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■ ABSTRACT

Our strategy for cervical cancer screeing is being
revolutionized by our new understanding of how human
papillomavirus (HPV) contributes to carcinogenesis and
the natural history of cervical cancer. The American
Cancer Society and the American College of Obstetricians
and Gynecologists now recommend combined HPV and
Papanicolaou (Pap) testing for cervical cancer screening in
women age 30 or older. However, although incorporation
of HPV DNA testing into primary screening provides clear
benefits, it also raises new questions.

■ KEY POINTS

HPV infection most often is transient in younger women.
With increasing age, the likelihood increases that HPV
positivity represents persistent disease, and only those
who have persistent high-risk HPV infection are at risk of
cervical cancer.

Combined HPV DNA testing and Pap testing is now
recommended for primary screening in women age 30 or
older. If both tests are negative, the screening interval can
be extended to every 3 years.

If a woman has a positive result on HPV testing but a
negative result on Pap testing, she should repeat both
tests in 6 to 12 months.

Eventually, the search for ideal cervical cancer biomarkers
will improve risk stratification in screening, while an HPV
vaccine will eradicate cervical cancer.

OMEN AGE 30 and older may undergo
combined Papanicolaou (Pap) and

human papillomavirus (HPV) testing to
screen for cervical cancer, according to new
guidelines from several professional soci-
eties.1–3 If both test results are negative, subse-
quent screening can be at 3-year intervals.

These recommendations came after the
US Food and Drug Administration (FDA)
approved the HPV test (Hybrid Capture 2;
Digene Corporation, Gaithersburg, MD) as an
adjunct for primary cervical cytology screen-
ing. The United States Preventive Services
Task Force (USPSTF),4 however, finds that
there is insufficient evidence to recommend
for or against its routine use for this purpose.

Up to now, the HPV test has been recom-
mended and approved only as a follow-up test for
women with a Pap test finding of atypical squa-
mous cells of undetermined significance (ASC-
US).5 For women younger than 30 years, screen-
ing is still every year with conventional Pap test-
ing or every 2 years with ThinPrep Pap testing
(or every 3 years according to the USPSTF).

These are exciting times in the field of cervi-
cal cancer detection and prevention, as progress in
understanding the role of HPV in carcinogenesis
is being applied to clinical practice (TABLE 1).6–13

This article briefly reviews contemporary
concepts of cervical cancer carcinogenesis,
evidence supporting HPV testing in primary
screening, current practice guidelines, com-
monly asked questions, and future directions
in screening.

■ ROLE OF HPV IN CERVICAL CANCER

HPV infection is necessary for cervical cancer
to develop but does not suffice by itself.14–18
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To date, more than 80 HPV types have
been identified, and more than 30 of these can
infect the genital tract.19 Certain genital HPV
types (16 and 18) are associated with a sub-
stantially higher risk of cervical cancer than
other types. HPV types that carry a moderate
risk of cervical cancer include 31, 33, 35, 39,
45, 51, 52, 56, 58, 59, 68, 73, and 82.20 Types
6 and 11 carry a low risk.

Extensive studies provide compelling evi-
dence that infection of the cervix with one of
the 15 high-risk or moderate-risk HPV types is
required for the development of virtually all
cervical cancers.21

A multicenter study from 22 countries
found that HPV DNA could be detected in
93% of squamous cell carcinomas of the
cervix.15 Furthermore, HPV DNA can also be
isolated from metastatic cervical cancer tissues
and from cervical cancer tumor cell lines in
vitro.22,23

Finally, in vitro studies are shedding light
on the mechanism by which HPV infection
increases the risk of cancer (Mechanisms of
HPV oncogenesis on page 144).24–33

■ WHY HPV-PLUS-PAP TESTING
IS THE NEW STANDARD OF CARE

Combining the HPV test with the Pap test in
primary cervical cancer screening is the logical
extension of the knowledge acquired over the
past 2 decades on the natural history of HPV
infection and cervical cancer development.

Pap testing lacks sensitivity
For the last 5 decades, annual Pap testing has
been the standard of care in screening for cer-
vical cancer. It has decreased both the inci-
dence of cervical cancer and the number of
deaths due to cervical cancer by about 75%.34

However, in routine screening, the esti-
mated true sensitivity of the conventional Pap
test is only 50% to 60%.35–37 Pap screening is
successful, despite this relative insensitivity,
because patients undergo repeated testing.

The new liquid-based ThinPrep technolo-
gy (Cytyc Corporation, Boxborough, MA) has
improved the sensitivity of Pap testing. Yet
Pap testing may still miss 15% to 35% of cases
of cervical intraepithelial neoplasia grade 3
(CIN 3, a precursor of cancer) or cancer
itself.38

In addition, Pap tests must be interpreted
by a pathologist, and results are not very
reproducible. And pathologists who, despite
their best efforts, failed to detect CIN or cer-
vical cancer on conventional Pap smears have
been exposed to increasing numbers of law-
suits.39–41 Therefore, the conventional Pap
smear by itself no longer meets the expecta-
tions of clinicians and patients.

HPV testing is more sensitive
In a search for a more sensitive screening test,
multiple large-scale studies from many coun-
tries evaluated the role of HPV testing in pri-
mary screening (TABLE 2).38,42–45 Important
findings from these studies:

HPV infection
precedes the
development
of cytologic
abnormalities

CERVICAL CANCER SCREENING JIN AND COLLEAGUES

Recent milestones in cervical cancer screening
1996 The FDA approves liquid-based ThinPrep technology, significantly increasing rates

of specimen adequacy and cytologic diagnosis of cervical cancer precursors and decreasing
ambiguous interpretations6–8

2000 The FDA approves HPV DNA test for testing women with an abnormal Pap test to determine
if they need colposcopy

2001 The Bethesda terminology for Pap smear reporting is revised, reducing ambiguity
and allowing better clinical decisions9,10

2001 The Atypical Squamous Cells of Undetermined Significance/Low-Grade Squamous
Intraepithelial Lesions (ASCUS/LSIL) Triage Study (ALTS trial) validates the clinical effectiveness
of HPV testing in women with mildly abnormal cervical cytologic findings11–13

2003 The FDA approves the Hybrid Capture 2 HPV DNA test for women of all ages with ASCUS
and for women age 30 or older in routine primary screening
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• The high-risk HPV DNA test was posi-
tive in 80% to 100% of cases of histologically
confirmed CIN 2 or cancer.
• HPV testing was more sensitive in detect-
ing CIN 2, CIN 3, or cancer than a single Pap
test. (It was, however, less specific. For this
reason, HPV testing cannot replace Pap test-
ing. Combined, the two tests have a specifici-
ty of 70% to 96%.)
• When HPV testing was combined with a
Pap smear, the sensitivity was even higher
than that of HPV testing used alone.
• Most important: the combination of a
negative Pap smear and a negative HPV test
indicated absence of CIN 3 or cancer to a cer-
tainty of almost 100%.

Specificity of HPV testing increases with age
Women who test positive for HPV on more
than one occasion do not necessarily have
persistent infection with the same type of
high-risk HPV, nor will they necessarily go on
to develop cervical cancer.

Sherman et al46 reported that the preva-
lence of high-risk HPV infection declines
with age: only 31.2% among women with
ASCUS who were 29 years or older, compared
with 65% in those age 28 and younger. HPV
infection most often is transient in younger
women. With increasing age, the likelihood
increases that HPV positivity represents per-
sistent disease, and only those who have per-

sistent high-risk HPV infection are at risk of
cervical cancer.

As a result, both the specificity and the
positive predictive value of an HPV test
increase with the age of the patient.
Therefore, combined HPV-plus-Pap testing in
women age 30 years or older is the new stan-
dard of care in cervical cancer screening.

■ POTENTIAL HARM FROM HPV TESTING

Adding HPV testing to Pap testing brings clear
potential benefits but also poses the risks of
overuse and unnecessary invasive treatment.

HPV infection is very common in women,
but few of these women will develop cervical
cancer or a high-grade precancerous lesion.
Combined HPV-plus-Pap testing will identify
10% to 20% of adult women as having tran-
sient, clinically insignificant HPV infection.

It is very important to restrict HPV test-
ing to women age 30 or older, to provide ade-
quate counseling regarding their risk of cervi-
cal cancer, and to avoid unnecessary invasive
therapy such as the loop electrosurgical exci-
sion procedure (LEEP).1

■ CURRENT GUIDELINES FOR SCREENING

In view of recent advances (TABLE 1), the
American Cancer Society, the USPSTF, and
the American College of Obstetricians and
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A negative Pap-
plus-HPV test
nearly rules out
CIN 3 or cancer

Combined HPV and Pap testing in primary screening

STUDY LOCATION NO. OF SENSITIVITY (%)* SPECIFICITY (%)* NEGATIVE
WOMEN PAP HPV PAP+HPV PAP HPV PAP+HPV PREDICTIVE

VALUE*

Petry et al45 Germany 7,592 34 86 94 99 97 96 0.999

Cuzick et al1 United Kingdom 10,358 72 97 100 99 94 93 1.000

Salmeron et al42 Mexico 6,115 57 94 98 99 94 94 1.000

Schiffman et al1 Costa Rica 6,176 80 86 92 95 94 90 0.998

Belinson et al43 China 1,936 94 98 100 78 85 70 1.000

Womack et al1 United States 1,040 60 100 100 98 97 96 1.000

*For CIN 2+ = cervical intraepithelial neoplasia grades 2 and 3 or cancer
BASED ON WRIGHT TC JR, SCHIFFMAN M, SOLOMON D, ET AL. INTERIM GUIDANCE FOR THE USE OF HUMAN PAPILLOMAVIRUS DNA TESTING AS AN ADJUNCT TO CERVICAL

CYTOLOGY FOR SCREENING. OBSTET GYNECOL 2004; 103:304–309.
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Gynecologists have developed practice guide-
lines (TABLE 3).1–4

The American Cancer Society and
American College of Obstetricians and
Gynecologists both recommend adding HPV
testing to Pap testing in women 30 years and
older in primary screening.

To help provide guidance for physicians
when using HPV testing as an adjunct to Pap
testing for screening, the National Institutes
of Health National Cancer Institute, the
American Society of Colposcopy and Cervical
Pathology, and the American Cancer Society
cosponsored a workshop in 2003. It is the con-
sensus from the workshop that HPV testing
may be added to the Pap smear for screening
in women age 30 or older.1 The workshop also
provided an interim guideline for manage-
ment after screening (FIGURE 1).

■ COMMONLY ASKED QUESTIONS

Incorporating HPV testing into primary
screening provides a better risk assessment
and an excellent negative predictive value,
but also raises some new questions from

patients and clinicians.

Why do we need to add HPV testing?
Isn’t the Pap test effective by itself?
The Pap smear is relatively insensitive and has
to be repeated frequently to detect the disease
in the general population. The problem with
frequent testing is that it detects many cases of
transient and minimal abnormalities that
would not progress to cervical cancer. As a
result, many women with abnormal Pap tests
but no significant underlying pathology will
undergo an invasive procedure to ensure that
they do not have precancerous lesions.

Studies have also shown that almost one
third of women with invasive cervical cancer
have had one or more normal Pap tests or no
abnormal Pap test during the previous 3
years.47 The ALTS trial demonstrated that
HPV testing can predict who really is at risk
for CIN 2, CIN 3, or cancer and who is not.
Most recent large clinical screening trials
clearly demonstrated that combined HPV-
plus-Pap testing has greater sensitivity for
detecting these lesions than does Pap testing
by itself.

vidence about the mechanism by which HPV
contributes to oncogenesis comes from in

vitro studies, in which human epithelial cells that
are infected with high-risk types of HPV become
immortal.24,25 Other in vitro studies have identified
two HPV viral gene products, the proteins E6 and
E7, that are necessary for immortalization.26–28

E6 proteins from high-risk HPV types interact
with the cellular tumor-suppressor protein p53. In
noninfected cells, p53 levels increase in response
to cellular or DNA damage or aberrant cell prolif-
eration signals. High levels of p53 cause the cell to
stop growing in the G1 phase of the cell cycle and
allow it to either repair damaged DNA before the
next round of DNA synthesis or be eliminated
through programmed cell death (apoptosis).29

In HPV-infected cells, the E6 protein binds to
p53, resulting in rapid proteolytic degradation of
the bound p53 through a ubiquitin-dependent
pathway.30,31 The decreased level of p53 diminish-
es the cell’s ability to control the cell cycle and

repair DNA damage and ultimately leads to
uncontrolled cell growth.31

In contrast, E6 proteins from low-risk HPV
types do not bind p53 in detectable levels and
have no effect on p53 stability in vitro. This weak
affinity for p53 may explain the lesser oncogenic
potential of the low-risk HPV types.

Similarly, E7 proteins from high-risk HPV
types interact with another cellular tumor-suppres-
sor protein, the retinoblastoma protein (pRB).
The binding of E7 proteins to pRB disrupts the
complex between the cellular transcription factor
E2F-1 and pRB. This results in the release of E2F-
1, allowing it to stimulate cellular DNA synthesis
and uncontrolled cell growth.32 Again, the E7 pro-
tein from low-risk HPV types 6 and 11 binds pRB
with a much weaker affinity.

A recent study also suggests a model whereby
HPV-16 E7 protein induces centrosome-related
mitotic disturbances that are potentiated by HPV-
16 E6 protein.33

E

Mechanisms of HPV oncogenesis

CERVICAL CANCER SCREENING JIN AND COLLEAGUES
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Furthermore, if both the Pap and HPV
tests are negative, then the probability that
CIN 3 or cancer is absent (the negative pre-
dictive value) is almost 100%.

Therefore, combined HPV-plus-Pap test-
ing allows us to better identify women at risk
of developing cervical cancer and to reassure
women that “negative is negative” with a high
degree of certainty.

Is it safe to screen women
every 3 years?
Some clinicians are concerned that even if a
woman tests negative on both the HPV and
Pap tests, she could subsequently acquire HPV
from a new sexual partner and might be at risk
of developing invasive cancer before her next
screening in 3 years.

It is true that a woman can have a double-
negative test today, acquire high-risk HPV
tomorrow, and develop high-grade CIN with-
in a few weeks or months. However, the tran-
sit time—the time from initial infection to
the development of cervical cancer—usually
exceeds 10 years.48 Her high-grade CIN will
be detected at her next screening, long before
10 years.

We have a similar screening model in
clinical practice: colonoscopy. A negative
colonoscopy at age 50 indicates a very low risk
of colon cancer in the next 10 years, since the
transit time is long. Therefore, clinicians
should have a high level of comfort in pro-
moting a longer screening interval in women
over 30 who test negative on both the HPV
and the Pap test.
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Many women
acquire HPV,
but few
develop cancer

Recommendations for cervical cancer screening

HPV DNA testing for primary screening
ACS: Yes, in combination with the Papanicolaou (Pap) test in women 30 years and older
ACOG: Same as ACS recommendation
USPSTF: Insufficient evidence to recommend for or against routine use

When to start screening
ACS: Approximately 3 years after the onset of vaginal intercourse; no later than age 21
ACOG: Same as ACS
USPSTF: Same as ACS

Screening interval
ACS: Annual with conventional Pap test or every 2 years using liquid-based ThinPrep until age 30.
At or after age 30, Pap combined with HPV testing; if both negative, every 3 years

ACOG: Annually in women < 30 years old; in women > 30 years old, same as ACS
USPSTF: Every 3 years

When to stop screening
ACS: Age 70 and older who have had three or more consecutive normal Pap tests
ACOG: Individual basis
USPSTF: Age 65 if she had adequate recent screening with normal Pap smears

Screening after hysterectomy
ACS: If hysterectomy for a benign condition: no more screening; if hysterectomy was

for precancer: continue screening for 10 years to achieve three consecutive negative Pap tests;
if hysterectomy was for cancer, continue screening as long as the patient is in reasonably good
health

ACOG: If hysterectomy was for grade 2 or 3 cervical intraepithelial neoplasia,
continue annual screening until three consecutive Pap smears are negative

USPSTF: Same as ACS

ACS = American Cancer Society, ACOG = American College of Obstetricians and Gynecologists, USPSTF = United
States Preventive Services Task Force

T A B L E  3
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Pap-negative but HPV-positive:
Is it a ‘false-positive’?
The combination of a positive HPV test plus a
negative Pap test should not be considered a
false-positive result, since HPV infection pre-
cedes the development of cytologic abnormal-
ities.49 If the HPV infection persists, the
woman is at high risk of developing cervical
cytologic abnormalities that will be detected
on a subsequent Pap test.50,51 Such patients
should be followed closely.

‘I am HPV-positive. How did I get it?
Who gave it to me and when?’
HPV infection is indeed transmitted by sexual
contact. Most likely, a woman with HPV
infection acquired it from her sexual part-
ner.52,53 However, due to the latency of HPV
infection, it is almost impossible to determine
when she acquired it or from which partner.
HPV infection certainly does not suggest infi-

delity or promiscuity.
Physicians need to provide appropriate

counseling to women who test positive for
HPV to avoid unnecessary anxiety and nega-
tive implications in personal relationships.

Should we test the male partners
of women testing positive for HPV?
Screening male partners is not recommended
at present.

Overall, little is known about the natural
history of penile HPV infection.54 Although
men are believed to be vectors for HPV trans-
mission, HPV DNA testing does not accurate-
ly reflect a man’s HPV infection status or life-
time exposure to HPV even using highly sen-
sitive methods.55

Only about one fifth of men whose wives
are positive for CIN 3 test positive for penile
HPV. Furthermore, the same HPV types are
rarely identified in husbands and wives.56

Management algorithm after combined Pap and HPV testing

ASCUS = atypical squamous cells of undetermined significance, HPV = human papillomavirus (testing by Hybrid Capture 2), HSIL = high-
grade squamous intraepithelial lesion, LSIL = low-grade squamous intraepithelial lesion, Pap = Papanicolaou smear

FIGURE 1
BASED ON WRIGHT TC JR, SCHIFFMAN M, SOLOMON D, ET AL. INTERIM GUIDANCE FOR THE USE OF HUMAN PAPILLOMAVIRUS DNA TESTING AS AN ADJUNCT TO CERVICAL

CYTOLOGY FOR SCREENING. OBSTET GYNECOL 2004; 103:304–309.
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■ FUTURE DIRECTIONS
IN SCREENING AND PREVENTION

Biomarkers of cancer
Despite the value of HPV testing in women
with ASCUS, only 77 of 611 women with
ASCUS and HPV in the ALTS trial were sub-
sequently found to have CIN 3. Clearly, many
women underwent unnecessary colposcopy
and biopsy.

Similarly, in routine primary screening, a
positive HPV test does not predict the subse-
quent development of CIN 3 or cancer. The
positive predictive value of HPV testing is
poor.

Therefore, research is under way to iden-
tify markers that can be used to predict which
lesion will regress and which will progress.

One of the most promising biomarkers for
cervical cancer is p16INK4A, a cyclin-depen-
dent kinase inhibitor57 that is strongly
expressed in almost all cervical cancers.
However, it is still not clear whether p16INK4A

positivity can be used to distinguish which
lesion will progress.58

HPV vaccine
To eliminate cervical cancer we will need not
only effective screening, but also preventive
strategies such as an HPV vaccine.

Recently, Koutsky et al59 elegantly
demonstrated the efficacy of HPV-16 vaccine
in a clinical trial in 1,194 women. At 17
months, the incidence of persistent HPV-16
infection was 0 per 100 woman-years in vacci-
nated women, compared with 3.8 in a placebo
group. No cases of HPV-16-related CIN
occurred in the vaccinated group, vs 9 in the
placebo group. This is a remarkable advance
in cervical cancer prevention and a very pow-
erful demonstration that cervical HPV infec-
tion and cervical cancer can be prevented by
vaccination.

Ultimately, a vaccine against all onco-
genic HPV strains will allow us to eradicate
cervical cancer.60
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