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Cervical Cancer Burden
Worldwide, there were approximately 493,243 new cases, and 273,505 deaths attributed to
cervical cancer in 2002, which is about one-tenth of total female cancer deaths 1. Cervical
cancer incidence 2, and mortality in the United States has declined significantly since the 1950's
by more than 70% 3,4. This decline is mainly attributed to the introduction of the Papanicolaou
test in the 1940's. Cervical cancer which in this country was the number one killer of women,
is now ranked 12th in cancer deaths for women in the US 5,6. In the US, it is estimated that
11,150 women will be diagnosed with cervical cancer, and approximately 3,670 will die of it.
However, cervical cancer is the second most frequent of all female malignancies worldwide,
with 80% of the cases occurring in resource-poor countries 7. While in the United States and
most developed countries, cervical cancer accounts for 7% of all female malignancies, in
developing countries, it accounts for 24% of all such cancers 1. This disparity is primarily
attributed to the lack of screening and treatment of pre-cancerous lesions 1.

The anatomical accessibility of the cervix to direct examination, with a long preclinical stage
during which precursor lesions can be treated conservatively and successfully (∼95%) 8, make
cervical neoplasia ideal for secondary prevention efforts such as screening. The Pap smear test
is probably the most widely used cancer screening test, even though it has never been evaluated
in a randomized controlled trial, and will not be because it is been accepted as an effective
screening tool. Additionally there are numerous convincing epidemiological data which show
that since the introduction of Pap in countries with well organized screening programs, and
with wide population coverage, both incidence of, and mortality from cervical cancer has
significantly decreased. The best data to support these observations come from Nordic
countries. Incidence of cervical cancer has fallen by more than 50% in Finland, Sweden,
Denmark, and Iceland, where organized cervical screening programs were established in the
1960s 9. Interestingly, despite the availability of a Pap screening program in England, cervical
cancer incidence remained relatively constant, until the introduction of an organized screening
program in 1988, which led to a dramatic reduction in subsequent years 9.

Since the introduction of organized cervical screening in the 1960's in the U.S., incidence and
mortality from cervical cancer have declined by 75%, however, this decline is not uniform. In
the 1990s U.S. women experienced at least 33% higher incidence of, and 71% higher mortality
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from cervical cancer in high poverty counties than in low poverty counties 10. The Healthy
People 2010 objective of 90% Pap screening for women aged 18 or older has not yet been
achieved by any State or territory 11. Unscreened populations of women in the U.S. historically
include older women, uninsured and impoverished women, migrant and minority women, and
those residing in rural areas 12. Data from the 1994 and 2003 U.S. National Health Interview
Survey showed that screening trends have remained unchanged from the 1994 survey to the
2003 survey - 77% and 76% of women reported having had a Pap test in the past 3 years,
respectively 13,14. Additionally, they show that age is still a risk factor for inadequate screening;
in the 1994 survey screening was higher among 18-44 year old women (82%) compared to
57% among women 65 or older. This age difference may be due to a cohort effect. Pap testing
was still gaining acceptance in the late 1950's and 1960's. Women who were in the reproductive
age group at that time (and are now over 65 years) never became accustomed to regular cytology
screening. This trend remained virtually unchanged in the 2003 survey; 81% of the 18-44 and
57% of 65 or older women had a Pap in the previous 3 years. The 2003 survey showed that
while screening rates among African-Americans and Whites were similar, screening rates were
much lower in other race groups (76%, 80%, and 69% for Whites, African-Americans, and
other race groups, respectively).

Organizing screening programs in developing countries where the burden of cervical cancer
is the greatest has remained a challenge. There are many obstacles to cervical cancer screening
in resource poor countries, generally attributed to a lack of infrastructure and resources –
technical, medical, and financial - and a lack of awareness and education about cervical cancer
among women and health-care providers. Moreover, in Africa and South America which bear
the biggest cervical cancer burden, there are competing health care needs such as HIV/AIDS,
infectious diseases such as malaria, tuberculosis, and high infant and maternal mortality rates.
In addition there are not many trained clinicians, and there is a lack of adequate laboratory
supplies and personnel, and treatment facilities 5. We refer interested readers to an excellent
review specific to this topic 15.

Furthermore, there are considerable cultural barriers to routine pelvic screening, especially in
the absence of any symptoms, underscoring the profound need for an acceptable and reliable
screening method that focuses on timely detection of early lesions, and treatment of the lesions
so as to reduce cervical cancer burden. Although cytology has proven to be extremely effective
in detection of abnormal cervical cells in developed countries, it is still under-utilized by many
even in regions with successful screening programs. An important aspect of the success of
cytology screening in developed countries is attributed to repeated screening of women during
the long natural history of cervical cancer development. The repeated nature of the screening
makes it cost-prohibitive for resource-poor countries. Moreover, the need for multiple visits –
one to perform the test, a second to obtain results, and a possible third for treatment – can lead
to loss of follow-up of women who may be at greatest risk of cervical cancer, further
compounding a complex issue. Screening programs in resource-poor settings must consider
these limitations and develop approaches sustainable and suitable for those settings such
considering screening methods that target the etiologic agent HPV, appropriate age to initiate
screening, and screening interval, and one designed to encompass screening and treatment at
one time.

A range of abnormal cellular changes occur in the transformation zone of the cervical
epithelium. There are two embryologically distinct cell types that make up the cervical
epithelium. 1) The ectocervix, the part of the cervix that extends into the vagina, is made of
nonkeratinized stratified squamous epithelium, similar to the lining of the vagina; 2) the
endocervix, the part of the cervix that leads to the uterus, is made of mucus secreting, columnar
epithelium 16. The junction of the columnar and the stratified squamous epithelial cells is called
the squamocolumnar junction, which recedes towards the endocervix with age, replacing

Safaeian and Solomon Page 2

Obstet Gynecol Clin North Am. Author manuscript; available in PMC 2009 October 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



columnar cells with stratified squamous epithelium. This process is called squamous
metaplasia, and leads to the formation of the ‘transformation zone’ from the original
squamocolumnar junction to the current squamocolumnar junction. Due to the rapid turn over
of cells in the transformation zone, it is very susceptible to carcinogens and carcinogenesis,
and HPV infections. Most precancerous cervical lesions and cancers arise in the transformation
zone. Approximately 75 to 80% of all cervical cancers are squamous cell carcinoma (SCC)
17. Adenocarcinomas account for the remaining 25%.

C. Screening Test Characteristics
There are important concepts of risk to consider when discussing screening and quality of
screening tests and diagnostics, and in separating out people with and without the disease. The
simple 2×2 screening table (Table 1) holds key concepts to understanding clinical diagnostics.

Although the validity of a screening test, measured by sensitivity and specificity are important
from a public health view in clinical settings, a different set of questions is of importance to
the clinician. First, if the test results are positive in a patient, what is the probability or risk of
disease for that patient? This is the positive predictive value of the test. Similarly, if a patient's
test results are negative, what is the probability that the patient does not have the disease? This
is the negative predictive value of a test and provides reassurance against disease among test
negative women. Another important concept is the disease endpoint considered. Cervical
cancer prevention specialists study surrogate endpoints to evaluate risk since no one would
willingly permit a woman to develop cervical cancer under observation. Histologically-
confirmed CIN3 is the best surrogate for cervical cancer, however, risk of CIN2/CIN3 is also
studied since that is the threshold for treatment.

Table 1 shows results of a dichotomous screening test compared to the disease state of the
population screened: for example, HSIL or above (HSIL+) versus not (Pap+ versus Pap-) for
CIN3 or cancer in this example. Four outcomes are possible. True-positives (positive results
in individuals with CIN3/cancer); D is true-negatives (negative results in individuals without
CIN3/cancer); B reflects false-positives (positive results in individuals without CIN3/cancer);
and C corresponds to false-negatives (negative results in individuals with CIN3/cancer).

Sensitivity is the ability of the test to correctly identify those who have the disease [A/(A+C)],.
Specificity is the ability of the test to correctly identify those who do not have the disease [D/
(B + D)]. Positive predictive value [A/(A + B)] of any abnormal result is the risk of cervical
cancer among women with that result. Negative predictive value [D/(C + D)] is the reassurance
that a woman with a normal test result is not at risk of cancer until the next expected visit.

The sensitivity of the Papanicolaou test for high-grade lesions or cancer is estimated to be up
to 70—80% with a specificity between 94-97% 18,19. Test sensitivity must be distinguished
from program sensitivity. The former is a measure of the sensitivity of a single test at one point
in time. The latter is the sensitivity of a series of tests at intervals determined by the screening
program to detect an abnormality at any single test event. Repeat screening at regular intervals
therefore compensates somewhat for the limitations of the sensitivity of the technique.

In the context of' cervical screening, two main types of errors contribute to lower sensitivity.
Sampling error occurs when a cervical lesion is present but cells representative of the
abnormality are not present on the glass slide specimen. Sampling error may occur if either the
lesion is not sampled or if abnormal cells collected on the sampling implement are not
transferred to the slide. Factors that contribute to sampling error include small size of the lesion,
inaccessible location of the lesion (high in the endocervical canal, for example), or
inappropriate sampling technique. Laboratory error occurs when cells indicative of an
intraepithelial lesion or carcinoma are present in the specimen but are not identified as abnormal
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when the result is reported. Factors that may contribute to laboratory error include presence of
only a few abnormal cells, small size of the abnormal cells, presence of inflammation or blood
obscuring cells, or diagnostic misinterpretation of the significance of identified cell
abnormalities. Even under optimal screening conditions, sampling and laboratory error cannot
be entirely eliminated.

Screening based on Cytology
Conventional Papanicolaou (Pap) Test & Liquid Based Cytology

Cytological evaluation of the cervical cells was introduced by George Papanicolaou in 1940's
after whom the Pap test is named. It is probably the most widely used cancer screening
technique in the U.S. and in other developed countries. The test involves gently scraping cells
from the surface of the cervix and microscopic examination of the fixed and stained cells for
abnormal morphologic cell changes.

While the cervical/vaginal Pap smear has been tremendously successful in reducing the
incidence and mortality rate from cervical cancer, it has limitations, particularly with respect
to false-negative screening results. Hence, interest has focused on development of technologies
to enhance the accuracy of cervical cancer screening. The liquid based cytology (LBC)
collection technique is directed at improving cytology sampling and specimen quality.

Specimen collection—Cervical sample collection for cytology involves the clinician
visualizing the cervix and identifying the sqaumocolumnar junction which as described earlier
is the junction where the smooth squamous surface of the ectocervix changes to the columnar
lining of the encdocervix leading to the uterine cavity. Sampling should be directed at this
tissue, as this is the region where majority of cervical lesions occur. It has been demonstrated
that using either a combination of spatula and cervical brush or broom-shaped device that
samples both the ectocervix and endocervix simultaneously results in increased detection of
abnormalities 20.

a. Conventional Pap: In the conventional Pap, the cellular sample collected with either a
spatula or brush is quickly and evenly spread over the surface of a glass slide, so as to thin out
the large clumps, while avoiding excessive manipulation that can damage the cells. Studies
have shown that more than half of the material collected on the collection instruments remain
on the device which is discarded and are not transferred to the glass slide and thus lost for
microscopic analysis 21. In order to preserve morphologic details, after smearing the cells on
the slide, specimens are fixed by immersion in alcohol or sprayed with a fixative. Air-drying
of the sample may limit the interpretability of the specimens.

At the laboratory, the conventional Pap slides are stained using a polychrome process that was
developed by George Papanicolaou which in optimal circumstances, results in excellent
nuclear detail and cytoplasmic transparency that allows visualization through areas of
overlapping cells.

Specimen adequacy depends on a number of parameters including number and types of
epithelial cells present and morphologic preservation. Additionally, the smear must not be
obscured by factors such as blood, neutrophils, inflammation, or air-drying, that may limit
microscopic visualization of the cells 22. The adequacy of the smear depends on sampling of
the transformation zone, with “adequate” specimen consisting of well-preserved, evenly
distributed squamous and glandular cells. The presence of both epithelial cell types provides
indirect evidence that the squamocolumnar junction has been sampled.
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The process of diagnostic evaluation of a Pap test is labor-intensive and subjective. The slide
may consist of over 100,000 cells of which only a small number may be abnormal. This process
of microscopic screening is performed by trained cytotechnologists who must be able to detect
the rare abnormal cells amongst thousands of cytologically normal cells. Any identified
abnormal or questionable cytologic changes are then referred to a pathologist for diagnostic
interpretation.

b. Liquid Based Cytology: As mentioned earlier, with conventional smear techniques only a
fraction of the cellular material collected from the cervix is transferred to the glass slide. Instead
of spreading the exfoliated cervical cells on the glass slide, with liquid based cytology (LBC),
the sampling device is vigorously rinsed or stirred in a vial of preservative/fixative, producing
a suspension of cells that are filtered before a slide is made. In principle there are several
advantages to these modifications in sampling over conventional Pap. This ensures more of
the collected cervical cells to be captured in the suspension, and transfers most of the collected
cellular material into the collection media for further processing 21 23. These techniques also
allow for removal of extraneous material such as blood, ensuring the slides are composed of a
uniform layer. The details of the equipment and techniques for transferring cellular material
to the glass slides varies from one manufacturer to another but the central principle is shared
by the various manufacturers.

Below are descriptions of some of the products available commercially:

1. ThinPrep by Cytyc Corporation (Boxborough, MA) was approved by the U.S. FDA
in May 1996. It provides either a semi-automated single-sample processing (T2000,
processes samples individually) or fully automated (T3000, fully automated, can
process up to 80 samples per cycle) sample preparation. Cellular materials are
collected in a vial of proprietary PreservCyt solution, and further processed by the
T2000 or T3000 machine.

2. SurePath, formerly known as CytoRich or AutoCyte, now manufactured by TriPath
Imaging (Burlington NC) is also FDA approved and claims to be the only test where
100% of the collected cellular material will be used by the labs for processing and
analysis. It requires that the collection device (broom-like, or endocervical brush or
spatula) with defined heads, be detached from the handle, and placed into the
proprietary SurePath collection vial which contains the transport solution, hence
ensuring all cells collected will be sent to the laboratory for processing, where they
are centrifuged, and sedimentation preformed through a density gradient and cells are
then allowed to settle on a glass slide.

Although in the US and many other countries LBC has replaced conventional Pap, few
randomized trials have formally compared LBC to conventional cytology. Results of a recently
published randomized clinical trial conducted in Italy, showed that while LBC had comparable
sensitivity compared to conventional Pap for detection of cervical intraepithelial neoplasia of
grade 2 (CIN2) or worse lesions, it resulted in more positive finding thus leading to lower
positive predictive value. However, they found fewer unsatisfactory smears with LBC
compared with conventional Pap 24.

Another added benefit of LBC is that the residual specimens would be available for additional
testing such as ‘reflex’ HPV testing in cases of low-grade or equivocal cytology results 25,26.
This ability to test for HPV from the same specimen eliminates the need for an additional
patient visit to collect a separate sample.

Computerized Screening Technologies—To reduce false negative results associated
with diagnostic evaluation of Pap slides, i.e. the human visual system used to identify abnormal
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cells, a number of new approaches involving automation of slide analysis which use computer
image analysis technology have been developed to assist the cytotechnologists to focus on
areas of the slide deemed not normal by the program. Slides are first converted to digitized
images, making them suitable for analysis by computers. The commercially available
FocalPoint (formerly known as AutoPap System, TriPath Imaging, Inc., Burlington NC.). It is
intended to be used on both conventionally prepared and SurePath (formerly AutoCyte) slides.

It uses a high speed video microscope, imaging interpretation software, and morphology
computers to image and analyze images on the slide. The program is designed to detect
morphologic changes associated with epithelial abnormalities, specimen adequacy, and benign
cellular changes and infections. Slides are classified as No Further Review, Review, or QC
Review 27. FocalPoint was FDA approved for initial (primary) screening of conventional Pap
slides in 1998, and in 2001 it was FDA approved for initial screening of slides with the SurePath
LBC. It has also received FDA approval for secondary screening of previously evaluated
negative specimens by routine manual screening.

In secondary screening Focalpoint (AutoPap) identifies approximately 20% of previously
diagnosed “negative” cases as most likely to contain an abnormality, which then undergo repeat
manual screening by the cytotechnologists.

Using 100% rescreening as the reference standard, FocalPoint (AutoPap), set to select 20% of
slides for review, identified 77% of LSIL and above 28 (7.7 times more than a random 10%
review). However, this increased sensitivity is primarily for ASCUS and LSIL diagnoses and
comes at significant cost. Used in a secondary screening mode, these technologies are cost-
effective only if incorporated into a less frequent screening strategy 29.

Operating as a primary screener, the FocalPoint (AutoPap) computer identifies approximately
25% of cases - those with the lowest rank score - as least likely to contain an abnormality; these
slides are not reviewed by a cytotechnologist. The remaining 75% of specimens undergo
manual microscopic screening. In addition, of those cases reviewed as “negative” by the
cytotechnologist, a subset with the highest rank score as determined by the computer are then
subjected to a second round of manual screening.

Another automated imaging device is the ThinPrep Imager, which is intended to be used with
the ThinPrep LBC system. It can be used on either the ThinPrep 2000 or ThinPrep 3000
processor. The imager rapidly scans every cell and cell cluster and identifies 22 areas of interest
or field of view (FOV) for every slide. The cytotechnologist can focus on and review the 22
FOV of the slides that the imager selected as likely lesions, hence reducing the amount of time
needed to screen each slide. A recent report from Australia compared the ThinPrep imager
with manually read conventional cytology and showed that the Imager detected 1.29 more
cases of histologic high-grade squamous disease per 1000 women screened compared to
manually read slides, and more of the imager read slides were satisfactory for examination and
contained more low-grade cytological abnormalities 30. Similarly, results of a recent
randomized trial in Finland compared the Papnet imager (which is no longer commercially
available) to manually read conventional method, and showed that cytologic class III grade
(which includes LSIL, ASC-H and some HSIL) and histologically confirmed CIN1 or worse
lesions were more common with Papnet imaging compared to conventional method performed
well. Results were similar when compared HSIL and cancer cases detected. They also showed
that it may take several years for a new technique to achieve quality performance and can
initially increase costs without improving efficacy 31.

A recent systematic review by the UK Health Technology Assessment Programme concluded
that presently there is insufficient evidence on performance, impact on process and cost-
effectiveness to recommend use of automated image analysis systems.
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Evaluation of Cytology Results—Pap test results may be reported using a variety of
terminology systems. A translation table (Table 2) is helpful to convert from one nomenclature
to another. At the time of the emergence of cytology as a diagnostic discipline in the
1940-1950s, Dr. Papanicolaou devised a numeric classification (I-V) to communicate the
degree of confidence that cancer cells were present in a specimen. As used initially by
Papanicolaou, the numeric designations represented the following: Class I – benign; Class II
– minor cellular abnormalities considered benign; Class III – cells suspicious for but not
diagnostic of cancer; Class IV – cells fairly conclusive for malignancy; and Class V – cells
diagnostic of cancer.

As the field of cytology expanded, this numeric diagnostics gave way to terminology systems
that included a designation of the degree of abnormality identified, for example four grades of
dysplasia (mild, moderate, severe, and carcinoma-in situ (CIS)). Richart introduced the term
cervical intraepithelial neoplasia (CIN), grades 1, 2, and 3, to promote the concept of a disease
continuum of precursors to invasive cancer 32. The CIN system is based on morphologic criteria
and tissue architecture: the proportional thickness of the epithelium involved by disorderly
growth and cytologic atypia. Mild and moderate dysplasia roughly correspond to CIN 1 and
CIN 2, respectively. However, CIN 3 encompasses severe dysplasia and CIS, thus eliminating
a difficult and sometimes arbitrary diagnostic distinction between almost vs. complete full-
thickness abnormality.

Koilocytosis, a diagnostic term indicating cellular changes of perinuclear cytoplasmic
cavitation, was recognized by Meisels to be a manifestation of genital human papillmoavirus
(HPV) infection 33. Initially, HPV cellular changes were considered distinct from ‘true’
dysplasia or CIN and not part of the precursor pathway to cervical cancer. However, as
techniques for identifying HPV became more sensitive, HPV DNA was found in the greater
than 99% of cervical neoplasia studied 34,35. The pathogenesis of cervical neoplasia and
cervical cancer is now known to be due to HPV, based on epidemiologic, virologic, and
experimental evidence. Therefore, isolation of ‘koilocytotic atypia’ or ‘HPV effect’ as a distinct
entity from dysplasia/CIN is no longer biologically valid.

The Bethesda System (TBS), developed at a National Cancer Institute workshop in 1988 36

and refined in 1991 37, collapses the cytologic diagnostic subcategories of intraepithelial
lesions into low- and high-grade squamous intraepirhelial lesions, abbreviated as LSIL and
HSIL, respectively. This division is based on the concept of HPV-induced cellular changes as
discrete processes of (1) LSIL as acute infection with any HPV type resulting in mild, usually
transient cytologic effects, and (2) HSIL as the result of persistent infection with predominantly
oncogenic HPV types and the interplay of a variety of factors, including host immune response,
that poses a substantial risk of invasion 38. While the CIN classification remains widely used
in cervical histopathology, TBS is more commonly used to report Pap test results.

The Bethesda System also introduced the term atypical squamous cells of undetermined
significance” (ASCUS) to reflect equivocal, abnormal changes that are quantitatively or
qualitatively insufficient to establish a definitive diagnosis of SIL. ASCUS is not a single
diagnostic entity and is therefore associated with highly variable clinical outcomes. It does
represent an improvement, however, over older classifications that used “atypia” to encompass
reactive changes and HPV associated cell changes in addition to equivocal findings. In the
Bethesda System, reactive changes are categorized as “benign” and HPV changes are
subsumed under SIL.

Abnormal Pap test results are not evenly distributed among the diagnostic categories described
above. In a well-screened population such as the U.S., there are millions of low-grade and
equivocal lesions diagnosed with relatively few cancers at the top. In the U.S., cancers represent
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less that one-tenth of 1% of diagnoses and high-grade lesions constitute approximately six-
tenths of 1% [Solomon Chapter 20,21]. By contrast, LSIL and ASCUS account for an estimated
6% of all Pap test results, which translates to 3 million women in the U.S. annually.

Follow-up and management of Abnormalities—Screening without treatment is
unethical, and it cannot be effective without follow-up of abnormal results and treatment of
lesions as appropriate. Loss to follow-up is a significant problem. In two studies 39,40 13 and
15% of cervical cancers that occurred in women who had ever had a Pap test were attributed
to lack of either patient notification or patient compliance with recommended treatment. ‘One-
stop’ screening, diagnosis, and treatment clinics have been established in a few high-risk areas
to address this problem 41,42. However, this is a labor-intensive approach to screening that
cannot feasibly be applied as yet on a large scale.

The Atypical Squamous Cells of Undetermined Significance – Low-Grade Squamous
Intraepithelial Lesion Triage Study (ALTS) was a randomized clinical trial launched by the
U.S. National Cancer Institute, to provide empirical evidence for the best clinical management
of women with minimally abnormal cervical cytology (ASCUS and LSIL). It showed that
among women with ASCUS, HPV testing for carcinogenic HPV (HPV triage) was at least as
sensitive for identifying women with CIN3 or worse, and referred half as many women to
colposcopy, compared with universal immediate colposcopy. Among women with LSIL, HPV
DNA triage was not as useful because most LSIL lesions are HPV-positive 43. It further showed
that the 2-year risk of CIN2 or worse for HPV-positive ASCUS and LSIL were virtually
identical, hence for the first time indicating that HPV-positive ASCUS is biologically
comparable to LSIL. Further analysis of ALTS data has shown that women with HPV-negative
ASCUS have a very low risk of subsequently detected CIN3 or worse lesions in the subsequent
2 years (1.4%), similar to women with negative cytology in the absence of HPV testing,
suggesting they return to routine screening intervals which may be longer than 1 year depending
on the patient's age and past screening history 44.

Based on the ALTS data, women with HPV-positive ASCUS and those with LSIL lesions or
worse are managed by referral to colposcopy with directed biopsy. Women with histologically
confirmed CIN2 or worse lesions are managed by destruction or removal of the lesion and the
transformation zone of the cervix.

New Cervical Cancer Screening Techniques
Despite the success of cytology programs in developed countries to reduce the burden of
cervical cancer, there is interest on development of technologies to enhance the accuracy of
cervical cancer screening and thereby make it more cost-effective. As described above, some
of these efforts have been directed at improving the quality of cytology, e.g., LBC methods,
while others have focused on improving the laboratory microscopic screening process e.g.,
computerized imaging. Additionally, molecular assays, based on detecting HPV, the etiologic
agent for cervical cancer are also being considered.

HPV Testing
In the 1990's data from multiple, international epidemiologic studies established that infection
with a group of ∼15 ‘carcinogenic’ HPV types (HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56,
58, 59, 66, and 68) is a necessary cause of cervical cancer 34,45 and its immediate precursor,
cervical intraepithelial neoplasia grade 3 (CIN3) (also know as carcinoma in situ or precancer).
Other types are classified as ‘low-risk’ since they are not associated with cervical cancer
although HPV6 and HPV11 cause 90% of genital warts.
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HPV is the most common acute viral sexually transmitted infection in the United States 46 and
internationally (REF), although there can be significant regional variation due to different
culture, social, and sexual norms. Most infections, even by carcinogenic HPV types, are benign
and clear within 1-2 years. Women who do not clear their carcinogenic HPV infection, i.e.,
HPV persistence, are at elevated risk of developing precancer and, if not detected and treated,
then cancer. 47.

Testing based on detection of HPV DNA in cervical specimens has been introduced in the U.S.
and in some European countries to improve the efficiency, and maximize the sensitivity of
cervical cancer screening. As mentioned earlier, results of the ALTS trial and other studies
showed that testing for carcinogenic HPV is cost-effective and more sensitive than
conventional cytology for detection of pre-cancer in women with ASCUS 48-53. Carcinogenic
HPV testing is approved as an adjunctive test with cytology for primary cervical cancer
screening for women 30 and older and is more sensitive, with very high negative predictive
value (hence providing reassurance that test negatives are at low risk for developing cervical
precancer and cancer) but less specific than cytology 48,54 because HPV infections are very
common.

HPV testing is now also added to follow-up of women post-colposcopy when cancer is not
detected 55 and used as a follow-up strategy among women who have undergone treatment of
a lesion 56-58.

At present there are no gold-standard tests for HPV detection, however, there is one FDA
approved commercially available DNA based molecular assay, the Hybrid Capture 2 assay
(HC2; Digene Corporation, Gaithersburg, MD), which collectively targets detection of 13
carcinogenic HPV types (HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68). HPV
DNA testing can be performed directly from residual liquid-based cytology specimens, or a
separately collected sample. HC2 is a signal amplification assay that uses a technique which
combines antibody capture of HPV DNA and RNA probe hybrids and chemiluminescent signal
for detection.

Because HPV incidence and prevalence is associated with age, age plays a crucial role in
determining target population for HPV DNA screening. The high prevalence of HPV infection
among young sexually active women, often is not associated with significant cervical disease,
since at that age HPV infection and HPV associated mild lesions always almost clear
spontaneously, hence precluding use of HPV testing as a primary screening strategy among
young women close to onset of sexual activity. However, as HPV DNA prevalence declines
sharply with age, viral persistence increases, while the sensitivity of HPV DNA for cervical
neoplasia remains high. Furthermore, the incidence of cervical lesions starts to increase in the
late twenties to early thirties or 10-15 years since onset of sexual activity, and cervical cancer
incidence increases starting in the late thirties, hence the positive predictive value of a HPV
DNA test for cervical precancer and cancer rises with age. Moreover, the accuracy of Pap smear
cytology declines with age due to poor sampling of the squamocolumnar junction which
migrates into the endocervical canal with age and becomes more difficult to sample, coupled
with the increased detection of morphologic look-alikes that are unrelated to cervical
carcinogenesis. Taken together, these suggest that HPV testing at younger ages is inefficient;
however, it is a cost-effective, primary screening strategy in older women provided that the
screening interval is lengthened among HPV-negative women.

Several companies are currently conducting clinical trials of new HPV diagnostic tests, results
of which should be available shortly.
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New Biomarkers
There is a demand for newer screening tests that may be more specific and with better predictive
values for cervical cancer, to compensate for the high false-negative rates associated with Pap,
and the high false-positive rate associated with the HPV DNA tests. Some of the new tests are
modifications of the existing technologies (not a new biomarker) and some are based on new
biomarkers of disease (HPV and host interaction). Although many assays are continually being
developed, only completely standardized assays should be used in clinical practice, as lack of
rigorous research and standardization can influence analytic performance of the tests 59.

Type-Specific HPV testing
An important goal of new applications of HPV testing is to improve specificity while
maintaining clinical sensitivity. It is now known that HPV 16 is the most important HPV type
worldwide. It is present in about 50% of cervical cancers and is the most prevalent HPV type
present in invasive cervical cancers, followed by type 18 and together they are represented in
approximately two-thirds of cervical cancers 60,61. It is also the most common genotype in the
general population accounting for approximately 20% of the infections among cytologically
normal women, 20% among women with equivocal lesions, and approximately a quarter of
women with mild abnormalities 62. Hence if HPV 16 could reliably be identified, and its
cytopathologic manifestations treated, then theoretically 50% of cervical cancers could be
prevented. Longitudinal studies have shown that type-specific detection of HPV 16 and 18
identifies women at the greatest risk of cervical pre-cancer and cancer 63-65. These type-specific
HPV detection assays are based on detection of the viral DNA from the tissue or exfoliated
cells collected from the site of infection by polymerase chain reaction (PCR) amplification and
detection of HPV types in the amplified products. There are several primer sets designed to
allow amplification of many HPV types, however, the detection part of the assays are able to
identify between 27-41 different types. At least four (MY09/MY11; PGMY09/PGMY11; GP5
+/GP5+; and SPF10) primers give roughly similar results. Although currently there are no
commercially available HPV genotyping assays, several companies are evaluating HPV
genotype specific assays in clinical trials.

Cellular Markers
The new generation of screening tests are aimed at identifying cellular markers which can help
discriminate between the rare infection that have the potential for progression to pre-cancer
and cancer, and the majority of the infections that will regress. Two novel biomarkers – mRNA
expression of E6/E7 transcripts and p16INK4a (referred to as p16 henceforth) – are markers of
disease progression and show promising results in initial studies, however, large scale
evaluations are lacking comparing them to other markers such as HPV typing 66. Both E6/E7
mRNA expression and p16 rely on understanding the basic molecular events involved in
cervical carcinogenesis. E6 and E7 are two main HPV oncoproteins and their persistent
expression is a necessary step for in HPV-induced carcinogenesis 66,67. They are expressed
early on in the viral lifecycle are important in inducing cellular transformation and target many
cellular functions most importantly degradation of human tumor suppressor genes p53 by E6
and inactivation of retinoblastoma (pRB) by E7. Therefore detection of E6/E7 mRNA of high-
risk HPV types may indicate a further step on progression to cancer 66 in addition to HPV
infection.

The biomarker p16, a cyclin dependent kinase inhibitor is expressed at very low levels in
normal cells, while it is over-expressed in pre-cancer and cancer, indicating progressive steps
from a productive HPV infection towards a transforming infection. Its over-expression can be
detected by immunoassays designed to detect the protein on cytology slides 68 or in cellular
lysates using an ELISA format 68.

Safaeian and Solomon Page 10

Obstet Gynecol Clin North Am. Author manuscript; available in PMC 2009 October 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



While the above two biomarkers have been evaluated by different groups, none have been
evaluated in large, formal epidemiologic studies, so their utility as primary screening methods
needs further studies. There are other ‘candidate’ biomarkers being developed as screening
tools, but so far data on those are based on few pilot projects. We refer the interested readers
to two excellent, comprehensive recent review articles by Cuzick 66 and Wentzensen 68.

Cervical cancer screening in resource poor settings
As mentioned earlier of the 500,000 new cases of cervical cancer diagnosed worldwide, more
than 80% occur in developing countries. Additionally, despite the advances in cervical cancer
screening and treatment in the U.S., there are still disparities in cervical cancer rates among
minority populations. The age-adjusted incidence rates between 200-2004 were 8.5/100,000
women among white women, compared to 11.4/100,000 among African-American women,
and 13.8/100,000 Hispanic women 6. Other minority ethnic groups in the US also experience
higher cervical cancer incidence and mortality than the average population including some
Asian populations 69. Mortality from cervical cancer among women in developing countries
and minority populations in the U.S. follows the same trend as incidence. These disparities in
incidence and mortality are mainly attributed to poverty, lack of services and resources, cultural
barriers for seeking healthcare, and disenfranchisement of women. As a result of lack of
infrastructure and expense, cervical screening programs are unavailable in most developing
settings and countries, and hence, declines in cervical cancer have not been observed in
resource-poor countries and settings. Additionally, a constraint to screening in many
developing countries is the cultural reticence to seek routine pelvic examination; even in some
countries with established national screening protocols, women do not seek pelvic
examinations and therefore often present with advanced disease 70-72. To increase screening
coverage and overcome possible reticence among women reluctant to undergo pelvic
examination, the use of alternative screening approaches to cytology have been widely
investigated. Some are discussed below.

Self-collected samples for HPV detection—Self-sampling of the cervico-vaginal canal
has been widely evaluated in the literature. It allows the use of molecular testing of the self-
collected samples for presence of HPV DNA. With this approach, women are able to self-
collect samples by inserting a Dacron swab in the vagina up to the vault and rotating it in the
vaginal vault. The swab is then place in transport media and collected for further testing for
HPV DNA. Several studies have evaluated the diagnostic accuracy of self-collection using
swabs, tampons, or brushes. A meta-analysis of studies comparing utility of self-collected
samples to clinician-collected samples (mostly performed in less-developed countries) showed
that self-collection had an overall sensitivity of 74% and specificity of 84% compared to
clinician-samples 66,73. Although not as good as clinician-collected samples, this sensitivity is
comparable to cytology for CIN2 or worse lesions where cytology sensitivity is less than 70%
66. This lower sensitivity of self-sampling may be sufficient if women who otherwise would
not get screened are encouraged to seek screening 74.

Visual Techniques—Visual inspection with acetic acid (VIA) is also known as direct visual
inspection, or acetic acid test, is a very low-cost approach to screening that may be an option
for areas that do not have access to comprehensive cervical cytological screening 75. VIA, at
its most basic, consists of unmagnified evaluation of the uterine after the application of 3-5%
dilute acetic acid for visual signs of a high grade lesion or cancer. The test is considered positive
if clear and well-defined acetowhite areas are detected near the squamocolumnar junction
(transformation zone). A similar technique, visual inspection with magnification (VIAM),
employs low power magnification device (e.g, Aviscope) when inspecting the cervix after
treating it with acetic acid. An advantage of VIA is that it gives immediate results, making it
possible to treat abnormal lesions at the same visit (see below). Several cross-sectional studies,
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mostly performed in less-developed countries have evaluated VIA with mixed results.
Sensitivity of VIA to detect high-grade lesions and cervical cancer have ranged from 49% to
96% and specificity from 49% to 98% 15,76. However, there were limitations to the studies.
Most suffered from verification bias, first because the true disease status for a large majority
of the individuals in the studies were not known; and second, most used colposcopy as the
‘gold-standard’ for disease verification, which is also been shown to have low sensitivity 77,
and because VIA and colposcopy are based on the same visual technique, pre-cancerous lesions
missed by VIA are likely to be missed by colposcopy. However, VIA may prove to be a cost-
effective approach to decrease cervical cancer incidence and mortality in countries with lack
of resources that cannot afford a comprehensive cytological screening program 78.

See and treat options—The current cervical cancer screening programs practiced in high-
resource settings include at least a three visit intervention: screening; triage of equivocal results;
colposcopy directed biopsy for diagnostic purposes; treatment; and post-treatment follow-up.
To overcome the obstacles with establishing the infrastructure for cytology based screenings
in resource-poor setting, many studies have investigated screening and treatment in a single
visit or delayed to a short time after screening. A randomized trial was performed in South
Africa of 6555 nonpregnant women between 35-65 years to determine the safety and efficacy
of 2 screen-and-treat options. All women were screened with both HPV and VIA and
subsequently randomized to cryotherapy if she was HPV-positive, cryotherapy if she had a
positive VIA test, or delayed treatment. They showed that the prevalence of high-grade CIN
defined histologically was significantly lower in both of the screen-and-treat arms at 6 and 12
months post-randomization compared to the delayed evaluation group 79.

Summary
It is important to realize that no screening test is 100% effective in detecting all cervical cancer
cases. Secondary prevention of cervical cancer, as is practiced in high-resource regions
includes screening, triage of equivocal lesions, colposcopically-guided biopsy of abnormal
results, treatment, and follow-up post-treatment, and return to routine screening. The U.S.
screening program costs 6 billion dollars annually, necessitating the need for tests with better
characteristics, less visits per screening cycle, and fewer screening cycles per lifetime. New
technologies are in development and if used wisely can improve the efficiency of the cervical
cancer prevention program and reduce the over-treatment.

Whichever validated screening method is chosen, the key to success of cervical cancer
screening (i.e. reducing cervical cancer incidence) programs is to ensure broad coverage of the
services, and follow-up of the abnormalities. Different countries and settings may adopt the
screening program details such as what age to initiate screening, the screening interval, and
when to stop screening suitable for them based on cost-effectiveness, and societal priorities
for cancer prevention.

Many of these new technologies are well beyond the financial capabilities of developing
countries that are seeking to establish or improve existing screening programs. However, cost-
effectiveness analyses will assist in developing a more rationally based screening program that
may improve sensitivity at no/little extra cost. Using a new technology or a combination of
technologies will increase the cost of a screening event; however, the gain in sensitivity may
allow less frequent screening that theoretically could result in cost-neutral implementation.

A cost-effectiveness analysis of the three FDA-approved technologies to improve the accuracy
of cytology screening pointed out that as technologies evolve and/or less frequent screening
strategies are considered, the cost-effectiveness ratios may shift in favor of new approaches to
screening 29.
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Equally important is considering screening practices given the development of effective
prophylactic vaccines against HPV types 16 and 18, and the two low risk types 6 and 11
(discussed in more detail in the following chapter). Preventing 16 and 18 infections can
theoretically cut cervical cancer rates by 70% worldwide. However, at present, these vaccines
are expensive and require three vaccination schedules, which may make it very difficult to
implement in resource poor settings. In developed countries the impact of vaccination may be
to reduce the number of screen detected abnormalities. Because HPV 16 and 18 by far cause
the most obvious severe cytologic abnormalities, and given than vaccination would decrease
the small portion of abnormal tests that are HSIL or cancer, the positive predictive value of an
abnormal cytology for predicting CIN3 and cancer would decrease in an era where there is
large vaccine coverage of the population and vaccine effectiveness lasts for a long period.
Hence screening algorithms will then need to be re-evaluated in vaccinated populations.
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Figure 1.
80: Steps in cervical carcinogenesis

Safaeian and Solomon Page 18

Obstet Gynecol Clin North Am. Author manuscript; available in PMC 2009 October 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Safaeian and Solomon Page 19

Table 1
The 2*2 table

Cancer Risk No Cancer

Screening test (eg. Pap)+ A B

Screening test (eg. Pap)- C D
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