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CERVICAL CANCER SCREENING IN THE ERA OF  IMPROVED TECHNOLOGY AND HPV VACCINES 33

Until a decade ago, the Papanicolaou smear—
which had been introduced in the 1940s—was
the only cervical cancer screening method avail-

able. New screening technologies have emerged since then
that have improved cervical cancer detection substantial-
ly. These include the liquid-based, thin-layer Pap test, in-
troduced in the mid-1990s; testing of Pap samples for hu-
man papillomavirus (HPV) DNA, and, more recently,
computer-assisted screening.

When any pharmacologic or technologic advances be-
come available, clinicians are faced with the challenge of
evaluating data regarding the efficacy of those medica-
tions or technologies and with considering the cost-ef-
fectiveness of adopting them into their practices. For

those specializing in obstetrics and gynecology and oth-
er clinical areas in which cervical cancer screening is per-
formed, these evaluations have made liquid-based Pap
testing the standard practice: approximately 90% of Pap
tests in the United States are now done using liquid-based
technology. Today, we must consider the implications of
two other developments that may affect cervical cancer
screening: the recent approval of a quadrivalent HPV vac-
cine and the emerging role of computer-assisted screen-
ing of liquid-based, thin-layer Pap specimens. 

In this supplement to OB.GYN. NEWS, four articles are
presented that we hope will be both useful and thought-
provoking. 

—Mark H. Einstein, MD, MS, Chair

Cervical Cancer Screening in the Era of 
Improved Technology and HPV Vaccines

Over the 10 years since liquid-
based cytology was introduced
for cervical cancer screening,

clinical practice in this area has changed
dramatically: 90% of Papanicolaou tests
in the United States are now performed
using the liquid-based Pap technology.
Reflex testing for the presence of human
papillomavirus (HPV) infection is now
the practice standard for managing pa-
tients whose Pap test shows atypical
squamous cells of undetermined signif-
icance (ASC-US).

Improvements in detection of cervi-
cal abnormalities achieved by the use of
liquid-based, thin-layer technology
have been thoroughly documented in
the peer-reviewed literature, and these
benefits are familiar to clinicians in
women’s health care settings. Addi-
tionally, significant advances in reduc-
ing cervical cancer incidence and mor-
tality have been introduced more
recently: computer-assisted screening
in the United States for improving de-
tection of cytologic abnormalities on
Pap tests and the availability of a vac-
cine for the most problematic strains of
HPV.

IMPROVING DETECTION OF 
CERVICAL CANCER
The conventional Pap smear represented
a life-saving advance in women’s health
because it allowed early detection and
treatment of cervical cancer and, thus,
dramatically reduced mortality from this
disease. However, the rate of reduction in
cervical cancer in the United States grad-
ually slowed; as early as the 1980s, the
rate had approached a plateau.

There were two main reasons for this.
First, cervical cancer screening has never
been universal. The unscreened popula-
tion includes women who have limited
access to medical care as well as those who
choose not to have Pap tests. Second, the
conventional Pap smear is associated with
a high rate of false-negative results, which
has been reported to range between 1.5%
and 55%.1 The use of liquid-based Pap
testing has decreased the incidence of
false-negative Pap test results. With even
broader use of liquid-based cytology, a
continued decline in cervical cancer in-
cidence has occurred.

However, although early detection and
treatment of cytologic abnormalities have
led to a decrease in cervical cancer in gen-

eral, a disturbing trend has emerged,
with the proportion of glandular lesions
and cervical adenocarcinoma increasing.
Part of the reason for this increase in ade-
nocarcinoma is that conventional Pap
smears are of limited value in detecting
it. Data are available demonstrating that
adequate sampling of the cervical canal
combined with liquid-based, thin-layer
Pap test technology improves detection of
glandular lesions of the cervix. (This is-
sue is discussed in greater detail in the ar-
ticle by Drs Lozano and Sauer on page 5.) 

More recently, computer-assisted
screening was developed with the goal of
helping to identify positive Pap tests and
further reduce false-negative results. Two
types of systems currently are available,
and these are described in “How Com-
puter-Assisted Screening Works,” page 4.

ROLE OF HPV VACCINES IN
REDUCING CERVICAL CANCER
INCIDENCE
In June 2006, the first HPV vaccine, 
Gardasil®, was introduced, which is ef-
fective against HPV types 6 and 11—
which cause genital warts—as well as the
oncogenic types 16 and 18.2,3 The Advi-
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sory Committee on Immunization Prac-
tices of the Centers for Disease Control
and Prevention suggests routine vaccina-
tion for girls as young as 9 years of age.4

Ideally, it should be given before the on-
set of sexual activity, but sexually active
women still are likely to benefit—even if
a woman is already infected with HPV,
vaccination may protect her from acquir-
ing infection with other HPV types that
are covered by the vaccine. The quadri-
valent vaccine is approved by the US
Food and Drug Administration (FDA) for
administration to females between 9 and
26 years of age.3 Recently, the American
College of Obstetrics and Gynecology
published its recommendations that a
Pap test be performed prior to the ad-
ministration of HPV vaccine and that Pap
tests be routinely performed even in
women who have been vaccinated.5

Because of HPV’s role in cervical dys-
plasia and carcinoma, a gradual decrease
in HPV infections—and, therefore, in
abnormal Pap test results—should re-
sult. However, the ultimate impact of
HPV vaccination on cervical cancer in-
cidence depends on a number of vari-
ables. The greatest and most obvious fac-
tor is the extent of vaccination in the
population: until vaccination is wide-
spread, with most women in the target
age groups receiving the vaccine, statis-
tics will not be significantly affected. As
with immunization programs that have
been introduced for protection against
other diseases—notably, the communi-
cable diseases of childhood—the great-
est benefits will not be seen until vacci-
nation is virtually universal. Such
compliance with childhood vaccinations
was achieved only when vaccinations be-
came a requirement for school admission.

Three important potential barriers to
widespread acceptance of and compliance
with HPV vaccination recommendations
are cost, the potential for side effects, and
parents’  acceptance of the concept of vac-
cinating their preadolescent and adoles-
cent daughters against a sexually ac-
quired infection.

Furthermore, clinicians and patients
should remain aware of the fact that the
vaccine covers HPV types 16 and 18,
which are responsible for about 70% of
cervical cancers.6 However, the remain-
ing 30% of cervical cancers are caused by
HPV types that are not covered by this

vaccine. In addition, it is not yet known
how long immunity against the covered
HPV types persists following vaccination.

All of these are important reasons sup-
porting the recommendation that
women undergo vaccination and contin-
ue regular cervical cancer screening.
Awareness is widespread among the gen-
eral public about the availability of the
quadrivalent vaccine, and the message is
justifiably welcome. However, clinicians
must provide patients with a factual
context for the expectations about vac-
cination: cervical cancer can develop de-

spite vaccination, and adherence to a reg-
ular cervical cancer screening program is
still as important as ever.

Reimbursement for vaccination by
Medicare and Medicaid and some health
insurance companies has not yet been de-
termined. A decision from the Centers for
Medicare and Medicaid Services (CMS) re-
garding reimbursement is pending. Some
health insurance companies will follow the
lead of CMS, but even without the CMS
determination, many companies already
are providing partial reimbursement and

44 CERVICAL CANCER SCREENING IN THE ERA OF  IMPROVED TECHNOLOGY AND HPV VACCINES

How Computer-Assisted Screening Works

Computer-assisted screening with
an automated microscope was de-

veloped to prescreen slides and identi-
fy those that contain cells of interest. 

To date, two such systems have been
approved by the US Food and Drug
Administration:  the ThinPrep® Imag-
ing System (TPIS) and the Focal-
Point™ Slide Profiler (FPSP). Both
work on the principle of morphometry.
Both are approved for use with liquid-
based Pap slides, and FPSP also is ap-
proved for prescreening conventional
Pap smear slides. The FPSP is ap-
proved only for screening specimens
from low-risk patients, as specifically
defined in the product labeling.1 TPIS
is approved for screening low-risk as
well as physician-designated high-risk
patients, such as those with a previous
tissue or Pap diagnosis of HPV, those
with multiple sex partners, and pa-
tients with HIV infection or a history
of cervical dysplasia.2

The FPSP works with image analy-
sis software that makes algorithmic
judgments about whether a slide spec-
imen is normal or abnormal and cate-
gorizes it as requiring either: no fur-
ther review (these are reported as
negative for intraepithelial lesions or
malignancy), review (requires evalua-
tion by a cytotechnologist), quality
control review (slides that have the
highest probability of containing ab-
normal cells are selected for rescreen-

ing), or process review (slides that re-
quire review by a cytotechnologist be-
cause they could not be successfully
processed by the system).

In addition to evaluating only slides
prepared using liquid-based, thin-
layer technology, the TPIS differs in
several more ways. The most signifi-
cant is that it scans slides and identi-
fies cells of interest. Therefore, when
a cytotechnologist and cytopatholo-
gist review such slides, the areas of
special interest are clearly marked.

Specifically, a quantitative DNA
stain is used to stain cervical cell nu-
clei. Abnormal cells have increased
amounts of molecular DNA and tend
to be larger and irregularly shaped;
also, the nuclei in abnormal cells take
up more stain than the nuclei in nor-
mal cells. The presence of irregularly
shaped, large, and darkly stained cells
indicates that the sample may be ab-
normal.

The TPIS imager scans each slide
and identifies 22 fields that contain
cells of interest, as described above.
The cytotechnologist then reviews
those 22 fields using an automated mi-
croscope and reports “no intraepithe-
lial lesion” if all fields are judged to be
normal. If the cytotechnologist judges
cells in any field to be suspicious, the
entire slide is reviewed and abnormal
cell groups are marked. These slides are
then evaluated by a pathologist.  

Continued on page 12

Sources: 1. FocalPoint™ Slide Profiler. Available at: http://www.tripathimaging.com/nonus_fp_bpi.htm. Accessed
November 30, 2006. FocalPoint is a trademark of TriPath Imaging, Inc. 2. ThinPrep® Imaging System. Available at:
http://www.thinprep.com/pap-test/thinprep-imaging.html. Accessed November 30, 2006. ThinPrep is a registered
trademark of Cytyc Corporation.
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The incidence of cervical cancer has
declined dramatically since the
glass-slide Papanicolaou test was

introduced in the early 1940s. An esti-
mated 9,700 new cases of invasive cervi-
cal cancer will have occurred and the dis-
ease will have claimed the lives of about
3,700 women in the United States dur-
ing 2006.1 However, although the over-
all incidence of cervical cancer has de-
creased, a shift has occurred in the
frequency of the subtypes—the propor-
tion of adenocarcinoma has been increas-
ing (Figure on page 6).2

DETECTION OF LSILS, HSILS,
GLANDULAR LESIONS, AND
INVASIVE CANCER
The first liquid-based Pap test was ap-
proved by the US Food and Drug Ad-
ministration (FDA) a decade ago, and
since that time, scores of independent
studies have been published in peer-re-
viewed journals documenting the ad-
vantages of this liquid-based, thin-layer
cytology for detecting precancerous le-
sions or cervical cancer. The improve-
ment over the conventional Pap smear
has become widely recognized, and about
90% of clinicians in this country now are
performing Pap tests using liquid-based
technology.3 

The detection of atypical squamous
cells of undetermined significance (ASC-
US) and low-grade squamous intraep-
ithelial lesions (LSILs) is important be-
cause it allows clinicians to follow patients
appropriately. Many of these lesions
regress spontaneously, but it is not possi-
ble to predict which will regress and
which will persist or progress. Thus, the
improved visualization of cervical samples
made possible by liquid-based cytology—
resulting in a reduction in false-negative
readings—is crucial to aid in treatment
decisions and to avoid overtreatment.

However, the more important target in
cervical screening is high-grade squa-
mous intraepithelial lesions (HSILs) and
high-grade glandular lesions, with the
goal of identifying patients with high-
grade preinvasive lesions and invasive

cancer as early as possible in the course
of the disease. Two analytical compar-
isons of US studies involving the first liq-
uid-based cytology system (introduced in
1996) demonstrated that liquid-based
cytology improves detection of both LSIL
and HSIL.

The first of the comparisons, by 
Bernstein and colleagues,4 was a meta-
analysis of 25 prospective studies in-
volving 221,864 patients. Some of these
were split-sample studies, meaning that
a conventional Pap smear was prepared
first and the rest of the sample was used
for liquid-based cytology. These authors
concluded that liquid-based cytology
improved the adequacy of samples and
was associated with improved detection
of both LSILs and HSILs.

The second, by Abulafia and col-
leagues,5 was a quantitative analysis of 24
studies. Seventeen of the studies compared
liquid-based cytology with conventional
Pap smears for 35,172 patients; 10 arti-
cles compared cytology with histologic or
other “gold-standard” diagnoses for
21,752 patients; three studies used both
types of comparisons. The investigators
noted that the liquid-based technique
demonstrated greater sensitivity and
specificity than conventional Pap smears
and concluded that the sensitivity of liq-
uid-based cytology led to an increase in
the detection of cervical atypia, LSILs,
HSILs, and invasive cervical carcinoma.

In addition, multiple peer-reviewed
publications have shown improved de-
tection and classification of glandular le-
sions with liquid-based cytology (in these
studies, ThinPrep was used) compared to
conventional Pap smears.6-11 The first of
these was a study by Ashfaq and col-
leagues,6 who studied results with liquid-
based cytology compared with historical
controls. This group demonstrated that
ThinPrep was more sensitive and specif-
ic in identifying glandular lesions.

Bai and coworkers7 and Carpenter and
Davey8 conducted similar studies, com-
paring liquid-based cytology results with
historical controls, but also confirmed
their findings with histologic studies.

Biopsy confirmation of glandular lesions
was better than that found with con-
ventional Pap smears. Guidos and 
Selvaggi9 studied endometrial tissue,
specifically. In this study, the authors
found that use of liquid-based cytology
improved detection of endometrial car-
cinoma fivefold compared with conven-
tional Pap smears, a conclusion sup-
ported by biopsy confirmation.

Finally, Schorge et al10 compared con-
ventional Pap smears collected from 1996
to 1998 with ThinPrep tests from 1998
to 2000, a total of almost 200,000 sam-
ples. These investigators reported that
ThinPrep yielded a higher pickup of
combined atypical glandular cells of un-
determined significance (AGUS) and ade-
nocarcinoma (0.17% of the liquid-based
samples versus 0.09% of the conven-
tional smears; P<0.001). In addition, the
sensitivity for AGUS/adenocarcinoma
was found to be significantly greater
with the liquid-based test (72.0% versus
41.5%; P<0.001). 

In August 2005, the FDA approved la-
beling referencing these studies,6-11

which reported on the improved ability
of the ThinPrep system to detect glan-
dular disease as compared to conven-
tional Pap testing.

INCREASING INCIDENCE OF
CERVICAL ADENOCARCINOMA 
Improved detection of cervical adeno-
carcinoma is crucial to reducing mor-
bidity and mortality from this disease.
This is of increasing importance because
whereas the rate of squamous cell cancer
is decreasing, the proportion of cervical
adenocarcinoma—in both relative and
absolute terms—is increasing. Cervical
adenocarcinoma once accounted for ap-
proximately 5% of cases, but since the
early 1970s, the proportion has grown
dramatically; it was estimated to be as
high as 20% to 25% in the year 200012

and has continued increasing (Figure on
page 6).2

Several reasons for this shift have been
proposed. One is increased detection, re-
sulting from both the use of liquid-based

Improving HSIL and Glandular Disease Detection:
What the Recent Data Show
RICHARD LOZANO, MD, AND HAROLD J. SAUER, MD, FACOG
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cytology and improvement in sampling
devices and techniques.13,14 In addition,
an increased incidence of human papil-
lomavirus (HPV) infection, especially
type 18—the oncogenic HPV type most
commonly associated with cervical can-
cer—has been suggested as an underly-
ing cause.15 Other possible cofactors in-
clude multiple sexual partners,16 the use
of oral contraceptives,16 and obesity.17

ROLE OF TESTING FOR 
HIGH-RISK HPV
The role of HPV in the development of
squamous cell cervical carcinoma has
been recognized for a number of years
and has been definitively demonstrated. 

The value of liquid-based cytology
combined with high-risk (HR)-HPV
reflex testing is that patients with 
ASC-US results can be triaged. Reflex
HR-HPV testing from a liquid-based
Pap test (direct-to-vial sampling) is
FDA approved only with the ThinPrep
Pap Test. With reflex testing, the pres-
ence of an HR-HPV infection can be
identified.

If a patient with an ASC-US result on
liquid-based testing has a positive reflex
HPV test, the standard of care now is for
that patient to be more closely followed
than one who has no evidence of a high-
risk HPV infection. However, reflex
HPV testing does not identify the spe-
cific type of HPV.

The availability of HR-HPV DNA
testing from the vial has made it possi-
ble for  HR-HPV–positive patients  to
be readily identified, so that patients who
have infections with the low-risk HPV
types—that is, types 6 and 11—can be
classified as  negative. HR-HPV infec-
tions are recognized as oncogenic—prin-
cipally, types 16 and 18—and should  be
followed as high risk. To date, one liq-
uid-based cytology method has received
FDA approval for HPV DNA testing
from the vial. However, as discussed in
Dr Einstein’s article on page 3, HPV
testing is not a substitute for cervical cy-
tologic testing.

Currently, the benefits of HPV testing
in patients with glandular lesions are not
clear because the association between
HPV infection and glandular lesions is
not completely understood. The literature
demonstrates that many endocervical
cancers are HPV-positive, and when HPV

is found in patients with atypical glan-
dular cells, it is most commonly type
18.15,18,19 However, cervical adenocarci-
noma without evidence of HPV infection
has been found in certain populations of
women (women more than 60 years of
age and virginal women, including those
in religious orders).15,18,19 In a recent
study, Andersson and colleagues20 tested
the potential utility of a DNA probe set
for assessing glandular cells in Pap tests
and noted that HPV DNA could not be
detected in 4 (33%) of the 12 cases they
examined. HPV DNA testing is not rec-
ommended by the FDA for following pa-
tients with atypical glandular cells.

COMPUTER-ASSISTED SCREENING
FURTHER IMPROVES DISEASE
DETECTION
Clearly, the early detection of HSIL and
glandular lesions can be improved with liq-
uid-based Pap testing.* The introduction
of computer-assisted screening has been
shown to increase detection rates even fur-
ther.† (For a further overview of how this
new technology works, see the sidebar in
Dr Einstein’s article on page 4.) To date,
only one screening system—the ThinPrep
Imaging System (TPIS)—has been ap-
proved by the FDA for evaluating slides in
both low- and high-risk patients.

In a recent study, Dziura and col-
leagues21 compared the results of Thin-
Prep Pap Tests screened only manually

and with dual review using TPIS; almost
28,000 samples were reviewed in each
group. The rates of increase in sensitiv-
ity of dual-reviewed compared with
manual review alone were significant for
four diagnostic categories: ASC-US; ab-
normal squamous cells, cannot rule out
high-grade squamous intraepithelial le-
sion (ASC-H); low-grade squamous in-
traepithelial lesion (LSIL); and high-
grade intraepithelial lesion (HSIL).
Specifically, the increased sensitivity rates
were 29.0% for ASC-US (P<0.001),
50.0% for ASC-H (P<0.001); 30.7% for
LSIL (P<0.001); and 20.0% for HSIL
(P<0.05). Specificity was also increased
substantially for ASC-H (11.7%) and
HSIL (8.9%).

In another recent paper,22 investigators
at a medium- to high-volume laborato-
ry in Kentucky (Dr Lozano’s laboratory)
published their results from the first 6
months of use of the TPIS imager com-
pared with manual screening alone of
ThinPrep Pap Tests. The published re-
sults include 39,717 computer-assisted
screens reported from May through Oc-
tober 2004 and 87,267 cases that had
been manually screened and reported in
the previous year. 

The study shows a significant increase
in detection rates over manual screening
for HSILs and more severe lesions by 38%
(P<0.0001). A 46% increase in the de-
tection of LSILs was found with the im-

66 CERVICAL CANCER SCREENING IN THE ERA OF  IMPROVED TECHNOLOGY AND HPV VACCINES
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Squamous Cell Carcinoma

The Proportion of Adenocarcinoma Is on the Rise

Source: Surveillance, Epidemiology, and End Results (SEER) Program Database.2
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ager-assisted screening compared with
manual screening (P<0.0001). The two
methods yielded similar results in both
the ASC-US to squamous intraepithelial
lesion ratio and unsatisfactory specimens.

CONCLUSION
Improvements in the detection of sig-
nificant lesions have been an important
goal and, with the availability of liquid-
based, thin-layer Pap testing, this has
been accomplished. The development of
computer-assisted screening that scans
and identifies specific areas of diagnos-
tic interest on Pap slides has further de-
creased the false-negative results that
were seen with conventional Pap smears.
These technologic advances have pro-
vided the opportunity for even greater
benefit to women’s health, especially in
light of the increasing incidence of cer-
vical adenocarcinoma. ■

FOOTNOTES
* In August 2005, the FDA approved label-
ing referencing multiple peer-reviewed stud-
ies,6-11 which reported on the improved abili-
ty of the ThinPrep Imaging System (TPIS) to
detect glandular disease as compared to con-
ventional Pap testing.

† The TPIS clinical trial showed a statistical-
ly significant increase in ASC-US+ sensitivity
of 6.4% [95% CI, 2.6-10.0] and a statistical-
ly significant increase in HSIL+ specificity of
0.2% [95% CI, 0.06-0.4].
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The introduction of technologic
advances that hold promise for
improving the health and well-

being of patients generates two principal
responses: optimism for better-quality
patient care and concerns about whether
implementing the new procedures is af-
fordable and justified by clinical out-
comes—that is, their cost-effectiveness.

FACTORS AFFECTING COST-
EFFECTIVENESS
Assessments of cost-effectiveness for cer-
vical cancer screening must consider sev-
eral variables. These include the cost of
screening (a labor-intensive process), the
cost of the technologies used in screening,
the cost of follow-up, avoidance of cervi-
cal cancer (including potential complica-
tions and death), and screening intervals.

In addition, three methods must be
considered in a cost-effectiveness analysis:
the conventional, glass-slide Papanico-
laou smear, liquid-based, thin-layer Pap
testing, and cytologic evaluation plus
human papillomavirus (HPV) testing.
The cost-effectiveness of these methods are
affected by myriad issues, but mainly by
their sensitivity, specificity, positive pre-
dictive value, and negative predictive val-
ue versus costs.

EXTENDING SCREENING
INTERVALS: A PROPOSAL FOR
REDUCING COSTS
In evaluating the cost-effectiveness of cer-
vical cancer screening methods, it is im-
portant to keep in mind that cervical can-
cer rates in this country have decreased
dramatically since the introduction of the
conventional Pap smear because it came to
be accepted as a test that must be admin-
istered yearly. However, with improved
sensitivity associated with the new Pap
testing technologies, annual testing actu-
ally may be overscreening, leading, in
turn, to unnecessary treatment and costs.

Some experts have suggested extending
the intervals between Pap tests from an-
nually to every 2 years or more as a way
to make improved technology more af-
fordable, yet retain the advances that

have been achieved in the rate of cervical
cancer detection and the reduction in the
rate of cervical cancer mortality. Several
important studies have been published
that explore both the economic and the
health implications of this proposal.

Miller and colleagues1 conducted a
matched case-control study to determine
whether increasing the time intervals be-
tween Pap tests would change the odds ra-
tio for developing invasive cervical cancer.
Screening intervals of more than 3 years
were associated with dramatically in-
creased risks for missing the diagnosis of
cervical cancer.

Subsequently, Goldie and colleagues2

published a complex analysis comparing
the costs and sensitivity of cytologic
screening at various intervals and using
several strategies. The intervals consid-
ered were 1, 2, and 3 years, and the
strategies were (1) conventional Pap test-
ing, (2) liquid-based cytology and the use
of HPV DNA testing when abnormal
squamous cells of undetermined signif-
icance (ASC-US) were identified, and (3)
liquid-based cytology combined with
HPV DNA testing for all women 30
years of age or older (the US Food and
Drug Administration has approved HPV
DNA testing in primary screening only
for women in this age group).

Goldie’s group reported that, compared
with annual conventional Pap testing, tri-
ennial liquid-based cytology administered
to all women and the combination of liq-
uid-based cytology/HPV DNA testing
for women 30 years of age or older provide
equal or greater benefits in terms of cer-
vical cancer detection. The study further
demonstrated that, compared with annu-
al conventional Pap testing, the incre-
mental cost-effectiveness ratios were
$95,300 (for triennial liquid-based cytol-
ogy) and $228,700 (for liquid-based cy-
tology/HPV DNA testing) per year of life
gained. Also important was the conclusion
that annual primary screening with liquid-
based cytology/HPV DNA has a cost-ef-
fectiveness ratio of more than $2 million
per year of life gained, and the strategy in-
creases life expectancy by only a few hours.

Extending screening intervals beyond 3
years poses the risk for an unacceptable in-
crease in the cervical cancer rate.

In 2006, Gemmen and colleagues3 pre-
sented a model of the total cost of screen-
ing, treatment, and diagnosis, including
a strategy in which liquid-based cytology
plus ThinPrep® Imaging System was
used.* These researchers reported that, ac-
cording to this model, diagnosis represents
the greatest cost when HPV testing is in-
cluded, whether with conventional Pap
smears or liquid-based cytology, and that
the overall cost of screening increases
sharply when HPV testing is used. Liquid-
based cytology was determined to be the
most cost-effective method when clinical
efficacy is factored in. Computer-assisted
imaging added a small amount to the cost
of screening over liquid-based cytology
without imaging, but yielded a small net
reduction in overall costs when diagnosis
and treatment were considered as well. 

Bidus and colleagues4 published an
analysis similar to that of Goldie and col-
leagues2 but used a population of women
in the US military. In the armed forces,
salaries are based on rank and job func-
tion, regardless of gender, which sim-
plifies the calculation of time lost from
the job and the actual associated costs.
Another advantage to studying this pop-
ulation is that regular health care and fol-
low-up are virtually assured. 

In this study, the investigators used a
model that considered both direct and
indirect costs of health care.

The strategies compared in this study
were: (1) liquid-based cytology (LBC)
alone, (2) LBC with HPV testing regard-
less of cytologic results for women over
the age of 30 (DNA/PAP), (3) LBC with
HPV detection when a cytologic result of
ASC-US was found (HPV reflex), and (4)
all of the above compared at 1-, 2-, and
3-year intervals. As the Table shows, the
strategies that were either more costly and
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less effective or that had a higher incre-
mental cost-effectiveness ratio than an ad-
jacent strategy were considered dominat-
ed (that is, less desirable) strategies.

Bidus and colleagues concluded that,
in this military population, the most
cost-effective among the strategies stud-
ied—especially when indirect costs are
considered—was screening every 2 years
with liquid-based cytology and reflex
HPV testing when ASC-US was found.

The cost per year of life gained (also
known as the incremental cost per life
year)—that is, the cost of keeping an in-
dividual patient alive for 1 additional
year—with an annual conventional Pap
test plus HPV DNA testing was calcu-
lated to be almost $1.5 million. Biannual
screening with liquid-based cytology
and reflex HPV testing costs an addi-
tional $56,728 per year of life gained,
and triennial screening with this strate-
gy costs $5,140 per year of life gained.
(Goldie and colleagues2 note that a cost
of $50,000 or less per year of life gained
can be considered “cost-effective.”)

To summarize, the evidence available to
date indicates that it is cost-effective to ex-
tend cervical screening intervals to every
2 or every 3 years. However, the issue of
extending Pap test intervals beyond 1 year
should also be considered within the con-
text of patient compliance. For example,
screening intervals beyond every 3 years
has been shown to be associated with an
unacceptable increase in the rate of cervi-
cal cancer.2,3 Therefore, patients who are
told to receive biannual or triennial Pap
tests must understand the risk associated
with failing to adhere to this recommen-
dation.

Agreement is growing among clinicians
that screening every 2 to 3 years rather
than annually is appropriate, but patients
seem unconvinced. Sirovich and cowork-
ers5 conducted a random-digit-dialing
telephone survey of a nationally repre-
sentative sample of 360 women 40 years
of age or older. Almost all (99%) had had
at least one Pap test, and 59% had annu-
al screenings. Only 43% reported hearing
about recommendations for less-frequent
screening, and half of all women sur-
veyed said they believed these recom-
mendations were based on cost consider-
ations rather than on medical evidence. 

An overwhelming majority of respon-
dents (69%) said they would still try to

obtain annual screening even if their
clinicians advised less frequent intervals
and reassured them that the benefits of
annual and less frequent screenings were
comparable. A shift in the “annual Pap
test” paradigm will require further edu-
cation and acceptance on the part of
both medical professionals and patients.

UNDERSERVED POPULATIONS 
The cost-effectiveness of screening in
special populations deserves mention:
those women in Title X and Planned
Parenthood clinics who are still being
screened with conventional Pap tests.
Cost-containment strategies still im-
posed on many clinical settings that
serve the poor, the uninsured, and the
underinsured do not permit these sys-
tems to implement cervical screening
with technologies that have proved to
have higher sensitivity and specificity as
well as better positive predictive and
negative predictive values.

However, the putative cost savings are
reduced when one considers the problem
of follow-up. With the conventional Pap
smear, a patient with a result of ASC-US
must return for an HPV test to determine
appropriate subsequent management.
The real cost of having patients return for

an additional visit must be factored into
the calculation. In medically underserved
populations, poor compliance is a well-
recognized deterrent to optimum health
care, particularly when the services are
prevention- and diagnosis-oriented rather
than treatment-focused. An unknown
proportion of ASC-US-positive patients
who fail to return for follow-up evalua-
tion and who have precancerous or early
cancerous lesions may be lost to the sys-
tem during the time when their condi-
tions are potentially detectable and more
easily—and less expensively—treated. 

CONCLUSION
The majority of physicians who perform
Pap testing now send their samples to
laboratories that use liquid-based, thin-
layer cytology and include reflex  DNA
testing in their diagnostic algorithms
when ASC-US is found. In addition to an
expected continued decrease in the inci-
dence of high-grade lesions, we can hope
to see a further decrease in the incidence
of cervical cancer. Also important is the
potential for a decrease in the overall cost
of screening for cervical cancer, with the
goal of implementing new technologies
that improve cervical cancer detection at
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TABLE. Health Care-Related Costs Related to Diagnosis and Treatment
of HPV and Cervical Cancer in a US Military Population

Incremental Incremental
Mean Incremental Mean Life Life Cost Per

Strategy Costs ($) Costs ($) Expectancy (y) Expectancy (y) Life Year ($)
No Pap test 402 25.8770
LBC + reflex HPV every 3 y 665 264 25.9282 0.05127 5,140
LBC + reflex HPV every 2 y 832 166 25.9312 0.00293 56,728
LBC + reflex HPV every 3 y

before age 30 y and then
DNA/PAP every 3 y thereafter 1,032 200 25.9296 –0.0016 Dominated

LBC + reflex HPV every 2 y
before age 30y and then DNA/
PAP every 3 y thereafter 1,072 40 25.9304 0.0008 Dominated

DNA/PAP every 3 y 1,130 57 25.9307 0.0003 Dominated
LBC + reflex HPV every y

before age 30 y and then
DNA/PAP every 3 y thereafter 1,224 392 25.9315 0.0003 Ext Dom

LBC + reflex HPV every y 1,355 523 25.9342 0.0030 171,224
DNA/PAP every 2 y 1,515 160 25.9329 –0.0013 Dominated
DNA/PAP every y 2,675 1,320 25.9351 0.0009 1,472,416
LBC, liquid-based cytology; HPV, human papilloma virus; PAP, Pap test; Ext Dom, extremely dominated.
Strategies that are too costly and less effective or have a higher incremental cost-effectiveness ratio than an adja-
cent strategy are considered dominated. Mean life expectancy is the average discounted life expectancy (discount-
ing is done in order to account for time preferences in cost-effective analysis).

Source: Bidus MA et al.4 Reprinted with permission.

Continued on page 12
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In the years since the connection be-
tween cervical cancer and human pa-
pillomavirus (HPV) was demon-

strated, the considerable research focusing
on this ubiquitous virus has yielded re-
markable achievements: widely accessible
molecular testing for HPV and a vaccine
against the four most common sexually
transmitted HPV types (including types
16 and 18, which have been associated
with the overwhelming majority of cas-
es of cervical dysplasia and cancer).

The availability of vaccination and
HPV cervical screening has led to some
challenging questions about cervical can-
cer screening. Some authors have advo-
cated HPV testing as a primary screening
method, either combined with or as a re-
placement for cervical cytology, and clin-
icians as well as patients wonder whether
being vaccinated against HPV will make
cervical cytology less important. 

PREVALENCE AND NATURAL
HISTORY OF HPV
Unquestionably, HPV infection is ex-
tremely common. The US Centers for
Disease Control and Prevention estimate
that approximately 20 million Ameri-
cans currently have a genital HPV in-
fection, and about 6.2 million each year
acquire a new genital HPV infection,
making it the most common sexually
transmitted viral infection in this coun-
try.1 At least 80% of women will have
had an HPV infection by age 50.1

Worldwide, the World Health Orga-
nization (WHO) estimates that 409,400
new cases of cervical cancer occur each
year in developing countries and 83,400
new cases occur in developed countries.
According to the WHO, an estimated
660 million people have a genital HPV
infection.2

Most sexually active adults will ac-
quire a genital HPV infection at some
time in their lives, but the most serious
disease caused by HPV, cervical cancer,
is relatively rare when the prevalence of
infection is considered. In addition, the
rate of cervical cancer has declined con-
siderably over the years since the 

Papanicolaou smear was introduced. The
women most likely to develop cervical
cancer are those who have never had a
Pap test or who are screened rarely.3

The natural history of HPV cervical
infections must be considered in any
discussion of screening and risk man-
agement. Einstein and Burk4 evaluated
the available data and summarized the
path that an HPV infection may follow
(Figure). Three important studies of
HPV in populations of young women
demonstrated that most HPV infections
are transient and cause either no changes
or low-grade cervical intraepithelial neo-
plasia (ie, CIN 1) and that CIN 1—even
those lesions associated with high-risk
HPV types—will spontaneously regress
in most young women.5-7 Many health
care professionals now advocate close sur-
veillance with repeat cytologic evaluation
of these types of lesions. High-grade le-
sions are most likely to occur when in-
fection persists beyond 1 year; only 30%
to 50% of HPV infections in young
women fail to clear within that time.4

When high-grade lesions develop, the
condition may progress to invasive cancer.
Several factors have been identified that
are thought to contribute to the progres-
sion from infection to cancer in patients
with HPV. Some of the risk factors are to-
bacco use, infection with other sexually
transmitted pathogens, and a compro-
mised immune system (for example, in
patients taking immunosuppressant med-
ications following organ transplantation).8

Given what is currently known and
understood about the natural history of
HPV infection, it is apparent that the
mere presence of HPV infection reveals
little about its significance. It is not pos-
sible to determine whether the infection
is new, persistent, or recurrent and, there-
fore, whether the patient is at high risk
or not. Thus, the positive predictive val-
ue of HPV screening is limited by the
natural history and the high prevalence
of HPV infections. This is particularly
true in women less than 30 years of age.

In addition, the role of HPV infection
in the development of glandular lesions

and adenocarcinoma is not yet clearly un-
derstood. HPV may or may not be pre-
sent in these conditions, so the failure to
identify HPV infection does not rule out
the possibility of nonsquamous lesions.
(See the article by Drs Lozano and Sauer
on page 5 for further discussion of this
topic.)

HPV TESTING VERSUS
CERVICAL CYTOLOGY:
REVIEWING THE DATA 
It has been suggested that HPV screen-
ing is substantially more sensitive than
cytologic screening, but it is important
to recognize that such suggestions are
based on comparisons between HPV
testing and conventional Pap smears,
not between HPV testing and liquid-
based cytology or liquid-based Pap test-
ing with computer-assisted imaging.

A well-designed study that provides
reliable data is from the Atypical Squa-
mous Cells of Undetermined Signifi-
cance/Low-Grade Squamous Intraep-
ithelial Lesions Triage Study (ALTS)
group,9 which examined several strate-
gies for identifying and evaluating
women with clinically significant dis-
ease. The ALTS investigators conducted
a randomized multicenter trial compar-
ing three management strategies in pa-
tients with equivocal results on Pap test-
ing: immediate colposcopy, triage to
colposcopy based on HPV DNA testing
and liquid-based Pap test results, or
triage based on cytology alone.

The data indicated that, for women
with a Pap test result of atypical squamous
cells of undetermined significance (ASC-
US), reflex HPV testing from the same
liquid-based Pap test vial is more sensi-
tive than colposcopy and conventional cy-
tology in identifying women who have
a cervical abnormality. The reported sen-
sitivity for the liquid-based Pap test
plus HPV reflex testing was 96%. In ad-
dition, the negative predictive value was
99%—that is, there was a 1% chance of
a high-grade squamous intraepithelial le-
sion (HSIL) in a patient with an ASC-US
result and a negative HPV test result.9
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However, simultaneous liquid-based
Pap testing plus HPV testing as a pri-
mary screening strategy does not seem to
offer any advantages. Ferreccio and col-
leagues10 tested several screening meth-
ods in more than 8,500 women, includ-
ing cervicography, conventional Pap
smear testing, liquid-based Pap testing,
and HPV DNA testing. They evaluated
these methods used alone as well as in
various paired combinations for primary
screening for cervical abnormalities. Re-
garding HPV DNA and liquid-based
Pap tests, specifically, the authors found
no differences between the two tests used
alone or in combination in terms of neg-
ative predictive value and specificity.

Two other studies compared liquid-
based Pap testing with HPV testing in
detecting cervical intraepithelial lesions
rated high-grade or greater (CIN 2+). In
both studies, the negative predictive val-
ues were 100% or nearly 100% with
both tests. Differences between the tests
were found in positive predictive values.
Belinson and colleagues11 reported pos-
itive predictive values of 61% with liq-
uid-based Pap test cytology and 23%
with HPV testing for HSILs or higher-
grade lesions. Clavel and coworkers12

found that the liquid-based Pap tests had
a positive predictive value of 15.1% ver-
sus 8.7% for HPV testing in women age
30 years or older.

It is not surprising that the HPV test
methods now available show negative
predictive values consistently approach-
ing or reaching 100% in patients with
cervical abnormalities. However, positive
predictive value must also be considered,
because the virus may be present with-
out a cervical abnormality. A literature

review by Bosch and colleagues13 sug-
gests that between 4% and 7% of cases
of cervical carcinoma may occur without
the presence of HPV.

LIQUID-BASED CYTOLOGY 
PLUS IMAGING
Cibas and colleagues14 conducted a study*
designed to compare high-risk HPV
DNA testing with computer-assisted
imaging in 857 women 35 years of age or
older who had had liquid-based Pap test-
ing. The subjects had negative results
with liquid-based cytology, and comput-
er imaging performed at the same time
also showed negative results. The inves-
tigators then tested the cervical samples
for HPV DNA. According to an interim
analysis of data presented recently, high-
risk HPV was present in 3.9% of these
“double-negative” patients. (Interesting-
ly, the younger women had a higher rate
of HPV: 6.7% of women 30 to 34 years
of age, 3% of those 35 to 39 years of age,
and 2.6% of patients 40 to 45 years of age
were HPV-positive.)

These results suggest that a negative re-
sult using a liquid-based Pap test with
computer-assisted imaging is associated
with a very low rate of high-risk HPV. Fur-
ther studies are necessary, but if these find-
ings are confirmed, liquid-based Pap test-
ing with computer-assisted imaging may
offer a more cost-effective screening strat-
egy for women 30 years of age or older.

CONCLUSION
It is crucial that clinicians routinely screen
for cervical disease using the most sensi-
tive and reliable techniques currently
available. HPV screening is helpful in that
it provides a risk assessment regarding the

likelihood that cervical disease will de-
velop in a particular patient and is in-
creasingly recognized as a valuable tool in
determining the management of patients
who receive an ASC-US reading with liq-
uid-based Pap tests. However, cytology is
the only screening method that allows the
determination of whether a woman cur-
rently has cervical disease. Furthermore,
cytology is the only test for which long-
term data are available demonstrating an
overwhelming benefit in decreasing the
incidence of and mortality associated with
cervical cancer. Computer-assisted screen-
ing, utilizing dual review (in which the
imager directs the cytotechnologist’s at-
tention to cells of interest), allows the cy-
totechnologist to focus on interpretation
of the slide thus improving sensitivity and
specificity over manual screening.† ■

FOOTNOTES
* This study was supported by Cytyc Corpo-
ration, Marlborough, Mass., the manufacturer
of the cytology/imager system evaluated.

† The TPIS clinical trial showed a statistical-
ly significant increase in ASC-US+ sensitivity
of 6.4% [95% CI, 2.6-10.0] and a statistical-
ly significant increase in HSIL+ specificity of
0.2% [95% CI, 0.06-0.4].
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some are fully reimbursing for HPV vac-
cinations.

The clinical trial leading to FDA ap-
proval of the quadrivalent vaccine re-
ported an excellent efficacy and safety
profile, but the true incidence of toxici-
ty for any new vaccine or drug is not ap-
parent until it has been administered un-
der real-world conditions to very large
numbers of patients in the general pop-
ulation. Such data are not likely to be
available for several years.

The acceptance of the vaccine for
preadolescent and adolescent girls has
been evaluated by means of parental
questionnaires, in which adults were
asked about their willingness to have
themselves and their children vaccinat-
ed. The trend in these surveys is toward
acceptance of vaccination.7 The key here
is education. The general public must be
informed about HPV infection, its trans-
mission, and the potential long-term
health consequences of persistent infec-
tion with high-risk HPV types. 

Even with widespread acceptance and
use of HPV vaccines, it is estimated that
a significant reduction in the number of
cases of cervical cancer will not be seen

for at least many decades. Clinicians and
the public must be aware that vaccina-
tion is not a substitute for cervical can-
cer screening and that cervical cancer
screening remains the standard of care.

CONCLUSION
Experience with liquid-based, thin-layer
cytology with manual screening has
demonstrated the efficacy of this technol-
ogy in improving rates of detection of cer-
vical cancer. The combination of liquid-
based cytology and computer-assisted
screening increases the likelihood of early
detection even more. As HPV vaccination
becomes more and more common and as
the technologic advances in cervical cancer
screening are increasingly more widely in-
corporated into clinical practice, the accu-
mulating evidence is likely to support
changes in screening recommendations.
What will not change for some time, how-
ever, is the need for cervical cancer screen-
ing: the advent of HPV vaccination will
not obviate the need for continued screen-
ing for at least several decades. Mean-
while, it is important for clinicians and pa-
tients alike to heed the advice to “vaccinate
early, screen regularly.” ■
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an affordable cost and without over-
screening—and potentially overtreat-
ing—patients. ■
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