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3.2.1
Introduction

Human papillomavirus (HPV) is the most common sexually transmitted infection.  Over 90 different types of HPV have been identified and fully sequenced, while over 120 putative types exist that have been partially characterized [zurHausen, 1999 #4756; zur Hausen, 2000 #4768].  All HPV types are epitheliotropic, completing the growth cycle only in differentiating keratinocytes of the skin and the anogenital and oropharyngeal mucosa. Since the specific host cell receptor(s) for HPV have not been determined, it is not known if the strict tropism is determined at the receptor level or is determined by host factors required for replication [Evander, 1997 #862].  Approximately 35 HPV types are known to infect the human genitalia, causing a range of clinical states including asymptomatic infection, genital warts, cytologic abnormalities of the cervix, and invasive cervical cancer [zurHausen, 1999 #4756].  

HPV types are assigned numerical designations once the DNA sequence has been established and a comparison to previously known types have found less than 90% homology in the L1, E6 and E7 regions of the virus [deVilliers, 1999 #4637].  Isolates with more than 90% homology to known HPV types are classified as subtypes.  The different HPV types can be subdivided into two categories: “high risk” and “low risk”, originally assigned based on whether the HPV type could or could not be found in cervical cancer specimens.  Individuals infected with low risk viruses have a low risk for the development of cervical cancer.  The low risk types such as HPV 6 and HPV 11 are associated with benign, hyperproliferative lesions, commonly referred to as genital warts, or condyloma acuminata [Gissmann, 1983 #1211; Pfister, 1987 #2884; Brown, 1999 #4199].  High risk types such as HPV types 16, 18, and others cause dysplastic lesions of the cervix, including invasive cancer [Herrero, 1999 #4371].  
The causative relationship between HPV and cervical carcinoma has provided the incentive 

to target HPV in the cervical cancer prevention efforts. This chapter will deal both with the use of HPV testing in cervical cancer screening, as well as the prospects for development of a safe and effective prophylactic vaccine and the impact it would be predicted to have on cervical cancer screening programs.

Rate and determinants of acquisition of genital tract HPV infection 

The epidemiologic studies described below were mainly performed using cervical specimens from young women.  These studies indicate that HPV infection is characterized by a very high rate of acquisition.  A two year follow-up of previously uninfected female university students in the United States found a cumulative incidence of HPV infection (any type) of 32.3% [Winer, 2003 #94].  The most important determinant of HPV acquisition is a change of sexual partner, where each change of sexual partner involves a substantial risk for HPV infection.  In Sweden, the risk for seroconversion to HPV 16 increases linearly approximately 4% for each life-time sexual partner up to a plateau of about 32% among women with on average of eight lifetime sexual partners (16).  A longitudinal cohort study of teenage girls found that without sexual experience, none became seropositive for HPV 16 or HPV 33, whereas among girls who had had five or more partners, 54% were positive at some point in time (4, 5).
An interesting determinant of acquisition is how long the partners have known each other before having sex, with risks for HPV acquisition being substantially higher if sex occurs with a partner known for less than eight months [Winer, 2003 #94].  This may be related to the fact that HPV infection usually has a self-limited course (see below).  Having a male partner reporting a high life-time number of sexual partners or other concomitant partners is also a risk factor for cervical cancer [Winer, 2003 #94].  Finally, lack of circumcision appears to promote penile HPV infections that do not clear and become persistent which also would tend to favor HPV transmission [Castellsague, 2002 #95].

Condom use has shown protection against HPV infection in some studies (Karlsson et al), but most studies have failed to detect a significant protection.  Several reasons for the apparent lack of protection have been proposed, including incorrect or inconsistent use, and the fact that the HPV infection may exist in a wider area of genital epithelium than is covered by the condom [Winer, 2003 #94].  

HPV infection in virginal women has in several studies been found to be rare or non-existent (Rylander, Kjaer).  In that study, a very low prevalence of HPV infection was found among virginal women, and was associated with non-penetrative sexual contact [Winer, 2003 #94].  Neonatal HPV infection has been the subject of much discussion.  Several studies have reported that HPV DNA can commonly be detected among children born to HPV-infected mothers.  Since HPV seropositivity is very rare among children in pre-adolescent ages (af Geijerstam, Plummer & Franceschi), it would appear that neonatal HPV DNA contamination does not usually lead to infection.  An extensive study that also included investigation of whether the children seroconverted for HPV (a classical criterion for infection) did document that neonatal HPV infection can occur, although it was quite rare (Strickler).

Rate of clearance and determinants of clearance/persistence.

As above, HPV infection is characterized by a very high rate of spontaneous clearance.  Several cohort studies of young HPV DNA positive women have been quite consistent in their estimates of a 70% clearance rate during a 12-month follow-up (21, 28, 29).  After 18 months, greater than 80% of infections have cleared (29) and a five year follow-up study found a clearance rate of 90% (Elfgren).  Clearance rates are lower in older women.  HPV-positive women of approximately 35 years of age were followed for on average 19 months, and only 55% cleared their initial infection (Dillner 2002). 

Women with persistent type-specific positivity are at increased risk to develop invasive cervical cancer (47, 53, 62).  Women with type-specific HPV persistence having had normal Pap smears have been found to commonly have an undiagnosed high grade CIN (in about 22% of cases) (Elfgren 2002). The determinants of HPV persistence and clearance are therefore also key determinants of cervical cancer risk.  Several studies have found that HPV 16 (the most commonly detected type in cervical cancers) has a higher propensity to persist than other HPV types do (Burk, Schiffman, elfgren).

HPV in relation to other risk factors for cervical cancer 

HPV infection is by far the most significant risk factor for cervical cancer.  Relative risks usually exceed 100 in case control studies and are usually in the range of 10 to 20 in prospective studies (REF). The attributable proportion (fraction of cervical cancers predicted to disappear if the risk factor was eliminated) is in excess of 50% even when only counting HPV 16.  If both HPV 16 and HPV 18 were eliminated, almost 70% of cervical cancers would be prevented.  If the four of the most common oncogenic HPV types (HPV types 16, 18, 31 and 45) were eliminated, a protective effect of about 80% is predicted.  
A systematic monitoring of which HPV types that actually cause cervical cancer in various parts of the world is important for design of HPV vaccines and for predicting the effect of vaccination in different populations.  The systematic world-wide review by Clifford et al., gives a good overview of the type distribution in cervical cancers [Clifford, 2003 #96].  However, deviations from the typical distribution of HPV types in cervical cancer have been reported.  For example, HPV types 52 and 58 have been reported to be quite common in studies from Taiwan, China, Japan, Mozambique (Castellsague, Lancet) and Costa Rica (Herrero).  There is an interesting overrepresentation of three HPV types in invasive cancer series as compared to high grade CIN series, namely HPV types 16, 18 and 45, suggesting that these three types are not only able to cause high grade CIN, but that high grade CIN caused by these types may have a greater risk to progress to cervical cancer [Clifford, 2003 #96].

Most of the other known risk factors for cervical cancer are the same as those that determine either HPV acquisition or persistence, with some exceptions, as described below.  Studies of smoking as a determinant of HPV acquisition or persistence have been inconsistent.  However, smoking has consistently been associated with cervical cancer. The issue of whether this could be due to residual confounding by HPV has been repeatedly discussed, as smoking habits correlate with sexual risk taking behavior in several populations.  A dose-response effect is seen and randomized intervention studies of smoking cessation among women with low grade CIN have shown a beneficial effect (Szarewski et al Lancet).  At present, the bulk of the evidence indicate that smoking may indeed be a cervical cancer risk factor.  If so, it probably acts at the CIN progression stage in cervical carcinogenesis.

Oral contraceptives (OCPs) have been studied as a risk factor for cervical cancer.  A large series of studies over a number of years have shown inconsistent associations with cervical cancer.  OCP use is of course intimately associated with sexual habits, which may lead to confounding in some populations.  However, recent systematic reviews of the literature have indicated that an OCP use with duration of more than 5 years is a cervical cancer risk factor (Smith, Lancet).  

Multiparity is consistently detected as a risk factor in populations where a substantial percentage of the women have multiple children (Schiffman).  The mechanism is unclear, with hormonal effects and/or repeated trauma to the cervix being the most commonly proposed explanations.

A series of early cross-sectional case-control studies found a strong association between infection with herpes simplex virus (HSV) and cervical cancer (Aurelian review).  The case for HSV as risk factor became weaker when several prospective cohort studies failed to find an association (Vonka; Lehtinen).  In recent years, history seems to have repeated itself as a large cross-sectional case-control study found an association between HSV and cervical cancer [Smith, 2002 #106], but recent prospective studies have found no association [Lehtinen, 2002 #107].  Prospective studies are less prone to selection biases and, perhaps more importantly in this case, less prone to reverse causality issues.  HSV is a common virus that persists in a latent form in the body and may be reactivated by serious disease such as cancer.  It is therefore plausible that an association seen selectively in studies based on samples taken after cancer diagnosis may be due to the cancer causing a virus reactivation rather than a virus being a risk factor for the cancer. 

Infection with Chlamydia trachomatis has been repeatedly found to be associated with cervical neoplasia and invasive cancer in cross-sectional case control studies.  This association has commonly been thought to be attributable to confounding by HPV [Schachter, 1975 #351; Hakama, 1993 #352].  During recent years, an association with Chlamydia has also been a consistent finding of several biobank-based prospective studies with invasive cervical cancer as endpoint [Anttila, 2001 #5; Wallin, 2002 #334; Koskela, 2000 #22].  In a large population-based cohort study of HPV-positive women, that examined most of the proposed risk factors for HPV persistence, history of Chlamydia infection was the only significant risk factor for HPV persistence (Silins et al, 2002).  In the studies of cervical cancer it is noteworthy that C. trachomatis consistently associated with squamous cell carcinoma of the cervix, but not cervical adenocarcinoma or other anogenital cancers such as vulvar or vaginal cancer, even though these also have HPV and sexual behavior as a risk factor (Smith, Koskela, Anttila).  More work is needed to clarify the true role of Chlamydia infection in cervical cancer.

Immunogenetic factors: an increased risk for cervical cancer?

Lastly, immunogenetic factors have been implicated in cervical carcinogenesis, with class II HLA haplotypes being the most well studied ones.  Although there has been a substantial heterogeneity between studies (Madeleine et al, 2002), DQw3 and DR15/DQ6 are the ones that have shown most consistent associations. DR15/DQ6 increases the risk for cervical cancer in particular among HPV 16-positive subjects, suggesting a specific interaction with HPV 16 epitopes rather than a more general immunoregulartory phenomenon as explanation. The association with DR15/DQ6 has in particular been found in a series of studies from different groups in various Scandinavian countries (Sanjeevi, Ghaderi, Helland, Magnusson).  It is not in entirely clear if the association is more pronounced in Scandinavia or if it has been more readily detected owing to the Scandinavian tradition of minimizing selection biases by performing population-based studies.  Similar tendencies have been reported also in other populations, notably form New Mexico and the U.K. (Apple, Stern).  Both DR15/DQ6 have been associated with HPV 16 infections becoming persistent rather than clearing, CIN, and cervical cancer in longitudinal studies (Magnusson et al).

3.2.2
HPV tests: Principles and laboratory practises. 

Quality control criteria. (More detailed principles to be elaborated in an Appendix). 

Quality Control Criteria

Reproducibility: The early literature on epidemiology of HPV based on HPV DNA testing was inconsistent (15). Careful validation of technologies subsequently showed that some of the early assays commonly gave misclassified results. Even a moderate amount of misclassification in HPV testing can lead to severe underestimations of relative risks. This has been most clearly pointed out by Schiffman and Schatzkin (16) who found that 2 essentially similar studies performed in the same laboratory, one study with moderately reproducible technology, the other with carefully validated PCR technology resulted in completely different conclusions: Estimations of the relative risk for CIN in case of HPV positivity of 2.3 or >10, respectively. 

Although HPV DNA tests have improved greatly in recent years, clinicians and investigators should remember the possibility that positivity may not always reflect a true infection. Blinded reanalysis of a panel containing the same set of samples, on 2 different occasions, is a simple and readily doable method to assess the current standards of the testing.

Sensitivity and specificity: Assessing the sensitivity and specificity of HPV tests is not straightforward, as these measures are dependent on knowledge of results of a “Gold standard test” that should reflect the truth. For clinical practice evaluation purposes, it is also more useful to consider test performances in relation to the desired properties of the test, rather than in relation to some form of laboratory standards.

In this instance the desired property of the test is that testing should reduce the risk of cervical cancer.

There are two sides to this desired property: 1. Negative women should be protected against cervical cancer. The duration of this protective effect determines testing frequency and general cost-efficiency of a screening program. 2. For positive women there should be a treatment and surveillance option that reduces the risk for cervical cancer.

These criteria are more complicated than they may seem at a first glance. Whereas it is abundantly clear from a large amount of studies that HPV-negative women are significantly protected against having high-grade CIN or cancer at the time they are tested, there exists much less data regarding the duration of protection of the HPV-negative women. A 1997 modeling study that assumed the duration of protection to last only 1 year found that HPV screening was not advantageous over presently used programs, but would be both more effective and cost-effective if the protective effect lasted for 10 years (41). Today, there exists a substantial amount of longitudinal evidence that has found that HPV-testing has indeed a long-term predictive value for future occurrence of high grade CIN or cervical cancer (42). 

None of these longitudinal studies has compared different HPV tests to determine which one has the best desirable test characteristics in providing a long-term protective effect against cervical cancer, but it can be concluded that both one of the general primer PCR test systems (GP5+/GP6+) and the Hybrid Capture II HPV test (see below) do confer at least some long-term protection.

Does a treatment/surveillance option that reduces the risk for cervical cancer exist for the women testing positive? While it is proven that following women with conventional cytology and treating any cytological abnormalities that occur does prevent against cervical cancer, it does not immediately follow that follow-up using HPV testing and/or treatment of the infected cervix does indeed prevent cervical cancer. However, there now exists a substantial amount of evidence indicating that women testing HPV negative after treatment are protected against recurrence of cervical neoplasia. So far, the literature on follow-up has mostly used general primer PCR.

Based on these considerations, there are three major HPV DNA tests that could be contemplated for use in screening:

1.  Hybrid Capture II 

is a commercially available HPV test which is based on RNA-DNA hybridization and sensitive detection of the formed DNA/RNA hybrids, but which is not based on target DNA amplification.

This test has the obvious advantage of availability in a standardized kit format that can be used by most laboratories. The test has been used in several longitudinal studies and has been shown to have a sensitivity for detection of high grade CIN and cancer that is considered to be useful (45, 46). A disadvantage is that the test does not provide a possibility to determine the HPV type in the sample. There is only an answer for presence or absence of oncogenic HPV, as the test hybridizes with a mixture of probes for the oncogenic HPV types. Apart from the HPV types that the test is designed to detect, the test has also been found to detect additional HPV types that cross-hybridise with the probe mix (47). 

2. General primer PCR based on the primer pair GP5+/GP6+. 

This test amplifies a 140 bp region in the L1 gene of papillomaviruses and has shown an amazing specificity and sensitivity for prediction of high grade CIN (8). The test has been developed to a simple, rapid enzyme immunoassay-PCR (EIA-PCR) format (17) that is suitable for processing of very large amounts of samples. An international validation study that was performed before the start of a primary HPV screening trial in Sweden found limited interlaboratory variation (Kappa statistics of at worst 0.88, at best 1.0) (43).

Comparison of reproducibility between different HPV tests in the same study found comparatively low agreement, implying that intermethod variability is considerably greater than intramethod interlaboratory variation (43).

HPV typing of positive samples can be accomplished by several methods. The most commonly used method is reverse hybridization, originally reported by Forslund et al, 1994 (44), which hybridizes the labeled PCR products with HPV genomes or probes immobilized on membranes. 

Comparison of reproducibility of different HPV tests for determining the exact HPV type in the sample found unacceptably low agreements (43). At present, it can not be investigated with certainty which HPV types that it is cost-effective to screen for, because meta-analyses of literature using different HPV typing methods can not be performed.

3. General primer MY09/11 system

This PCR test amplifies a 450 bp region in the L1 gene. The test is presently used with an improved primer design (PGMY09/11 primers), that has been found to have better consistency and better sensitivity for a broad range of HPV types than the original MY09/11 primers (42). 

There are several methodological studies that has compared this test to either the Hybrid Capture or the GP5+/GP6+ PCR system. The sensitivity for detection of cervical neoplasia appears to be about the same, but there is a disturbing amount of discrepant results. Qu et al found an overall agreement of 0.79 (kappa statistic) (48) and Elfgren et al reported a kappa statistic of 0.68 when comparing MY09/11 and GP5+/GP6+ (49). Peyton et al found a kappa of 0.58 when comparing MY09/11 and Hybrid Capture (50).

Part of the discrepancies, but only a part, can be explained by differential sensitivities for certain HPV types (e.g. the MY09/11 primers are less sensitive for amplification of HPV 35 and GP5+/GP6+ are less sensitive for amplifying HPV 53 and 61) (48).

There is also a striking difference in the amount of samples that are simultaneously positive for several HPV types by the different systems, with MY09/11 assays reporting much more multiple HPV positivities (48). It is not clear whether the difference is attributable to a reduced ability of the GP5+/GP6+ to amplify multiple infections or whether there are inherent problems with the subsequent HPV typing in the MY09/11 system. 

In summary, although HPV testing in general has advanced enormously in performance, the 3 major available tests that are conceivable for use in primary HPV screening have been evaluated to somewhat different extents as desirable screening tests. It is clear that continuous quality control monitoring is necessary for all studies and clinical uses and that further improvements to reduce discrepancies would be desirable. With regard to the use of general primer PCR-based tests, the fact that they are not yet commercially available is currently a significant drawback.

A cancer-preventive effect of HPV screening is not likely to ensue unless well validated and standardized, highly sensitive and specific reference methods are used.

3.2.3
Use of HPV testing in Primary Screening 

Assessments on the effects of various possible actions to increase the effectiveness of cervical cancer prevention have shown that the most effective action is to ensure a high attendance rate of the population (20, 22). The second most effective action is ensuring that women with cancer or precursor lesions who do attend will not have a false negative diagnosis (20, 22). 

Ninety-five percent or more of cervical cancers and high grade CIN lesions are HPV-positive, and HPV DNA testing is well established to have an increased sensitivity, compared to the Pap smear, for detection of prevalent high grade CIN.

The major questions regarding use of HPV DNA testing is whether the advantage of increased sensitivity results in an overall improvement considering the increased costs and, usually, lower specificity of HPV testing. 

These guidelines are based on identification of the most recent systematic review of the literature. In addition, the information in databases of Europe against Cancer-sponsored trials of HPV testing have been considered.

In the systematic review by Lörincz and Richart, trials of HPV DNA testing were compared.

The basic performance indicators (Sensistivity, specificity, positive and negative predictive value) of HPV DNA testing and Pap smear are shown below (modified from Lörincz and Richart, with permission). In addition, the data from Europe against Cancer trial databases are shown.
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HERE I INTEND TO INSERT DATA FROM MY OWN HPV SCREENING TRIAL IN SWEDEN AND RE-DRAW THESE FIGURES. MARC, GUILLERMO: Could You supply data from your databases in Belgian and Italian trials that could be meaningfully added to these figures?

Figure 1a. Sensitivity of Papanicolaou   , HPV DNA   , and Papanicolaou and HPV DNA   , for CIN 2/3 (London, Reims, Newfoundland, Cape Town [individual tests only; the combined Papanicolaou and HPV DNA tests in this series refer to CIN 3], Shanxi [individual tests only; the combined Papanicolaou and HPV DNA tests in this series refer to CIN 3]) or CIN 3 (Seattle, Guanacaste, Cape Town [both Papanicolaou and HPV DNA tests; the individual tests in this series refer to CIN 2/3], Shanxi [both Papanicolaou and HPV DNA tests; the individual tests in this series refer to CIN 2/3], Hannover, Morelos). Data are for women aged 30 years and older, except for the study from Newfoundland. Combined Papanicolaou and HPV DNA test data were unavailable for the London and Seattle studies.
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Figure 1b. Specificity of Papanicolaou   , HPV DNA   , and Papanicolaou and HPV DNA   , for CIN 2/3 (London, Reims, Newfoundland, Cape Town [individual tests only; the combined Papanicolaou and HPV DNA tests in this series refer to CIN 3], Shanxi [individual tests only; the combined Papanicolaou and HPV DNA tests in this series refer to CIN 3]) or CIN 3 (Seattle, Guanacaste, Cape Town [both Papanicolaou and HPV DNA tests; the individual tests in this series refer to CIN 2/3], Shanxi [both Papanicolaou and HPV DNA tests; the individual tests in this series refer to CIN 2/3], Hannover, Morelos). Data are for women aged 30 years and older, except for the study from Newfoundland. Combined Papanicolaou and HPV DNA test data were unavailable for the London, Seattle, and Reims studies.
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Figure 1c. Positive predictive value of Papanicolaou   , HPV DNA   , and Papanicolaou and HPV DNA   , for CIN 2/3 (London, Reims, Newfoundland, Cape Town [individual tests only; the combined Papanicolaou and HPV DNA tests in this series refer to CIN 3], Shanxi [individual tests only; the combined Papanicolaou and HPV DNA tests in this series refer to CIN 3]) or CIN 3 (Seattle, Guanacaste, Cape Town [both Papanicolaou and HPV DNA tests; the individual tests in this series refer to CIN 2/3], Shanxi [both Papanicolaou and HPV DNA tests; the individual tests in this series refer to CIN 2/3], Hannover, Morelos). Data are for women aged 30 years and older, except for the study from Newfoundland. Combined Papanicolaou and HPV DNA test data were unavailable for the London, Seattle, and Reims studies.
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Figure 1d. Negative predictive value of Papanicolaou   , HPV DNA   , and Papanicolaou and HPV DNA   , for CIN 2/3 (London, Reims, Newfoundland, Cape Town [individual tests only; the combined Papanicolaou and HPV DNA tests in this series refer to CIN 3], Shanxi [individual tests only; the combined Papanicolaou and HPV DNA tests in this series refer to CIN 3]) or CIN 3 (Seattle, Guanacaste, Cape Town [both Papanicolaou and HPV DNA tests; the individual tests in this series refer to CIN 2/3], Shanxi [both Papanicolaou and HPV DNA tests; the individual tests in this series refer to CIN 2/3], Hannover, Morelos). Data are for women aged 30 years and older, except for the study from Newfoundland. Combined Papanicolaou and HPV DNA test data were unavailable for the London and Seattle studies.

AGE GROUPS TO BE TARGETED AND SCREENING INTERVALS FOR HPV SCREENING PROGRAMS.

The greatest cost-benefit of ordinary Pap smear screening programs is when a country goes from no screening at all to one life-time cytological test. This single test at the optimal age, about 35 years of age, is estimated to give 25% of the protective effect of an entire screening program with smears every third year (22). By analogy, the greatest relative benefit of HPV-screening is expected when a country goes from no HPV testing to one life-time HPV test. The time point of this life-time test should be sufficiently late in life such that most HPV exposures have already occurred, but sufficiently early that the risk that invasive cervical cancer has already developed is low.

Several large studies have evaluated the prevalence of HPV infection in various age groups (23, 24). Although the HPV prevalence is high in younger age groups, the prevalence declines markedly with increasing age. This may be attributed to the fact that most infections are cleared spontaneously and changes in sexual behavior by age, resulting in decreasing rates of acquisition. By 35 years of age, the prevalence of infection with oncogenic HPV types is 1-8% (8, 13, 14, 25, 26, 56, 70). The strongly increasing age-specific incidence in the ages shortly before 40 years of age, imply that the optimal time point for start of HPV screening has to be after 30 years of age, but before 40 years of age.

In Sweden, there were several studies that estimated population-based prevalences of oncogenic HPV infection in these age groups using PCR technology. In 2 population-based studies from the Västerbotten county in Northern Sweden, only 1% of cytologically normal women were positive for the 2 major oncogenic HPV types, 1/142 women in a study based on archival smears (13) and 1/155 in a study using fresh samples (14). By contrast, in a population-based study from the same county using exactly the same HPV detection method, but targeting 20-year old women, 21% were HPV-positive (any type)(3). In a population-based study from Stockholm, 5% of older women were positive for an oncogenic HPV type (25). The Europe against Cancer-sponsored trial in Sweden of nationwide population-based HPV screening of 12.500 35-year old Swedish women found a joint prevalence for the 14 most common oncogenic HPV types (types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 or 68) of 6.9%.

Evident conclusions are that: 

i) cost-efficiency of HPV testing will be poor in age groups <30 years of age, because HPV is more common and cervical cancer is rare 

ii) HPV prevalences may vary between different countries and between regions within countries (e.g. between urban and rural regions) resulting in that cost-efficiencies may vary between populations. There is some evidence for differences between populations in the systematic reviews of the literature on predictive values of HPV testing. 

iii) to be helpful in the planning and evaluation of the potential usefulness of HPV screening programs, HPV-epidemiological studies should be population-based, large-scale, use established reference methods for HPV testing and target age groups where HPV screening is conceivable (i.e. 30-60 years of age). 

RECOMMENDATIONS ON AGE GROUPS AND SCREENING INTERVALS FOR HPV TESTING:

-Research is needed to determine the age-specific epidemiology of HPV infections in different populations.

-Cost-efficiency modelling studies need to be repeated in different populations, that may differ in associated costs, rates of HPV infection as well as in background rates of other risk factors for cervical cancer.

POSSIBLE STRATEGIES TO IMPROVE THE SPECIFICITY OF HPV TESTING FOR PRIMARY SCREENING

As discussed, longitudinal studies of HPV infections show that the infections normally clear within 1-2 years (3, 4, 5, 9). E.g., in a population-based study of 611 women in the ages 19-25 years, 20.3% of women were positive for HPV DNA at enrollment. However, among the 276 women that were tested also 2 years later, only 2 women tested positive for the same oncogenic HPV type as 2 years earlier (3). 

The high rate of clearance of HPV DNA on follow-up is a consistent finding also in carefully controlled studies using extremely sensitive detection methods (nested PCR)(3). In early studies and in some settings, the non-repeatability of HPV positivity in longitudinal studies is likely to have reflected problems in sampling (e.g. contamination) or analysis (problems of interpretation of results, contamination or tests with low sensitivity). 

However, it is clear that the women who develop CIN or cancer are persistently positive for HPV DNA in repeated tests (8, 27, 28, 42).

Simply repeating the HPV test to identify if the woman is persistently infected or not is therefore one possible method to increase the specificity of primary HPV screening for identifying the women who are truly at risk of developing cervical cancer. Two HPV tests with a 1-year interval will, among 35-year-old women, identify about 50% of initially HPV-positive women as being persistently positive (56). The clearance rate among 35-year-old women is somewhat lower than among adolescents, presumably because of an accumulation of persistent infections with time.

Another possible method to identify the women at highest risk is by testing for high amount of viral DNA, “high viral load” (57, 58, 59). Contamination of samples at the clinic or at the laboratory is a notorious problem in PCR assays. However, most contaminated samples contain very low levels of virus. Restricting analyses to samples found to contain substantial amount of virus therefore increases the probability that a positive result does indeed reflect a true infection and thereby increases the predictive value of the test.

HPV serology is another method that is also known to be able to predict the risk of invasive cervical cancer up to 15 years before diagnosis (60) and is also associated with progression to CIN 3 among HPV DNA positive women (61).  For a comprehensive literature review on HPV antibodies, the reader is referred to (62).

Other risk factors that have been found to increase the risk that HPV-positive women develop CIN or cervical cancer are also conceivable screening targets. The HLA haplotypes DQw3 and DR15/DQ6 increase the risk for both CIN and cervical cancer, as determined by meta-analyses of the literature of this subject (63). Smoking is consistently reported as a risk cervical cancer factor for invasive cervical cancer, but not as a risk factor for HPV persistence. Indeed, some studies even find an inverse association with HPV persistence (6). Presumably smoking works only at the later stages of cervical carcinogenesis. Assessing infections with Chlamydia trachomatis may also be a method to predict increased risk of cervical cancer among HPV DNA positive women (65). Finally, testing for HPV integration appears to increase the predictive value that the HPV positive sample is derived from a sample that contains CIN or cervical cancer (66). 

The possibility to use HPV testing for primary screening and the Pap smear for triaging among HPV-positive women has also been proposed (Lörincz and Richart)

RECOMMENDATIONS ON TRIAGING AMONG HPV POSITIVE WOMEN IN PRIMARY SCREENING

-Repeated HPV testing is established as improving specificity without significant loss of sensitivity (HPV persistence is established as being a necessary risk factor for HPV-associated cancers), but has not yet been widely evaluated in practise or in cost-efficiency models.

-Several methods for triaging among HPV positive methods have been proposed. Further research on their usefulness is warranted. Such research should be guided by cost-efficiency modelling studies to better assess which demands on the performance indicators that are required in order for a triaging test to be useful

FOLLOW-UP AND LONGITUDINAL PERFORMANCE

In screening programs in general, the longitudinal performance indicators are the most relevant ones, as they determine the duration of the protective affect and thus the length of the screening interval and the cost-efficiency of the entire program.

Evidence is available from several studies that have followed HPV DNA positive women for up to 10 years. It is consistently found that the positive predictive value of HPV testing is considerably increased, if the risk to have a high grade CIN during the next 10 years is considered (not merely the risk to have a high grade CIN at the time point of diagnosis). (Schiffman, Portland study). These observations form the basis for proposals to use the HPV test in screening programs with a lengthened screening interval compared to programs based on Pap smear screening only. 

However, the fact that the HPV test has a substantial longitudinal predictive value for future development of high grade CIN also results in problems.

To label a previously healthy woman as a high-risk individual for cancer development, requiring repeated tests at frequent intervals, is a considerable psychological stress. A small size of the group of women requiring follow-up and a duration of intensive follow-up after testing HPV positive that is not unreasonably long is necessary for primary HPV screening to be a realistic option.

If the status of a healthy HPV-positive woman as a high-risk patient for cancer would have been permanent, the negative effect of primary HPV screening and associated costs would be considerably greater than if the HPV positivity would clear.

However, several studies have now investigated whether conventional treatment (conization) of HPV-positive CIN also results in a clearance of the infection. The answer is unambiguously yes (32, 33, 34, 35, 36, 68, 71). Whether the infection is still present after treatment predicts risk of recurrence of their CIN lesions (32). These results indicate that follow-up will not be necessary for life, but only until HPV-positive women become HPV-negative. It is currently unknown whether it is possible to augment clearance of HPV infection (in the absence of cytological abnormalities) by some form of treatment. With the current status of our knowledge the clinician would need to monitor the HPV-positive patients either until cervical lesions develop (These can then be treated by currently established treatment protocols) or until the women become HPV-negative.

RECOMMENDATIONS:

-Further research is necessary to better define the longitudinal performance indicators (sensitivity, specificity and positive and negative predictive values) of HPV DNA testing as well as of combined HPV DNA testing and cytology. 

-Research into new methods of specific treatment of HPVinfection would be important to minimise the time HPV-positive women need to be followed-up with intensified screening.

-Research into optimal follow-up algorithms of HPV-positive women is necessary.

USING COST-EFFICACY MODELLING TO DESIGN HPV SCREENING PROGRAMS.

In a pioneering series of studies by van Ballegooijen et al, mathematical modelling has been used to assess both what program designs are likely to be most cost-efficient as well as to identify critical areas of uncertainty where research is needed at most (van Ballegooijen). Major conclusions that could be drawn from these studies were that the longitudinal performance of the HPV test was critical for achieving cost-efficiency, as the cost and lower specificity of HPV screening needs to be compensated by a longer screening interval in order to be cost-effective.

The Europe against Cancer-sponsored trial in Sweden has included a component with mathematical modelling of cost-efficacy (Bistoletti, Sennfält et al, in preparation). The fact that the Swedish trial was population-based and that population-based registry data is available since over 30 years of organised screening results in the possibility to provide reliable input data to the model. As emphasized above, critical input data may differ between populations and it is not for sure that the data is generalisable outside Sweden. As the study is not yet published, it is summarised here:

Two alternative primary cervical cancer-screening policies were examined. Routine cytological screening was compared with HPV DNA testing as an adjunct to cytology in women over 32 years of age. The aim was to detect or rule out persistent infections with high-risk HPV types and by that improving screening-test performance. This approach could increase sensitivity to detect high-grade cervical lesions (CIN2/3, cancer in situ) and at the same time reduce costs by increasing the screening interval for those women who have negative combined test results. In accordance with recent WHO guidelines a comparison of cytology mass screening from 32 to 60 years of age was also compared to no screening.

Disease: Cervical neoplasms. Human papillomavirus infection.

Type of intervention: Screening.

Subject item terms:

MeSH: “papillomavirus, human”, “cervical neoplasms”, “cost-benefit analysis”, “cytology”, “mass screening”, “costs and cost analysis”, “models, theoretical”, “vaginal smears”, “cervical intraepithelial neoplasia”.

Non-MeSH: cost-effectiveness, HPV, cervical cancer.

Economic study type: cost-effectiveness analysis

Hypothesis/ study question/ objectives: 

The objective of this study was to assess the cost-effectiveness of alternative screening strategies for cervical cancer in a population based screening setting. The screenings policies were compared in a theoretical Markov model, and evaluated with a first order Monte Carlo simulation. The screening strategies studied were cervical cytology alone or with HPV DNA PCR test as an adjunct to cytology for detection of infection with oncogenic HPV types in women 32 years of age and over. The rational for HPV DNA testing was to increase screeningtest performance for detection of high-grade cervical lesions and at the same time rule out persistent highrisk HPV infection. This strategy could be cost saving by increasing screenings intervals to 9 years and stop screening at the age of 50 if all tests were negative. In addition a comparison to do no screening was also considered to be relevant. The perspective adopted in the study was that of society.

Economic study type: 

Cost-effectiveness analysis.

Study population: 

The study population comprised a hypothetical cohort of 100 000 unselected women aged 32 who were invited for routine cytology screening and were following the recommended screening policy. The model used calculated the probability of events and costs in their subsequent lifetime. 

Setting: 

The setting was community, in Sweden. 

Dates to which the data relates: 

The effectiveness, resource use and cost data were derived from the period between 1967 and 2003. 

Source of effectiveness data: 

Data on effectiveness were derived from databases created by the National board of health and welfare in Sweden, from existing local databases, from published and one unpublished study, from expert opinions and supported by the author’s assumptions. 

Modelling: 

A Markov model was created to synthesis data on the expected costs and outcome of different screening options. The model was fed with data from multiple sources, evaluated with a first order Monte Carlo simulation and was run from 32 years of age in three years cycles. Life expectancy, number of invasive cervical cancers, number of high-grade cervical lesions and lifetime costs were estimated. One women at a time transitioned through the model until the last of 100 000 women resided in the dead state. Women could remain in the same health state, or move between states, as a result of being screened, as a result of testing, detected high-grade cervical lesions, having treatment for high-grade cervical lesions, or dying from cervical cancer or other causes.

Interventions: 

Attendees in primary cervical cancer screening were randomised to routine cytology with or without addition of one or two HPV DNA PCR tests for detection of persistent infection with high-risk (oncogenic) HPV types. 

Review and synthesis of published studies:

Outcomes assessed in the report: 

Inputs for the model were attendance rate, testperformance of cytology and HPV DNA PCR tests, probability of high-grade cervical lesions and invasive cervical cancer, three-years mortality rates for cervical cancer and other causes. 

Methods used to derive estimates of effectiveness: some assumptions were used in the model, some based on published and one unpublished studies, while others were made due to lack of published data.

Estimates of effectiveness based on opinion and key assumptions: 

The most important assumptions in the report were: attendance rate for every three years cycle was 75% for every screenings-cycle and not depending on previous attendance. Non- attendees for HPV testing at age 32 continue in the cytology cycles. Prevalence data were 2.4% for positive cytology test results (6% if previous positive cytology), and 2.4% for persistent high risk HPV infection. Positive predictive value of cytology for high-grade cervical lesion was 20% (25% in a sensitivity analysis) and 20% (18% in a sensitivity analysis) for combined cytology and HPV testing. Transition probability with positive cytology for progression to invasive cervical cancer was 17 per 10 000, with negative cytology 1 per 10 000, for non-attendees 6 per 10 000 and with combine negative screening tests 0.8 per 10 000 women. Probability of three-years survival with invasive cervical cancer, combined for all stages was 80% for the screening population and 65% for non-attendees and with no screening. Cure rate for treatment of high-grade lesions was 90%. The proportion of organised and opportunistic screening was 50% each, CIN1 was regarded as “normal”, not treated, and followed-up after three years with cytology. Hysterectomy rate was not taken into consideration, because hysterectomy rate is low and assumed not to influence population at risk. Cervical cytological screening after hysterectomy is not an integrated part of the routine mass- screening program in Sweden and discouraged. We assumed perfect compliance with the follow-up after positive test-results and treatment.

Economic analysis:

Outputs from the model were life expectancy (per 10 000 women aged 32), lifetime costs, number of invasive cervical cancers detected, number of high grade cervical lesions detected, costs per prevented case of invasive cervical cancer, costs per detected case of high grade cervical lesion. No discount rate for benefits is reported. Cost estimates were based on gross costing and micro-costing data provided by health care providers (county councils) for screening tests, follow-up visits, treatment of high-grade cervical lesions and invasive cancer. Only direct costs were included in the analysis.

Currency: 

Swedish Crowns (Skr), year 2003.

Sensitivity analysis:

One- and two-way sensitivity analysis were performed on some parameters of the model with ranges reported in the literature or based on assumptions, in particular for the level of coverage of the screening programme, screening-test performance, costs, probabilities for progression and screening frequencies.

Estimated benefits used in the economic analysis:

Life expectancy was: 50.4 years without screening, 51.53 years with cytology screening, 51.30 with combine cytology and HPV screening and 51.42 with three combined HPV screening at age 32, 41 and 50. The numbers of detected invasive cervical cancer were: 26 both with cytology and combined HPV screening, 17 with three screening cycles with combine HPV screening at age 32, 41 and 50. The number of high grade cervical lesions detected was: 287 with cytology and 333 with combined HPV screening, 251 with three combined HPV screening cycles at age 32, 41 and 50. 

Cost result:

Costs for treatment of invasive cervical cancer were: 4052 per women during her remaining lifetime without screening, 2019 SKr with cytology screening, and 2378 Skr with combined cytology and HPV screening, 2012 Skr with three cycles of combined HPV screening at age 32, 41 and 50. 

Synthesis of costs and benefits:

Compared with routine cytology screening, HPV DNA testing with a PCR method as an adjunct to cytology increased significantly costs and the number of CIN2/3 detected without significant changes in life expectancy or number of detected cervical cancers. There is one exception. If combined cytology and HPV testing was performed three times at age 32, 41 and ended at age 50, costs were the same as for cytology screening, however life expectancy was increased and the number of expected cases of invasive cervical cancer was reduced from 26 to 17. Reducing the costs of HPV testing in a sensitivity analysis with 33% did not change these cost-effectiveness results. Increasing attendance rates to 80% increased costs significantly without significant changes of effectiveness. Compared with no screening, a mass-screening program from age 32 did actually save more health care resources than it utilized with a considerable reduction in the number of detected invasive cervical cancers. 

Conclusions, implications and recommendations:

HPV DNA testing with two PCR tests at only age 32 as an adjunct to cervical cytology was more costly and not significantly more effective than routine cervical cytology. However, HPV DNA testing is cost-effective as an adjunct to cervical cytology if performed with three life-time smears at age 32, 41 and 50. A cervical screening program with cytology from age 32 to 60 with a three-year screening interval actually saves more health care resources than it utilizes compared with no screening. 

The result is in line with modelling studies performed in the Netherlands and the United Kingdom. Regarding the cost savings by the screening program, the results are in line with data from another Nordic country (Finland) that also has organised screening and has comparable levels of medical costs (Hrsitova and Hakama).

RECOMMENDATION:

Design of HPV screening trials, screening policies and/or policy evaluation studies should be based on cost-efficiency modelling studies, specific to each population to be targeted for screening. 

PRIMARY HPV SCREENING IN GENERAL: What types of studies are necessary and what should their endpoint be?

1. Setting: Experiences of disorganized cytological screening clearly imply that organized screening systems are superior for reduction of cervical cancer incidence. If the future goal is to find new technologies that could be used in organized, population-based call and recall screening systems, this aspect should be considered already at the evaluation stage as it will be valid to estimate how various policies would work (if implemented) only if the trials are performed nested within such programs.

2. Desirable Study Design: Although the epidemiological evidence shows that the cervical cancer protective effect of cervical screening is very strong (20), the fact that cervical screening was not evaluated by randomized trials before implementation has delayed the rational implementation of cervical screening program and resulted in long-standing debates of what the efficacy of the screening really is (21).

An obvious lesson from history is to not repeat the mistake of introducing a new primary screening program without first performing randomized trials to determine its effect at the population level. 

However, the demand for randomized studies has been increasingly challenged during recent years. Randomized studies are very costly, resulting in that overwhelmingly large amounts of research funds are consumed particularly if late endpoints such as mortality are desired. They are also slow, providing results only after many years. The health benefits are delayed and the trial results may have become outdated when they finally are obtained, as the testing technologies are improved all the time. In the HPV field, the improvement of HPV tests over time is a telling tale. There are also new potential cervical cancer screening markers being developed based on entirely different principles, e.g. the detection of the cell cycle regulatory protein p16INK (51).

The most compelling argument against randomized trials is that their effects may not be generalizable, as the high quality setting of trials run by dedicated scientists is different from the setting that will be used in a public health care policy (52).

The mathematical modeling study has therefore been proposed as an alternative that will provide answers in a timely fashion (53). While there is no arguing that the modeling studies in the HPV screening field have provided valuable information on the potential benefits of HPV screening, it is disturbing to note how different modeling studies produce substantially different results (42, 54, 55). Part of the discrepancies, but only part, is due to the use of different estimates of the input variables, most notably regarding cost, progression and regression rates, sensitivity and specificity of tests. Input variables are usually estimated from the scientific literature, which varies enormously in quality and the setting of studies. 

Another alternative type of evaluation is the randomized health care policy, which means that the new policy is not introduced in general but only for some regions or some birth cohorts. In this strategy, research funds are not required and results do apply to a real health care policy, not merely to the research setting. This approach has been successfully applied in the Finnish mammography program (52).

RECOMMENDATION: A judicious use of a combination of randomised trials, modelling studies and randomised health care policies is suggested. Modeling should be used to investigate optimal settings and study designs for reduction into practice in randomized trials with intermediate endpoints (such as protection against high grade cervical intraepithelial neoplasia). Effects on intermediate endpoints can then be used in further modeling studies to estimate effects on late endpoints such as mortality and/or to design randomized health care policies. 

3.2.4
Use of HPV testing in HPV triaging of equivocal smears 

The most recent systematic review identified for this application of HPV testing is the Europe against Cancer-sponsored meta-analysis by Arbyn et al (submitted), which therefore forms the basis of these guidelines.

The management of women with minor cytological lesions remains until today controversial 

{Cox 1998 10784 /id} QUOTE "{Cox 1998 10784 /id}" .  Follow-up recommendations in case of atypical squamous cells of undetermined significance (ASCUS) and low-grade squamous intra-epithelial lesions (LSIL) vary from conservative repeat cytology 

Arbyn, Albertyn, et al. 1996 18386 /id}

Flannelly, Anderson, et al. 1994 2100 /id;

 QUOTE "{Arbyn, Albertyn, et al. 1996 18306 /id}" 

;Coleman, Day, et al. 1993 6627 /id;

 QUOTE "{Flannelly, Anderson, et al. 1994 2100 /id}" 

{Robertson, Woodend, et al. 1988 4962 /id

 QUOTE "{Coleman, Day, et al. 1993 6627 /id}"  QUOTE "{Robertson, Woodend, et al. 1988 4962 /id}"  to immediate referral for colposcopy and biopsy 

Soutter 1994 11805 /id}

Richart & Wright 1993 6653 /id;

 QUOTE "{Soutter 1994 11805 /id}" 

Richart 1987 4100 /id;

 QUOTE "{Richart & Wright 1993 6653 /id}" 

{Noumoff 1987 4362 /id;

 QUOTE "{Richart 1987 4100 /id}"  QUOTE "{Noumoff 1987 4362 /id}" .  Referral to the colposcopy clinic and the subsequent histological examination yield substantial costs for the health care system 

{Ferenczy 1995 8071 /id} QUOTE "{Ferenczy 1995 8071 /id}"  and often creates feelings of anxiety and discomfort for the women concerned. 

{Wilkinson, Jones, et al. 1990 6230 /id} QUOTE "{Wilkinson, Jones, et al. 1990 6230 /id}" 
The natural history of minor cytological lesions is difficult to predict on cyto-morphological grounds.  Generally, they regress and do not require treatment 

{Ostor 1993 12890 /id} QUOTE "{Ostor 1993 12890 /id}" .  Referring all of them for further gynaecological exploration increases the likelihood of over-diagnosis and over-treatment 

{Murdoch, Grimshaw, et al. 1992 18355 /id QUOTE "{Murdoch, Grimshaw, et al. 1992 18355 /id}" 

;Ferenczy 1995 8071 /id} QUOTE "{Ferenczy 1995 8071 /id}" .  Lack of availability of colposcopic services at affordable prices often makes such a policy unrealistic.  Although most women with a smear result indicating ASCUS do not have significant disease, a not ignorable proportion of them harbour moderate or severe dysplasia 

{Cox, Lorincz, et al. 1995 7153 /id QUOTE "{Cox, Lorincz, et al. 1995 7153 /id}" 

;Kinney, Manos, et al. 1998 11639 /id}

;Wright, Sun, et al. 1995 10884 /id

 QUOTE "{Kinney, Manos, et al. 1998 11639 /id}"  QUOTE "{Wright, Sun, et al. 1995 10884 /id}" .  For a population of women participating in screening in the US, it was estimated that one third of CIN2+ lesions were preceded by ASCUS 

{Kinney, Manos, et al. 1998 11639 /id} QUOTE "{Kinney, Manos, et al. 1998 11639 /id}" .  For these reasons, and moreover, out of fear of liability, referral of women with minor cytological lesions for immediate colposcopy, has become a common approach in many settings in the United States 

{Cox 1998 10784 /id} QUOTE "{Cox 1998 10784 /id}" . 

Given the overwhelming accumulated evidence concerning the etiological role of oncogenic human papillomavirus types in the development cervical cancer and CIN 

;Bosch, Lorincz, et al. 2002 12154 /id}

;Walboomers, Jacobs, et al. 1999 10200 /id

 QUOTE "{Bosch, Lorincz, et al. 2002 12154 /id}" 

;Munoz 1997 11331 /id

 QUOTE "{Walboomers, Jacobs, et al. 1999 10200 /id}" 

;Bosch, Manos, et al. 1995 9867 /id

 QUOTE "{Munoz 1997 11331 /id}" 

{zur Hausen 1994 6559 /id

 QUOTE "{Bosch, Manos, et al. 1995 9867 /id}"  QUOTE "{zur Hausen 1994 6559 /id}" , HPV testing has been proposed as a triage method to select women at risk justifying referral for colposcopic exploration 

;Wright, Sun, et al. 1995 10884 /id}

{Cox, Lorincz, et al. 1995 7153 /id

 QUOTE "{Wright, Sun, et al. 1995 10884 /id}"  QUOTE "{Cox, Lorincz, et al. 1995 7153 /id}" .  Conflicting results concerning the utility of HPV triage are reported in the medical literature 

;Cuzick, Sasieni, et al. 1999 10742 /id}

;Kaufman & Adam 1999 11876 /id

 QUOTE "{Cuzick, Sasieni, et al. 1999 10742 /id}" 

{Kaufman & Adam 1998 11787 /id

 QUOTE "{Kaufman & Adam 1999 11876 /id}"  QUOTE "{Kaufman & Adam 1998 11787 /id}" .  It is therefore obviously useful to extract available data concerning diagnostic accuracy parameters, to study the variation in a systematic way, and to obtain overall synthetic measures using meta-analytical tools.  

In the meta-analysis, Arbyn et al extracted 17 published papers reporting results of 15 studies 

;Slawson, Bennett, et al. 1994 6592 /id

{Goff, Muntz, et al. 1993 12017 /id

 QUOTE "{Slawson, Bennett, et al. 1994 6592 /id}"  QUOTE "{Goff, Muntz, et al. 1993 12017 /id}" 

;Ferris, Wright, et al. 1998 10787 /id


 QUOTE "{Ferris, Wright, et al. 1998 10787 /id}" 

;Ferris, Wright, et al. 1998 10786 /id

 QUOTE "{Manos, Kinney, et al. 1999 10601 /id}" 

;Fait, Daniel, et al. 1998 10759 /id

 QUOTE "{Ferris, Wright, et al. 1998 10786 /id}" 

;Wright, Sun, et al. 1995 10884 /id

 QUOTE "{Fait, Daniel, et al. 1998 10759 /id}" 

Cox, Lorincz, et al. 1995 7153 /id

 QUOTE "{Wright, Sun, et al. 1995 10884 /id}" 

;

 QUOTE "{Cox, Lorincz, et al. 1995 7153 /id}"  QUOTE "{Cox 1995 7441 /id}" ;Manos, Kinney, et al. 1999 10601 /id

 QUOTE "{Bergeron, Jeannel, et al. 2000 11251 /id}" 

;Zielinski, Snijders, et al. 2001 11862 /id}

;Sherman, Schiffman, et al. 2002 11902 /id

 QUOTE "{Zielinski, Snijders, et al. 2001 11862 /id}" 

;Solomon, Schiffman, et al. 2001 11348 /id

 QUOTE "{Sherman, Schiffman, et al. 2002 11902 /id}" 

;Rebello, Hallam, et al. 2001 11533 /id

 QUOTE "{Solomon, Schiffman, et al. 2001 11348 /id}" 

;Morin, Bariati, et al. 2001 11899 /id

 QUOTE "{Rebello, Hallam, et al. 2001 11533 /id}" 

;Shlay, Dunn, et al. 2000 11783 /id

 QUOTE "{Morin, Bariati, et al. 2001 11899 /id}" 

;Lin, Tseng, et al. 2000 11762 /id

 QUOTE "{Shlay, Dunn, et al. 2000 11783 /id}" 

;Fait, Kupferminc, et al. 2000 11761 /id

 QUOTE "{Lin, Tseng, et al. 2000 11762 /id}"  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00*{Bergeron, Jeannel, et al. 2000 11251 /id}\00*\00\10w:\5Crefman\5Ccervix\03\00\0511251(Bergeron, Jeannel, et al. 2000 11251 /id\00(\00 

;Bergeron, Jeannel, et al. 2000 11251 /id

 QUOTE "{Fait, Kupferminc, et al. 2000 11761 /id}" .  Respectively 9 and 7 studies among the 15 contained data allowing computation of accuracy of repeat cytology at the threshold ≥ ASCUS and ≥ LSIL  

Study size

In total, 5 454 women were submitted to ASCUS triage with HPV DNA testing. Study size was small (<200 cases) in 9 studies, intermediate (≥ 200 and <500 cases) in 4 studies, and large (>500) in 2 studies.  The ALTS (ASCUS-LSIL Triage Study) included more than 2 300 cases 

;Sherman, Schiffman, et al. 2002 11902 /id}

{Solomon, Schiffman, et al. 2001 11348 /id

 QUOTE "{Sherman, Schiffman, et al. 2002 11902 /id}"  QUOTE "{Solomon, Schiffman, et al. 2001 11348 /id}" .   

Clinical setting and population characteristics

Cases were recruited in colposcopy clinics or gynecological services where women were referred for ASCUS.   In 3 studies referred women had repeated atypia 

;Rebello, Hallam, et al. 2001 11533 /id}

;Fait, Kupferminc, et al. 2000 11761 /id

 QUOTE "{Rebello, Hallam, et al. 2001 11533 /id}" 

{Fait, Daniel, et al. 1998 10759 /id

 QUOTE "{Fait, Kupferminc, et al. 2000 11761 /id}"  QUOTE "{Fait, Daniel, et al. 1998 10759 /id}" . In 6 studies, women with history of intraepthelial neoplasia, cervical surgery or biopsy were excluded 

;Ferris, Wright, et al. 1998 10787 /id



;Ferris, Wright, et al. 1998 10786 /id

 QUOTE "{Manos, Kinney, et al. 1999 10601 /id}" 

{Cox, Lorincz, et al. 1995 7153 /id

 QUOTE "{Ferris, Wright, et al. 1998 10786 /id}"  QUOTE "{Cox, Lorincz, et al. 1995 7153 /id}" ;Manos, Kinney, et al. 1999 10601 /id

 QUOTE "{Lin, Tseng, et al. 2000 11762 /id}" 

;Zielinski, Snijders, et al. 2001 11862 /id}

;Solomon, Schiffman, et al. 2001 11348 /id

 QUOTE "{Zielinski, Snijders, et al. 2001 11862 /id}"  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00#{Lin, Tseng, et al. 2000 11762 /id}\00#\00\10w:\5Crefman\5Ccervix\03\00\0511762!Lin, Tseng, et al. 2000 11762 /id\00!\00 

;Lin, Tseng, et al. 2000 11762 /id

 QUOTE "{Solomon, Schiffman, et al. 2001 11348 /id}" .  Wright presented separate results for women with and without previous CIN. 

Blinding and quality review of histologic outcome

In 6 situations it was explicitly stated that the histological interpretation was blinded to the triage test results 

;Shlay, Dunn, et al. 2000 11783 /id}

;Lin, Tseng, et al. 2000 11762 /id

 QUOTE "{Shlay, Dunn, et al. 2000 11783 /id}" 

;Manos, Kinney, et al. 1999 10601 /id

 QUOTE "{Lin, Tseng, et al. 2000 11762 /id}" 

;Ferris, Wright, et al. 1998 10786 /id

 QUOTE "{Manos, Kinney, et al. 1999 10601 /id}" 

Cox, Lorincz, et al. 1995 7153 /id

 QUOTE "{Ferris, Wright, et al. 1998 10786 /id}" 

;

 QUOTE "{Cox, Lorincz, et al. 1995 7153 /id}" 

{Slawson, Bennett, et al. 1994 6592 /id

 QUOTE "{Cox 1995 7441 /id}"  QUOTE "{Slawson, Bennett, et al. 1994 6592 /id}" .  In three studies verification of the outcome was subjected to quality review by expert histologists {Cox, Lorincz, et al. 1995 7153 /id

;Solomon, Schiffman, et al. 2001 11348 /id}

;Manos, Kinney, et al. 1999 10601 /id

 QUOTE "{Solomon, Schiffman, et al. 2001 11348 /id}"  QUOTE "{Manos, Kinney, et al. 1999 10601 /id}" .

Triage tests

Most often the conventional Pap smear was used as cytological triage method.  In two studies the ThinPREP (Cytyc Corp., Boxborough, Massachusetts, USA) liquid based technique was applied 

;Solomon, Schiffman, et al. 2001 11348 /id}

{Manos, Kinney, et al. 1999 10601 /id

 QUOTE "{Solomon, Schiffman, et al. 2001 11348 /id}"  QUOTE "{Manos, Kinney, et al. 1999 10601 /id}" .  

ViraPap and ViraType are two older commercial dot blot test kits, manufactured by Digene Diagnostics Inc (Silverspring, Maryland, US) that use radioactive HPV RNA probes.  The ViraPap contains a cocktail of 7 probes targeting HPV types 6, 11, 16, 18, 31, 33 and 35.  ViraType contains 2 distinct high risk-HPV cocktails detecting the high-risk types 16-18-31-33-35. Viratype and ViraPap were evaluated by respectively Goff 

{Goff, Muntz, et al. 1993 12017 /id} QUOTE "{Goff, Muntz, et al. 1993 12017 /id}"  and Slawson 

{Slawson, Bennett, et al. 1994 6592 /id} QUOTE "{Slawson, Bennett, et al. 1994 6592 /id}" .  Hybrid Capture techniques (Digene Corp., Gaithersburg, Maryland, USA) were the most frequently applied HPV DNA triage methods.  The first generation Hybrid Capture 1 (HC1) or Hybrid Capture Tube (HCT), targeting 9 high-risk HPV types (HPV 16-18-31-33-35-45-51-52-56) was evaluated in 5 studies {Cox, Lorincz, et al. 1995 7153 /id;

;Fait, Daniel, et al. 1998 10759 /id

Wright, Sun, et al. 1995 10884 /id

 QUOTE "{Fait, Daniel, et al. 1998 10759 /id}"  QUOTE "{Wright, Sun, et al. 1995 10884 /id}" 

;Fait, Kupferminc, et al. 2000 11761 /id} QUOTE "{Fait, Kupferminc, et al. 2000 11761 /id}" .  The Hybrid Capture 2 assay, that contains a cocktail of probes targeting 13 high-risk types (HPV 39-58-59-62 added to the 9 types included in the HC1) 

{Lörincz 1997 18356 /id} QUOTE "{Lörincz 1997 18356 /id}"  was used in 8 more recent references 

;Solomon, Schiffman, et al. 2001 11348 /id}

;Rebello, Hallam, et al. 2001 11533 /id

 QUOTE "{Solomon, Schiffman, et al. 2001 11348 /id}" 

;Morin, Bariati, et al. 2001 11899 /id

 QUOTE "{Rebello, Hallam, et al. 2001 11533 /id}" 

;Shlay, Dunn, et al. 2000 11783 /id

 QUOTE "{Morin, Bariati, et al. 2001 11899 /id}" 

;Lin, Tseng, et al. 2000 11762 /id

 QUOTE "{Shlay, Dunn, et al. 2000 11783 /id}" 

{Manos, Kinney, et al. 1999 10601 /id

 QUOTE "{Lin, Tseng, et al. 2000 11762 /id}"  QUOTE "{Manos, Kinney, et al. 1999 10601 /id}" .  In Manos' study a prototype of HC2 was used that did not contain probes for HPV types 59 and 62 

{Manos, Kinney, et al. 1999 10601 /id} QUOTE "{Manos, Kinney, et al. 1999 10601 /id}" . Positive hybridisation yields a chemo-luminescent signal that is compared with positive controls containing a given amount of HPV16 DNA: 10pg/mL in HC1 or HCT and 1pg/mL in HC2.  

Triage by repeat cytology at cut-off ASCUS

The sensitivity for repeat cytology, defined at the threshold of ≥ ASCUS , varied between 60.0% 

{Goff, Muntz, et al. 1993 12017 /id} QUOTE "{Goff, Muntz, et al. 1993 12017 /id}"  and 85.0% 

{Solomon, Schiffman, et al. 2001 11348 /id} QUOTE "{Solomon, Schiffman, et al. 2001 11348 /id}" .  The specificity fluctuated between 44.7% 

;Ferris, Wright, et al. 1998 10787 /id}

{Ferris, Wright, et al. 1998 10786 /id

 QUOTE "{Ferris, Wright, et al. 1998 10787 /id}"  QUOTE "{Ferris, Wright, et al. 1998 10786 /id}"  and 71.7% 

{Bergeron, Jeannel, et al. 2000 11251 /id} QUOTE "{Bergeron, Jeannel, et al. 2000 11251 /id}" .  The positive predictive value was lowest (only 3.8%) in the study of Goff and was highest (22.2%) in the studies of Slawson 

{Slawson, Bennett, et al. 1994 6592 /id} QUOTE "{Slawson, Bennett, et al. 1994 6592 /id}"  and Bergeron 

{Bergeron, Jeannel, et al. 2000 11251 /id} QUOTE "{Bergeron, Jeannel, et al. 2000 11251 /id}" .  The negative predictive values varied between 93.4% 

{Slawson, Bennett, et al. 1994 6592 /id} QUOTE "{Slawson, Bennett, et al. 1994 6592 /id}"  and 97.8% 

{Goff, Muntz, et al. 1993 12017 /id} QUOTE "{Goff, Muntz, et al. 1993 12017 /id}" .  The test positivity rate ranged from 32.4% 

{Bergeron, Jeannel, et al. 2000 11251 /id} QUOTE "{Bergeron, Jeannel, et al. 2000 11251 /id}"  to 56.8% in the ALTS study 

{Solomon, Schiffman, et al. 2001 11348 /id QUOTE "{Solomon, Schiffman, et al. 2001 11348 /id}" ;

Sherman, Schiffman, et al. 2002 11902 /id} QUOTE "{Sherman, Schiffman, et al. 2002 11902 /id}" .  

Triage by repeat cytology at cut-off LSIL

Sensitivity for repeat cytology, defined at the cut-off of ≥ LSIL was considerably lower than at the cut-off ≥ ASCUS: between 20% 

{Ferris, Wright, et al. 1998 10786 /id} QUOTE "{Ferris, Wright, et al. 1998 10786 /id}"  and 59.2% 

{Solomon, Schiffman, et al. 2001 11348 /id} QUOTE "{Solomon, Schiffman, et al. 2001 11348 /id}" .  The specificity, on the other hand, was substantially higher: between 77.9% 

{Solomon, Schiffman, et al. 2001 11348 /id} QUOTE "{Solomon, Schiffman, et al. 2001 11348 /id}"  and 96.4% 

{Goff, Muntz, et al. 1993 12017 /id} QUOTE "{Goff, Muntz, et al. 1993 12017 /id}" .    Due to the higher specificity in triaging at cutoff LSIL, PPV increased as well and varied from 8.0% 

{Ferris, Wright, et al. 1998 10786 /id} QUOTE "{Ferris, Wright, et al. 1998 10786 /id}"  to 32.5% 

{Manos, Kinney, et al. 1999 10601 /id} QUOTE "{Manos, Kinney, et al. 1999 10601 /id}" .   The NPV remained fairly high between minimally 93.6% 

{Solomon, Schiffman, et al. 2001 11348 /id} QUOTE "{Solomon, Schiffman, et al. 2001 11348 /id}"  and, maximally, 98.2% 

{Goff, Muntz, et al. 1993 12017 /id} QUOTE "{Goff, Muntz, et al. 1993 12017 /id}" .

Triage by HPV testing

The sensitivity varied over a wide range from extremely low in the study of Slawson 

{Slawson, Bennett, et al. 1994 6592 /id} QUOTE "{Slawson, Bennett, et al. 1994 6592 /id}" , using the older ViraPap test to very high in the ALTS study (95.9%) 

{Solomon, Schiffman, et al. 2001 11348 /id} QUOTE "{Solomon, Schiffman, et al. 2001 11348 /id}"  and even 100.0% in Lin's study 

{Lin, Tseng, et al. 2000 11762 /id} QUOTE "{Lin, Tseng, et al. 2000 11762 /id}" , where the Hybrid Capture 2 test was applied (see Fehler! Verweisquelle konnte nicht gefunden werden.).  The extreme values for NPV were found in the same studies: 88.7% 

{Slawson, Bennett, et al. 1994 6592 /id} QUOTE "{Slawson, Bennett, et al. 1994 6592 /id}"  and 99.3% 

{Solomon, Schiffman, et al. 2001 11348 /id} QUOTE "{Solomon, Schiffman, et al. 2001 11348 /id}"  and 100.0% 

{Lin, Tseng, et al. 2000 11762 /id} QUOTE "{Lin, Tseng, et al. 2000 11762 /id}" .   The extreme values for specificity and PPV were observed in a same pair of studies as well: lowest in Wright 

{Wright, Sun, et al. 1995 10884 /id} QUOTE "{Wright, Sun, et al. 1995 10884 /id}"  (specificity of 58.2%; PPV of 7.8%) and highest in Fait (specificity of 97.1%; PPV of 90.6%)

{Fait, Kupferminc, et al. 2000 11761 /id} QUOTE "{Fait, Kupferminc, et al. 2000 11761 /id}" .   The proportion of HPV positive cases varied between 16.4% 

{Goff, Muntz, et al. 1993 12017 /id} QUOTE "{Goff, Muntz, et al. 1993 12017 /id}"  and 56.8% 

{Solomon, Schiffman, et al. 2001 11348 /id} QUOTE "{Solomon, Schiffman, et al. 2001 11348 /id}" .

Forrest plots

The extent of inter-study variation of the sensitivity and specificity is displayed in the forest plots in Fehler! Verweisquelle konnte nicht gefunden werden., for cytology at the 2 considered thresholds and, in Fehler! Verweisquelle konnte nicht gefunden werden., for HPV tests.  From Figure 1 it is clear that increasing the cytological threshold from ASCUS to LSIL shifts the sensitivity values to the left and specificity to the right.

The heterogeneity in the accuracy over all the HPV testing methods is large (Figure 2).  In the lower panel of forest plots in figure 2, we separated out the accuracy of the HC 2 test.  A considerably higher and narrower range of sensitivity-values, is observed while the specificity is only marginally lowered.      

Meta-analysis
The pooled estimates of the accuracy, obtained by meta-analyses and displayed as diamonds at the bottom of the forest plots, are shown in Fehler! Verweisquelle konnte nicht gefunden werden..  The sensitivity and specificity of repeat cytology at threshold ≥ ASCUS was 81.8 % (95% confidence interval (CI): 73.5-84.3%) and 57.6% (CI: 49.5-65.7%).  The pooled sensitivity and specificity at the threshold LSIL were significantly lower and higher than at ≥ ASCUS: 45.7% (CI: 34.0-57.4%) and 89.1% (82.1-96.2%).   

Meta-analysis including all HPV tests yielded a pooled sensitivity of 84.4% (CI: 77.6-91.1%) and a specificity of 72.9% (CI: 62.5-83.3%). Restriction to 8 recent studies where the Hybrid Capture-II assay was used for detection of high-risk HPV types yielded a sensitivity of 94.8% (CI: 92.7-96.9%) and a specificity of 67.3% (CI: 58.2-76.4%). 

The pooled sensitivity of HC2 was significantly higher than that of repeat cytology at the threshold ≥ ASCUS.   The specificity of HC2 was more specific as well but this difference was insignificant.  

The prevalence of CIN2+ in women with a cytological index diagnosis of ASCUS ranged from 3% 

{Goff, Muntz, et al. 1993 12017 /id} QUOTE "{Goff, Muntz, et al. 1993 12017 /id}"  to 36% 

{Lin 2000 11762 /id} QUOTE "{11762}" ; its pooled mean was 10.5% (CI: 7.9-13.1%).  The highest prevalences were found in studies where women with repeated atypia were evaluated 

Rebello, Hallam, et al. 2001 11533 /id}

{Lin 2000 11762 /id;

 QUOTE "{Rebello, Hallam, et al. 2001 11533 /id}"  QUOTE "{11762}" . 

The pooled ratio of the sensitivity of repeat cytology at threshold ASCUS+ over the sensitivity of the HC2 assay, was 1.16 (CI: 1.04-1.29). The specificity ratio was higher than one as well (1.05; CI: 0.96-1.15), but the confidence interval includes unity. 

Influence of study-characteristics

No difference could be noted in cytological triage sub-groups.  The sensitivity varied significantly by viral test technique: it was low for ViraType and ViraPap (38.1%, CI: 7.1-69.1%), significantly higher for the HC1/HCT (78.8%, CI: 67.0-90.5%) and maximal for HC2 (94.8%, CI: 92.7-96.9%). The increasing time trend in sensitivity is attributed to the use of more modern test systems in recent periods. The sensitivity of HPV DNA detection was significantly higher in studies where the histological outcome was submitted to quality review.  

Differences in accuracy by age group were only documented in 2 studies 

;Sherman, Schiffman, et al. 2002 11902 /id}

{Shlay, Dunn, et al. 2000 11783 /id

 QUOTE "{Sherman, Schiffman, et al. 2002 11902 /id}"  QUOTE "{Shlay, Dunn, et al. 2000 11783 /id}" .  A significant increase in specificity for both triage tests and a non-significant loss in sensitivity for the HC2 assay could be observed in older with respect to younger age groups.
CONCLUSION:

Evidence is available indicating an improved accuracy of HPV testing, using the Hybrid Capture-II assay, in comparison with the repeat-Pap smear for the detection of high-grade intraepithelial neoplasia of the uterine cervix among women with equivocal cytological results.  

RECOMMENDATIONS:

Use of well validated HPV testing for detection of high-grade intraepithelial neoplasia of the uterine cervix among women with equivocal cytological results in organised screening can be considered. 

The cost-efficiency of such a policy may vary between populations and would need to be modelled.

Particularly in view of the well documented variability in performance of different HPV tests, a policy using HPV testing for triaging should be implemented in a manner (e.g. randomised health care policy) that allows continuous evaluation of safety and cost-efficiency of the actually implemented routine program.

3.2.5
Use of HPV testing in follow-up post treatment of CIN 

The most current systematic review we could locate was Paraskevaidis et al, Cancer Treatment Reviews, in press and these guidelines are therefore mostly based on this review.

The standard treatment for CIN is different types of cervical surgical procedures.

Excision is effective and preferable because, contrary to cryotherapy and laservaporisation, it gives the option of histopathological examination of the cone biopsy and minimizes the risk to miss more advanced disease. However, evaluation of the excision margin status has been reported not to predict residual or persistent disease 7-9. Recurrent CIN is reported in 0.3-23% of women with free cone margins and in 6.9-84.8% of women without free 
margins 10-13. Follow-up using Pap-smears after treatment is still the most common procedure 8.

Because HPV infection is an essential cause of CIN, HPV DNA may be preferable as a rapidly occurring intermediate endpoint for monitoring of treatment efficacy. Several studies have found that HPV DNA is commonly cleared after effective treatment for CIN and that persistence of HPV DNA predicts recurrence14-22. These studies have used several different treatment modalities which were found to have varying success in clearance of HPV DNA, suggesting that HPV DNA testing is also useful as a rapid intermediate endpoint for evaluation of different treatment modalities.
The meta-analysis of Paraskevaidis et al identified 1 studies on evaluating the use of HPV testing after conservative treatment for CIN (10-20). Eight studies (11,13-20) were prospective, and three studies (10,12) were retrospective. The total number of women included in these studies were 900, of whom 678 (75.3%) were considered as having a successful treatment, whereas 222 (24.7%) were considered treatment failures. 

There was marked heterogeneity in several aspects of the included studies. The grade of intraepithelial lesion differed both within and between studies. In most studies, the initial sample included different grades of cervical intraepithelial neoplasia, while 3 studies (12,15,17) included only women with high-grade/CIN III lesions. Excisional methods of treatment (various conization methods) were used in all studies, while destructive methods (e.g. cryocoagulation and LASER evaporation) were also employed in three studies (14,16,20). Polymerase chain reaction (PCR) methods were employed in 8 studies (10-16,18,20), whereas Hybrid Capture II (HC II) was used in 2 studies (17,19). HPV DNA detection was performed both preoperatively and postoperatively in most studies, while postoperative only HPV DNA detection was applied in two studies (10,14). The duration of follow-up varied from 3-6 weeks postoperatively (17) to 206 months for some individuals (14). 

Different methods were also applied in order to confirm or exclude recurrent or residual disease. In one study (17), hysterectomy and pathologic examination was performed 3-6 weeks after initial treatment. Cytology and/or colposcopy was applied in 5 studies (11,12,16,18,19), biopsy was employed in 2 studies (10,13) and combination of these methods was employed in 2 studies (14,15). 

There were available data for 876 women who underwent conservative surgical treatment for CIN. 

HPV DNA was detected preoperatively in 718 of the 873 women (82.2%). The sensitivity of preoperative HPV test is particularly high in studies that included only high grade lesions (12,15,17), where HPV DNA is detected in 176 out of 181 cases (97.2%).

Among the 672 women in whom the treatment was considered to be successful, 566 (84.2%) had a negative postoperative HPV DNA test, whereas 106 (15.8%) had a positive postoperative HPV DNA test. In contrast, among the 204 cases that were considered as treatment failures, only 35 cases (17.1%) had a negative postoperative HPV DNA test, whereas 169 cases (82.8%) were positive for HPV DNA postoperatively. The sensitivity of HPV DNA testing in detecting treatment failures was quite good in most studies, reaching 100% in four of them (11,14,15,17), whereas a modest performance, in the range of 50%, was demonstrated in two studies (13,20).  The specificity of the test differed across the studies, ranging from 44% (14) to 95% (11). 

Conclusions

There is evidence to suggest that HPV testing post treatment can more quickly and efficiently detect a treatment failure.

RECOMMENDATIONS

With regard to the fact that, in at least some countries, women who have been treated for CIN still have an increased risk for invasive cervical cancer, there is a definite need for improved follow-up regimens.

The use of post-treatment HPV testing could be explored in follow-up regimens after CIN treatment. Evidence can not distinguish which specific follow-up regimen that should be used and further research or policy evaluation is necessary.

3.2.6
Impact of HPV vaccination on design of cervical screening programs

Immune response to HPV infection and immunization

Studies in animal model systems performed over 40 years ago showed that there was a protective effect against papillomavirus infection that is mediated by immune serum reactions against the viral particle [Ito, 1961 #1622].  For HPV, neutralizing antibodies can be generated by immunizing animals with intact, infectious virus particles [Christensen, 1990 #614; Bryan, 1997 #75].  This approach cannot be utilized in humans because of the oncogenes contained in the HPV sequence.  For other pathogens, generation of effectively neutralizing antibodies appears to be essential in the vaccine-induced protection [Robbins, 1995 #97].  Protection against infection from the pathogen relates to the amount of neutralizing antibody present at the site of infection.  This protection persists as long as sufficient levels of neutralizing antibodies are present.   

Natural HPV infection of the genital tract gives rise to a modest but measurable serum antibody response in most individuals (Dillner, review).  There are a series of methodological issues that make it difficult to unambiguously study whether immunity against type-specific reinfection occurs, but significant (but not complete) protection against reinfection has been found to be associated with the presence of HPV antibodies (Burk).  A cell mediated immune response also occurs, as mentioned below.  

A critical discovery in the development of vaccines to prevent HPV infection was that the L1 protein could be expressed in eukaryotic cells and could self assemble into so-called virus-like particles (VLPs) [Zhou, 1991 #3451; Hagensee, 1993 #1152; Hagensee, 1993 #1153; Rose, 1993 #2563; Neeper, 1996 #2170].  HPV L1 VLPs contain the same conformationally dependent neutralizing epitopes as are present on infectious viruses [Christensen, 1996 #550].  The L2 protein can also be expressed with L1 protein in yeast or Sf9 cells, giving rise to “L1 plus L2” VLPs [Kirnbauer, 1993 #1578], but there is as yet no evidence that virus particles, L1 VLPs or L1 plus L2 VLPs would react differently with immune sera, whether from natural infection or from experimental infection in animals.  VLPs can be purified and used to immunize animals and humans by intramuscular injection. Plasmids or recombinant viruses (non-HPV) designed to express L1 and other HPV proteins can also be administered by intramuscular injection.

The immunogenicity of HPV particles involves presentation to the immune system of conformational neutralizing epitopes displayed on viral capsids.  Although the HPV types are defined on the DNA sequence level, there is a very good correlation with serotypes, i.e. individual HPV types have antigenically distinct epitopes and there is limited or no cross-neutralization[Christensen, 1994 #546].  

Vaccination of animals and humans with VLPs gives rise to neutralizing antibodies in serum.  In addition, antibodies to VLPs can be detected in cervical secretions of intramuscularly immunized monkeys.  However, the titer was less than 1% of the serum titer [Lowe, 1997 #3590].    

Young women who received an HPV 11 L1 VLP vaccine by intramuscular vaccination developed serum antibodies that effectively neutralized infectious HPV 11 virus [Brown, 2001 #87].  

Within individual HPV types, such as HPV 16, there are sequence variants, and there has been concern that vaccination with VLPs may not afford protection against infection with various virus variants.  The immune response in human serum after natural infection is type-specific, but can not distinguish between different variants of virus within the same type (JID paper by schiller group ca 1993).  Certain neutralizing monoclonal antibodies are very effective for inhibiting the reactivity of immune sera from humans against VLPs.  The monoclonal antibodies that are able to block the natural antibody response will react with particles from all different variants within a virus type, but not with particles from other virus types.  Also serum from human volunteers vaccinated with VLPs will react with different virus variants.  In a study of volunteers vaccinated with HPV 16 L1 VLPs from variant 114K, effective cross-neutralization (on the same level as homologous neutralization) of variants from each of the five major phylogenetic branches of HPV 16 was found [Pastrana, 2001 #105].  It was concluded that from a vaccine perspective, HPV 16 variants belonged to a single serotype, and that vaccination with L1 VLPs from the HPV 16 114K variant generates antibodies that should confer a similar degree of protection against all known phylogenetic branches of HPV 16.    

HPV is presumably transmitted by contact with desquamated keratinocytes from an infected individual.  This contact may be indirect, as in the case of cutaneous wart viruses, or sexual in the case of cervical infection.  These desquamated keratinocytes contain virus particles that escape the cell and infect the new host.  As there is no viremic phase, it is likely that the neutralizing antibody need to be present not only in serum but also in the immediate environment, such as the cervix or external genital epithelium in order to prevent infection.  How then do these antibodies arrive at the area of infection?  Serum IgG antibodies probably reach the cervical epithelium and secretions by transudation [Bouvet, 1994 #98].  It is commonly believed that exposure of the basal epithelial cell to infectious HPV results from microtrauma, and the same process could damage to small blood vessels, leading to antibody in the cervical environment.  However, the cervical antibodies detected in the vaccinated monkeys described above were in blood-free secretions, suggesting that no microtrauma was needed for antibodies to be present.  

As indicated above, a cell mediated immune (CMI) response clearly occurs in natural HPV infection in addition to an antibody response.  This subject was extensively reviewed recently by Man [Man, 1998 #99].  In addition, Pinto et al., have recently described the CMI response to HPV 16 L1 VLP vaccination [Pinto, 2003 #104].  They showed that vaccination of young women induced L1-specific T cell responses detectable by proliferation of CD4+ and CD8+ T cells and in vitro production of Th1 and Th2 cytokines.

Vaccine studies in animals

There is good evidence from animal studies that prophylactic vaccines can prevent papillomavirus infection, and in some cases, related disease [Jansen, 1995 #1; Lin, 1993 #1794; Suzich, 1995 #2954; Breitburd, 1995 #328; Christensen, 1996 #3942].  The two animal models that have examined papillomavirus-related disease are the cottontail rabbit papillomavirus (CRPV) and the canine oral papillomavirus (COPV) models.  Immunization has been performed either directly with VLPs or with plasmids expressing the L1 or other HPV proteins.   

VLPs produced from the L1 protein of several papillomaviruses have induced protection from infection after live challenge in animal models.  Lin et al., used the CRPV model to show that protection from virus challenge occurred in animals immunized with full-length, nondenatured L1 protein [Lin, 1993 #66].  In another study, CRPV VLPs consisting of the capsid proteins L1 or L1 plus L2 of CRPV were produced in yeast, and used to immunize rabbits [Jansen, 1995 #1].  Three immunizations with VLPs formulated on aluminum adjuvant at 1 to 100 (g per dose efficiently protected rabbits from challenge with CRPV.  Sera of immunized rabbits were shown to contain high-titered serum antibodies to CRPV L1 VLPs and to neutralize CRPV in vitro.  

Several studies have also found that rabbits immunized with recombinant baculovirus-produced VLPs of CRPV are protected against experimental challenge with CRPV [Christensen, 1996 #3942].  [Breitburd, 1995 #328].  Passive transfer of serum or IgG from rabbits immunized with CRPV VLPs also protected against CRPV challenge.  

L1 VLPs of COPV was found to protect beagle dogs against experimental challenge with infectious COPV [Suzich, 1995 #2954].  Again, serum immunoglobulin passively transferred from immunized to naïve beagles conferred protection against infectious COPV.

 “Capsomeres” of L1 protein has been proposed as more economical alternative to VLPs as an HPV vaccine.  The L1 major capsid protein can be expressed and purified from bacteria, then trypsinized to generate recombinant capsomeres that retain HPV genotype-restricted capsid antigenicity [Li, 1997 #1776].  To evaluate whether VLPs are necessary for effective vaccination, the L1 protein was expressed as a fusion protein in E.coli and assayed its immunogenic activity in the COPV model Fusion proteins of glutathione S-transferase (GST) and L1 from COPV will form pentamers, capsomere-like structures that do not assemble to VLPs.  Despite the lack of VLP formation, the GST-COPV L1 protein retained its native conformation as determined by reactivity with conformation-specific anti-COPV antibodies.  Most importantly, the GST-COPV L1 pentamers completely protected dogs from high-dose viral infection of their oral mucosa [Yuan, 2001 #103], suggesting that capsomeres are a viable option for HPV vaccines.

DNA vaccines and other preparations

In the CRPV model, immunization with an L1-encoding plasmid provided immunity against papilloma formation upon challenge with infectious CRPV [Sundaram, 1997 #2952].  Immunization elicited conformationally specific neutralizing antibodies to CRPV L1 protein.  

Donnelly et al., immunized cottontail rabbits with a DNA plasmid expressing the L1 major capsid protein [Donnelly, 1996 #791].  Rabbits responded by producing neutralizing antibodies.  In addition, rabbits were protected from challenge with cottontail rabbit PV.  The authors suggested that immunization with L1-expressing plamids could be used in humans to protect against HPV, and could simplify the production of multivalent vaccines by combining plasmids encoding the L1 proteins of many HPV types.  

Immunizations with live recombinant vesicular stomatitis viruses (rVSV) expressing L1 of CRPV was tested for efficacy of protection following CRPV challenge [Reuter, 2003 #102].  An rVSV expressing L1 of CRPV (VSV-L1) was characterized for the protective ability afforded by intranasal, intradermal, or intramuscular vaccination in rabbits subsequently challenged with CPRV.  Specific humoral immunity to the L1 protein was consistently seen after a single VSV-L1 vaccination when administered through an intradermal or intramuscular route or after a boost via the intranasal route.  Rabbits were completely protected from CRPV-inducted papillomas after vaccination and boost given intranasally or intramuscularly.  

Vaccine trials in humans

Several vaccine trials are underway in humans, although there have been only a few published results to date.  Two large pharmaceutical companies (Merck, and GlaxoSmithKline in collaboration with MedImmune) are currently conducting vaccine trials in the United States and elsewhere.  In addition, the National Cancer Institute (United States) is conducting trials in Costa Rica.  

A blinded, randomized, placebo-controlled dose escalation Phase I study of an HPV 11 L1 VLP vaccine was conducted [Evans, 2001 #83].  The VLPs in the vaccine preparation were formed by self-assembly of HPV L1 capsid protein produced by baculovirus vectors.  VLPs (3 to 100 (g) were administered intramuscularly and were formulated in aluminum hydroxide. The vaccine was well tolerated and induced high levels of neutralizing antibodies in serum.  

Another Phase I vaccine trial was conducted using HPV 16 L1 VLPs [Harro, 2001 #88].  This was a double-blind, placebo-controlled, dose-escalation trial in which volunteers were given intramuscular injections with placebo or with 10 g or 50 g doses of HPV 16 L1 VLP vaccine given without adjuvant or with alum or MF59 as adjuvant at 0, 1, and 4 months.  All vaccine recipients were monitored for clinical signs and symptoms for seven days after each inoculation. The vaccine was well tolerated.  All subjects receiving vaccine seroconverted, and titers were approximately 40-fold higher than what is observed in natural infection.  Neutralizing and ELISA antibody titers were highly correlated confirming that ELISA titers are valid proxies for neutralizing antibodies.  

Recently, an interim analysis of a Phase II trial of an HPV 16 L1 VLP vaccine was reported [Koutsky, 2002 #89].  In this study, 2,392 women (16 to 23 years old) were randomized to receive placebo or three doses of 40 g of HPV 16 L1 VLP vaccine produced in yeast cells in a 0, 2, 6 (month) regimen.  Genital samples for HPV DNA were obtained at enrollment and every six months.  Biopsy tissue was evaluated for cervical intraepithelial neoplasia and analyzed by PCR for HPV 16 DNA.  The mean duration of follow-up was 17 months.  The incidence of persistent HPV 16 infection was 3.8/100 subject-years at risk in the placebo group and 0.0/100 subject-years at risk in the vaccine group (100 percent efficacy, 95 percent confidence interval, 90 percent to 100 percent; p<0.0001).  All nine cases of HPV 16-related cervical intraepithelial neoplasia occurred among placebo recipients.  It was concluded that administration of the HPV 16 vaccine reduced the incidence of HPV 16 infections and HPV 16-related cervical intraepithelial neoplasia.  It should be noted that the follow up of the study subjects continues, and it is likely that additional data on the long-term immunogenicity and protective effects of the vaccine will be forthcoming.    

unresolved questions about HPV vaccine trials

Endpoints

It is a challenge to find appropriate endpoints for trials of HPV vaccines.  Evidence of incident HPV infection with a vaccine type is an endpoint that would seem to be an obvious choice for a vaccine trial.  However, a high percentage of sexually active women, especially those with more than four or five lifetime sexual partners are at least transiently infected with one or more genital HPV types.  Because HPV-induced clinical disease occurs in only a relatively small portion of infected individuals, estimates of efficacy based on protection against infection can not for sure be extrapolated to protection also against clinical disease.  Genital warts, or high grade cervical dysplastic lesions of the cervix, for example, probably occur in no more than 5% of infected individuals within a two to three year period after infection.  In addition, the clinical disease must be shown to be attributable to the specific HPV present in the vaccine before conclusions can be drawn about success or failure of protection.  For example, cervical dysplasia can be caused by numerous HPV types.  Cervical dysplasia in a vaccine recipient may therefore be due to infection with a vaccine HPV type, indicating lack of protection, or due to infection by a non-vaccine type.  This is a complex issue, and mandates the enrollment of large numbers of women in prospective trials of vaccine efficacy.  

Inclusion of different HPV types 

As above, most evidence suggests that the antibody response elicited by VLP immunization is quite specific for the individual HPV type.  This appears to be true even for closely related HPV types.  At least 15 different “high risk” types have been identified as causative agents of cervical cancer.  With these considerations, an important question is “How many different HPV types can be included, given that each type requires a certain amount of antigen to be included in the preparation?”  

Hughes et al., attempted to determine the theoretical impact of a prophylactic HPV vaccine using mathematical models: one model focusing on HPV infection, and one model focusing on cervical cancer [Hughes, 2002 #101].  The authors determined that characteristics of sexual behavior and characteristics of the vaccine affect the steady state prevalence of HPV that would be expected if a vaccine program were begun.  They determined that vaccinating women alone could reduce the prevalence of infection with the specific HPV type in the vaccine by 30% reduction, and that vaccinating both males and females could reduce the prevalence by 44%.  The analysis supported the concern that a “fill-in” effect is possible, that is, if a vaccine gave protection against some but not all oncogenic HPV types, another oncogenic HPV type might increase and may replace the disease caused by the types eliminated by the vaccine.  They concluded that a multivalent vaccine containing the majority of disease-causing HPV types would reduce the need for colposcopy and treatment, but that screening programs would remain necessary unless the vaccines were very effective and were given to a large percentage of the population.  In contrast to less common infections (such as herpesvirus) that are restricted to defined core groups, an HPV vaccine would need to be given to a large percentage of the population since HPV infection is extremely common.  

To reduce cervical cancer by 90%, probably eight to ten types need to be included, assuming little or no cross-protection by vaccination.  However, it cannot be assumed that each HPV type represented in a multivalent product would each be 100% effective.  Also, numerous other types that perhaps do not often cause invasive cancer are causative agents of cervical dysplasia, and therefore cytological screening programs (and possibly HPV typing) will continue to be necessary.

Vaccination against non-oncogenic HPV 

Since the biology and means of prevention by VLP vaccination is presumably the same for the benign HPV types as for the oncogenic ones, it is perfectly feasible to also vaccinate against these viruses.  HPV types 6 and 11 jointly cause more than 90% of genital condyloma acuminata lesions, a common clinical condition of significant impact to sexual health.  Low grade dysplastic lesions of the cervix may be caused by these and other non-oncogenic types as well.  An additional reason for vaccinating against HPV types 6 and 11 is the fact that these infections can cause serious disease in rare circumstances.  HPV 11 is the major cause of recurrent respiratory papillomatosis, a severe disease that may be fatal.  So-called giant condylomas or Buschke-Löwenstein tumors are usually caused by HPV 6.  These tumors are regarded as having a low potential for malignancy, but may also be fatal. 

Several current vaccines undergoing testing include HPV 6, HPV 11, or both of these low risk types.  To date, although several vaccine trials are designed to test protection against low risk types, no efficacy data is available.  

Inclusion of HPV proteins in addition to L1 in vaccines

Addition of other proteins to the L1 VLPs requires increased technologic challenges and costs.  However, the L2 minor capsid protein is worthy of consideration, because antibodies elicited to non-denatured L2 protein appear to have a degree of cross reactivity to heterologous HPV types, and therefore may be able to protect the immunized individual against multiple HPV types [Roden, 2000 #100].  The addition of early genes (E7 in particular) is also being investigated, to determine if a cell-mediated immune response could be elicited along with the antibody response to the L1 VLP component [Greenstone, 1998 #3877; Jochmus, 1999 #4524; Muller, 1997 #2116; Nieland, 1999 #4345; Kaufmann, 2001 #109; Da Silva, 2003 #108].  If so, this would open the way to development of vaccines with a therapeutic component included, for combined used in treatment and prophylaxis.

Duration and consistency of the antibody response to VLPs

The duration of protection against HPV infection has not been evaluated.  Encouraging data presented on the antibody response to HPV L1 VLP vaccines suggest only a slight decline in the high serum antibody titers over a six to eight month evaluation period.  The recombinant vaccines that have been produced to prevent hepatits B infection may provide some insight into the possible duration of protection against infection.  For the hepatitis B vaccines, neutralizing antibodies are induced in high titers that slowly decrease over a several year time span.  Protection from hepatitis B infection appears to be long lasting (at least five to ten years, perhaps much longer).  

As indicated above, it is likely that HPV infection of the cervix is prevented by the presence of neutralizing antibodies at the site of infection.  Do antibody levels to HPV VLPs remain constant and protective in women throughout the menstrual cycle?  A study performed in mice showed that intramuscular administration of HPV 16 VLPs induced an IgG response in genital secretions, while nasal immunization induced neutralizing levels of both IgG and IgA [Nardelli-Haefliger, 1999 #4470].  The IgG response induced by intramuscular administration varied during the estrous cycle of the mice, and dropped to a non-neutralizing level following diestrus.  In contrast, neutralizing IgG and IgA antibody levels were found during the entire estrous cycle when HPV 16 VLPs were administered by the intranasal route.  

A recent study in women indicated that antibody levels to HPV VLPs fluctuate during the menstral cycle [Nardelli-Haefliger, 2003 #110].  The levels of antibodies in the cervical secretions were measured in women who had been immunized with HPV 16 VLPs, and the influence of the menstral cycle and oral contraceptive use on these levels was determined.  The cervical titers of antibody to VLPs were relatively constant throughout the menstrual cycle in immunized women using OCPs.  In contrast, antibodies to VLPs varied during the menstrual cycle in women who were ovulating, being highest in the proliferative phase, and dropping nine-fold during ovulation.  In addition, while serum and cervical antibody titers to VLPs correlated well in OCP users, there was no correlation in women who ovulated.  The authors concluded that the decrease in cervical anti-VLP titers during the ovulatory phase of the menstral cycle could suggest that parenterally administered VLP vaccines might be less effective during the peri-ovulatory phase.  More studies are needed to actually determine the protective abilities of parenterally administered HPV VLPs in ovulating women.  

Optimal timing for vaccination
Assuming the vaccines for HPV are eventually shown to be safe and effective, what would be the optimal age for vaccination?  Epidemiological studies indicate that many women become infected within several months of initiation of sexual activity.  Vaccination at an age of eight to ten years may be appropriate, perhaps adding a booster in adolescence or early adulthood may seem like an obvious strategy. However, until the duration of the length of protection is known it can not be properly modelled which targeting of specific age groups that would most rapidly stop the spreading of the infection in the population.

Immunization of males 

Genital tract HPV is sexually transmitted.  Therefore, immunization of men may help prevent infection in women.  Currently there is little data available regarding the immune response to HPV VLPs in men, although studies are being initiated.  It is expected that immunization of men with VLPs will elicit a serum immune response similar to that in women.  Whether men will be protected against infection or clinical disease resulting from infection (genital warts, for example) has not been tested.  A major obstacle in testing the efficacy of HPV vaccines in men has been the lack of safe, inexpensive, and sensitive testing methods for HPV.   


Antagonism between types

Although it is clear that multiple HPV types can be detected in the same individual, it is not known if different HPV types can interfere with infection or pathogenesis by each other.  The possibility that different HPV types interfere with each other has been the subject of several studies (Silins; Luostarinen). The results suggest that infection with HPV 6 may interfere with HPV 16-associated cervical carcinogenesis.  Further studies are needed to clarify this potentially important issue as new vaccine formulations are considered that contain numerous HPV types.  

3.2.7
Conclusions and Recommendations

Currently, only prophylactic HPV vaccines have shown promise. While prophylactic vaccination is likely to provide important future health gains, cervical screening will need to be continued for a whole generation of women that is already infected.

Due to the multiplicity of HPV types and the fact that the coming vaccines are type-specific, the prophylactic vaccines are not likely to eradicate cervical cancer. A reduction in background risk by elimination of the most important HPV types would affect cost-effectiveness and timing/intervals of screening programs, but would not obviate them.

Continuous monitoring of which HPV types that are spreading in the populations will become necessary, for early monitoring of “fill in” phenomena, inappropriate vaccination strategies or other reasons for failure.
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