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THE IMPACT OF LIQUID-BASED CYTOLOGY

The Use of Liquid-Based Cytology
in Cervical Cancer Screening
Randall K. Gibb, MD

Billings Clinic, Billings, MT

[Rev Obstet Gynecol. 2011;4(suppl 1):S1 doi: 10.3909/riogV4S1S0001]

© 2011 MedReviews®, LLC

The methods with which clinicians screen for cervical cancer have undergone
a significant evolution since the introduction of the Papanicolaou (Pap) test
in 1941. Between 1955 and the mid-1980s, cervical cancer incidence de-

creased by approximately 74%, a result mainly attributable to use of Pap testing
in clinical practice. After a brief plateau, a further decline in cervical cancer was
observed with the introduction of liquid-based cytology (LBC), the first major
advance in nearly 50 years in cervical cancer screening technology.

The ThinPrep® Pap test (Hologic, Inc, Marlborough, MA) was the first of this
new methodology to gain approval from the US Food and Drug Administration
for use in cervical cancer screening. This test provides clinicians a more sensitive
and specific methodology with which to diagnose cervical dysplasia. Subsequently,
the SurePath® Pap test (Becton, Dickinson and Company, Franklin Lakes, NJ) was
approved. Today, LBC accounts for over 90% of the Pap tests performed in the
United States. This is largely a result of the improvement in overall clinical bene-
fit and versatility of LBC compared with conventional Pap tests.

This supplement reviews the technology behind these advances, the imaging
systems used for improved sample processing, and the clinical data comparing LBC
with the conventional Pap test to detect precancerous lesions or cervical cancer. LBC
is also discussed in conjunction with molecular-based detection of high-risk human
papillomavirus, the causative agent of cervical cancer. Finally, implementation of
LBC in clinical practice is discussed, as recommended by professional societies.
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THE IMPACT OF LIQUID-BASED CYTOLOGY

The Impact of Liquid-Based 
Cytology in Decreasing the 
Incidence of Cervical Cancer
Randall K. Gibb, MD,1 Mark G. Martens, MD2

1Billings Clinic, Billings, MT; 2Department of Obstetrics and Gynecology, Jersey Shore University Medical Center,
Neptune, NJ

Major advances in screening have lowered the death rate from cervical cancer
in the United States. One of the first major advances in cervical cancer
screening was the Papanicolaou (Pap) test. The second major advance was
liquid-based cytology (LBC). This review presents a wide range of data, dis-
cusses the strengths and weaknesses of the available information regarding
Pap technologies, and reviews the meta-analyses, which have examined the
differences in clinical performance. The review concludes with information 
on new and future developments to further decrease cervical cancer deaths.
[Rev Obstet Gynecol. 2011;4(suppl 1):S2-S11 doi: 10.3909/riogV4S1S0002]

© 2011 MedReviews®, LLC

Key words: Cervical cancer detection • Papanicolaou test • Liquid-based cytology

Major advances in screening have lowered the death rate from cervical
cancer in the United States. One of the first major advances in cervical
cancer screening was the Papanicolaou (Pap) test. Implementation of

Pap testing was responsible for reducing the incidence of cervical cancer be-
tween 1955 and the mid-1980s.1 The second major advance in cervical cancer
screening was liquid-based cytology (LBC). Today, LBC accounts for more than
90% of the Pap tests performed in the United States. This shift from conventional
cytology to LBC has occurred due to improvements in sample quality, repro-
ducibility, sensitivity, and specificity, as well as the ability to perform reflex
molecular testing.
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Since the introduction of LBC,
there has been occasional debate
regarding whether LBC provides
clinical benefit over the use of the
conventional Pap testing for detect-
ing precancerous lesions.2,3 This re-
view presents a wide range of data,
discusses the strengths and weak-
nesses of the available information
regarding Pap technologies, and re-
views the meta-analyses, which have
examined the differences in clinical
performance. The review concludes
with information on new and future
developments to further decrease
cervical cancer deaths.

Evolution of Cervical Cancer
Screening: Cervical Cytology
Approaches
In the 1930s and 1940s, when cervi-
cal cancer was a leading cause of
death among women, Dr. George
Papanicolaou and others discovered
that precancerous and cancerous cells
could be identified in cytologic sam-
ples from vaginal aspirates. This dis-
covery led to the publication of the
first manuscript on the Pap test in
1941.4 Subsequently, collection of the
cervical sample (via common sam-
pling devices such as the Ayre spat-
ula), improvements in overall sample
quality, and homogeneity of the sam-
ple became important as the work of
these early pioneers began to receive
attention in the medical community.
It was not until 1957 that the American
Cancer Society endorsed the use of
Pap tests in cervical cancer screening
programs.5

Retrospective analyses of 1960s
Scandinavia provided initial insight
into the potential success in decreas-
ing cervical cancer incidence.6 The
programs initiated in Finland, Sweden,
and Iceland screened � 80% of the
population; a significantly lower
proportion of women participated in
Norway, where screening was per-
formed in only a single county. In

1960, cervical cancer incidence was
similar in all four countries. Over the
next two decades, cervical cancer in-
cidence was reduced by approxi-
mately 50% in Finland, Sweden, and
Iceland, yet remained unchanged in
Norway.

A separate population-based cervi-
cal screening program was imple-
mented in British Columbia, Canada.7

The province-wide program was in-
troduced in 1949 and the impact was
dramatic. Between 1955 and 1988,
this program was credited with an
85% reduction in cervical cancer inci-
dence and mortality.8 Upon more
widespread global cervical cancer
screening adoption in the 1950s, pop-
ulation studies began to further
demonstrate the effectiveness of con-
ventional Pap testing, the mainstay of
successful cytologic screening pro-
grams at this time.

According to US data from the 1970s
and 1980s, cervical cancer screening
had emerged as the most common
cancer screening test. Currently,
among women aged 18 to 65 years,
approximately 80% have received a
Pap test within the previous 3 years.9

Screening with the Pap test was re-
sponsible for a reduction in cervical
cancer incidence in the United States

by nearly 70% between 1955 and the
mid-1980s10 (Figure 1). However, an
estimated 12,200 new cases and
4210 deaths from cervical cancer
were predicted to occur in 2010, sug-
gesting that there is room for im-
provement and/or need for continued

vigilance and adherence to screening
protocols.10

Although the conventional Pap test
was responsible for the initial success
in reducing the incidence of cervical
cancer, the clinical performance of
the technology is not without limita-
tions. A broad range of sensitivity
(30%-87%) has been reported for the
detection of high-grade lesions by
the conventional Pap test.11 The con-
ventional Pap test was also found to
have a false-negative rate of about
14% to 33%, approximately two-
thirds of which is due to limitations
of sampling or slide preparation.12

Only a small portion of the sample
taken from the patient is transferred
to the conventional Pap slide; most
of it is discarded along with the
sampling device. These limitations
may lead to inaccuracies and
equivocal diagnoses when using this
methodology.

To address these shortcomings,
new technologies were introduced.
In 1996, the ThinPrep® Pap test
(Hologic, Inc, Marlborough, MA)
became the first LBC approved by the
US Food and Drug Administration
(FDA). Implementation of this test,
which uses LBC for improved detec-
tion of abnormal cervical cells, may

be partially responsible for a further
decline in cervical cancer following
the plateau seen with use of the
conventional Pap test (Figure 1). In
1999, a second LBC test was devel-
oped and approved by the FDA,
the SurePath™ Pap test (Becton,

Screening with the Pap test was responsible for a reduction in cervical
cancer incidence in the United States by nearly 70% between 1955 and the
mid-1980s. However, an estimated 12,200 new cases and 4210 deaths from
cervical cancer were predicted to occur in 2010, suggesting that there is
room for improvement and/or need for continued vigilance and adherence to
screening protocols.
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Dickinson and Company, Franklin
Lakes, NJ).

In general, LBC begins with the
clinician-collected gynecologic sam-
ple. Then, using a FDA-approved cer-
vical sampling device, the sample is
added to a vial of transport medium
preservative rather than being spread
on a microscope slide as part of the
conventional Pap testing protocol.
Samples are then processed and de-
posited in a cell spot onto a micro-
scope slide. This processing results in
a monolayer preparation that may be
analyzed by a computer-based imager
and reviewed by a cytotechnologist

and/or pathologist. As a result of
these improvements in sample qual-
ity, the clinical sensitivity of LBC over
the conventional Pap test in the

detection of high-grade lesions has
been reported to have increased from
88% to 93% for a single LBC test.13,14

Thus, the benefit of LBC compared
with the conventional Pap test is
evident not only in improvements in
technology, but also in the clinical
utility for detecting precancerous
lesions or cervical cancer.

LBC Technologies
ThinPrep Pap Test
The ThinPrep Pap test represented
the first significant advancement in
cervical cytology screening in more
than 50 years. The test is intended as

a replacement for the conventional
Pap test for use in screening for the
presence of atypical cells, cervical
cancer, or its precursor lesions 

(low-grade squamous intraepithelial
lesions [LSIL] and high-grade squa-
mous intraepithelial lesions [HSIL]),
in addition to other cytologic cate-
gories15 as defined by The Bethesda
System for Reporting Cervical/Vagi-
nal Cytologic Diagnoses.16 The foun-
dation of the ThinPrep system is the
ThinPrep Processor, an automated
slide preparation unit that produces
uniform, thin-layer slides, and mini-
mizes obscuring artifacts such as red
blood cells and mucus. Specimens
are first collected by the clinician
with a cervical sampling device. The
device is rinsed into a ThinPrep vial
containing PreservCyt® transport
medium (Hologic, Inc), rather than
smearing the cells on a slide. This
vial is labeled and sent to the labora-
tory, where the vial is placed into
the ThinPrep Processor. The testing
procedure uses a liquid-based filtra-
tion process for slide preparation
whereby the sample is dispersed,
randomized, filtered, and a represen-
tative sample is transferred to the
slide (Figure 2).15 Slides are reviewed
in conjunction with the patient’s clin-
ical history and previous diagnostic
cervical procedures.

Pivotal Studies: ThinPrep Pap Test
The pivotal trial for the ThinPrep Pap
test demonstrated that the test pro-
vides a 65% increase (P � .001) in the
diagnosis of LSIL or greater cytology
and improvement in specimen quality
compared with the conventional Pap
test (P � .001).17 The authors con-
cluded that the ThinPrep Pap test is a
statistically significant improvement
over the use of the conventional Pap
test for cervical cancer screening.
Subsequent studies substantiated this
finding. Díaz-Rosario and Kabawat18

found that the detection of LSIL
(71.7%; P � .001) and HSIL (102.5%;
P � .001) by the ThinPrep Pap test
was significantly better compared
with conventional Pap testing. Hatch

The Impact of Liquid-Based Cytology continued
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The ThinPrep Pap test represented the first significant advancement in
cervical cytology screening in more than 50 years. The test is intended as
a replacement for the conventional Pap test for use in screening for the
presence of atypical cells, cervical cancer, or its precursor lesions (LSIL
and HSIL), in addition to other cytologic categories.
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Figure 1. Decrease in cervical cancer incidence rates in the United States over the past quarter century. Data from
SEER Cancer Statistics Review, 1975-2005.1
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and colleagues19 determined that the
detection of HSIL or greater cytology
was 59.7% greater than the conven-
tional Pap test (P � .001). The detec-
tion of LSIL cytology was also signifi-
cantly better than the conventional
Pap test (P � .01).

Later studies demonstrated that
the ThinPrep Pap test improved the
sensitivity of detecting glandular
lesions/adenocarcinoma,20-25 leading
to FDA approval for detection of such
lesions. In addition to cytologic as-
sessment, the ThinPrep Pap test is ap-
proved by the FDA for use in testing
for high-risk (HR) human papillo-
mavirus (HPV), Chlamydia trachoma-
tis, and Neisseria gonorrhoeae.15 The
PreservCyt preservation medium is ap-
proved for use with molecular-based
tests, including Cervista® HPV HR
(Hologic, Inc), Cervista® HPV 16/18
genotyping (Hologic, Inc), Hybrid
Capture® 2 (hc2; QIAGEN, Inc, Valen-
cia, CA), Gen-Probe APTIMA COMBO
2® CT/NG (Gen-Probe, Inc, San Diego,
CA), Roche COBAS AMPLICOR™

CT/NG (Roche Molecular Diagnostics,
Pleasanton, CA), and BD ProbeTec™
CT/GC QX amplified DNA assay
(Becton, Dickinson and Company). The
FDA also approved a reprocessing step
for unsatisfactory specimens originally
sampled with the ThinPrep Pap test.26

This reprocessing procedure includes a
wash step with 10% glacial acetic acid
in CytoLyt for unsatisfactory ThinPrep
specimens (Table 1).

SurePath Pap Test
The second LBC system approved by
the FDA, the SurePath Pap test, is
intended as a replacement for the
conventional Pap test for use in
screening for the presence of atypical
cells, cervical cancer, or its precursor
lesions (LSIL and HSIL), in addition to
other cytologic categories27,28 as de-
fined by The Bethesda System for
Reporting Cervical/Vaginal Cytologic
Diagnoses.16 For the SurePath Pap
test, cervical cytology samples are
collected with a broom-like device
or combination brush/spatula with

detachable heads and then placed in a
vial with collection medium (SurePath
Preservative fluid), thus capturing the
entire sample. The test uses a sedi-
mentation process whereby samples
are enriched to remove debris, fol-
lowed by centrifugation to generate a
pellet, a portion/subset of which is
then applied to the slide for analysis.
The automatic slide preparation is
carried out by the BD PrepStain™
Slide Processor (Becton, Dickinson
and Company) to generate a thin-
layer cell sample that is then reviewed
by the cytotechnologist.

Pivotal Studies: SurePath Pap Test
The SurePath Pap test increases the
detection rate of LSIL and HSIL cy-
tologies by 47% (P � .0011) and 116%
(P � .0002), respectively, compared
with the conventional Pap test.29 A
subsequent study reported similar re-
sults, with the SurePath Pap test in-
creasing the detection rate of atypical
squamous cells of undetermined sig-
nificance (ASC-US), LSIL, and HSIL
cytologies by 75.1%, 107.2%, and
64.4% (P � .00001), respectively.30

This study also demonstrated a statis-
tically significant reduction (�58.4%;
P � .00001) in unsatisfactory analy-
ses for the SurePath Pap test when
compared with the conventional 
Pap test. Additional FDA-approved
claims for the SurePath Pap test in-
clude use in testing for C trachomatis
and N gonorrhoeae using the BD
ProbeTec™ CT/GC QX amplified DNA
assay.27,31 The SurePath Pap test is not
approved by the FDA for HPV testing
(Table 1).

Published Data and Evidence
Supporting Clinical Utility of LBC
Over the Conventional Pap Test
Additional LBC Evidence Supported
by Meta-Analyses
Since FDA approval of the ThinPrep Pap
test, a number of large, independent
meta-analyses have been conducted

Figure 2. ThinPrep® System (Hologic, Inc, Marlborough, MA) sample processing and analysis. Processing a Thin-
Prep Pap test sample for analysis involves three essential steps: (i) Rotation of the filter within the sample vial
creates currents in the fluid that separate debris and disperse mucus yet preserve cell morphology; (ii) A gentle
vacuum (controlled by software for the ThinPrep Processor) created within the filter collects cells on the exterior
surface of the membrane; (iii) After the cells are collected on the membrane, the filter is inverted and gently pressed
against the microscope slide. Natural attraction and slight positive air pressure cause the cells to adhere to the
slide, resulting in an even distribution of cells in a defined circular area.

i
Sample

Dispersion

ii
Cell

Collection

iii
Cell

Transfer
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comparing the clinical performance
of LBC and the conventional Pap test.
The studies assessed similar perfor-
mance measures for comparison of
the technologies, including the pro-
portion of unsatisfactory slides and
the rate of detection of ASC-US, LSIL,
and HSIL cytologies. Some of these
analyses included studies that only
compared the ThinPrep Pap test to the
conventional Pap test,32,33 whereas
others included multiple technologies
(including the ThinPrep Pap test,
SurePath Pap test, and/or other
technologies not approved by the
FDA).34-36 As LBC technologies have

different methodologies and different
indications by the FDA, analysis of a
singular LBC technology compared
with conventional cytology may per-
mit cleaner interpretation of the data.
It is also important to note that the
inclusion/exclusion criteria for each
analysis were not uniform.

The analyses carried out by Bern-
stein and colleagues33 and Abulafia
and coworkers32 assessed the perfor-
mance of the ThinPrep Pap test alone,
and demonstrated significant im-
provement in specimen adequacy and
the detection rates of LSIL and HSIL
cytologies compared with the conven-

tional Pap test. Klinkhamer and
colleagues36 stated that whereas
additional analysis on clinical per-
formance was warranted for the
SurePath Pap test, the ThinPrep Pap
test provided consistent improve-
ments compared with the conven-
tional Pap test in the detection of LSIL
and HSIL cytologies. Additional meta-
analyses assessed the performance of
multiple LBC technologies compared
with conventional cytology.34,35 In
studies that included LBC technolo-
gies as a whole, it was determined
that LBC did not provide an improve-
ment in performance over the use of
the conventional Pap test. A detailed
summary of these studies is presented
in Table 2.

Independent Analysis From the 
College of American Pathologists
Laboratory Survey
The effectiveness of LBC compared
with the conventional Pap test has
been analyzed in real-world settings
beyond the limitations presented in
clinical trials. The College of Ameri-
can Pathologists (CAP) recently con-
ducted a survey to assess practice pat-
terns in cervical cytology programs.
These surveys form the basis for
benchmarks in the CAP Laboratory
Accreditation Program. This indepen-
dently pooled analysis represents 679
of the 1621 laboratories surveyed
across the United States. The objective
of this survey was to quantify
changes in cytology laboratory prac-
tices, detail the implementation of
new technologies, and quantify the
LBC reporting rates. It is currently es-
timated that approximately 90% of all
cervical cytology in the United States
is processed with LBC.37 Most labora-
tories in the United States use one of
the two FDA-approved LBC methods
for most, if not all, of their cytology
screening. For the most recently pub-
lished survey,37 questionnaires were
mailed to 1621 laboratories and the

The Impact of Liquid-Based Cytology continued

S6 VOL. 4 SUPPL. 1  2011   REVIEWS IN OBSTETRICS & GYNECOLOGY

Table 1
FDA Approvals for the ThinPrep Pap and SurePath Pap Tests

ThinPrep Pap Test SurePath Pap Test

FDA approval 1996 1999

Compared with conventional Significantly more effective Similar
Pap test

Improved specimen adequacy Yes Yes

Improved HSIL detection Yes Yes

Glandular disease detection Yes No

Adjunctive HPV testing
Cervista HPV HR Yes No
Cervista HPV 16/18 genotyping Yes No
hc2 Yes No

Adjunctive CT/GN testing
BD ProbeTec CT/GC QX

amplified DNA assay Yes Yes
Gen-Probe APTIMA COMBO

2 CT/NG Yes No
Roche COBAS AMPLICOR CT/NG Yes No

Reprocessing procedure for 
unsatisfactory specimens Yes No

APTIMA COMBO 2® CT/NG is manufactured by Gen-Probe, Inc, San Diego, CA.
BD ProbeTec™ CT/GC QX amplified DNA assay and SurePath™ Pap test are manufactured by
Becton, Dickinson and Company, Franklin Lakes, NJ.
Cervista® HPV HR, Cervista® HPV 16/18 genotyping, and ThinPrep® Pap test are manufactured by
Hologic, Inc, Marlborough, MA. 
COBAS AMPLICOR™ CT/NG is manufactured by Roche Molecular Diagnostics, Pleasanton, CA.
CT, Chlamydia trachomatis; FDA, US Food and Drug Administration; hc2, Hybrid Capture 2; HPV,
human papillomavirus; HR, high risk; HSIL, high-grade squamous intraepithelial lesion; NG,
Neisseria gonorrhoeae; Pap, Papanicolaou.
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benchmark data were based on 679
responding laboratories. The labora-
tories were asked to report 2006 data
for The Bethesda System 2001 cate-
gories for conventional smears and
the two LBC methods. Overall, be-
tween 2003 and 2006, there was a
decrease in the number of laborato-
ries offering only conventional Pap
testing (24.4% vs 13.7%) and an
increase in laboratories offering only
LBC (9.3% vs 25.5%).37 Of the labora-
tories who reported using LBC 
(n � 587), approximately 70% (411/587)
used the ThinPrep Pap test compared
with 30% (176/587) of those who re-
ported using the SurePath Pap test.37

A summary of the performance-
based analysis, assessed via laboratory
reporting rates, is found in Table 3.
The median LSIL detection rates for
SurePath Pap test (2.5%) and Thin-
Prep Pap test (3.0%) were signifi-
cantly greater than for the conven-
tional Pap test (1.3%; P � .001). The
median HSIL detection rates were
significantly higher for the ThinPrep

Pap test (0.6%) than either the
SurePath Pap test or the conventional
Pap test (both 0.3%; P � .05). Median
unsatisfactory rates were significantly
better for the SurePath Pap test (0.3%)
compared with ThinPrep Pap test
preparations and the conventional
Pap test (1.1% and 1.0%, respectively;
P � .05). The ASC-US detection rates
for both the SurePath Pap test (4.1%)
and the ThinPrep Pap test (4.9%) were
significantly higher than the conven-
tional Pap test (2.4%; P � .001). It is
clear from this analysis that each of
the LBC methods provides specific
benefits compared with the conven-
tional Pap test, yet the two LBC
technologies differ in their clinical
performance.

Imaging Evidence
The latest development in the evolu-
tion of cervical cytology screening is
the introduction of computer-guided
imaging for slide interpretation. Each
of the manufacturers of approved LBC
technologies has a marketed propri-

etary imaging system. Hologic offers
the ThinPrep Imaging System (TIS;
Hologic, Inc). The TIS is a fully inte-
grated, interactive computer system
that assists cytotechnologists and
pathologists in the primary screening
and diagnosis of ThinPrep Pap test
slides.38 This system combines imaging
technology with human interpretive
expertise to improve cervical cancer
screening efficiency and performance.
The TIS consists of an image processor
and one or more review scopes. The
system makes use of computer imag-
ing and algorithms to select 22 fields
of view for presentation to a cytotech-
nologist, who reviews and marks the
slide. Becton, Dickinson and Com-
pany, the manufacturer of the
SurePath Pap test, offers two systems:
the BD FocalPoint Slide Profiler (for-
merly AutoPap Primary Screening
System) and the BD FocalPoint GS
Imaging System. The former uses
multiple algorithms to rank slides
based on probability of abnormality.39

Slides can be classified on a scale as
well as a portion for no further re-
view, which would not be reviewed by
cytotechnologists. The BD FocalPoint
GS Imaging System includes screen-
ing capabilities of the Slide Profiler
with field location capability to assist
in screening of BD SurePath Pap test
slides. Clinical trial data for the
ThinPrep Imaging System and the BD
FocalPoint GS Imaging System
showed increased disease detection
when compared with manual screen-
ing methods. Studies from the real-
world setting evaluating the ThinPrep
Imager demonstrate significantly
improved detection of cervical abnor-
malities (ASC-US, LSIL, and HSIL) as
well as improvements in productivity
compared with manually read prepa-
rations.40,41 These TIS studies have
been conducted in North America,
Europe, and Australia. To date, only
the clinical trial data for the BD
FocalPoint GS Imaging System have

The Impact of Liquid-Based Cytology continued
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Table 3
The CAP Laboratory Survey: Median Reporting Rates (50th Percentile)
for Conventional Papanicolaou (Pap), SurePath Pap, and ThinPrep Pap 

Cytologic Preparations Across the Major Clinical 
Cytologic Categories37

Conventional SurePath Pap ThinPrep
Category Pap Test Test Pap Test

ASC-US 2.4 4.1* 4.9*

LSIL 1.3 2.5* 3.0*

HSIL 0.3 0.3 0.6†

UNSATS 1.0 0.3‡ 1.1

SurePath™ Pap test is manufactured by Becton, Dickinson and Company, Franklin Lakes, NJ.
ThinPrep® Pap test is manufactured by Hologic, Inc, Marlborough, MA.
*P � .001 compared with CP.
†P � .05 compared with conventional Pap and SurePath Pap tests.
‡P � .05 compared with conventional Pap and ThinPrep Pap tests.
ASC-US, atypical squamous cells of undetermined significance; CAP, College of American
Pathologists; HSIL, high-grade squamous intraepithelial lesion; LBC, liquid-based cytology; LSIL,
low-grade squamous intraepithelial lesion; UNSATS, unsatisfactory for evaluation.
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been published.42 No commercial
use reports have appeared in the
literature.

Further Improvements in 
Diagnostic Capabilities of 
Cervical Cancer Prevention
Although the Pap test has been effec-
tive, deaths from cervical cancer still
occur. As discussed, Pap testing has
demonstrated false-negative rates,
many of which are caused by sam-
pling or detection errors.43,44 By con-
trast, molecular-based HPV DNA test-
ing identifies women at risk for
developing preinvasive cervical le-
sions and subsequent invasive cancer
while decreasing the subjectivity of
cervical cytologic assessment.45 HPV

DNA testing has also shown greater
sensitivity compared with Pap testing
in detection of preinvasive high-
grade cervical lesions.46

There are approximately 40 HPV
genotypes that infect the genital mu-
cosa, 13 of which are considered HR
and are precursors for the develop-

ment of cervical cancer.47 Both persis-
tence of HR HPV infection and geno-
type of the infecting HPV contribute
to the development of cervical in-
traepithelial neoplasia (CIN),48-50 as
well as progression from CIN to cervi-
cal cancer.51 HPV 16 and 18 are the
most common HR types associated
with cervical cancer, accounting for
76% of cases in the United States.52

Therefore, HPV molecular-based de-
tection and genotyping technologies
may offer additional clinical benefits
when screening for cervical cancer.
Advancements in this area include the
following HR HPV tests approved by
the FDA: hc2,53 CERVISTA HPV HR,54

and CERVISTA HPV 16/18 genotyp-
ing tests.54

Although co-collection is an option
for using these tests in conjunction
with the conventional Pap test, the
ThinPrep Pap test is approved and
allows for adjunctive and triage
testing of women with ASC-US cytol-
ogy results. The ThinPrep Pap test
has been widely studied in the

ASCUS/LSIL Triage Study (ALTS)53 for
use with hc2 and also in the more re-
cent clinical trial for the CERVISTA
HPV HR and 16/18 genotyping tests.54

The incorporation of HPV genotyping
identifies women infected with spe-
cific HR HPV types (ie, HPV 16 and/or
18). This approach may help to strat-
ify women at greater risk for develop-
ing precancerous lesions and subse-
quent invasive cervical cancer. In
addition, genotyping women � 30
years of age with negative cytology
and a positive HR HPV55 result pro-
vides another opportunity to identify
women at risk for developing dis-
ease.56 The combination of cervical
cytology and HPV DNA testing may
represent the potential to further im-
prove the detection of preinvasive
disease and thereby reduce the inci-
dence of high-grade lesions com-
pared with cytology testing alone.
Improving molecular-based strategies
will aid in the increased detection of
precancerous lesions and cervical
cancer.

Conclusions
There have been a number of techno-
logical advances in cervical cancer
screening since the introduction of
Pap testing more than 60 years ago.

Molecular-based HPV DNA testing identifies women at risk for developing
preinvasive cervical lesions and subsequent invasive cancer while decreas-
ing the subjectivity of cervical cytologic assessment.

Main Points
• Although the conventional Papanicolaou (Pap) test was responsible for the initial success in reducing the incidence of cervical can-

cer, the clinical performance of the technology is not without limitations: a broad range of sensitivity (30%-87%) has been re-
ported; a false-negative rate of about 14% to 33%, approximately two-thirds of which is due to limitations of sampling or slide
preparation. These limitations may lead to inaccuracies and equivocal diagnoses when using this methodology.

• The pivotal trial for the ThinPrep Pap test demonstrated that the test provides a 65% increase (P � .001) in the diagnosis of low-
grade squamous intraepithelial lesions (LSIL) or greater cytology and improvement in specimen quality compared with the con-
ventional Pap test (P � .001). Subsequent studies substantiated this finding.

• The SurePath Pap test increases the detection rate of LSIL and high-grade squamous intraepithelial lesions cytologies by 47%
(P � .0011) and 116% (P � .0002), respectively, compared with the conventional Pap test.

• Overall, between 2003 and 2006, there was a decrease in the number of laboratories offering only conventional Pap testing (24.4%
vs 13.7%) and an increase in laboratories offering only liquid-based cytology (9.3% vs 25.5%).

• Human papillomavirus molecular-based detection and genotyping technologies may offer additional clinical benefits when screening
for cervical cancer.
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Among them, the implementation of
routine screening programs is recog-
nized as a public health success,
whereas LBC represents a significant
shift in testing methodology. For the
ThinPrep Pap and SurePath Pap tests,
the pivotal trials and subsequent FDA
indications demonstrate the individual
benefits of these tests. In addition,
multiple meta-analyses provide evi-
dence that the LBC tests perform dif-
ferently from each other, and also from
the conventional Pap test. The inde-
pendent analysis presented by the CAP
survey further demonstrates that LBC
is the preferred methodology for cyto-
logic testing across laboratories in the
United States. However, we are very
likely to see additional advances in
cervical screening as computer imag-
ing evolves and additional molecular
markers are identified. As new tech-
nologies emerge, efforts must be vigi-
lant to ensure that the unparalleled
success of the past is carried forward
into the future. 

Editorial support was sponsored by
Hologic, Inc, and provided by David E.
Kaminsky, PhD, at AlphaBioCom. The au-
thors had full control in the initiation and
development of the content and assume
such responsibility. The authors did not
receive compensation for doing this work.
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