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Abstract

The objective of screening for cervical cancer is to reduce the mortality and incidence of the disease. To date,

there is extensive and strong evidence that this can be achieved by cytology-based screening programs,
which continue to be the mainstay of cervical prevention worldwide despite their inherent method-
ological limitations. This article presents a review on the utility of conventional, ancillary, and experimental
methods for cervical screening both as single tests and test-combinations, and describes possible future direc-
tions for enhanced screening accuracy using risk-adapted protocols.

Current Epidemiological Status of
Cervical Cancer

Carcinoma of the uterine cervix is the
second most common cancer in women world-
wide, with approximately 500,000 new cases di-
agnosed and 230,000 deaths each year. Almost
80% of new cases occur in the developing world,
where it is the leading cause of cancer-related
death among women (1). In the European Union
(EV) before its recent enlargement, cervical cancer
was estimated to comprise about 3% of cancers in
women; ranking eighth in importance and being
the tenth most common cause of cancer-related
deaths in women in 1998 (2). The recent expansion
of the EU in May 2004 will certainly cause significant
changes in cervical cancer rates, because there is sub-
stantial excess in female mortality for the disease in
most central and eastern European countries (3).

After the implementation of regular,
population-based cervical screening programs in
most developed countries in the 1960s, the inci-
dence of and mortality from cervical cancer has
decreased substantially. This has been mainly at-

tributed to early detection and treatment of pre-
cancerous lesions. Where screening quality and
coverage has been high, these efforts have re-
duced invasive cervical cancer by up to 90 percent
(4,5). Also in Germany, the age-standardized rates
for cervical cancer incidence and mortality de-
clined by 73% and 74% from 1960 to 1997, after
the introduction of the statutory opportunistic can-
cer-screening program in the Western part of the
country in 1971 (6). Despite significant efforts in
population-based screening that makes a free an-
nual Papanicolau (Pap) test available to all women
of 20 years of age and older covered by statutory
health insurance (slightly above 90% of the adult
female population) (7), the age-standardized an-
nual incidence of 13.8 and mortality rate of 4.5 per
100,000 women were among the highest in Eu-
rope for the 1998-2000 period (8). This can be
partly explained by the generally poorer effectivity
of an opportunistic screening program compared
to an active invitation system (9).

In the meantime, accumulating data
from organized screening programs indicate that
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the marked declines seen until the mid-1980s
have been slowing and may even be increasing in
certain countries (10). This could reflect increased
cancer detection by using new diagnostic tech-
niques, such as human papillomavirus (HPV) test-
ing and cervicography, or it might be the result of a
cohort effect. Another factor with a potential effect
on incidence trends is the increase in rates of
adenocarcinomas and adenosquamous carcino-
mas, which account for about 10% of all cervical
cancers in Western populations (11). These tumor
types and especially their precursors are frequen-
tly missed by conventional Pap smears. These data
suggest that the maximum effect of Pap smear-
based screening could have been reached and fur-
ther reduction in cervical cancer rates will require
the introduction of new technologies and/or more
efficient population screening strategies.

Cytology-Based Cervical
Screening

Screening for cervical cancerand its pre-
cursors have been performed by the conventional
Pap smear method over the last half-century (12),
with well-published public health success and in-
herent methodological limitations. High-quality
cytology is a highly specific screening test with es-
timates of an average of 97% (range 86-100%). In
contrast, sensitivity of a single smear may be be-
tween 30-87% (average of 51%), although the sen-
sitivity for high-grade disease alone ‘is between
70% and 80% (13).

Newer technologies have been devel-
oped, with the intention of improving the detec-
tion of cytological abnormalities, including lig-
uid-based, thin layer cytology (ThinPrep, Autoc-
yte), computerized re-screening (PAPNET), and al-
gorithm-based computer re-screening (AutoPap).
Several sub-optimal studies (split-sample or histor-
ical) have been performed to determine the sensi-
tivity, specificity, and predictive values of these
new methods; however lack of an adequate refer-
ence standard in most of the studies hampers
proper assessment and comparison of test charac-
teristics (14). Taken as a whole, the available evi-
dence indicates that using liquid-based cytology,
sensitivity is modestly higher for detecting any de-
gree of cervical intraepithelial neoplasia (CIN),
whereas specificity is modestly lower than with
conventional Pap smears (13). This supports the
conclusion that liquid based cytology is an accept-

able alternative to conventional cervical cytology
smears, which is reflected by the Food and Drug
Administration (FDA) of the US approval of two
liquid-based Pap systems for routine use.

There are three major advantages of lig-
uid based cytology over conventional Pap smears:
1) many investigators agree that liquid based cytol-
ogy markedly improves specimen adequacy
(15-17); 2) the residual material can be used for an-
cillary testing (e.g., for HPV. DNA); and 3) recent
studies have shown an improvement in sensitivity
and specificity for biopsy proven adenocarcinoma
in situ (AIS) and adenocarcinoma (18,19).

HPV DNA as Marker of Precursor
Lesions

It is now well established that the vast ma-
jority of cervical carcinomas and its precursors world-
wide are caused by persistent infections with certain
high-risk types of human papillomaviruses (HR-HPV)
(20-22). Under optimal testing conditions, HR-HPV
DNA can be identified in nearly all specimens of in-
vasive cervical cancer (99.7%), in at least 70% of
CINT, 80% of CIN2, and 96% of CIN3 precursor le-
sions. Using the Bethesda system nomenclature, HR-
HPV DNA can be identified in some 50% of border-
line cytology lesions (ASCUS), 80% of low-grade
squamous intraepithelial lesions (LSIL), and 90-
95% of high-grade intraepithelial lesions (HSIL) and
invasive cancer cases (23,24). In terms of public
health, these data indicate that the existence of
HPV-negative cervical cancer cases is negligible
and does not require any interventional targeting
by screening.

However, epidemiological studies have
shown not only that women without HPV do not
get cervical cancer but also that most women with
HPV do not get cervical cancer. This is due to the
fact that most HPV infections are transient in na-
ture, especially in younger age groups, resulting in
no symptoms or minimal cellular changes, or
low-grade intraepithelial lesions (25,26).

Research is ongoing to determine ac-
ceptable protocols for HPV testing for three main
screening- or management-related purposes: 1) as
a primary screening in asymptomatic women with
negative cytology results for intraepithelial neo-
plasia or malignancy, for estimating prevalence
and distribution of HPV in the normal screening
population, and to define baseline HPV status in
these women for diagnostic follow-up (27); 2) re-
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flex HPV DNA testing for triage of women with ini-
tial equivocal and abnormal Pap smear (=~ASCUS)
(28); and 3) follow-up for treated cases for im-
proved surveillance of residual disease or recur-
rence (29).

Primary screening studies have demon-
strated HPV testing to be more sensitive than cytol-
ogy alone, whereas the specificity of HPV-tests is
age-dependent. In the younger age groups, specificity
is lower than for cytology and in age groups of 35
years and older (also country-dependent) the specific-
ity of the tests is similar (28,30,31). One of the stron-
gest gains of the combination of HPV tests and cy-
tology lies in the very high negative predictive
value of >99% for detecting CIN3 or cancer (27).
Such a testing combination could potentially al-
low screening intervals to be increased; e.g. from
the minimum of 3 years up to 5 years or longer, de-
pending on the population and risk profile (32).
Furthermore, HPV DNA detection can success-
fully be performed on self-collected samples as
well, which may be advantageous in specific pa-
tient groups (33). Additionally, unlike the Pap
smear, which can determine only whether abnor-
mal cells are presently detected, molecular HPV
testing has predictive value for lesions that may
develop in the future (23,34). HPV DNA testing
also appears to represent a significant enhance-
ment for detection of endocervical adenocarcino-
mas, which are otherwise difficult to detect and
prevent (35). One of the main drawbacks of this
approach is the loss in specificity with respect to
either test in isolation, due to the excessive num-
ber of patients who would need to be referred for
colposcopy (36). Nevertheless, results from large
investigational trials, including the ASC-US/Low-
grade Squamous Intraepithelial Lesion Triage
Study (ALTS), provide an abundance of data to
justify the use of HPV testing for triaging ASC-US
cases and as a follow-up test (37).

At present, there are two HPV testing sys-
tems in widespread clinical use. Current hybrid cap-
ture technology (HC2 test) detects the presence of 13
types of oncogenic HPVs and 5 low-risk types using
respective probe cocktails. Results are group-specific
and do not allow distinction between different HPV
genotypes. For clinical purposes, only the high-risk
probe cocktail is used, with a reported sensitivity for
detecting high-grade cervical intraepithelial neopla-
sias (CIN 2-3) between 84% and 100% (24,38,39).
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However, because only women with
long-lasting latent HPV infections, even with low
levels of oncogenic types, are at high risk for de-
veloping HSIL (40), discrimination between tran-
sient and persistent infection with high-risk HPV
types is essential for risk-adapted screening proto-
cols. Furthermore, the persistence of at least one
oncogenic HPV type is necessary for the emer-
gency of pre-cancer (41), which can only be de-
fined by genotyping of two consecutive probes be-
cause of the possibility of a new infection with an-
other high-risk type during the follow up period.
Since the median duration of transient infection is
6-11 months (25,31), a second type (variant)-spe-
cific HPV test about 12 months after the first posi-
tive genotype test should identify persistent type
specific infections.

Genotyping can be performed by using
different established polymerase chain reaction
(PCR) techniques (PGMY09/11-Amplicor LBA,
GP5+/6+-EIA, SPF10-LIPA, PPF1/CP5-Sequenc-
ing) (42,43). Amplified HPV DNA is identified by
either microplate hybridization for the detection
of PCR amplicons (GP5 +/6 +-EIA) or a reverse hy-
bridization line blot assay (PGMY09/11-LBA,
SPF10-LIPA) which provides information on the
specific type(s) detected (44,45).

Although simultaneous reporting of cy-
tology and HPV results seems to be ideal, it is not
always feasible, e.g. due to reimbursement issues in
several countries. However, stringent cytomorpho-
logical criteria for minor HPV-associated cellular
changes could help in pre-selecting high-risk pa-
tients with borderline smear abnormalities for subse-
quent molecular HPV testing (17,46,47).

In our own experience, sensitivity and
specificity of the combination of classical and
non-classical HPV signs have nearly achieved
100% for PCR-based detection of HPV infection in
women with squamous intraepithelial lesions (SIL)
and high-grade intraepithelial lesions, respectively
(48,49). Since >90% of HSIL is HPV infected,
identification of even minor cytological changes
suggestive of HPV infection could raise awareness
of the screening cytologist more carefully to
search for atypical cells. With a complete lack of
such minor abnormalities, HPV infection and con-
sequently the presence of HSIL is practically ex-
cluded and no further molecular HPV tests are
needed (17).
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Surrogate Biomarkers of Neoplastic
Transformation

Theoretically, certain DNA, RNA, or pro-
tein markers associated with neoplastic transforma-
tion of cervical epithelium subsequent to HPV infec-
tion could be applied in screening, diagnosis, and
prognosis. Because oncogenic HPVs are causative
agents in cervical carcinogenesis and act via alter-
ing the cell cycle in infected epithelial cells, host
genes interacting directly or indirectly with HPV
oncoproteins have been extensively investigated
in vitro (50,51). The effect of the high-risk HPV early
protein E7 on the function of the tumor suppressor
pRB, which leads to over-expression of p16INK4A, a
cyclin-dependent kinase inhibitor involved in cell cy-
cle control has been investigated by several groups
and a simple immunohistochemical assay has been
developed for detecting p16 expression in both cell
smears and tissue sections (52). Diffuse, full thick-
ness P16INK4A expression was found to discrimi-
nate low-grade from high-grade CIN and claimed
to be a marker of high-risk HPV integration into
DNA of infected squamous epithelial cells (53).
However, P16INK4A positivity in cervical glandu-
lar lesions was equivocal in different studies indi-
cating limited utility of this biomarker in diagnos-
ing suspicious glandular lesions, particularly in
cytopathology (54).

Among the markers of proliferative ac-
tivity and differentiation, including Ki67, cell cy-
cle regulators (Rb, p53, Cyclin A, E, and D, p16,
p21, p27, and telomerase), and cellular differenti-
ation products (involucrin, CK13, CK14) com-
bined quantitation of Ki67, Rb, CK13, and CK14
was found to predict progression risk of early CIN
lesions (55).

Other recent studies, ‘including ours,
have reported that DNA ploidy measurement by
image cytometry on cervical smears positive for
HR-HPV help to detect women at high risk for de-
veloping high-grade cervical lesions (56,57). This
is supported by experimental results suggesting
that increasingly deregulated expression of the
E6-E7 oncogenes of HR-HPVs in epithelial stem
cells first results in chromosomal instability and in-
duces DNA aneuploidy followed either by subse-
quent integration of the HR-HPV genome into the
affected cell clone (58) or alternative oncogene ac-
tivation mechanisms (59). Clinical studies support
the concept that cervical lesions with an aneu-
ploid DNA profile are more likely to persist or

progress than those with diploid or polyploid
DNA content (60).

Combination of Different
Modalities

There is an increasingly large research liter-
ature on possible applications of new visual, micro-
scopical, and virological screening methods for the
prevention of cervical cancer (61). Adding a second
sensitive test to cytology, such as HR-HPV detection,
yields a substantial increase in sensitivity and negative
predictive value for high-grade CIN and cancer at the
cost of concomitant decrease in specificity (31),
which is of particular concern for large populations.
The second test can be used sequentially as a triage
method, with the aim to restrict the number of
screen-positives requiring referral. Among women
with equivocal cytology results, HPV DNA testing is
more accurate for detecting underlying CIN3 or can-
cer than repeat cytology. HPV DNA testing is not use-
ful for triage of low-grade squamous intraepithelial le-
sions (LSIL in the Bethesda system) because of the
very high HPV positivity (39). Nevertheless, screening
performance is largely influenced by population char-
acteristics, especially the prevalence of underlying
HPV infection. Therefore, all fundamental cervical
screening statistics will vary greatly by region (61).

However, even the highly sensitive test
combination of cytology (preferably liquid based)
and HR-HPV genotyping cannot assess the biolog-
ical potential of prevalent cervical intraepithelial
neoplasia towards progression or regression. An
ideal test combination would indicate that an
oncogenic HPV virus has already enhanced ge-
netic instability and rendered cells susceptible to
malignant transformation and consequent progres-
sion if left untreated. This can only be assessed by
using an adequate biomarker in combination with
morphological and/or HPV tests.

Sporadic published results of such pre-
liminary approaches are available only from ex-
perimental or study settings up to date (55-60).
Our institution is the first in Germany which intro-
duced a multimodal, risk-adapted cervical screen-
ing protocol using the combination of liquid based
cytology, HPV genotyping, and DNA image
cytometry in a pure clinical setting, including a
routine screening population of about 30,000
women from the Bonn region in Western Ger-
many. Since January 1999, all cervical samples
sent to our institute by referral gynecologists from
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the region have been processed according to this
screening profile (Fig. 1). Our preliminary results
from the year 2002 showed that the combination
of all three test modalities resulted in an up to
6.9% increase in positive predictive value (PPV)
for moderate to high-grade cervical dysplasias and
carcinomas (>CIN2) compared to single tests or

Pap cytology
(conventional or,
preferably, liquid-based)

VAN

PAP I-Il (no ASC) >PAP llw (2ASC-US)
and and/or
HPV signs — HPV signs +
PCR-based HPV
detection
HPV DNA — | [ HPV DNA +|

high-risk HPV +
and/or
undefined risk HPV +

DNA cytometry

diploidy/
polyploidy

aneuploidy

colposcopy and
directed biopsy

Figure 1. Risk-adapted, multimodal cervical screening
program (the Bonn-scheme) using a combination of cytol-
ogy and PCR-based HPV detection with adjuvant DNA
cytometry in the routine clinical setting. Papanicolau (Pap)
cytology interpretations are given according to the revised
Munich Il Classification, which is the standard in Germany,
and the Bethesda System (in brackets). For the ideal case,
if all screening examinations can be done consecutively,
the major steps include: 1) conventional Pap-test, or pref-
erably by the ThinPrep technique with special focus on as-
sessing HPV-related cytomorphological changes (classic
and non-classic HPV signs) (17); 2) cytology results of
>Papllw are managed by using reflex PCR-based HPV DNA
testing; 3) in HPV DNA+ cases, genotyping by sequencing;
4) in high-risk HPV+ cases, DNA cytometry for assessing
gross chromosomal instability as progression marker (14);
5) only DNA aneuploid cases should be referred to immedi-
ate colposcopy and directed biopsy; 6) treatment is re-
served for biopsy-confirmed >CIN3 cases; and 7) after ab-
lation, Pap-smears are to be scheduled at 6 months with a
repeated HPV DNA test. ASC-US - atypical squamous cells
of undetermined significance; HPV - human papillomavir-
us, PCR - polymerase chain reaction; PAP llw - an unoffi-
cial class in the Munich Il classification, indicating inade-
quate specimens or minimal cytological abnormalities
roughly equating to ASC-US.

@M

double combinations (62). This combined ap-
proach had the additional benefit of being able to
predict the possible outcome of histologically
proven CINT lesions detected as false positives by
single tests. The positivity for HR-HPV and DNA
aneuploidy in a CINT lesion signalize a high risk
for progression, whereas HR-HPV positivity with
diploid DNA content indicate a probable benign
course. Accordingly, our multimodal cervical scre-
ening protocol may permit identification of those wo-
men with low-grade squamous intraepithelial lesions
(LSIL/CINT) likely to progress at earlier and curable
stage of disease and distinguish them from transient
minor lesions caused by productive HPV infection.
Using a risk-adapted ‘combination of methods, al-
though more expensive per screening, might be cost
effective if the increased sensitivity permits lengthen-
ing of the screening interval and prevent many wo-
men from unnecessary colposcopy and conization
(63-64).

We conclude that, to date, there are sev-
eral good methods available for cervical screen-
ing. With appropriate screening programs and
early diagnosis and treatment, cervical cancer may
become a preventable public health issue in the
foreseeable future. Based on good evidence,
highly accurate screening for cervical cancer and
high-grade intraepithelial neoplasias is now tech-
nically feasible. Given the abundant options for
detecting its precursors, it is not a conceptual or
technical challenge, but a matter of health care
and financing which delay the elimination of this
malignancy.
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