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ABSTRACT 
Minor cervical cytologic abnormalities are common, but 
knowing which low-grade lesions will progress to cervical 
cancer—and therefore deserve biopsy and excision—is 
difficult. Since some human papillomavirus (HPV) types are 
strongly associated with cervical cancer, HPV typing may be 
a means of determining which patients with minor 
abnormalities require biopsy and treatment and which need 
only follow-up smears. This paper reviews the association 
between cervical cancer and HPV infection, the 
pathogenesis of HPV infection, the utility of HPV typing in 
triaging patients with a diagnosis of atypical squamous 
cells of undetermined significance, and the prospects for 
the development of an HPV vaccine. 

KEY POINTS 
Invasive squamous cell carcinoma of the cervix usually 
develops from precancerous cervical lesions and is strongly 
associated with HPV infection. 

HPV types 16 and 18 are associated with a substantially 
higher risk of cervical cancer. HPV types that carry a 
moderate risk include types 31, 33, 35, 39, 45, 51, and 52. 
HPV types 6 and 11 are associated with lower risk. 

HPV typing can be used in the management of women with 
minor Pap smear abnormalities: eg, women with atypical 
squamous cells of undetermined significance who test 
positive for high-oncogenic-risk HPV types are referred for 
colposcopy biopsy and excision. 

A vaccine that could prevent HPV infection could also 
prevent its malignant sequelae. 

INOR ABNORMALITIES o n t h e Papani -
colaou smear are quite common, yet 

questions remain about the best manage-
ment of these patients. Knowing which 
minor lesions are likely to progress to cancer 
in situ or invasive cervical cancer would 
greatly facilitate management decisions for 
select patients. 

Because experimental and clinical studies 
closely link certain types of human papillo-
mavirus (HPV) with the development of cer-
vical cancer, experts believe that testing cyto-
logic specimens for HPV types with high 
oncogenic potential can be used to guide the 
clinical management of many patients with 
minor abnormalities, and can help to reduce 
the incidence and consequences of cervical 
cancer. 

This article briefly summarizes the follow-
ing issues: 

• The association between cervical can-
cer and HPV 

• The molecular pathogenesis of HPV 
infection 

• Pluses and minuses of HPV typing to 
screen women with minor Pap smear 
abnormalities 

• Prospects for an HPV vaccine. 

• PAP SCREENING A N D THE REDUCTION 
OF CERVICAL CANCER RISK 

Cervical cancer is the second-leading cause of 
death from cancer in women worldwide, with 
approximately 500,000 deaths annually.1 In 
1995, 15,800 new cases of invasive cervical 
cancer and 4,800 deaths attributable to cervi-
cal cancer were reported in the United States.2 

Although its incidence in the general 
population is relatively low, it is a major pub-

C L E V E L A N D CLINIC JOURNAL OF MEDICINE VOLUM E 66 • NUMBE R 9 O C T O B E R 1999 533 



CERVICAL CANCER JIN AND C O L L E A G U E S 

Epidemiologic 
and histologic 
studies link 
HPV with 
cervical cancer 

lie health problem due to the enormous 
resources expended for preventing, diagnos-
ing, and managing cervical neoplasia. 

Wherever screening programs are scarce 
and the prevalence of risk factors is high, the 
frequency of cervical cancer increases. This is 
especially true in underdeveloped countries: 
the incidence is high in Africa, Central and 
South America, and Southeast Asia. But this 
situation is also seen in developed countries. 
For example, the incidence among African 
American women is almost three times that of 
white Americans. 

Evidence of lesion progression 
to invasive cancer 
Typically, invasive cervical cancer develops 
from precancerous squamous intraepithelial 
lesions of the cervix. Low-grade squamous 
intraepithelial lesions usually do not progress 
to more severe lesions, whereas high-grade 
squamous intraepithelial lesions (formerly 
called cervical intraepithelial neoplasia, or 
C1N, CIN II, and CIN III) are substantially 
more likely to progress to carcinoma in situ 
and, eventually, to invasive cervical cancer. 

The average age of patients with invasive 
cervical cancer is 51.4 years. This is 15 to 25 
years past the average age of patients with 
high-grade squamous intraepithelial lesions 
and 8 years past the average age of patients 
with microinvasive cervical cancer,1 an obser-
vation that supports the hypothesis that high-
grade squamous intraepithelial lesions progress 
to microinvasive lesions and finally to inva-
sive cancer. 

In addition to this evidence, the entire 
spectrum from precancerous change to invasive 
cancer can often be seen in the same surgical 
specimen. (Interestingly, a minority of squa-
mous cell carcinomas apparently do not devel-
op by this mechanism, yet may evolve rapidly 
without a documented precancerous phase.1) 

Efficacy of detect ing 
precancerous cervical lesions 
Over the past several decades, cytologic 
screening using Pap smears has improved the 
detection of precancerous cervical lesions. Its 
use in the United States is directly correlated 
with a decrease in invasive cervical cancer, as 
well as a decrease in mortality from cervical 

cancer.1 At the same time however, the need 
for colposcopy and cervical biopsy for women 
with equivocal Pap smear findings also 
increased financial costs of cervical cancer 
screening programs and overwhelmed gyne-
cology colposcopy services. 

• HPV: THE MOST SIGNIFICANT RISK 
FACTOR FOR CERVICAL CANCER 

HPV is a group of small DNA viruses that 
induce epidermal and mucosal papillomas— 
genital warts—in humans. The association of 
HPV with cervical cancer is strongly support-
ed by epidemiologic, histologic, immunologic, 
and molecular biological studies. 

Linking sexually t ransmit ted disease 
to cervical cancer 
Numerous early epidemiologic studies impli-
cate sexually transmitted HPV infection in 
the etiology of cervical cancer and its precur-
sor lesions.3 A large case-control study of HPV 
and cervical intraepithelial neoplasia con-
ducted by the National Cancer Instituted eval-
uated whether sexual behavior and other risk 
factors for squamous intraepithelial neoplasia 
influence risk primarily via HPV infection. 
Investigators compared 500 women with cer-
vical intraepithelial neoplasia and 500 control 
subjects and found that 76% of cases of cervi-
cal intraepithelial neoplasia could be attrib-
uted to HPV infection.4 The case subjects 
demonstrated the typical epidemiologic pro-
file of cervical intraepithelial neoplasia: more 
sex partners, earlier age at first sexual inter-
course, and lower socioeconomic status than 
control subjects. 

Addi t iona l evidence 
Histologically, squamous intraepithelial 
lesions display characteristic pathologic fea-
tures of HPV infection, such as epithelial 
hyperplasia (acanthosis) and degenerative 
cytoplasmic vacuolization (koilocytosis) in 
terminally differentiated keratinocytes with 
atypical nuclei.5 

Electron-microscopic studies also demon-
strate HPV particles in these lesions.6 HPV 
infection was identified in surgical pathology 
specimens by positive immunoperoxidase 
staining with antiserum that specifically 
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How human papillomavirus may cause cervical cancer 
1 PVS P L A Y A C E N T R A L R O L E in the patho-

genesis of cervical cancer. To date, more 
than 70 types of H P V have been identified. 
Certain H P V types (eg, 16 and 18) are associ-
ated with a substantially higher risk of cervical 
cancer than other H P V types (eg, 6 and l l ) . 3 

HPVs that carry a moderate risk of cervical 
cancer include types 31, 33, 35, 39, 45, 51, and 
52. i l 

A MODEL OF MOLECULAR PATHOGENESIS 
OF HPV ONCOGENICITY 
Advances in molecular biology over the past 
10 years have provided insight into the molec-
ular pathogenesis of HPV-related cervical neo-
plasia. Infection of human epithelial cells by 
high-risk H P V types produces in vitro immor-
talization. This provides direct experimental 
evidence of H P V oncogenecity. Furthermore, 
in vitro transformation studies show that two 
H P V viral gene products, E6 and E7, are nec-
essary for immortalization.!2 However, E6 and 
E7 produced by the low-risk H P V types 6 and 
11 are either inactive or only weakly trans-
forming in a similar transformation assay.11 

This phenomenon may explain why low-risk 
HPV-related cervical lesions rarely progress to 
invasive cancer. 

T h e oncogenicity of H P V E6 and E7 pro-
teins was further demonstrated in transgenic 
mice: when E6 and E7 of high-risk H P V types 
16 and 18 were introduced into mouse 
embryos, the mice developed progressive squa-

mous epithelial neoplasia.13*14 

Functional studies of H P V proteins provide 
insight into the mechanism of oncogenicity. 
High-risk H P V E6 proteins were found to form 
complexes with cellular tumor suppressor pro-
tein p53, causing its rapid degradation!5 T h e 
decreased level of p53 proteins diminishes the 
gene's ability to suppress tumor growth and 
leads to unchecked cell growth. T h e low-risk 
H P V E6 proteins do not bind p53 at detectable 
levels and have no effect on p53 stability in 
vitro.1 6 

T h e high-risk H P V E7 protein binds to 
another cellular tumor suppressor, retinoblas-
toma gene product pRB. 1 7 T h e binding o f E7 to 
pRB disrupts the complex between the cellular 
transcription factor E2F-1 and p R B . This 
results in the release of E2F-1, allowing it to 
stimulate cellular D N A synthesis and uncon-
trolled cell growth T h e E7 protein from low-
risk H P V types 6 and 11 binds p R B with 
decreased affinity. 

T h e fact that high-risk H P V E6 can inacti-
vate tumor suppressor p53 and E7 can inacti-
vate p R B provides important insight into HPV 
oncogenesis at the molecular level. It appears 
to be a very attractive model for the molecular 
pathogenesis of HPV-related cervical carcino-
ma. Furthermore, the inability of low-risk H P V 
E6 and E7 proteins to inactivate or bind to 
tumor suppressors may in part explain why cer-
vical lesions associated with HPV-6 and HPV-
11 rarely progress to invasive cancer.11 

detected HPV structural antigens.7 By using 
this antiserum, it was demonstrated that 
approximately 50% of patients with condylo-
ma and low-grade cervical dysplasia have 
HPV-specific antigens. 

Multicenter studies from 22 countries 
have shown that in over 90% of invasive cer-
vical cancer specimens, HPV DNA can be 
detected by molecular techniques.8 HPV 
DNA was isolated from metastatic cervical 
cancer tissues, as well as from in vitro tumor 
cell lines established from cervical cancers.9'10 

This compelling evidence demonstrates 

that HPV is the most significant risk factor for 
cervical cancer. As a result of these studies, 
researchers have now developed a hypotheti-
cal model for the molecular pathogenesis of 
HPV-related cervical cancer (see above). 

• THE BETHESDA SYSTEM FOR 
CLASSIFYING CERVICAL NEOPLASIA 

The current classification system for cervical 
cytology, the Bethesda system (T A B L E 1 ) , devel-
oped and periodically revised by the National 
Cancer Institute,18 combines some former 
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C E R V I C A L C A N C E R J I N A N D C O L L E A G U E S 

TABLE 1 
Comparison of different classification systems 
for cervical dysplasia 
TYPE OF DYSPLASIA CIN (CERVICAL INTRAEPITHELIAL BETHESDA SYSTEM 

NEOPLASIA) SYSTEM 

Squamous atypia Atypical cells Atypical squamous cells of unde-
termined significance (ASCUS) 

Mild dysplasia CIN I Low-grade squamous intraepithelial 
lesions (LGSIL) 

Moderate dysplasia CIN II High-grade squamous intraepithelial 
lesions (HGSIL) 

Severe dysplasia CIN III HGSIL 
Carcinoma in situ CIN III HGSIL 
Carcinoma Carcinoma Carcinoma 

SOURCE: ADAPTED FROM AMERICAN SOCIETY FOR COLPOSCOPY AND CERVICAL PATHOLOGY PRACTICE GUIDELINE, 1996. 

HPV is the most 
significant risk 
factor for 
cervical cancer 

classifications and creates a borderline catego-
ry, ie, atypical squamous cells of undetermined 
significance (ASCUS). 

The Bethesda system classifies squamous 
cell abnormalities into four categories: 

• ASCUS 
• Low-grade squamous intraepithelial 

lesion 
• High-grade squamous intraepithelial 

lesion 
• Cancer. 
Low-grade lesions now include mild cervi-

cal intraepithelial neoplasia and other HPV-
associated lesions previously reported as 
"condylomatous" or "koilocytotic atypia." 
High-grade lesions encompass moderate and 
severe cervical intraepithelial dysplasia and 
carcinoma in situ. ASCUS is defined as celhi-
lar abnormalities that are more marked than 
those attriKitable to reactive changes but that 
quantitatively or qualitatively fall short of a 
definitive diagnosis of a squamous intraepithe-
lial lesion. 

The criteria for the diagnosis of ASCUS 
include nuclear enlargement two and a half to 
three times that of a normal intermediate squa-
mous cell nucleus, with a slight increase in the 
nuclear-cytoplasmic ratio. Mild hyperchroma-
sia may be present, but chromatin remains 
evenly distributed without granularity. 

The category of ASCUS has created a 

major clinical dilemma, with 2 to 3 million 
women given a diagnosis that generates uncer-
tainty each year. This results in increased uti-
lization of costly and limited colposcopy ser-
vices. 

• IS HPV TYPING USEFUL IN THE TRIAGE OF 
W O M E N WITH MINOR PAP SMEAR 
ABNORMALITIES? 

The best screening method for patients with 
A S C U S and low-grade lesions remains con-
troversial, hut clinicians may choose to follow 
established interim guidelines.19 

Current m a n a g e m e n t of ASCUS 
Generally, the rate of A S C U S in a screened 
population should be no more than two to 
three times the rate of squamous intraepithe-
lial lesions. Depending on the population 
screened, this may be up to 10% of patients 
screened in a sexually transmitted disease clin-
ic. At the Cleveland Clinic, the ASCUS rate 
is 4%. According to one estimate, of 50 mil-
lion Pap tests performed annually in the 
United States, approximately 2.5 million 
show these minor abnormalities.19 The associ-
ated cost of colposcopic evaluation of these 
lesions approaches $6 billion annually. 

Current management options19 for 
patients with ASCUS, depending on the 

536 C L E V E L A N D CLINIC JOURNAL OF MEDICINE VOLUME 66 • NUMBER 9 OCTOBER 1999 



The role of HPV testing in the clinical management of atypical 
squamous cells of undetermined significance (ASCUS) 

Pap smear diagnosis of ASCUS 

I 
Test for high-risk HPV types 

If HPV test is positive 
or a repeat Pap test is 
abnormal, refer patient 
for colposcopy 

i 
If colposcopy is negative 
and satisfactory, repeat 
the Pap test every 6 
months for 2 years 

If HPV test is negative and 
a repeat Pap test is within 
normal limits, repeat the 
Pap test in 6 months 

If the 6-month repeat 
Pap test shows ASCUS or 
squamous intraepithelial 
lesions, refer for 
colposcopy 

If the 6-month repeat Pap 
test is within normal limits, 
manage with annual 
examinations 

FIGURE 1 

qualifications on the laboratory report, 
include the following different options: 

• Follow-up Pap testing without col-
poscopy 

• Colposcopy, endocervical curettage, 
and directed biopsy 

• Ancillary screening techniques such as 
HPV typing and cervicography to help identi-
fy low-risk and high-risk patients.19 

Current m a n a g e m e n t of low-grade 
squamous int raepi thel ia l lesions 
Most cytology specimens classified as low-
grade squamous intraepithelial lesions repre-
sent benign processes that do not require 
treatment. However, some of these patients 
either have or will develop precancerous 
lesions, and the management options are gen-
erally the same as for ASCUS and must be 
selected on the basis of the merits of the indi-
vidual case.19 

However, the potential of low-grade squa-
mous intraepithelial lesions to persist or 
progress to high-grade lesions depends mainly 
on the association with specific types of HPV. 
Low-grade lesions are usually associated with 
low-risk HPV types (6, 11, 42, 43, and 44) and 

are less likely to develop into invasive cancer. 
On the other hand, lesions associated with 
moderate-risk and high-risk HPV types (16, 
18, 31, 33, 35, 39, 45, 51, and 52) are more 
likely to progress to cancer. Thus, HPV typing 
represents an additional option for triaging 
patients with Pap smears indicative of 
ASCUS and low-grade squamous intraepithe-
lial lesions.19 

• A BRIEF DESCRIPTION OF CURRENT 
HPV TESTING METHODS 

The principle of HPV testing relies on the 
detection of viral DNA in cervical cytology 
specimens. Currently, a "hybrid capture" 
method is used for HPV testing. This method 
uses an RNA probe that binds to HPV DNA, 
creating a hybrid that can be captured by 
immobilized antibodies.20 

Several studies have shown that hybrid 
capture systems have excellent sensitivity 
and specificity.20'21 In contrast, DNA amplifi-
cation methods such as polymerase chain 
reaction are prone to inhibitory substances 
that interfere with amplification and are asso-
ciated with high false-negative rates. With 

Management of 
ASCUS includes 
Pap tests, 
colposcopie 
biopsy and 
treatment, 
and HPV typing 
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C E R V I C A L CANCER JIN AND COLLEAGUES 

To obtain a 
good specimen, 
sample the 
cervical 
transformation 
zone thoroughly 

the hybrid capture system, false-positive 
results are usually not of concern, but speci-
men adequacy is critical to avoid false-nega-
tive results. 

Impor tance of obta in ing a good specimen 
Inadequate cervical sampling affects the accu-
racy of HPV typing. Thorough sampling of the 
cervical transformation zone is essential. 
Proper sampling of the endocervix, particular-
ly in postmenopausal women, is important to 
improve cytologic screening results. 
Endocervical nylon brushes—not cotton or 
Dacron swabs—should always be employed for 
obtaining cervical Pap smears. 

After obtaining the sample, the brush or 
spatula should be fixed immediately to avoid 
air drying of the artifact. If fluid-based cyto-
logic examination is to be used, the specimens 
should be immersed immediately in transport 
medium at room temperature to preserve cells 
for monolayer Pap smear preparation and sub-
sequent HPV testing. 

HPV typing at the Cleveland Clinic 
HPV typing is currently used as a triage option 
in the Cleveland Clinic Department of 
Gynecology according to the algorithm in FIG-
URE 1. According to the current protocol, only 
women with ASCUS who test positive for 
high-oncogenic-risk HPV DNA are referred 
for colposcopy. In women negative for high-
risk or moderate-risk HPV types, colposcopy is 
deferred and Pap smears are repeated every 6 
months as long as they indicate ASCUS. 

In addition to HPV typing, several other 
management options are available for women 
with a Pap smear report of ASCUS or low-
grade squamous intraepithelial lesions accord-
ing to the current guidelines from The 
National Cancer Institute.19 Patients with 
HPV-negative persistent ASCUS in repeat 
Pap smears should be referred for colposcopic 
evaluation after treatment of inflammation, 
infection, or atrophy. For women with a diag-
nosis of A S C U S associated with sexually 
transmitted diseases such as Chlamydia, gonor-
rheal cervicitis, Candida, or Trichomonas 
vaginitis, Pap testing should be repeated after 
specific therapy is completed. In post-
menopausal women who are not on hormone 
replacement therapy and have a diagnosis of 

ASCUS, atrophic cells with a high nuclear-
cytoplasmic ratio may suggest a neoplastic 
process. A course of topical estrogen treat-
ment with Premarin cream (0.625 mg/g, 1 g at 
bedtime for 14 days) often helps in the differ-
ential diagnosis. Pap testing should be repeat-
ed 14 days after the completion of the treat-
ment. If the repeat Pap smear is still equivocal 
after estrogen treatment, patients should be 
referred for colposcopy. 

For patients with A S C U S and a previous-
ly abnormal Pap test, or those not likely to be 
compliant with follow-up, consider col-
poscopy. For patients with low-grade squa-
mous intraepithelial lesions, screening col-
poscopy is recommended initially, and then 
the patients are followed with repeat Pap 
smears. If a subsequent smear reveals a lesion 
more advanced than low-grade squamous 
intraepithelial lesions, repeat colposcopy with 
directed biopsy is recommended. 

• COULD AN HPV VACCINE 
PREVENT CERVICAL CANCER? 

Studies of potential HPV vaccines have 
shown promising results. In animal models, 
data suggest that prophylactic vaccination 
with papillomavirus can result in protective 
immunity. Calves immunized with bovine 
papillomavirus wart extract are protected 
against bovine papillomavirus infection. 
Increasing titers of neutralizing antibodies 
against conformational epitopes on the viral 
surface were detected in calf serum.22 This 
finding suggests that any recombinant HPV 
vaccine, to be effective, would have to pre-
serve the tertiary protein structure of the viral 
conformational epitopes. 

Of interest, recombinantly expressed 
HPV LI major capsid protein has been shown 
to self-assemble into viruslike particles and to 
be highly immunogenic.23 Immunization with 
recombinantly expressed canine oral papillo-
mavirus major capsid protein LI completely 
prevents the development of viral mucosal 
papillomas in dogs.24 

These data strongly suggest the potential 
of HPV LI protein-based recombinant subunit 
vaccine for prevention of HPV infection and 
its malignant sequelae. Researchers estimate 
that vaccine against HPV 16 alone could save 

24 C L E V E L A N D CL INIC J O U R N A L OF MEDIC INE VOLUME 66 • NUMBER 9 O C T O B E R 1999 



the lives of 225,000 women per year world-
wide.24 However, no HPV vaccines are cur-
rently available due to several difficulties. 
First, there is no in vitro source of intact HPV. 
Second, HPV is highly species-specific, and it 
is impossible to use animals to evaluate HPV 
vaccine efficacy in humans. Third, many 
HPV types tha: infect the genital tract pose a 
particular challenge in the development of 
recombinant vaccines. Sincc the epitopes 
expressed by recombinant viruslike particles 
are type-specific and mimic native viral epi-

topes, it is expected that a multivalent vac-
cine containing viruslike particles from many 
HPV types will be required to provide protec-
tion from infection. 

Additional animal models and clinical 
trials are needed to determine the host 
immune response and the ability of HPV 
major capsid protein to induce protective 
antibodies in humans. The development of an 
effective HPV vaccine could protect humans 
from HPV infection and HPV-related cervical 
cancer in the future. H 
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Women with 
ASCUS and a 
high-risk 
HPV type 
should undergo 
colposcopy 
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