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1. Introduction

Histopathology and cytopathology form the scientif-
ic and clinical basis for current prevention and treat-
ment of cervical cancer. Histopathology determines
treatment of cancer and precancer through classifying
into a diagnosis the patterns of microscopic organiza-
tion of cells in tissue sections from biopsy or surgical
specimens. Although morphological concepts of cer-
vical cancer and precancer evolution are giving way
to viral and molecular knowledge, histopathology al-
so remains important as the most widely used clinical
endpoints by which the performance of new techniques
for cervical cancer prevention are currently evaluated.
Cervical cytopathology studies exfoliated cells taken
from the surface of the cervix and is the main method
of cervical screening in successful cervical cancer pre-
vention programmes.

These techniques have contributed hugely to reduc-
ing the burden of cervical cancer. Countries with suc-
cessful implementation of cytological screening

have shown a reduction in incidence and mortality
by 70% or more [1,2]. These figures are historical com-
parisons and may underestimate the impact as they do
not take account of observed increased rates in young
women for whom screening provides little protection,
and the impact of increasing exposure to oncogenic
HPV and other risk factors in some countries as a con-
sequence of major behavioural changes. On this basis,
in the UK, the national programme started in 1988 has
been estimated to prevent 4,500–6,000 deaths per year,
with a very marked decline in [3] rates in women aged

30–34 y. Despite this, because of the difficulties and
costs of this approach, globally, there are almost half a
million cases of cervical cancer each year.

Concurrently with the enormous success of cytolog-
ical screening, there has been increasing knowledge of
the challenges of the limited reproducibility of the di-
agnoses, of the complex relationships between cytolog-
ical and histological diagnosis and the natural history
of cervical precancer, particularly the driving role of
infection with genital human papillomavirus (HPV).

This review focuses on the concepts and terminology
used in classifying morphological changes of cervical
precancer and HPV infection, how this links to natu-
ral history through information from cervical screening
and more recent cohort studies of HPV infection. It
addresses the issues around the performance character-
istics (reproducibility and accuracy) of cytopathology
and histopathology as diagnostic tests, and the impli-
cations for cervical screening practice. Finally it dis-
cusses the use of cytopathology and histopathology as
reference standards and endpoints in clinical research
and biomarker development.

2. Historical background

Histopathology has defined historically the concepts
of development and progression of cervical precancer
to cancer. The idea of carcinoma-in-situ as a can-
cer precursor dates back to the early cellular pathol-
ogy of Rudolf Virchow during the nineteenth centu-
ry. The concept of cervical precancer has been refined
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over more than a century to include less severe, dys-
plastic, changes, and then unified into cervical intra-
epithelial neoplasia of three grades by Richart [4–6].
Histopathology continues to drive key decisions on
treatment of precancer and invasive cancer; and for
this reason has been used to define clinical endpoints
for research into cervical screening, HPV vaccines and
biomarkers.

Cytopathology forms the basis of cervical screening.
The proposal can be traced to the Romanian scientists
Aurel Babes and Constantin Daniel in 1927 [7]. In
1941 George Papanicolaou and Herbert Traut created
widespread attention with their paper on applying the
cervical smear technique to women in the Gynaecology
department of New York Hospital in the USA [8].

3. Histopathology and the concepts of cervical
precancer and cancer

3.1. Normal cervical histology

The normal cervix has two distinct epithelial zones:
the ectocervix covered by squamous epithelium, and
the endocervix lined by simple glandular epithelium [6,
9]. As a result of squamous metaplasia during adoles-
cence and early adult life the endocervical epithelium
is replaced by immature squamous epithelium which
eventually matures. This squamous metaplastic area is
called the transformation zone and is by far the most
common site for development of cervical cancer. What
makes the transformation zone uniquely sensitive to
HPV-induced carcinogenesis is not well understood. It
may be a consequence of exposure of actively prolifer-
ating stem cells or transit amplifying cells in the basal
layer to HPV, specific molecular properties of the im-
mature metaplastic epithelial cells or the local immune
system [10,11].

Underneath the epithelium is a layer of connective
tissue and beneath this smooth muscle. There is a lo-
cal cervical immune system in the epithelium and sub-
epithelial tissue, composed of T and B lymphocytes,
plasma cells, NK cells and macrophages and special-
ized antigen-presenting cells – Langerhans’ cells. The
local immune system is particularly prominent in cer-
tain diseases – for example, lymphoid follicles in fol-
licular cervicitis associated with Chlamydia infection,
polymorphs during acute inflammation (eg in gonococ-
cal infection), and the rare condition of eosinophilic
cervicitis. Oncogenic HPV, specifically HPV 16 can
inhibit activation of the local immune system, mani-

fested as a reduction in numbers of epithelial Langer-
hans’ cells [11,12] This may be a key mechanism of
viral persistence. All the different immune cells and
other specialized cells such as endocervical cells show-
ing tubal metaplasia may express factors considered as
potential biomarkers of carcinogenesis and their pres-
ence in clinical studies compared to simple laboratory
models complicates the application of biomarkers in
clinical practice.

4. The CIN classification

Carcinoma-in-situ (CIS) has long been recognized
as the immediate precursor of invasive cancer, and both
squamous CIS and glandular, adenocarcinoma-in-situ
(AIS) are recognised. The majority of cervical pre-
cancer, like invasive cancer (ICC), shows a squamous
differentiation. The cervical intraepithelial neoplasia
(CIN) classification system was developed to embrace
all potential squamous precancerous lesions and to clas-
sify the lesions into grades CIN 1, CIN 2 and CIN
3 [13]. The system is descriptive, the morphological
changes are regarded as a continuum, and the three
grades are defined by arbitrary criteria, the most impor-
tant of which is the proportion of the epithelium occu-
pied by undifferentiated, basal type cells (Fig. 1). CIS
was grouped with severe dysplasia as CIN 3, and mild
and moderate grades of dysplastic change reclassified
as CIN 1 and CIN 2 respectively. The classification
predates and takes no direct account of the oncogenic
role or cytopathic effects of different types of HPV.
Use of the CIN system is deeply entrenched in clin-
ical practice and provides for a level of continuity in
terminology for diagnostic records [6,9,14,15].

An important modification was introduced in 1988
and revised in 2001 [16,17]. The Bethesda system was
started as an attempt to define morphological correlates
for the different effects of oncogenic and low-risk HPV
in cervical lesions, unify morphology of cervical HPV
infection and precancer and create a single terminolo-
gy for histopathology and cytopathology of precancer.
For histology two grades of cervical lesion, LSIL and
HSIL were defined (Fig. 1). Neither category precisely
relates to the presence of low-risk or of oncogenic HPV,
as there are no consistent morphological differences
between oncogenic and non-oncogenic HPV infection
apart from those of progressive neoplastic transforma-
tion recorded in CIN. Each category includes a huge
range of lesions. In practice LSIL has been used to
correspond to CIN 1, with, variably, some, more mi-
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Fig. 1. Schematic representation shows the CIN classification and
the Bethesda system, together with the role of HPV infection and per-
sistence. The approximate time to development of lesions estimated
from cohort and screening studies is also shown.

nor changes of productive HPV infection. HSIL com-
bines CIN2 and CIN 3 into a single category, cover-
ing a very wide range of lesions differing widely in
morphological, viral and natural history characteristics.
The Bethesda system for cytology has,however, proved
popular for clinical use [18].

4.1. CIN 1

The characteristics used to define CIN 1 are, firstly, a
degree of epithelial hyperplasia, seen as an increase in
thickness of the basal and parabasal layers, and second-
ly, features of HPV replication (productive infection)
such as koilocytosis and altered keratinisation, partic-
ularly hyperkeratosis and dyskeratosis (Figs 1 and 2).
In addition pathologists demand varying degrees of nu-
clear abnormality for a lesion to qualify as CIN 1 [6,9,
15].

Koilocytosis is the most distinctive feature which is
recognized in superficial cells by the wrinkled nuclear
outline, with nuclear enlargement and hyperchromasia
and a sharply etched perinuclear clearing of the cyto-
plasm. It is the simplest criterion for productive HPV
infection to recognize, but is usually very focal and
varies greatly in severity and extent, making it a rel-
atively insensitive criterion for HPV infection. Other
changes such as basal cell hyperplasia, multinucleate
cells, individual cell keratinisation, parakeratosis and
papillomatosis are more widespread and are sensitive
but not specific features for HPV infection.

Fig. 2. CIN 1 on cervical biopsy (x20 original magnification) showing
hyperplasia of the basal layers (less than one-third of the epithelial
thickness) and widespread koilocytosis (vacuolated cells) in the upper
layers, together with some binucleate cells. This “typical” case would
be accepted by most pathologists as CIN 1, but in other lesions there
is widespread variation in the extent and severity of these changes,
leading to frequent disagreement on grading.

Pathologists have attempted for over twenty years to
identify oncogenic changes by conventional morphol-
ogy from those of a simple productive HPV infection.
Progressive and non-progressive infections are not re-
producibly distinguishable [19,20] and there is no gen-
eral agreement about a threshold of histological abnor-
mality distinguishing progressive or persistent precan-
cerous changes within CIN 1 from transient productive
infection. The recent suggestion that CIN 1 should
be considered to represent simply the morphological
manifestations of productive HPV infection is a signif-
icant development supported by studies of expression
of HPV oncogenes in CIN [21]. However, by conven-
tion many pathologists exclude from CIN 1 a whole
range of minor morphological features typical of pro-
ductive HPV infection. This widespread, but unrepro-
ducible practice has not been shown to be of predic-
tive value [20,22]. Attempts to include all HPV related
changes in a single category of ‘low-grade squamous
intra-epithelial abnormalities’ has led to over-treatment
of frequently regressing lesions in very young wom-
en [23,24]. Biological markers may represent a solu-
tion to this dilemma. Persistence of oncogenic HPV
infection over time can distinguish an increased risk of
progression to CIN 3 or ICC and the additional expres-
sion of the molecular marker p16 can further indicate
increased risk of progression [25].

4.2. CIN 2

The diagnosis of CIN 2 is important clinically as it
represents what is considered to be a transforming le-
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Fig. 3. CIN 2 (x20 original magnification) showing more marked
basal hyperplasia (between one- and two-thirds of the epithelial thick-
ness) than CIN 1 with also koilocytosis as in CIN 1. In addition
nuclei are enlarged and there are more frequent mitoses and abnor-
mal, multipolar and fragmented mitoses indicating also a high-grade
lesion. As in CIN 1 the range of appearances included in CIN 2 leads
to disagreement on grading.

sion and the threshold for treatment in most cervical
screening programmes. The distinction of CIN 2 from
CIN 1 is based on a number of different criteria. The
nuclear atypia is more severe than CIN 1; immature
proliferating cells persist up to the middle third of the
epithelium where cytoplasmic maturation commences.
Aneuploidy – and related histological features impor-
tant in discrimination of CIN1 from CIN 2+, particu-
larly abnormal mitoses and mitoses at a high level in
the epithelium, koilocytosis and other changes of pro-
ductive HPV infection remain a common feature, with
frequent bizarre koilocytes and apoptotic or dyskeratot-
ic cells (Fig. 3). The limitations of this category in rela-
tion to reproducibility and natural history are discussed
below.

4.3. CIN 3

CIN 3 is characterized by major loss of orderly mat-
uration of the epithelium with the deepest two-thirds or
more of the epithelium replaced by immature abnormal
cells with abnormal nuclei and atypical mitoses (Figs 1
and 4). In contrast to the strict definition of carcinoma-
in-situ in which the entire epithelium is replaced by
such cells, in CIN 3 there may be some flattening and
cytoplasmic maturation of surface squamous cells in
the upper third of the epithelium, although these cells
are abnormal. CIN 3 is considered the HPV-related,
immediate intraepithelial precursor of invasive cervi-
cal cancer. Lesions with CIN 3 may have a complex
architecture, with both high-grade and low-grade com-

Fig. 4. CIN 3 (x20 original magnification) shows abnormal cells
with hyperchromatic (dark) nuclei almost filling the cells occupying
almost the entire epithelium. When the entire epithelium is replaced
by uniform immature cells it is called carcinoma-in-situ, but in this
example there is some flattening and differentiation of cells at the
surface.

ponents. These have a definite arrangement with a cen-
tripetal structure in which CIN 3 is a central core at the
inner part of the transformation zone and is surround-
ed by CIN 1. This complex architecture may affect
the expression of molecular markers eg HPV viral load
detection in cervical samples.

There is important heterogeneity within CIN 3, es-
pecially in lesion size which is not always routine-
ly recorded. This varies widely in extent of involve-
ment of surface epithelium by at least two orders of
magnitude and also in depth of extension into cervi-
cal crypts [26–29]. Large lesion size has been cor-
related with cytological grade of abnormality detect-
ed in cytological screening, with poor response to lo-
cal treatment, and very importantly with early invasive
or micro-invasive cancer [26,29,30]. As such it may
be a reflection of duration and growth of the lesion
over many years and may be associated with molecular
evidence of accumulating genetic abnormality leading
to development of invasive cancer. Other phenotypic
changes such as central dyskeratotic necrosis and intra-
lesional squamous maturation are also seen in CIN 3
associated with early invasive cancer [30]. The size of
a CIN 3 lesion should be considered in the evaluation of
molecular markers for evolution of cervical precancer
to cancer.

4.4. Precursors of adenocarcinoma

Adenocarcinoma is thought to arise also through a
parallel pathway of cervical glandular intraepithelial
neoplasia which is closely associated with squamous
CIN [15,31]. The association of adenocarcinoma and
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oncogenic HPV is as strong as that of squamous carci-
noma, although HPV 18 plays a major role and HPV 16
and 18 together are found in more than 80% of cervical
adenocarcinoma [10].

The natural history of cervical glandular intra-
epithelial neoplasia is less well understood than that of
squamous intraepithelial neoplasia, with which it is fre-
quently associated. It generally affects the transforma-
tion zone, but can also involve endocervical crypts and
may be discontinuous and multifocal. It is recognized
by a combination of architectural changes in glandu-
lar organization and cytological abnormalities includ-
ing cellular stratification, large and irregular nuclei,
prominent nucleoli and mitoses. High-grade glandular
precancer (adenocarcinoma-in-situ, sometimes called
CGIN 3) is relatively well-defined, although it may
sometimes be difficult to distinguish from early inva-
sive adenocarcinoma. Low-grade changes (glandular
atypia) are more difficult to define, and their outcomes
are difficult to predict. These changes are sampled
less effectively by conventional cervical cytology, and
screening has had less impact on adenocarcinoma than
on squamous carcinoma [32] .

4.5. Invasive cervical cancer

The morphology, spread and classification of inva-
sive cervical cancer, stage and grade is described well
in standard texts of gynaecological pathology and on-
cology [31,33,34]. Over 70% of invasive cervical can-
cer is squamous cell carcinoma with adenocarcinoma
and adenosquamous carcinomas making up the majori-
ty of the rest, together with infrequent small-cell undif-
ferentiated carcinomas and clear cell carcinomas. The
last is associated with vaginal adenosis and prenatal
exposure to diethylstilboestrol, but, otherwise, all or
almost all cervical cancer is considered as due to onco-
genic HPV [35]. The rare verrucous carcinoma may be
associated with HPV 6 & 11 [36].

The histological types of squamous carcinoma pro-
vide little prognostic information. Small-cell undiffer-
entiated carcinoma shows features of neuro-endocrine
epithelial differentiation, and has a less favorable prog-
nosis with surgery. Adenocarcinomas have more posi-
tive lymph nodes than squamous carcinomas. The In-
ternational Federation of Gynecology and Obstetrics
(FIGO) staging, based on pathological examination of
resected tissue is the basis of determining which ap-
proach is used in individual patients in current therapy.

One important category is micro-invasive carcino-
ma [37–39]. This group of cancers is well defined for

squamous carcinoma, but less clear for adenocarcino-
ma. It constitutes a precisely defined group within the
FIGO staging that is usually detected through screen-
ing and has very limited superficial invasion only. By
setting very precise histological definitions it is possi-
ble to identify a group of women with invasive cancer
who can be safely managed by local excision.

4.6. Areas of diagnostic difficulty

There are some lesions which are unrelated to HPV
or neoplasia in both squamous and glandular epitheli-
um that can cause difficulties and errors in pathological
diagnosis. These are problems where biomarkers could
be of great value in diagnosis, but also create issues for
assessment of biomarkers, as expression of biomark-
ers may differ physiologically from that of the normal
squamous or glandular epithelium in these states. In
squamous epithelium some of these changes are: basal
cell hyperplasia, immature squamous metaplasia, low-
oestrogen states and transitional cell metaplasia. In
diagnosing glandular precancer there can be problems
with lesions of endometriosis and tubo-endometrioid
metaplasia, progestogen-associated changes, inflam-
matory changes in glandular epithelium, Gartner’s duct
remnants, endocervical polyps, Arias Stella change and
microglandular hyperplasia [40–42].

5. Cytopathology of cervical precancer and cancer

A number of systems have been employed to attempt
to classify the visible changes in cervical smears in a
way that is reliable and clinically relevant to the man-
agement of screen-detected abnormalities. All systems
are based on detection in cervical smears of relatively
small numbers of cells showing cytological features of
productive HPV infection and of the different grades of
histological precancer. How these changes are grouped
has been the subject of much controversy, reflecting
the difficulty of matching cellular morphology of the
individual cells to histological diagnosis and then to
treatment. Some of the major systems are shown in
Table 1.

6. Bethesda classification system

The Bethesda classification is the major current sys-
tem of terminology providing a standardized format
for reporting cervical cytology [7,17,18] (see Table).
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Table 1
Terminology used in reports for cytological and histological tests (Source: IARC 2005b)

Papanicolaou System World Health CIN Bethesda UK classification
Grade Description Organization System system

Cytological test Cytological and
histological test

Histological test Cytological and
histological test

Cytological

I Absence of atypical
or abnormal cells

Within normal
limits

Normal

II Atypical cytology,
but no evidence
for malignancy

Benign cellular
changes
ASC-US/ASC-H

Dyskaryosis

III Cytology suggestive
of, but not
conclusive for,
malignancy

Mild dysplasia
Moderate dysplasia
Severe dysplasia

CIN1
CIN2
CIN3

Low-grade SIL
High-grade SIL

Mild dyskaryosis
Moderately
dyskaryosis

IV Cytology strongly
suggestive of
malignancy

Carcinomain situ CIN3 Severe dyskaryosis
/invasive carcinoma?

V Cytology
conclusive for
malignancy

Microinvasive
carcinoma
Invasive carcinoma

Invasive
carcinoma

Invasive carcinoma Glandular
neoplasia

Fig. 5. A group of cells shows changes classified as ASCUS (x60
original magnification). These cells are atypical in terms of nuclear
enlargement, a binucleate cell, a “stippled” chromatin, and some
vacuolation. These changes can be associated with a wide range
of underlying pathology, including CIN2/3 and very occasionally
cancer, but often no important pathology.

It was originally developed at a workshop in Bethes-
da in 1988, and was widely accepted by the relevant
professional societies. In 2001, the American Society
for Colposcopy and Cervical Pathology produced a re-
vised consensus statement called “the Bethesda 2001
System” [17]. This can be summarised as:

– Squamous cell abnormalities

1. Atypical squamous cells of undetermined sig-
nificance (ASC)
ASC-US: the commonest abnormality, includ-
ing a range of minor cellular abnormalities
which may or may not be associated with HPV
or cervical cancer development (Fig. 5). Wom-

Fig. 6. A group of cells showing changes of LSIL (x60 original
magnification). The nuclei are irregular, dark and surrounded by
well-defined cytoplasmic vacuolation typical of koilocytes. This
picture is relatively reproducible to interpret and associated with
productive HPV infection.

en with ASC-US may have findings on cervical
examination ranging from negative to invasive
cervical cancer.
ASC-H represents morphological abnormali-
ties where the cytopathologist has difficulty in
being confident whether the changes are related
to a high-grade precancer or not.

2. Squamous intraepithelial lesion (SIL) to de-
note cervical cancer precursors: Low-grade
SIL (LSIL) encompassing: productive HPV
changes; mild dysplasia or CIN1 (Fig. 6).
High-grade SIL (HSIL) encompassing: mod-
erate and severe dysplasia CIN2/3 including
carcinoma in situ (Fig. 7).
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Fig. 7. The changes of HSIL (x60 original magnification) are rel-
atively distinct – a large nucleus with a coarse surrounding mem-
brane and dark blocks of chromatin. They are usually associated
with CIN2/3 and cancer.

3. Squamous cell carcinoma (SCC)

– Glandular (columnar) cell abnormalities

1. Endometrial cells, cytological benign, in a
postmenopausal woman

2. Atypical glandular cells:
Atypical glandular cells (AGC) which may be
endocervical, endometrial, or glandular cells
not otherwise specified (AGC NOS)
Atypical glandular cells, either endocervical or
glandular cells favour neoplasia (AGC favour
neoplasia)
Endocervical adenocarcinoma in situ (AIS)

3. Adenocarcinoma: endocervical; endometrial;
extrauterine; no obvious site.

While the Bethesda classification system is used
in many countries throughout the world, its use is
less common in Europe, where many of the organized
screening programmes have their own classification
schemes (e.g., Finland, the Netherlands and the UK).
The terminology used in these setting generally can be
translated into the terms in the Bethesda classification,
but there is evidence of country-specific differences in
interpretation, which makes precise translation more
difficult [43].

Before considering the relationship between cytolog-
ical findings and underlying cervical disease and how
this informs the natural history of the progression from
cervical HPV infection to invasive cancer it is neces-

sary to examine the issues around the performance of
cytopathology and histopathology as tests.

7. Performance of cytopathology and
histopathology as tests

7.1. Reproducibility

Many studies have shown that the reproducibility of
cervical cytological and histological interpretations is
limited. This has important consequences for clinical
practice in cervical screening, especially the require-
ments for regular repeat testing and follow-up inves-
tigations and underlies the importance of training and
quality control in cervical cytology and histopatholo-
gy. It also underlies some of the criticism and litiga-
tion aimed at cervical screening despite its success in
reducing cervical cancer incidence and deaths. The re-
sults of the studies of cytological and histological repro-
ducibility are generally consistent. The largest study of
both, the ASCUS-LSIL triage study in the USA showed
that, overall, the reproducibility of monolayer cytology
was moderate (K= 0.46) and equivalent to the repro-
ducibility of punch biopsy and LEEP histopathology.
Reproducibility was greatest for high-grade histology,
although in this study CIN2 was not separated from
CIN 3 and other studies have found CIN 2 to be less
reproducible than CIN 3. The lack of reproducibility
is generally greatest for less severe interpretations for
both cytology and histology, with the interpretation of
ASCUS (borderline) cytology and the diagnosis of CIN
1 and CIN 2 histology being the most uncertain diag-
noses in most studies [20]. However, the cytological
diagnosis of LSIL was found to be reproducible [20]. It
is likely that this reproducibility is a consequence of the
strict and simple criteria, essentially koilocytosis with
nuclear abnormality, required to make the diagnosis.

7.2. Sensitivity and specificity

Cytology shows only a modest overall sensitivity but
potential high specificity with regard to detection of
CIN lesions with a wide range of performance in dif-
ferent laboratories in different countries, and a trade-
off between sensitivity and specificity made different-
ly by different observers. This has been document-
ed in a number of systematic reviews [44,45]. A re-
cent overview of European and North American studies
on HPV testing in primary cervical cancer screening
showed that the sensitivity of cytology for CIN 2+ was
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53% and specificity 96.3%. There was a very wide
variation in sensitivity of cytology from 19–77% be-
tween different laboratories in different countries, rein-
forcing the importance of training and quality control.
In the same study HPV DNA testing was confirmed as
showing better and more consistent sensitivity (96%;
range 94–97%) although lower specificity (91%; range
90–91%) [46]. This is similar to other reviews [47,48].
The lower specificity of HPV DNA testing is affect-
ed by the age at which screening by HPV DNA is of-
fered and potentially limits this to women over 25–30 y
as well as requiring evidence of persistent infection to
avoid increasing the cost and inconvenience of referral
for colposcopic follow-up.

7.3. Improving cytological reproducibility and
accuracy

The varied reproducibility of different cyto-histolo-
gical diagnostic categories suggests that the complexity
of the information on which the diagnosis is based, is
important in determining agreement. Training in the
use of clearly defined criteria is important and requires
support by proficiency testing, performance improve-
ment programs or external quality assurance (EQA),
and by internal quality assurance using approaches such
as rapid re-screening or random re-screening. Such
programmes have been introduced into comprehensive
training and QC programmes in the USA and in the
UK NHS CSP. Automated prescreening and rescreen-
ing using image analysis also may assist in standardis-
ation [49].

There is, however, no evidence that expert pathol-
ogists perform significantly better, as opposed to dif-
ferently, compared to other properly trained specialist
pathologists. The ALTS study indeed suggests that the
correlation for the expert review group of a more strict
diagnosis of CIN 1 with HPV DNA positivity was low-
er than for the clinical centre pathologists, and did not
predict outcome [20].

7.4. Cytohistological relationships

The overlapping terminology used in cytological and
histological classifications of cervical precancer im-
plies a close relationship between the findings of the
two methodologies. This is only an approximation. In
particular, low-grade cytology (both ASCUS (border-
line) and LSIL (mild dyskaryosis)) can be associated
with underlying normality, CIN 1, but also CIN2 and
CIN 3, and infrequently invasive cancer. The relation-

ship is affected by the subjectivity and limited repro-
ducibility of both tests and colposcopy used to identify
lesions for biopsy, and by the sampling process for cy-
tology and biopsy. One important, additional, biologi-
cal factor that has received only limited attention so far
is lesion size, especially for CIN 3 [26–29]. Although
there is considerable variation, CIN 1 and CIN 2 lesions
are mostly small, with CIN 3 lesions showing a wide
range of size. Increasing size of CIN 3 is associated
with presence of early invasive cervical cancer and al-
so increases the likelihood of a high-grade cytological
abnormality being detected. Small lesions are associ-
ated with low-grade cytology and high-grade cytology
is associated with large lesions. This is important with
regard to the detection of CIN 3 at different ages and
to understanding the limitations of knowledge of the
natural history of CIN 3.

8. Natural history of cervical precancer and cancer

In an unscreened population it has been estimated
from mathematical models that the lifetime risk of cer-
vical cancer is about 3–4%, although the rates up to
age 65y in developing countries are about 1.5% [32,50,
51]. Understanding the progression of precancer to in-
vasive cancer is based on analysis of data from cervical
screening and from cohort studies. In recent years, this
has been supplemented by information on HPV type
distribution in cytological abnormality and cohort stud-
ies of HPV infection and subsequent cervical precancer
or cancer.

8.1. Screening and cohort studies of women with
cytohistological abnormalities

Data from screening studies was reviewed by Oster
(1993). This review found? 3529 cases of CIN 1 of
which 57% showed regression, persistence was found
in 32%, progression to CIN 3 in 11% and progression
to invasive cancer in 1% of cases. The corresponding
figures for CIN 2 were 43%, 35%, 22% and 5% respec-
tively. Melnikow [52] demonstrated in a meta-analysis
of the published literature similar rates of regression of
cytological abnormalities: 68% (95% CI= 58–79%)
of ASC-US cases; 47% (95% CI= 36–59%) of LSIL
and 35% (95% CI= 17–53%) of HSIL cases. Esti-
mated rates of progression of cytological abnormalities
over 24 months range from 7% for ASCUS to about
21% for LSIL. Progression to ICC over 24 months was
rare: 1.4% for HSIL and 0.2% for ASC-US [52].
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Data from cohort studies indicate that regression of
lesions may be very frequent in young women. In one
of the few longitudinal studies that included very young
women (13–22 y) who were HPV positive at enrolment
and had LSIL detected at baseline or during the study
91% (95% CI= 84–99%) regressed by 36 months [23].
Progression to HSIL occurred in 3% at this time. In
another study of girls 18 years or younger with LSIL,
28% had regressed by 12 months, 55% by 24 months
and 62% by 36 months [53].

8.2. Distribution of HPV types in precancerous
lesions

The above studies take no account of the impact of
HPV type on outcome. Studies of prevalence of differ-
ent HPV types in cervical precancerous lesions and in
cancer have been summarized in a number of system-
atic reviews [54–56]. The total HPV DNA positivity
rose from 71.1% in LSIL to 88.1% in cancer. Such
figures are probably substantial underestimates as they
are based on a wide range of studies with varying cy-
tology, histology and HPV detection methodology, in-
cluding sub-optimal studies. The major types of onco-
genic HPV are found in all grades of lesions, with HPV
16 predominating. Importantly the distribution of HPV
types changes progressively from low-grade to invasive
cancer [56,57] with HPV 16 and 18 being the two types
which increase in frequency from low-grade to high-
grade lesions (2.0 and 1.5 times respectively). There
is a decrease in frequency with other oncogenic types
ranging from slight (0.85) for HPV 45 to 0.1 for HPV
53. In addition a single cervix may contain multiple
lesions which may be of different HPV types. There
is a decrease in frequency of multiple type infections
from up to 50% in low-grade lesions to about 4% in
invasive cancer [54,55,58].

8.3. Incident and persistent HPV infection and
cervical precancer or cancer

Cohort studies of women uninfected at entry show
that incident oncogenic HPV infection is associated
with the development of CIN lesions of all grades with-
in 3–24 months. In the case of HPV 16, CIN 1 has
been found within 3 months of first detecting infec-
tion, and for CIN 2 within 6 months [59,60]. Median
time of progression from incident infection to lesions
is somewhat longer, around 15-16 months [61,62], al-
though all such estimates are affected by sampling in-
terval and the limited sensitivity of cytology for detect-

ing morphological changes compared to very sensitive
viral detection. Many of the issues have been reviewed
recently [63,64] Studies also show that the risk of high-
grade precancer or invasive cancer is increased with
increasing duration of persistence of oncogenic HPV
infection especially over 12 months or more [65–69].
Persistent type-specific oncogenic HPV infection has
been proposed as a more reliable surrogate indicator of
cancer risk for screening and trials than the less repro-
ducible, current, treatment threshold of CIN 2 or worse.
The risk for women over 30y with oncogenic HPV of
CIN 3 over 10 years of follow-up has been found to
be particularly high for certain oncogenic HPVs – 17%
for HPV 16 and 14% for HPV 18, compared to 3% for
other oncogenic HPV [70] and similar esults have been
obtained in other studies [71]. This is consistent with
cross-sectional data showing the different distributions
of individual oncogenic HPVs between precancers of
different grades and cancer.

8.4. A model of the natural history of cervical
carcinogenesis

Combining information on natural history of cervi-
cal precancer from all sources allows proposal of a
model going beyond the traditional concept of cervical
carcinogenesis proceeding gradually in 10-yearly steps
from CIN1 to CIN 2 to CIN 3 over 20–30 years. CIN
1 and CIN 2 can arise within a few months of incident
infection and even CIN 3 within 1 year, although the
median time for these events is likely to be somewhat
longer. Reconciling the cohort studies with the screen-
ing data implies there is then likely to be a long period
of evolution of high-grade lesions, possibly in transi-
tion from CIN 2 to CIN 3, but also probably associat-
ed with expansion in size within CIN 3, accompany-
ing multiple genetic and phenotypic changes leading in
some women to invasive cancer.

This model leaves open questions which cannot be
fully resolved on present evidence. Such uncertainties
are important considerations when designing studies of
potential biomarkers of precancerous progression, and
may be finally resolved by application of markers.

9. Cervical screening

Organised cervical cytological screening has been
shown to reduce cervical cancer incidence and mor-
tality by 70–90% [2,72]. Within all major national
screening programmes and in the USA where screen-
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ing practice is recommended by the American Soci-
ety for Colposcopy and Cervical Pathology on the ba-
sis of a National Consensus Conference and by other
organisations, cervical screening practice is based on
regularly updated guidelines. These are, when pos-
sible, informed by critical appraisal of evidence from
diagnostic studies, from trials and from mathematical
modelling of cost-effectiveness. Current screening is
based on regular cervical cytology sampling of adult
women at intervals of one to five years. About 1 in
15 women screened have some abnormality requiring
further examination or treatment. The management of
women with equivocal (ASCUS) smears is an impor-
tant issue, generating anxiety and cost. About 10% will
have CIN2/3 and 1/1000 or less will have cervical can-
cer. The high sensitivity and hence negative predictive
value of HPV DNA testing in the triage situation make
this an effective test, and, especially when used as a
reflex test on a liquid-based cytology specimen, very
efficient. Women who are HPV negative can be reas-
sured and avoid further follow-up. The management
of women who are HPV positive is less clear. Imme-
diate colposcopic referral may lead to over-treatment
of regressing lesions and will also fail to detect CIN 3
which may develop subsequently [73].

European Union guidelines on cervical screening
recommend that cervical cytology should be part of
an organised screening programme beginning between
20–30 years and continuing until at least 60 years, with
an interval of 3–5 y. In practice there is consider-
able variation between European countries and even
more worldwide. In the USA, although current recom-
mendations support screening at three yearly intervals
there is a longstanding, but expensive practice of annu-
al screening starting shortly after commencing sexual
activity.

Effectiveness and cost-effectiveness are important is-
sues in screening and very relevant in assessing the like-
lihood of uptake of a new biomarker. Such issues can be
explored by randomised clinical trials (e.g. ALTS) but
these use intermediate or surrogate clinical endpoints
such as CIN2/3 or CIN3 and any impact on invasive
cancer and cost-effectiveness can only be studied prior
to widespread clinical implementation by mathemati-
cal modelling. Such studies have addressed coverage,
interval and age range of screening as well as triage
algorithms, HPV DNA testing, liquid-based cytology
and, more recently, the potential interaction of cervical
screening and prophylactic HPV vaccination. A consis-
tent result of such modelling is that effectiveness of cer-
vical screening is largely driven by coverage of the at-

risk population of women and by the frequency of their
screening, although increasing this above every three
years has little impact. Cost-effectiveness is strong-
ly influenced by the age range over which screening
is performed and by the frequency of screening. The
performance characteristics of the screening test follow
this in importance [74,75]. These characteristics are,
however, important in assessing alternative diagnostic
tests. One example is that the major limitation of HPV
DNA as a screening test is that it does not have high
specificity and this is influenced by the frequency of
incident and prevalent infection in the population [46,
48]. This varies widely geographically as well as with
age. In considering screening tests any impact on fre-
quency of screening could well outweigh other limita-
tions in determining cost-effectiveness. Biomarkers are
potentially important as primary screening tests, and,
importantly, because of their potential higher specifici-
ty for high-grade precancer, as a second stage triage
test, preferably as a reflex test which can be performed
in the laboratory on a primary liquid-based cytology
specimen after cytology or HPV DNA screening.

9.1. Pathology and the assessment of new diagnostic
tests for screening and triage

Unlike therapeutics there is no standard regulato-
ry procedure for diagnostic testing. Evaluating a new
biomarker often begins with cross-sectional studies in
which the potential biomarker is compared for repro-
ducibility, diagnostic sensitivity and specificity on clin-
ical specimens with an established test such as cy-
tology (or even histopathology itself) in predicting a
histopathology outcome, usually CIN. CIN 1 is now
seen not so much as a precancerous disease entity, but
as a histological marker for productive infection. CIN2
& 3, combined with adenocarcinoma-in-situ has been
widely used as a combined endpoint of high-grade pre-
cancer in clinical trials for the assessment of diagnos-
tic tests or triage algorithms for women with abnormal
smears and in primary cervical screening, and also for
phase 3 studies of prophylactic HPV vaccines. Mak-
ing histopathology endpoints reproducible requires the
use of a pathology panel through which a review di-
agnosis based on independent reading and concurrence
of at least two expert observers is used to define the
endpoints of the study. This approach has been used
in clinical trials. When multiple sections are examined
from a single block, the grade of a lesion may change
through the block. When it is important to link CIN
grade to individual HPV types or to markers using ex-
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tracted DNA or RNA from tissue (as in assessing im-
pact of prophylactic HPV vaccination) it is necessary to
link the histology panel diagnosis to a sandwich process
of taking sections for DNA or RNA analysis between
sections subjected to histological examination.

Demonstration of sensitivity, specificity and repro-
ducibility of a new marker is a basic requirement,
but this is not sufficient to ensure uptake and re-
imbursement as these are also driven by the impact of
a new marker on effectiveness and cost-effectiveness.
A high sensitivity improves effectiveness and a high
specificity improves cost-effectiveness. Neither cer-
vical cytological screening nor HPV DNA testing are
perfect by these criteria and programmatic issues such
as screening interval and the necessity of triage are
heavily influenced by test performance with substantial
implications for health care costs and for the women
concerned. It is therefore necessary to complement the
data on test performance by an exploration in a clinical
trial and through mathematical modelling of the true
impact of the new test on clinical effectiveness and cost-
effectiveness. The endpoint of a trial is usually CIN 2
or CIN 3. CIN 2 is the threshold for surgical treatment
of CIN, but some experts have a preference for CIN 3
as the natural history of CIN 2 includes acute and re-
gressing lesions. Studies using CIN3 and ICC as end-
points in the context of screening or other cervical can-
cer prevention are limited by the requirement for large
study populations and/or many years, even decades,
of follow-up. Therefore potential impact on invasive
cancer is usually assessed by mathematical modelling.
Review of the current evaluations of HPV DNA testing
and of liquid-based cytology provide a guide as to the
approaches needed to assess new biomarkers [46,48,
64].

10. Conclusion

Biomarkers offer exciting opportunities to overcome
the limitations of current morphological methods of
screening and diagnosis in cervical cancer prevention
and cancer management. Understanding the theory and
practice of cervical histopathology and cytopathology
is important for the assessment of biomarkers. Cy-
topathology remains the key comparator for evaluat-
ing the performance of a biomarker in screening, and
histopathology provides the major surrogate endpoints
of high-grade precancer – CIN 2 or worse. An impor-
tant issue for both is standardization of subjective mor-
phological interpretation when used as a comparator or

endpoint, requiring careful attention to reproducibility
and quality control of the diagnostic processes. Use
of multiple readers is essential for key endpoints, and
careful attention is also needed to link the histopathol-
ogy endpoints accurately to their HPV status.

The evaluation of biomarkers for cervical cancer pre-
vention even with standardisation of pathology com-
parators and endpoints, cannot be considered in isola-
tion from the picture of current clinical and laboratory
practices, or from potential future changes in screening
practice and other important, new developments such
as prophylactic HPV vaccination. Pathology is the key
in providing endpoints for assessing diagnostic sensi-
tivity and specificity and for clinical trials. However,
in cervical screening and cervical cancer prevention it
is effectiveness and cost-effectiveness of cervical can-
cer prevention that ultimately will determine the use of
a new biomarker. The performance data and clinical
trial results against surrogate CIN2/3 endpoints are im-
portant for providing data for mathematical models to
evaluate these rapidly and economically.

A final major issue in planning studies using patholo-
gy endpoints is that cervical cancer preventive practice
is changing. HPV testing has been introduced widely
for triage of ASCUS smears and is under research for
primary screening. Most importantly the future impact
of prophylactic vaccination against the major types of
oncogenic HPV infection, types 16 & 18 needs to be
taken into account. Prophylactic HPV vaccination of
uninfected women has been shown to prevent abnormal
smears and CIN associated with HPV 16 & 18 [60,76–
78] and this protection may extend to other HPV types,
in particular HPV 45 and 31 [78]. Effective prophy-
lactic vaccination will alter the natural history of the
residual precancer when HPV 16/18 driven lesions are
removed. The residual disease will be predominant-
ly associated with other oncogenic and non-oncogenic
HPV types. The residual oncogenic HPV lesions are
probably less aggressive from cohort studies, and the
reduction in frequency of high-grade lesions will de-
crease the predictive value of abnormal screening re-
sults [73,79]. This impact on test performance is likely
to affect cytology most severely, and, together with the
need to identify any true “breakthrough” cases of HPV
16/18 high-grade precancer from other CIN in vacci-
nated women could drive a change to HPV testing and
typing, and the use of biomarkers to improve accuracy.
To meet these challenges the assessment of biomark-
ers against pathology endpoints needs to be done with
careful attention to defining pathology endpoints reli-
ably, linking these to HPV status and also with careful



210 D. Jenkins / Histopathology and cytopathology of cervical cancer

consideration of the current and future clinical and epi-
demiological context in which the biomarker is likely
to be used.
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