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We dedicate this book in memory of our friend, colleague,
and co-editor, Dr. Scott McMeekin, who recently lost his own battle with
cancer at 51 years of age. Readers of this book are undoubtedly familiar with

his name because he authored more than 100 publications in the field of gynecologic
oncology, and his expertise in uterine cancer placed him at the forefront of defining

the standard of care for the management of this disease. His dedication to helping

women with gynecologic cancers was only surpassed by his dedication to his wife

Cathy; their children Charlotte, Jackson, and Remy; and his loving parents,
Donald and Charlene. Although we will benefit from his scientific
contributions for years to come, we will all miss his presence.
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PREFACE

The first eight editions of Clinical Gynecologic Oncology were
stimulated by a recognized need for a readable text on gyneco-
logic cancer and related subjects addressed primarily to the
community physician, resident, and other students involved
with these patients. The practical aspects of the clinical presen-
tation and management of these problems were heavily empha-
sized in these editions, and we have continued that style in this
text. As in every other textbook, the authors interjected their
own biases on many topics, especially in areas where more than
one approach to management has been used. On the other
hand, most major topics are treated in depth and supplemented
with ample references to current literature so that the text can
provide a comprehensive resource for study by the resident,
fellow, or student of gynecologic oncology and serve as a source
for review material.

We continued the practice of placing an outline on the first
page of each chapter as a guide to the content for that section.
We added “bullet” points to the chapters of this edition to
emphasize important areas. Readers will notice that we have
included topics not discussed in the former editions and
expanded areas previously introduced. Some of these areas
include new guidelines for managing dying patients; current
management and reporting guidelines for cervical and vulvar
cancer; current management and reporting guidelines for breast
cancer; expanded discussion on the basic principles of genetic
alterations in cancer; techniques for laparoscopic surgery in
treatment of gynecologic cancers; and new information on
breast, cervical, and colon cancer screenings and detection. The
seventh edition contained, for the first time, color photographs
of key gross and microscopic specimens for readers’ review; we
have continued that in this edition. In addition, Drs. Di Saia
and Creasman have handed the reigns over to the three associate
editors. We have included several new authors. Much more
information is included to make the text as practical as possible
for the practicing gynecologist. In addition, key points are
highlighted for easy review.

Fortunately, many of the gynecologic malignancies have a
high “cure” rate. This relatively impressive success rate with
gynecologic cancers can be attributed in great part to the

development of diagnostic techniques that can identify precan-
cerous conditions, the ability to apply highly effective therapeu-
tic modalities that are more restrictive elsewhere in the body, a
better understanding of the disease spread patterns, and the
development of more sophisticated and effective treatment in
cancers that previously had very poor prognoses. As a result,
today a patient with a gynecologic cancer may look toward
more successful treatment and longer survival than at any other
time. This optimism should be realistically transferred to the
patient and her family. Patient denial must be tolerated until
the patient decides that a frank conversation is desired. When
the prognosis is discussed, some element of hope should always
be introduced within the limits of reality and possibility.

The physician must be prepared to treat the malignancy in
light of today’s knowledge and to deal with the patient and her
family in a compassionate and honest manner. Patients with
gynecologic cancer need to feel that their physicians are confi-
dent and goal oriented. Although, unfortunately, gynecologic
cancers will cause the demise of some individuals, it is hoped
that the information collected in this book will help to increase
the survival rate of these patients by bringing current practical
knowledge to the attention of the primary care and specialized
physician.

Our ideas are only intellectual instruments which we use to
break into phenomena; we must change them when they
have served their purpose, as we change a blunt lancet that
we have used long enough.

—Claude Bernard (1813-1878)

Some patients, though conscious that their condition is
perilous, recover their health simply through their content-
ment with the goodness of their physician.

—Hippocrates (440-370 bc)

Philip J. Di Saia, MD
William T. Creasman, MD
Robert S. Mannel, MD

D. Scott McMeekin, MD
David G. Mutch, MD
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Preinvasive Disease of the Cervix

L. Stewart Massad, MD

OUTLINE
Natural History Atypical Squamous Cells, Cannot Exclude HSIL
Epidemiology Low-Grade Squamous Intraepithelial Lesion
Human Papillomavirus Vaccination High-Grade Squamous Intraepithelial Lesion
Screening Atypical Glandular Cells

Core Principles for Managing Abnormal Screening Test
Results
Managing Abnormal Cervical Cancer Screening Test Results
Managing Abnormal Results in Young Women
Unsatisfactory Cytology
Pap-Negative, Human Papillomavirus—Positive Women
Atypical Squamous Cells of Undetermined Significance

Cytology
KEY POINYS =

Endometrial Cells in Older Women

Postcolposcopy Management
Managing Women With No Lesion or CIN1 at Colposcopy
Managing Women With CIN2 or CIN3

Treatment of Cervical Disease

Managing Abnormal Results During Pregnancy

Future Directions

1. Human papillomavirus (HPV) persistent expression is 4. mRNA expression is as sensitive but more specific than
required for progression to cancer. DNA testing.

2. HPV vaccination has the potential to eradicate cervical
cancer.

3. Cervical cancer screening now relies heavily on HPV
testing.

Cervical cancer was once the most common cancer in women.
It is among the most preventable cancers, and it has become
rare among women who engage in cervical cancer preven-
tion programs. Nevertheless, with some 100,000 preinvasive
lesions diagnosed in the United States annually, it remains a
substantial threat. After tremendous gains following introduc-
tion of cytology screening half a century ago, cervical cancer
rates continue to fall by about 1% annually. Careful compliance
with evidence-based guidelines remains critical to sustaining
progress. Effective programs reflect organized public health
efforts encompassing patient and clinician education, vaccina-
tion against causative types of human papillomavirus (HPV),
cytology and HPV screening, colposcopy triage for abnormal
screening test results, and destruction of the at-risk cervical
transformation zone for women with cancer precursors.

NATURAL HISTORY

Essentially all cervical cancers arise from persistent genital
HPV infections (Fig. 1.1). The International Agency for
Research on Cancer has designated as carcinogenic 12 HPV

5. Screening guidelines have changed dramatically with the
use of contesting and increased intervals between
screenings.

types: HPV-16, -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, and
-59. As described by Halec and associates, another eight types
have been designated as possibly or probably carcinogenic:
HPV-26, -53, -66, -67, -68, -70, -73, and -82. Almost 200 HPV
types have been identified. A new genotype is based on DNA
sequencing. A new type must share less than 90% DNA homol-
ogy in the L1, E6, and E7 compared with known HPV types.
HPV-16 is the most oncogenic, accounting for more than
50% of cervical cancers. HPV-18 is found in 10% of cervical
cancers and plays a particularly important role in adenocar-
cinogenesis. Types 31, 33, and 45 each account for around 5%
of cancers. The other types are less oncogenic but have been
reported in large typing studies of cervical cancers. HPV-18 and
related HPV-45 are linked to cancers found at a younger age.
HPV infection leads to cancer through multiple pathways,
but interaction of the HPV E6 and E7 gene products with p53
and pRb are critical: By inactivating or activating degradation
of their targets, E6 and E7 eliminate genetic surveillance and
allow unchecked cell cycling, leading to accumulation of muta-
tions and eventual invasive cancer. HPV-16 E6 and E7 bind their
targets with greater affinity than other HPV types; this may

1
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FIGURE 1.1 A, Koilocytotic cells with intranuclear virions
(x6900). B, Human papillomavirus particles. Note the intranuclear
crystalline array ("honeycomb”) arrangement of virions
(x20,500). See the insert (x80,000). (Courtesy of Alex Ferenczy,
MD, Montreal, Canada.)

partly explain its greater oncogenicity. Persistent infections lead
to cancer in steps: Initial infection into basal epithelial cells
leads to establishment of a ring chromosome from which car-
cinogenic proteins are elaborated while virion production
occurs in maturing epithelium. Disruption of the ring, often at
the HPV E2 regulatory region, allows integration of E6 and E7
sequence into the host genome. The accumulation of mutations
leads to nuclear changes visible cytologically as a high-grade
squamous intraepithelial lesion (HSIL) and histologically as
high-grade cervical intraepithelial neoplasia (CIN) (Fig. 1.2) is
apparent histologically. Selection for invasiveness and metastasis
through additional mutation and through gene methylation
results in evolution to cancer. Multitype infections do not
appear to increase cancer risk, and when multitype infections
include HPV-16, most lesions are caused by HPV-16. Extant
HPV infections do not appear to predispose to or protect from
infection by unrelated types.

Vertical transmission of HPV from mother to infant has
been documented in the Finnish HPV Family Study but does
not appear to result in cervical infection, with genital HPV in
only 1.5% of infants after 2 years; fathers’ HPV infections did
not increase infant HPV risk. Although lifetime abstinence

FIGURE 1.2 A cervical intraepithelial neoplasia lesion with
multiple mitotic figures.

protects against genital HPV infection, nonpenetrative sexual
behaviors may transmit the virus, and male exposures modulate
female risk. For example, spouses of men who engaged in sex
with prostitutes were at higher risk for cervical cancer than
those of men who did not, and cervical cancer risk is higher
among women whose husbands had more sexual partners.
Women who report recent sex only with women are also at risk,
though their risk may be marginally lower than that of hetero-
sexual women. Condom use is not fully protective against HPV
infection because condoms fail to cover wide areas of genital
skin, though it speeds clearance of HPV infections. Male cir-
cumcision also reduces but does not eliminate HPV and cancer
risks. For these reasons, all women with prior sexual experience,
including those who have not been sexually active for years,
remain at risk for cervical cancer and merit screening until they
have multiple negative test results.

Despite the high frequency of HPV infection, most women
infected with carcinogenic HPV, including those with HPV-16,
do not develop cervical cancer. Instead, most infections are
cleared immunologically. HPV is an intraepithelial virus, and
clearance appears to require recognition of infection by cell-
mediated immune cells. Roughly half of new infections are
cleared within 6 months, with half of the remainder cleared by
the end of the first year after infection. Clearance is associated
with greater density of CD8+ cells and lower density of
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T-regulatory cells in underlying stroma. Cervical treatment
speeds clearance and reduces risk for posttreatment acquisition
of new HPV infections. The type distribution of HPV infection
after hysterectomy shows that HPV-16 and HPV-18 have a
greater predilection for cervical rather than vaginal epithelium,
with HPV types of lesser oncogenicity dominating in the
posthysterectomy vagina.

HPV persistence is required for progression of infection to
cancer, and women who clear their infections are at low risk.
New infections in older women typically do not progress to
preinvasive disease or cancer, and women who clear carcino-
genic HPV infections have low risk for reappearance with
subsequent high-grade CIN. These findings have important
implications for termination of screening. Nevertheless, aging
appears to result in immune senescence, with many HPV infec-
tions in older women attributable to reactivation of previously
acquired by latent infections. Oral contraceptive use reduces
clearance.

Although determinants of HPV persistence and progression
of HPV infection to invasive cancer are poorly understood,
several risk factors are known. HPV infection of a cervix under-
going active metaplasia increases risk, as reflected by the epide-
miologic observations that early onset of first intercourse is
associated with cancer. Smoking is linked to both CIN and
cervical cancer. Benzopyrenes have been identified in cervical
mucus, and the interaction of tobacco carcinogens with carci-
nogenic HPV increases risk substantially. Smoking also reduces
immune-mediated HPV clearance. Cervical adenocarcinoma
and adenocarcinoma in situ (AIS) have been linked to oral
contraceptive use. Deficiencies in nutrients such as folate have
been linked to cervical oncogenesis but are uncommon among
US women. Variants of common HPV types that segregate by
ethnicity and polymorphisms in genes related to HPV immune
recognition or HPV protein products also modulate HPV
persistence and carcinogenic progression. Perhaps most impor-
tant, lack of screening is a high risk factor for progression of
HPV infection to precancer and cancer: Whereas appropriately
screened women with multiple risk factors are at relatively low
risk, women with few risk factors who are not screened are at
higher risk.

Immune factors play a clear role in the clearance or persis-
tence of HPV-related cervical lesions, but the nature of immune
defects is poorly understood. Fukuda and associates showed
that lesions that persist have fewer Langerhans cells and helper
T cells than lesions that are cleared, and tobacco smoking also
lowers Langerhans and helper T-cell numbers. In contrast,
Molling and associates showed that, although natural killer cells
are decreased, regulatory T-cell numbers are increased in
women with persistent HPV-16. Immunosuppression related to
coinfection with the human immunodeficiency virus (HIV-1)
illustrates the importance of immunity in the typical control of
HPV. Women with HIV have much higher rates of HPV infec-
tion, including multitype infections. HPV clearance rates are
lower, although most women do clear their HPV infections if
observed long enough, especially if immune reserve as measured
by CD4 lymphocyte count remains above 200/cmm. Although
most HPV infections in HIV-seropositive women are cleared to

such low levels of viral expression that they become nondetect-
able even with sensitive assays, reactivation appears to occur.
This is apparent in cohort studies as the reappearance of previ-
ously cleared infections in women who deny sexual activity,
often because of illness. Risks in other immunosuppressed
states appear to be similar.

HPV infection predicts risk for subsequent high-grade
CIN, even among cytologically normal women. In most cases,
persistent HPV infections result first in cytologically detect-
able abnormalities and then in colposcopically visible lesions
that grow laterally before developing into invasive cancers.
The 10-year risk of high-grade CIN after a single detected
HPYV infection exceeds 10%.

As developed by Richart through observational studies of the
cervix using cytology and colpomicroscopy, a diagnosis of CIN
was based on progressively severe nuclear aneuploidy, abnormal
mitotic figures, and loss of epithelial maturation. Initially
considered a progressive lesion, CIN was thought to begin as a
small lesion with atypia near the basement membrane of the
cervical transformation zone, gradually increasing in size and
becoming less differentiated with an increasing proportion of
the epithelium taken up by atypical cells until a full-thickness
carcinoma in situ developed and then became invasive. Given
this concept of progression from low-grade to high-grade
disease to cancer, lesions of all grades were treated. When pro-
gression does occur, however, it appears to require years. The
median age of sexual debut in the United States is around 17
years of age, and HPV acquisition commonly follows, but the
peak age of cervical cancer diagnosis lags by some 3 decades.
This long transition time allows for even moderately sensitive
screening tests to identify persistent lesions for treatment before
invasive cancer develops (Table 1.1).

Gradually, the regressive nature of most low- and midgrade
lesions became apparent. Low-grade lesions, including warts
and CIN1, are histologic expressions of HPV infection. Green-
berg and associates found that of 163 women with CIN1 after
low-grade cytology followed for a median of 36 months, 49%
regressed, 43% persisted, and only 8% progressed to CIN3. In
the Atypical Squamous Cells of Undetermined Significance/
Low Grade Squamous Intraepithelial Lesion Triage Study
(ALTS), a large randomized trial of management options for
women with borderline cytology results conducted under the
auspices of the US National Cancer Institute (NCI), 2-year risk
for CIN3 were 10% among women with CIN1. As reported by
Castle and coworkers, after controlling for HPV genotype,
with HPV-16-associated CIN1 progressing to CIN3 in 19% of
cases, biopsy-proven CIN1 was not a risk factor for progres-
sion. These risk estimates may be substantially higher for
women with prior high-grade cytology.

TABLE 1.1 Transition Time of Cervical
Intraepithelial Neoplasia

Stages Mean Years
Normal to mild to moderate dysplasia 1.62
Normal to moderate to severe dysplasia 2.2
Normal to carcinoma in situ 451
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Higher grades of dysplasia appear to represent clonal lesions
arising from single-type HPV infections. Although women may
harbor multiple HPV types in the genital tract, most multitype
infections are associated with multifocal lesions. Moscicki and
her team showed that 63% of adolescents and young women
with CIN2 resolved lesions without treatment within 2 years;
subsequent clearance was minimal, rising only to 68% after an
additional year. McAllum and colleagues showed a similar 62%
regression after only 8 months of observation for women with
CIN2 younger than 25 years of age. No patients in either study
progressed to cancer during observation. In both studies, iden-
tified CIN2 likely represented recent HPV infections. Regression
rates are lower in older women, at least in part because lesions
detected later may have been persistent for years, and lesions
that have evolved mechanisms to evade host immune-mediated
clearance are likely to continue to persist. Castle and coworkers
compared CIN2 rates in the immediate colposcopy and cytol-
ogy surveillance arms of the ALTS. They found that over 2 years,
some 40% of CIN2 regressed. Trimble and colleagues showed
that HPV-16-associated lesions are less likely to resolve. Their
finding of associations with human leukocyte antigen (HLA)
alleles and regression support a role for HLA-restricted HPV-
specific immune responses in determining clearance.

Untreated, CIN3 poses considerable risk of progression to
invasive cancer. This was best shown in a study of New Zealand
women with CIN3 who were diagnosed between 1955 and 1976
and were observed. Among 143 women reported by McCredie
and coworkers, managed only by punch or wedge biopsy, 31
progressed to cancer of the cervix or vagina after 30 years. Risk
rose to 59% in 92 women with persistent disease after 2 years
of observation. These findings show both that treatment of
CIN3 is mandatory regardless of age or other factors but also
that not all CIN3 lesions will inevitably progress to cancer.

Treated CIN3 continues to pose a risk of progression to
cancer. Women in the New Zealand study whose treatment
appeared adequate by current standards faced only 0.7% cancer
risk after 30 years. Studies from Scandinavian countries with
integrated health systems can link databases on procedures and
subsequent cancers and provide accurate long-term results with
minimal loss to follow-up. Strander and associates showed that
risk for cervical cancer rose significantly in previously treated
women after age 50 years, with standardized incidence ratios
compared with untreated women ranging from 3 to 5. Vaginal
cancer risks were elevated across all ages, although the absolute
risk of vaginal cancer was low. Kalliala and colleagues in Finland
confirmed this long-term increased risk and also found an
increased risk for nongenital smoking-related cancers. Jakobs-
son and coworkers found that in addition to cervical cancer,
women treated for CIN faced higher mortality rates from cir-
culatory system, alcohol-related, and traumatic death, consistent
with the demographic and behavioral factors linked to CIN.

EPIDEMIOLOGY

More than 80% of sexually active individuals acquire genital
HPV infections. Some 20 million Americans and 630 million
persons worldwide are infected with HPV. In the United States,

about 6.2 million people will acquire a new infection annually.
Prevalence rates are highest among women in their late teens
and early 20s, declining with age. Risk factors for HPV acquisi-
tion include smoking, oral contraceptive use, and new male
partners.

Among high-risk HPV types, HPV-53 is most common,
detected in 5.8% of US women ages 14 to 59 years screened
in the National Health and Nutrition Examination Survey
(NHANES) in 2003 to 2006. This was followed by HPV-16
(4.7%), HPV-51 (4.1%), HPV-52 (3.6%), and HPV-66 (3.4%).
HP-V18 was present in only 1.8% of screened women. In
NHANES, demographic risk factors for prevalent HPV infec-
tion included younger age, peaking at ages 20 to 24 years; non-
Hispanic black ethnicity; unmarried; never educated beyond
high school; and living below the poverty line. Behavioral risk
factors included reporting ever having sex, first intercourse
before age 16 years, greater numbers of lifetime partners, and
number of partners in the past year. HPV type distributions
vary across continents.

HPV infection determines subsequent risk for precancer.
Among women enrolled in a Portland health maintenance
organization who had HPV-16, the 10-year risk for CIN3, AIS,
or cancer was more than 15% after HPV-16 infection, almost
15% after HPV-18, less than 3% after other oncogenic HPV
infections, and less than 1% after a negative HPV test result.

In the United States more than 400,000 cases of CIN are
identified annually, at a cost of approximately $570 million. Of
these, Flagg and colleagues estimate about 100,000 are true
precancers. The annual incidence of high-grade CIN is some 6
to 10 times higher than cervical cancer incidence. Preinvasive
lesions begin to appear some 2 years after infection. Cancer risk
is quite low soon after infection: Despite a high prevalence of
HPV detection among sexually active teens, cervical cancer
incidence is only about 1 in 1,000,000 before 20 years of age.
Among women who develop high-grade CIN, only 30% to 50%
will develop cancer over years of observation.

Although demographic and behavioral risk factors cannot
be used to target evaluation or therapy, clear risks for CIN and
cervical cancer have been identified. The international Collabo-
ration of Epidemiological Studies of Cervical Cancer reviewed
evidence for various risk factors for cervical cancer and carci-
noma in situ, although their studies were not linked to HPV
data. They found that oral contraceptive use raised the risk for
cervical disease by 1.9-fold for every 5 years of use. First inter-
course before 15 years of age was associated with twice the risk
of cervical cancer found in women with first intercourse after
23 years of age, and having more than five lifetime sexual
partners carried more than double the cervical cancer risk of
lifetime monogamy. Lesser but still significant increases in risk
were associated with number of pregnancies and earlier age at
first term pregnancy. Both squamous cancers and adenocarci-
nomas share epidemiologic risk factors, except that smoking is
linked only to the former.

The role of family history in determining cervical cancer
risk. Dissociating genetic components of familial risk from
cultural ones is difficult, as sexual attitudes and behaviors,
reproductive patterns, and smoking are often linked to family.
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Zelmanowicz and associates assessed the role of family history
in cohorts of women prospectively studied in Costa Rica and
the United States. A family history of cervical cancer in a first-
degree relative tripled the risk for CIN3 or squamous cervical
cancer. The effect persisted after controlling for HPV exposure.
No effect of family history on adenocarcinoma risk was seen.
Although several genome-wide association studies (GWASs)
have identified a range of genetic variants in candidate pathways
that might contribute to cervical oncogenesis, Chen and col-
leagues in a large Chinese GWAS found that only HLA and
major histocompatibility class I polypeptide-related sequence A
genes were identified as candidate risk genes across several
populations.

Lower socioeconomic status (SES) and minority ethnicity
are also linked to CIN and cervical cancer risk in the United
States, although distinguishing cultural contributions to cervi-
cal cancer risk, such as a sense of fatalism, distrust of the medical
care system providing screening services, and lack of health
education about the benefits of screening, are difficult to dis-
tinguish from biologic risks related to ethnicity and SES, such
as genetic predisposition, toxin exposure, and micronutrient
deficiencies.

HUMAN PAPILLOMAVIRUS VACCINATION

Because HPV is the cause of essentially all cervical cancer,
HPV vaccination has the potential to eliminate cervical
cancer. However, the US experience with HPV vaccination
has shown that several barriers will limit achievement of
this goal.

Intramuscular delivery of synthetic HPV L1 capsid antigens
results in humor immunity; current vaccines are created in
protein synthesis using cell culture systems; because no actual
live or killed virions are used, HPV vaccines cannot cause HPV-
related cancer. Despite early concerns that humoral immunity
would be insufficient to prevent infection, vaccine efficacy
appears to approach 100%. However, currently available vac-
cines are prophylactic: They must be delivered before HPV
exposure and do not appear to reduce risk in untreated women
with established target-type HPV infections. This is reflected in
the epidemiology of vaccine effectiveness, which declines with
age, number of prior sexual partners, and prior abnormal cytol-
ogy. These findings mean that, although vaccination is effective
for type-specific HPV naive women through 45 years of age,
population effectiveness is too low to justify widespread use
of vaccines beyond the upper age limit in vaccine trials,
which extended to 26 years of age. Within trials, effectiveness
declined with age, and the American Cancer Society has reiter-
ated its guidance that HPV vaccination extend only through
18 years of age.

Three HPV vaccines are available. US clinicians have favored
the quadrivalent HPV vaccine, which protects against HPV-16
and -18, which together account for almost 70% of all cervical
cancers, as well as HPV-6 and -11, which are the most common
causes of genital warts. The benefit of cervical cancer prevention,
which might take decades to become manifest, is augmented by
its ability to prevent genital warts, a concern for many young

women. The bivalent HPV vaccine protects against only HPV-16
and -18 and is less commonly used in the United States. It may
have superior antigenicity and may have some cross-protection
against HPV types related to HPV-16 and -18. Most recently, a
nonavalent vaccine has been introduced, which is effective
against the same types as the quadrivalent vaccine and also
includes coverage against HPV types 31, 33, 45, 52, and 58;
enhanced coverage should prevent 90% of all cervical cancers.

Because HPV vaccines are prophylactic, population-based
vaccination should begin before first sexual intercourse. Because
some 5% of US 13-year-old girls are sexually active, the target
age for HPV vaccination is the ages of 11 to 12 years. However,
vaccination can be initiated at 9 years of age in populations in
which sexual debut may occur earlier. Three injections over 6
months are recommended for all vaccines, although schedules
vary. Some data suggest that two injections or even one may
be sufficient, at least for adolescents, but shortened vaccina-
tion schedules have not been approved by the US Food and
Drug Administration (FDA). Because teen sexual activity is
unpredictable, delaying vaccination until girls are more mature
risks missing the vaccination window for many. Nevertheless,
many sexually active young women show no evidence of infec-
tion by target HPV types, and “catch-up” vaccination should
be considered. Testing of cervicovaginal secretions and serum
antibody testing are both insensitive for detecting prior HPV
vaccination and are not recommended before a decision about
HPV vaccination.

Several countries have instituted organized vaccination
programs, either mandatory or using a school-based opt-in
mechanism with high uptake. Countries that used quadrivalent
vaccine have documented a dramatic decrease in genital warts
among teens but not older women, and abnormal cytology rates
have also fallen in the youngest women.

In the United States, vaccination rates are suboptimal, with
barely one-third of girls in target populations having received
all three injections. Regrettably, despite the potential for vacci-
nation to eliminate the disparately high risk of cervical cancer
among women of minority ethnicity and lower SES, uptake has
been lowest in these groups, potentially widening cancer dis-
parities in future years. Nevertheless, decreases in HPV-16 and
-18 in the pool of sexually active young women have been docu-
mented, suggesting that less than ideal vaccination rates may
nevertheless eventually yield population effectiveness.

Vaccine risks appear tolerable. Common side effects include
fever, rash, injection site pain, nausea, headache, and dizziness.
Anaphylactic and vagal reactions may be fatal, so vaccination
should only be administered in sites with ability to manage
anaphylaxis and fainting. Despite initial concerns, HPV vacci-
nation status does not enter into young women’s decisions to
initiate sex. Vaccination is contraindicated for pregnant women,
although no congenital anomalies or adverse pregnancy out-
comes have been linked to HPV vaccination; the vaccine series
may begin after delivery. Interruption of vaccination does not
appear to require reinitiation of the three-shot series.

The duration of vaccine effectiveness is unclear, but anti-
body levels remain elevated for several years after vaccination.
Booster doses are not recommended at this time. However,
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revaccination with nonavalent vaccine may provide additional
benefit and should be considered for women younger than 26
years of age who previously completed bivalent or quadrivalent
vaccines, especially those who have not initiated sexual activity
and so are at low risk for having acquired HPV.

A history of HPV vaccination does not alter screening rec-
ommendations for US women. This is because many women
of screening age were not vaccinated before initiating inter-
course, so vaccine effectiveness is unclear. There is no central
US vaccine registry, and identifying vaccinated women by self-
report may be inaccurate. No HPV vaccine covers all carcino-
genic HPV types, so women vaccinated before first intercourse
remain at risk for infection and cancer due to nonvaccine types.
However, for women known to have been vaccinated against
HPV-16 and -18 before first intercourse, and so at much lower
risk for disease, deferring screening initiation until age 25 years
and screening with HPV testing alone at 5-year intervals is
rational.

SCREENING

The goal of any cancer prevention program is the reduction of
morbidity and mortality through intervention before symptom
onset. The current mechanism to achieve this goal is the iden-
tification and destruction of high-grade CIN lesions that are
presumed precancers. Many novices and some experienced
clinicians mistake the mechanism for the goal. However, iden-
tification of apparent precancers in women with comorbidities
that will be fatal in the medium term, before progression to
symptomatic cancer, is not helpful. High-grade CIN in young
women may resolve spontaneously and in some cases may be
observed to avoid the sequelae of treatment. On the other hand,
some women without identified high-grade CIN face cancer
risks similar to those of women with high-grade CIN and merit
destructive cervical therapy.

Classically, screening has relied on Papanicolaou cytology
testing followed by colposcopic assessment of women with Pap
abnormalities, directed biopsy of the worst colposcopic lesion,
and treatment of biopsy proven high-grade lesions. Papanico-
laou testing is relatively insensitive: A single Pap test may
be negative in almost half of women with high-grade CIN.
However, progression from HPV infection to cancer usually
requires several years, allowing for multiple rounds of screen-
ing, with greater sensitivity than single tests.

Cytology is the interpretation of all the mutations, methyl-
ations, and other genetic modifications that alter the nuclear
and cytoplasmic appearance of cells. As such, it is infinitely
graded. To be clinically useful, these changes must be aggregated
into categories that reflect a common natural history. Papani-
colaou developed a five-class grading system, from normal to
invasive cancer, with atypia, dysplasia, and carcinoma in situ
between. Modified systems were developed, and alternatives
were proposed. To unify terminology, the NCI convened a
consensus meeting that developed the 1988 terminology known
as the Bethesda System for cervicovaginal cytologic diagnosis.
With the most recent update in 2001, this classification system
identifies cytology as satisfactory or unsatisfactory, includes

TABLE 1.2 Bethesda 2001 Classification

1. Negative for intraepithelial lesion or malignancy

a. Organisms may be identified

b. Other nonneoplastic findings may be noted
(1) Inflammation
(2) Radiation changes
(3) Atrophy

c. Glandular cells status after hysterectomy

d. Atrophy

2. Epithelial cell abnormalities

a. Squamous cells
(1) Atypical squamous cells (ASC)
(2) Of undetermined significance (ASC-US)
(3) Cannot exclude high-grade squamous intraepithelial lesion (ASC-H)
(4) Low-grade squamous intraepithelial lesions (LSIL)
(5) Human papillomavirus (HPV), cervical intraepithelial neoplasia

(CIN) 1

(6) HSIL (CIN2, CIN3)
(7) Squamous cell carcinoma

b. Glandular cell
(1) Atypical glandular cells (AGC}—specify origin
(2) Atypical glandular cells favor neoplastic—specify origin
(3) Endocervical adenocarcinoma in situ (AlS)
(4) Adenocarcinoma

nonneoplastic changes, and divides epithelial cell abnormalities
into squamous and glandular changes of varying degrees of
severity (Table 1.2). Distinguishing squamous from glandular
abnormalities is critical because glandular abnormalities carry
much higher risk for high-grade CIN, including squamous
dysplasias, as well as endometrial cancer and cervical adenocar-
cinoma and AIS. Squamous changes related to HPV are termed
“squamous intraepithelial lesions (SILs)” because some lesser
changes do not reflect dysplasia or neoplasia, only cytomorpho-
logic changes of HPV infection. Indeterminate lesions are
termed “atypical squamous cells (ASC),” and these are subdi-
vided into ASC “of undetermined significance (ASC-US),”
which carries a low risk of associated high-grade CIN, or
“cannot exclude high-grade SIL (ASC-H),” which is a more
ominous finding that requires immediate colposcopy (see later
discussion). An online atlas allows pathologists to standardize
findings and interpretations against national norms (http://
nih.techriver.net). The 2001 update provided the basis for
subsequent consensus conferences that provided risk-based
management guidelines.

Traditional Pap smears were collected by smearing samples
across a glass slide and applying fixative followed by staining
with a Papanicolaou stain. Today most cytology tests in the
United States are conducted using liquid-based assays. In these
tests, cells are collected and suspended in preservative solution
and then transferred to a slide. Liquid-based cytology results in
an even dispersion of cells, and techniques are available that
allow for elimination of red and white blood cells, but the
“tumor diathesis” of pus and necrosis that allowed identifica-
tion of cancer is lost, as are the “microbiopsies” that allowed



