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Abstract

Cervical cancer prevention requires a multipronged ap-
proach involving primary, secondary and tertiary pre-
vention. The key element under primary prevention is
human papilloma virus (HPV) vaccination. So far, only
prophylactic HPV vaccines which prevent HPV infection
by one or more subtypes are commercially available.
Therapeutic HPV vaccines which aid in clearing estab-
lished infection are still under trial. Secondary preven-
tion entails early detection of precancerous lesions and
its success is determined by the population coverage
and the efficacy of the screening technique. A nhumber
of techniques are in use, including cytology, visual in-
spection (using the naked eye, magnivisualizer, acetic
acid and Lugol’s iodine), HPV testing and a combina-
tion of these methods. Updated screening guidelines
have been advocated by the American Cancer Society
in light of the role of HPV on cervical carcinogenesis.
Recent research has also focussed on novel biomarkers
that can predict progression to cancer in screen posi-
tive women and help to differentiate those who need
treatment from those who can be left for follow-up.
Last but not the least, effective treatment of precancer-
ous lesions can help to reduce the incidence of invasive
cervical cancer and this constitutes tertiary prevention.
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A combination of these approaches can help to prevent
the burden of cervical cancer and its antecedent mor-
bidity and mortality, but all of these are not feasible in
all settings due to resource and allocation constraints.
Thus, all countries, especially low and middle income
ones, have to determine their own cocktail of ap-
proaches that work before we can say with certainty
that yes, cervical cancer can be prevented.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: While cervical cancer is not new, approaches
to prevent the burden of this deadly disease are con-
stantly being re-invented, be it human papilloma
virus (HPV) testing or screening strategies. Novel bio-
markers than can predict which HPV positive lesions
will progress into cancer are the need of the hour.
Along with early diagnosis of pre-invasive lesions, the
other preventive aspect includes prophylactic vac-
cines which have flooded the scene, but their true
impact remains to be gauged as the precancerous
phase of cervical cancer is longer than the vaccine has
been around. Only time can answer the question: can
we truly prevent cervical cancer?

Aggarwal P. Cervical cancer: Can it be prevented? World J Clin
Oncol 2014; 5(4): 775-780 Available from: URL: http://www.
wjgnet.com/2218-4333/full/v5/i4/775.htm DOI: http://dx.doi.
org/10.5306/wjco.v5.14.775

INTRODUCTION

Cervical cancer is the most common cause of deaths due
to any cancer in developing countries and the number
of these is ten times that in developed countries. It is the
third most common cancer in women after breast and
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Table 1 Risk factors for cervical cancer

Causal agent Relative risk
Low socio-economic class 1.5
Low educational level 2-3
Early age at first coitus 2-4
Multiple sexual partners 2-5
Early age at first pregnancy 2-4
Multiparity 2-4
Long term use of oral contraceptives 1.5-2
History of sexually transmitted infections 4-10
History of genital warts 18
Cigarette smoking 2-4
Diet low in folates, carotene and vitamin C 2-3
Lack of routine cytological screening or prior abnormal 2-6
smears

HIV 245
Immunosuppression 5.7

HIV: Human immunodeficiency virus.

colorectal cancer, with more than 530000 cases in 2008,
85% of these in developing countries. The mortality:
incidence ratio is 52% and there were 275000 deaths in
2008, 88% of them in developing countries',

The case for prevention of cervical cancer is thus a
strong one that would serve to prevent mortality in many
women and morbidity in many others. We know that cer-
vical cancer is preventable, but the bigger question is, can
it be prevented?

Prevention of any condition is desctibed in terms of
primary, secondatry and tertiary prevention. While pri-
mary prevention deals with modification of risk factors
to prevent disease occurrence, secondary prevention es-
sentially signifies early diagnosis and treatment, while tet-
tiary prevention seeks to limit the disability caused by the
condition”. Cervical cancer is particularly amenable to
prevention as it has a long pre-clinical phase and the nat-
ural history of cervical carcinogenesis is well researched.
In addition, treatment of pre-invasive lesions has been
shown to reduce the incidence of invasive cervical can-
cet.

PRIMARY PREVENTION

In terms of cervical cancet, primary prevention involves
education about safe sexual practices and buman papilloma
virns (HPV) vaccination™. This is because HPV is known
to be a necessary cause of cervical cancer and it is the
persistence of this infection over decades which can lead
to precancerous changes in the cervix and eventually
cancer. The first vaccine licensed was Gardasil (Merck,
Pennsylvania) in 2006 which protects against HPV 6, 11,
16 and 18, while Cervarix (Glaxo Smith Klein, Belgium)
which was licensed in 2009 protects against HPV 16 and
18. Both of these ate prophylactic vaccines which have
now been introduced in over 80 countries. Short term
data indicates that they are safe, immunogenic and ef-
ficacious in preventing HPV infection and hence pre-
cancerous lesions by the respective HPV types. There is
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also some evidence of cross-protection against closely
related HPV types. They are less effective in established
infection. The best evidence of HPV vaccination success
comes from Australia, where introduction of nationwide
HPYV vaccination resulted in a decrease in the incidence
of high grade cervical abnormalities within 3 years after
vaccination”. Recent data indicates that two doses of
vaccine may be as protective as three doses!” and this has
implications for use where the utilization is limited by
COSts.

There is another kind of vaccine, the therapeutic vac-
cines which help in the clearance of HPV infections by
generating T-cell mediated immunity against the HPV E6
and E7 antigens. These have been shown to be effica-
cious under trial conditions'”.

However, although HPV infection is the most com-
mon, it is not the only causal agent of cervical cancer.
As understood by the model for cervical carcinogenesis,
there are various other behavioral and demographic risk
factors that increase the relative risk of developing cervi-
cal cancer. These are given in Table 1.

Others factors like older age, racial factors and genetic
predisposition are non-modifiable risk factors™. There is
some data to indicate that consumption of high amounts
of whole fruits and vegetables, fish and nuts which
provide a rich source of antioxidants like vitamin C, E,
carotene, lutein and lycopene, and vitamin A, calcium and
poly-unsaturated fatty acids can significantly reduce the
risk of CIN".. The mechanism of action is purported to
be by enhancing HPV clearance while still in the transient
phase, inhibiting the expression of E6 and E7, prevent-

ing DNA damage and reducing immunosuppressionm.

SECONDARY PREVENTION

Secondary prevention involves screening asymptomatic

patients or carrying out definitive tests in symptomatic or
screen positive patients to pick up precancerous lesions
before they turn into cancer. A number of methods are
available for cervical cancer screening. Observational
studies have shown that introduction of any regular cer-
vical cancer screening program results in a fall in the inci-
dence of invasive cervical cancer and cancer deaths. The
Nordic countries are a prime example where introduction
of organized cervical screening reduced the incidence of
cancer deaths between 10%-80%.

Various modalities employed for screening preinva-
sive disease are: (1) cervical cytology - both conventional
and liquid-based; (2) direct visual inspection (DVI); (3) vi-
sual inspection using 3%-5% acetic acid (VIA); (4) visual
inspection using 3%-5% acetic acid and magnification
(VIAM); (5) visual inspection using Lugol’s iodine (VILI);
(6) HPV DNA testing; (7) speculoscopy; and (8) polar
probes. Other modalities like colposcopy, cervicography
and microcolpohysteroscopy can be used for further
evaluation of abnormal results.

Cervical cytology is the globally preferred screening
method and has been shown to reduce the incidence
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Table 2 American College of Obstetricians and Gynecologists guidelines for cervical cancer screening

Commence Frequency of smears (Pap or LBC) and HPV testing

Discontinue HPV DNA

21 yr 13 yearly smears for < 30 yr

1>65yr

For women > 30 yr, two options to manage

2 3 yearly smears or 5 yearly co-testing for> 30 yr (if 2 After hysterectomy for benign

previous smears normal)
3 3 yearly smears or 5 yearly co-testing for those
previously treated for CIN2/3 or cancer (up to 20 yr)

disease with no history of CIN

Positive test: Repeat co-testing at 12 mo;
Test for HPV 16/18 and colposcopy if positive

HPV vaccination does not change these guidelines. HPV: Human papilloma virus; LBC: Liquid based cytology.

of invasive cervical cancer by up to 80%"" while other
methods of screening have generally been used in project
settings. However, the fall in incidence with Pap smear
based screening is directly linked to the frequency of
screening and the proportion of population covered by
screening, The conventional Papanicolaou test is done
to examine exfoliated cells from the ectocervix and the
endocervix using a wooden Ayre spatula and cytobrush.
The smear is prepared and fixed with 95% ethylene gly-
col. Slides are stained using the Papanicolaou method
and graded according to the revised Bethesda system.
Although cytology has a high specificity of 95%-99%,
pooled data has shown the sensitivity of a single Pap
smear to be as low as 51%!"". For liquid based cytology
(LBC), the method involves using a cytobrush which is
rotated by 360 degrees five times around the cervix and
the exfoliated cells are stirred in a proprietary solution.
This reduces specimen inadequacy (which can cause false
negative smear results) by 80% but adds to the cost. In
addition, a single specimen may be used for HPV, chla-
mydia and gonorrhea testing. Screening guidelines have
been advocated by various societies.

The latest screening guidelines'” by the American
College of Obstetricians and Gynecologists (ACOG)
published in 2012 are given in Table 2.

Where resources are limited, the World Health Orga-
nization recommends that the highest priority group for
screening is those aged 35 or over and that screening ev-
ery 5 years for a total of 3 tests in a lifetime will achieve
a major impact. In low resource settings, screening using
HPYV as a primary test followed by further triaging for
treatment using cytology or VIA of HPV positive wom-
en can cut costs while maximising benefits of screening,

Direct (unaided) visual inspection (DVI) is advocated
in low resource settings where no other method is avail-
able as the incidence of CIN in a clinically unhealthy cet-
vix may be as high as 9% compared to 0.9% in a healthy
cervix”, DVI can detect cancer eatly and improve sur-
vival rates and thus should be done in all patients, even if
pregnant.

Aided visual inspection methods which include VIA,
VIAM and VILI are simple, low tech approaches that are
minimally reliant on infrastructure, assuming that basic
facilities for performing a speculum examination are
available. Non-physicians can perform the procedure if
they receive adequate and ongoing training. Furthermore,
results of the procedure are available immediately, mak-
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ing it possible, in principle, to provide treatment during
the same visit (screen-and-treat or single-visit approach).
VIA involves swabbing the cervix with 5% acetic acid
and inspecting the cervix in good light after 1 min to look
for acetowhite lesions. For VIAM, the cervix is inspected
as before but by using a self-illuminated hand held de-
vice. The disadvantages are low specificity compared to
cytology, potential for over-diagnosis and over-treatment,
observer dependency and usefulness in detecting ectocer-
vical disease only. Our own institutional data (including
over 1200 patients) found the sensitivity and specificity
of VIA to be between 91%-96% and 31%-82% respec-
tively"™'". The large variation in specificity indicates that
several variables affect the test characteristics of VIA,
including light source, observer training, criteria for test
positivity and the presence of co-existing infection, in-
flammation and metaplasia. VIAM offers the advantage
of 4 X magnification using a hand held battery powered
device and improved the specificity over VIA from our
data"”. Tt can supplement VIA in doubtful cases where
colposcopy is not available as a secondary triage. In low
resoutce settings, primary screening by VIA/VIAM is
more cost effective compared to universal Pap smear and
can be used to take a guided biopsy and endocervical cu-
rettage.

HPV DNA testing

Two types of tests for HPV DNA are currently in use;
one is a nucleic acid hybridization assay with signal am-
plification for the qualitative detection of high risk HPV
types in cervical specimens (Digene Hybrid Capture 2
High Risk HPV DNA Test™; Cervista HPV HR Test
™); the other is a polymerase chain reaction based assay
(HPV DNA Nested Polymerase Chain Reaction Detec-
tion Kit™). Detection of high risk HPV DNA increases
the sensitivity of detection for both squamous and glan-
dular abnormalities; however, it does not have the analyti-
cal specificity that can help to decide which lesions need
treatment and those that will regress on follow-up.

A new test for HPV E6/E7 mRNA (PreTect HPV-
Proofer™ assay and APTIMA™ assay) is under research
and is based on the fact that mRNA levels are directly
correlated to the severity of the lesion and can predict
progression to cancer with higher specificity than HPV
DNA testing alone. This can be used to stratify high
risk HPV positive women that need treatment. The re-
ported sensitivity and specificity range from 0.41-0.86
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and 0.63-0.97 respectively for PreTect based on pooled
data™. FDA approval is awaited.

In both triage (investigation of minor abnormalities
detected by cytology) and screening studies (when both
cytology and HPV testing are jointly performed) the
cross-sectional sensitivity of HPV test is high and so is
the negative predictive value (> 97%). The combination
of the high sensitivity of HPV DNA testing and the high
specificity of cytology can increase the screening interval
for testing in women negative by both methods. Such a
combined test was approved by the FDA in 2003 for pri-
mary screening of low risk women aged = 30 years'?. In
low and middle income countries, integrating the highly
accurate HPV testing with the triaging capacity of VIA in
“screen and treat” protocols can offer the dual benefits
of maximizing detection using HPV and then using VIA
to triage them for treatment! . Despite the high cost of
HPV testing compared to VIA alone, this can turn out to
be cost effective in the longer run due to the costs saved
on diagnosis and treatment of cancer. The advantages
of HPV DNA testing are the objectivity of the test, pos-
sibility of complete automation, built in quality control,
opportunities for self sampling and high sensitivity. Its
disadvantages are cost, dependence on a single manufac-
turer (so far only HC2 is FDA approved and validated),
requirement of a molecular diagnostic lab, low specificity
in younger women and populations with significant HIV
seropositivity, and follow up visits for test results and
treatment.

Speculoscopy refers to direct observation of the
cervix under 4-6 X magnification using a blue-white
chemiluminescent light source to enhance visualization
of abnormal tissue after acetic acid application. This is a
variant of the VIA designed to increase its specificity but
it is marginally more expensive.

Polar probe is a pen-sized device (which is moved
across the cervix) of electro-optical systems to identify
cancer or pre-cancerous cells in cervical tissue by measur-
ing the response of cervical tissue to light together with
tissue capacitance of epithelial, basal and stromal layers.
In a multicentric study, it was found to be as sensitive as
a top quality Pap smear. It also has a high accuracy with
instant report which prevents loss to follow up. Due to
the objective, self-checking digital system, there is no
subjective error of interpretation or the need for trained
personnel to read the smear.

Colposcopy provides a magnified (up to 40 X) ste-
reoscopic view of the cervix and vagina and is a sensitive
method for diagnosing CIN and invasive cancers. It helps
in localizing abnormal areas from where a biopsy can be
taken and accurate grading and conservative management
of CIN is possible. It can supplement cytology and also
triage cases that are a doubtful positive on VIA/VIAM.
Its disadvantages are bulky and costly equipment and the
need for experienced personnel.

Cervicography is a technique that attempts to repro-
duce colposcopy photographically. A photograph of the

cervix (cervigram slide) is taken with a specially designed
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camera (cerviscope) after the application of acetic acid
and sent to an expert for interpretation. Cervicography
has a better sensitivity than cytology (89% »s 52%), with
similar specificity (94% vs 9290)", Cervicography is a
highly sensitive tool for evaluating the ectocervical trans-
formation zone but is unable to evaluate the endocervical
canal. The expense of the instrument and the costs of
photographs make it unlikely to be used for population
screening, although it can be used in combination with
a Pap smear to facilitate the selection of therapy for pa-
tients with an abnormal Pap test.

Microcolpohysteroscopy permits a naked eye view of
the endocervix to evaluate the cervical canal i situ, thus
obviating the need for a cone biopsy. It focuses on cells
that have not been desquamated within their topographic
and architectural context. A magnification of 20 X gives
visualization comparable to colposcopy, while 150 X
gives visualization comparable to cytology.

Recent research has centered on identifying the host
genes up regulated in association with HPV infection,
determining their suitability as “surrogate markers” for
HPYV infection, and using them to identify HPV-associat-
ed epithelial lesions in tissue or cytological specimensm
These can help to increase diagnostic accuracy of cervi-
cal tissue specimens and provide information on risk of
progression. These are given in Table 3.

Other newer technologies like optical imaging, spec-
troscopy and high-resolution imaging methods provide
in vivo diagnosis with high sensitivity and specificity and
are anticipated to improve conventional cervical cancer
screening. They are based on the concept of morpho-
logical and biochemical alteration in the properties of
cervical tissue in response to malignant transformation.
In addition, contrast agents that target against specific
neoplastic biomarkers can enhance the effectiveness of
this new technologym.

The cycle of testing (using a sensitive test at regular
intervals), diagnosis (using a highly specific test), treat-
ment (with effective methods and by trained staff) and
follow-up (as a part of an organized program with high
population coverage) should be completed to ensure the
success of screening;

TERTIARY PREVENTION

Tertiary prevention seeks to limit disability and promote
rehabilitation. As cervical cancer has a long history in
the form of precancerous lesions, diagnosis in the early
phase and proper management (by cryotherapy or large
loop excision of the transformation zone (LLETZ)) will
prevent the progression to invasive cancer. Both can be
done in the outpatient setting, While cryotherapy is useful
for lesions involving maximum 1-2 contiguous quadrants
of the cervix and no endocervical involvement, LLETZ
can treat the entire transformation zone as well as a le-
sion extending not more than 1 cm into the endocervical
canal. It also has the advantage of removing the speci-
men for histological analysis[zﬂ. Complication rate is less
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Table 3 Biomarkers in cervical dysplasia

Biomarker Significance

L1 capsid protein Represents approximately 90% of the total protein on the virus surface and is generally detectable during the reproductive
phase of HPV infection. The L1 protein is abundant in productive infections (CIN 1), found only in rare cases of CIN2/3, and
not produced in carcinomas

p16INK4a (CINtecTM)  Surrogate marker of HPV E7-mediated pRb catabolism, providing evidence of transformation of the cervical mucosa. On
immunohistochemistry, diffuse staining for p16INK4a is present in almost all cases of CIN2, CIN3, squamous cell carcinoma
and endocervical glandular neoplasia; however, it is rarely detected in benign squamous mucosa or CIN 1 lesions caused by
low risk HPV types

Ki-67 Proliferation marker confined to the parabasal cell layer of normal stratified squamous mucosa but shows expression in
the stratified squamous epithelium in CIN lesions in correlation with the extent of disordered maturation, but cannot
discriminate HPV-mediated dysplasia from proliferating cells in benign reactive processes

DNA Aneuploidy HPV infection leads to DNA hypermethylation, disruption of the normal cell cycle, and chromosomal aberrations, all of
which may lead to changes in DNA content. Aneuploidy increases progressively from CIN1 to CIN3

MCMs (ProExC testTM) MCMs are required for the origination of DNA replication and are overexpressed in cervical high-grade dysplasia and
carcinoma, but can also be seen in some benign cycling squamous and glandular cells

FISH technology One of the most consistent chromosomal abnormalities in cervical carcinoma is gain of chromosome arm 3q (in about 70%),
which can be detected by FISH. TERC gene in this region is amplified in progression to CIN3

FISH: Fluorescent in situ hybridization; MCAs: Minichromosome maintenance proteins; TERC: Telomerase RNA component.

Table 4 Management of preinvasive cancer (American Society for Colposcopy and Cervical Pathology 2012 guidelines)

Lesion on biopsy Other features Management
CIN 1 Preceding cytology of ASC-US, ASC-H, LSIL Follow up with cytology (6, 12 mo) and HPV testing (12 mo)
CIN 1 Preceding cytology of HSIL, AGC-NOS Either of these:

Diagnostic excisional procedure or review of findings or observation with HPV
and cytology (12 and 24 mo) (only if colposcopy satisfactory and ECC negative)

CIN 1 Adolescent (< 20 yr) Follow up with cytology (12 mo)
CIN 1 21-24 yr Follow up with cytology and colposcopy (6 monthly, up to 2 yr)
CIN2/3 Satisfactory colposcopy Either excision or ablation of transformation zone
CIN2/3 Unsatisfactory colposcopy or recurrence or Diagnostic excisional procedure
endocervical disease
CIN2/3 Adolescent (< 20 yr) and young women (21-24 yr)  Observation with cytology and colposcopy (only if colposcopy satisfactory) or
treatment using excision or ablation of transformation zone
Adenocarcinoma Specimen from diagnostic excisional procedure Hysterectomy preferred (rarely conservative management if margins negative
in situ and future fertility desired)

HPV: Human papilloma virus. CIN: Cervical intraepithelial neoplasia, ASC-US: Atypical squamous cells - undetermined significance; ASC-H: Atypical squa-
mous cells - cannot exclude; LSIL: Low-grade squamous intraepithelial lesion HSIL: High-grade squamous intraepithelial lesion; ECC: Endocervical curet-
tage.

with cryotherapy and includes watery discharge for 3-4 tion is recommended no sooner than 6 wk postpartum.
wk, cervical stenosis (< 1%) and vaginal bleeding (very Thus, prevention of cervical cancer involves a multi-
rare). It has no adverse effects on fertility and pregnancy pronged approach of education, creating awareness, ad-
and can be carried out by the average gynecologist. vocacy, public-private partnerships for HPV vaccination,
LLETZ on the other hand, requires more technical skill, screening and early treatment of precancerous lesions
a ready supply of electricity and is associated with severe before they develop into cancer. The extent of focus on
perioperative bleeding (< 2%), cramping abdominal pain each of these measures may vary between communities
and effects on future fertility (infertility, preterm labor, and countries based on the availability of resources and
cervical stenosis and dystocia). healthcare commitments. A holistic approach to preven-
The American Society of Colposcopy and Cervical tion involving locally effective measures and treatment
Pathology has issued guidance for management of prein- protocols and evaluating their adherence and success over
vasive cervical lesions diagnosed on biopsy[zz]. These are time can help to tailor programs and policies to maximize
given in Table 4. Similar guidelines are also in place for a the benefits for cervical cancer prevention.
diagnosis based on Pap smear. Cervical cancer is preventable. Cervical cancer can be
Pregnancy constitutes a special situation where the only  prevented. The extent to which we achieve this goal de-
indication for treatment is suspected invasive cancer. Both pends on us.

CIN 1 and CIN 2/3 require follow up during pregnancy
(no more frequently than 12 wk) as the risk of progression
to invasive cervical cancer is minimal and the rate of spon- REFERENCES
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