cases of “no malignant or suspicious cells found” the subdivision in “Normal / Within normal limits” and “Benign cellular findings (specify)” may be skipped or put into a hierarchic order. “Smears suggesting a limited protective value (e.g. subdysplastic, i.e. less than mild dysplasia)”  as a subgroup of no malignant cells found, would comprise cases with some nuclear enlargement, as a rule of mature squamous cells or in atrophy etc. Such cases might need an early repeat. 

· No malignant or suspicious cells found

· Normal / Within normal limits
· Benign cellular findings (specify) 

· Smears suggesting a limited protective value (e.g. subdysplastic,less than mild dysplasia) 

· Suspicious or lesional Cytological Findings


· Suspicious cells possibly deriving from a lesion more severe than mild squamous dysplasia. (See subclassification)

· Findings suspicious for an intraepithelial lesion (See subclass.)

· Findings suggestive or diagnostic of invasive cancer (See subclass.)

LES
Subclassification of Lesions in the Cytological Report

Explanation: Cytology of squamous intraepithelial lesions is well defined though subjective. Cytology suggestive of mild dysplasia is frequently followed by negative follow up which can indicate both regression of a lesion or limitations of the test in the initial diagnosis or in the follow up. Separation of severe dysplasia from carcinoma in situ needs not to be performed. In these cases regression to normality cannot be expected. Cytology suggestive of CIN2 is in between. Even if cellular findings may be typical, formulations like “suggestive of CIN1” or “severe dyskaryosis” indicate that discrepancies with the morphological correlate at the cervix necessarily occur. Expected type and magnitude of such error are the basis for risk management to balance risk of under and over treatment. Cases with typical HPV findings are to be classified with the squamous intraepithelial lesions.

Glandular cervical lesions: While adenocarcinoma in situ (AIS) of the cervix is accepted as a diagnostic entity that can be diagnosed by cytology in some cases, existance and classification as well as the capability of cytology for the diagnosis  of cervical cervical glandular lesions below the level of adenocarcinoma in situ is still under debate. While this option is offered here to  allow for future evalutation, these cases are to be considered at the same time as classified as “atypical endocervical glandular cells”. 

Intraepithelial Lesion, Dysplasia /Carcinoma in situ, Cervical Intraepithelial Neoplasia.

· Findings suspicious for an intraepithelial lesion

· Findings suspicious for a squamous intraepithelial lesion

· Suggestive of mild dysplasia 
CIN I     
Low grade SIL

· Suggestive of mod. dysplasia
CIN II    
High Grade SIL

· Suggestive of sev.dys. / CIS  
CIN III   
High Grade SIL 

· Findings suggestive of a cervical glandular  intraepithelial lesion

· (Findings suggest. of “low grade GIL”)

· (Findings of intermediate of GIL)

· Findings suggestive of Adenocarcinoma in situ (AIS)

Atypical / Suspicious cells possibly deriving from a lesion more severe than mild squamous dysplasia.
Explanation: While the vast majority of cervical specimens can be classified based on characteristic findings, all report schemes have to provide for cases showing epithelial cell abnormality that can not be attributed to a certain type of lesion or even type of epithelium. The cytopathologist is asked to give a short clear text comment to such cases in addition to the grouping for statistical purposes. The cytopathologist must be prepared to discuss the cytological problem with the physician who is in charge of the patient management. Referral with loss of such relevant information may lead to over diagnosis or under diagnosis. The use of recommendations in European screening programmes is one of the approaches to deal with such cases. 

Since such categories as “Class III”, “borderline”, “ASCUS”, “AGUS” etc. have been introduced the poor reproducibility is well known. Also the group of such cases cannot be addressed properly without looking at the complete group of non-negative reports. The same smear might be grouped differently according to local practise as negative, atypical or unsuitable, still the logistical procedure (e.g. a repeat smear)  might be the same. 

Atypical changes must be separated according to the cell type wherever possible. Separating atypical glandular cells of cervical and endometrial origin  is essential, since the follow up is totally different. Risk for certain lesions should be addressed.

· Atypical / suspicious cells possibly deriving from a lesion (more severe than mild squamous dysplasia) 

· Atypical squamous cells

· Atypical squamous cells (Lower risk / favour reactive) 

· Atypical squamous cells ASC-H (“cannot exclude CIN 3”)

· Atypical squamous cells  of undetermined signifi.(ASC-US) 

· Atypical squamous cells (NOS)

· Atypical glandular cells

· Atypical endocervical cells (ECE) 

· Atypical endometrial cells (see EME)

· Atypical glandular cell (NOS)

· Atypical cells (NOS)

Cancer diagnosis

· Findings suggestive or diagnostic of invasive cancer
· Probable invasive cancer (carcinoma in situ “cannot be excluded”) 

· invasive cancer of any type
Cell type of cancer cells
· Squamous cell cancer
· Adenocarcinoma
· Carcinoma NOS
· Other malignant Neoplasms
Suggested primary site

· Uterine cervix

· Uterine corpus

· Ovary

· Other

EME
Reporting on cells of endometrial origin

Endometrial cells: this is a partly duplication to demonstrate the typical options. In the cellular composition of the smear endometrial cells may be reported whenever seen without any age restrictions.  

· 
No cells of endometrial origin found

·     Endometrial cells present (Compare Chapter COMP)

· Normal appearing endometrial cells 
· Normal appearing endometrial cells without adequate clinical information
· Normal appearing endometrial cells in a postmenopausal woman

· Atypical endometrial cells (see also atypical cells)
· Suspicious endometrial cells not allowing a definitive diagnosis of endometrial adenocarcinoma (see also atypical cells)
· Cellular findings of endometrial adenocarcinoma (see also cancer diagnosis)

REC
Statistical groups of recommendations:

Explanation: Statistical groups concerning recommendations are essential in European screening programmes. The definition of the groups is different in countries with different health care system.

· Repeat in standard screening interval (No further action needed) 

· Any further action suggested

· Early repeat for cellular findings
· after treatment of inflammation
· after hormone application) 

· Repeat due to unsatisfactory / less than optimal smear

· Other further actions needed 
· Referral
· Histology
MIC
Microbiological Findings

Explanation: Microbiology will be considered as an option in many countries. It is included in this scheme to create comparability of data where microbiology is included in the reports. It is conceded that also the normal may be reported i.e. Döderlein Flora. HPV is also included under microbiology. This would create translatability if in a region or on a national level a CIN1 lesion with koilocytes would be classified as negative with  “wart virus”. As a rule cases with HPV related findings like koilocytes will be lumped with CIN according to the degree of cellular and nuclear abnormality. Concerning intraepithelial lesions and cancer of the cervix which are closely related to HPV infection these would not be mentioned among the microbiological findings.

Bacterial Findings

· Döderlein Bacilli

· Other bacteria

· Shift in flora suggestive of bacterial vaginosis
· Bacteria morphologically consistent with Actinomyces spp. 

· Other, specify:

· No visible bacterial Flora

· Other organisms or indicators of infection
· Eukaryotic microorganisms
· Fungal organisms morphologically consistent with 
Candida spp. 
· Tricomonas vaginalis
· other
· Epithelial changes associated with viral infections
· Cellular changes associated with Herpes simplex virus
· Cellular changes associated with HPV
Conclusions

The Uniform Reporting Scheme in Europe will facilitate the correct comparison of health care data in Europe, with the aim of promoting the best practices in cervical cancer diagnosis and treatment in different European regions.

The aim of this discussion paper is not to replace the existing cytological reporting system in each European country, but to provide the base for correctly understanding and comparing the existing systems, and for their long-term improvement.

In this way the efficiency and accuracy of reporting schemes can be improved in each European country, in accordance with existing practices.

Discussion paper on Terminology (by Odete Real)

Terminology   “The 2001 Bethesda System

	CYTOLOGYC REPORT
	MANAGEMENT

	Unsatisfactory
	Repeat 3 or 6 monts later 

	“Negative for intraepithelial neoplasia or malignancy” 


	*Follow the recomendations 

	Atypical squamous cells of undeternined significance
 “ASC-US”
	

	Atypical squamous cells of undeternined significance cannot exclude High Grade Lesion “ASC-H”
	Complementary studies in the Cervical Pathology Units 

referred for the Programme

	Atipical  glandular cells “AGC”
	

	Low grade squamous intraepithelial lesion “LSIL”
	

	High grade squamous intraepithelial lesion “HSIL”

Endocervical adenocarcinoma in situ “AIS”

Squamous cell carcinoma

Invasive adenocarcinoma

Other malignant neoplasia
	

	Endometrial cell in women > 40 years of age
	


“Negative for intraepithelial neoplasia or malignancy”( Include  normal and inflammatory smears)

* Follow-up – First smear negative repeat one year later and than every three years

Atypical squamous cells of undeternined significance   “ASC-US”
* Follow-up –Repeat the smear 6 months later

Dr. ABCD
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� Little information is available concerning other commercially available LBC systems such as: Cytoscreen®, Cyteasy®, Labonord Easy Prep®, Cytoslide®, SpinThin®, PapSpin®.  


� Split sample studies: studies where a conventional Pap smear is prepared prior to rinsing sampling the residual material in a vial with liquid.  Detection rates in conventional and liquid based smears are compared.


� Direct-to-vial studies (or two-cohort studies): studies where all the collected cervical material is transferred to the vial with liquid.  Detection rates for LBC are compared with series where conventional Pap smears were prepared.   


� Coste, 2003: only "clinical" testing results are considered, not the "optimised" testing results.





� Confidence intervals are approximate.  In the SCSP report it was stated that in half of the women a CP was taken and in the other half a TP.  We assumed exactly 15 144 individuals in both groups.  This allowed us to calculate confidence intervals.  


� The cytological- & histological thresholds used to compute PPV ware not documented in the SCSP report [2002]. 


� (mh): overall Mantel-Haenzel adjusted relative risk.
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