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Cervical Screening: History, 
Current Algorithms, and Future 
Directions

John H.F. Smith

Abstract

This chapter describes the principles and evaluation of cancer screening 
programs, the evolution and history of cytology-based cervical cancer 
screening programs in the UK, past and contemporary terminology and 
algorithms for the management of abnormal cytology results, and the 
future application of HPV and other molecular technology in cervical can-
cer screening.

 Principles of Screening

The criteria for appraising the validity of a 
screening program were first described by Wilson 
and Jungner for the World Health Organization 
(WHO) in 1968 and relate to the disease in ques-
tion, the test applied, the treatment available, and 
the cost of intervention as shown below [1]:

 1. The condition being screened for should be 
an important health problem.

 2. The natural history of the condition should 
be well understood.

 3. There should be a detectable early stage.
 4. Treatment at an early stage should be of 

more benefit than at a later stage.
 5. A suitable test should be devised for the 

early stage.
 6. The test should be acceptable.
 7. Intervals for repeating the test should be 

determined.
 8. Adequate health service provision should be 

made for the extra clinical workload result-
ing from screening.

 9. The risks, both physical and psychological, 
should be less than the benefits.

 10. The costs should be balanced against the 
benefits.

Subsequently these criteria were expanded 
and embellished by the UK National Screening 
Committee to encompass not only the validity 
but also the effectiveness and appropriateness of 
any screening program as follows [2]:
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 The Condition

 1. The condition should be an important health 
problem.

 2. The epidemiology and natural history of the 
condition, including development from latent 
to declared disease, should be adequately 
understood, and there should be a detectable 
risk factor, disease marker, latent period, or 
early symptomatic stage.

 3. All the cost-effective primary prevention 
interventions should have been implemented 
as far as practicable.

 4. If the carriers of a mutation are identified as a 
result of screening, the natural history of peo-
ple with this status should be understood, 
including the psychological implications.

 The Test

 1. There should be a simple, safe, precise, and 
validated screening test.

 2. The distribution of test values in the target 
population should be known and a suitable 
cut-off level defined and agreed.

 3. The test should be acceptable to the population.
 4. There should be an agreed policy on the fur-

ther diagnostic investigation of individuals 
with a positive test result and on the choices 
available to those individuals.

 5. If the test is for mutations, the criteria used to 
select the subset of mutations to be covered by 
screening, if all possible mutations are not 
being tested for, should be clearly set out.

 The Treatment

 1. There should be an effective treatment or 
intervention for patients identified through 
early detection, with evidence of early treat-
ment leading to better outcomes than late 
treatment.

 2. There should be agreed evidence-based poli-
cies covering which individuals should be 
offered treatment and the appropriate treat-
ment to be offered.

 3. Clinical management of the condition and 
patient outcomes should be optimized in all 
healthcare providers prior to participation in a 
screening program.

 The Screening Program

 1. There should be evidence from high-quality 
randomized controlled trials that the screen-
ing program is effective in reducing mortal-
ity or morbidity. Where screening is aimed 
solely at providing information to allow the 
person being screened to make an “informed 
choice” (e.g., Down’s syndrome and cystic 
fibrosis carrier screening), there must be evi-
dence from high-quality trials that the test 
accurately measures risk. The information 
that is provided about the test and its out-
come must be of value and readily under-
stood by the individual being screened.

 2. There should be evidence that the complete 
screening program (test, diagnostic proce-
dures, treatment/intervention) is clinically, 
socially, and ethically acceptable to health 
professionals and the public.

 3. The benefit from the screening program 
should outweigh the physical and psycho-
logical harm (caused by the test, diagnostic 
procedures, and treatment).

 4. The opportunity cost of the screening pro-
gram (including testing, diagnosis and treat-
ment, administration, training, and quality 
assurance) should be economically balanced 
in relation to expenditure on medical care as 
a whole (i.e., value for money).

 5. There should be a plan for managing and 
monitoring the screening program and an 
agreed set of quality assurance standards.

 6. Adequate staffing and facilities for testing, 
diagnosis, treatment, and program manage-
ment should be available prior to the com-
mencement of the screening program.

 7. All other options for managing the condition 
should have been considered (e.g., improv-
ing treatment and providing other services), 
to ensure that no more cost-effective inter-
vention could be introduced or current 
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 interventions increased within the resources 
available.

 8. Evidence-based information, explaining the 
consequences of testing, investigation, and 
treatment, should be made available to 
potential participants to assist them in mak-
ing an informed choice.

 9. Public pressure for widening the eligibility 
criteria for reducing the screening interval, 
and for increasing the sensitivity of the test-
ing process, should be anticipated. Decisions 
about these parameters should be scientifi-
cally justifiable to the public.

 10. If screening is for a mutation, the program 
should be acceptable to people identified as 
carriers and to other family members.

 11. As described in Chap. 2, the etiology and 
pathogenesis of cervical neoplasia is well 
established and the natural history under-
stood. While cytology-based screening for 
cervical precancer meets many of the Wilson 
and Jungner criteria, it remains open to the 
criticism that it has never been subjected to 
high-quality randomized clinical trials, in 
contrast, for example, to breast cancer 
screening [3, 4].

 Epidemiology of Cervical Cancer

Globally, cervical cancer remains a major public 
health problem. Worldwide, cervical cancer is the 
fourth most common cancer in women, and the 
seventh most common overall, with an estimated 
528,000 new cases in 2012. More than 85% of 
the global burden occurs in developing countries 
where it accounts for almost 12% of all female 
cancers. High-risk regions, with estimated age- 
standardized rates over 30 per 100,000, include 
Eastern Africa (42.7), Melanesia (33.3), Southern 
Africa (31.5), and Middle Africa (30.6) while 
rates are lowest in Western Europe (7.3), Northern 
America (6.6), Australia and New Zealand (5.5), 
and Western Asia (4.4) reflecting in part the suc-
cess of cytology-based population screening pro-
grams in the latter. Cervical cancer remains the 
most common cancer in women in Eastern and 
Middle Africa.

There were an estimated 266,000 deaths from 
cervical cancer worldwide in 2012, accounting 
for 7.5% of all female cancer deaths, and 87% of 
cervical cancer deaths occur in less developed 
regions. The average risk of dying from cervical 
cancer before age 75 is three times higher in less 
than in more developed regions. Mortality varies 
18-fold between the different regions of the 
world, ranging from less than 2 per 100,000 in 
Western Asia, Western Europe, and Australia and 
New Zealand to above 20 per 100,000 in 
Melanesia (20.6), Middle Africa (22.2), and 
Eastern Africa (27.6) [5].

 Papanicolaou and the Development 
of Cytology-Based Population 
Screening

Donne (1844) and Pouchet (1847) first described 
the cytology of vaginal secretion in the mid- 
nineteenth century but neither description related 
to the diagnosis of cervical cancer [6, 7]. In 1869 
Dickenson examined discharges from women 
with cervical cancer, but failed to find diagnostic 
cells [8]. It was not until 1871 that Richardson in 
the USA recommended cytological examination 
in cases of suspected cervical carcinoma and 
wrote: “In suspected cancer of the womb ... a 
small portion of the secretion from the os uteri, or 
from the ulcerated surface of the growth itself, 
should such exist, must therefore be removed by 
means of a probe or pair of forceps introduced 
through a speculum, and on examination with a 
power of 200 diameters will probably disclose at 
least a few cells on each slide, which will indicate 
with more or less certainty the character of the 
morbid formation.” In 1886 Friedlaender also 
used this method but warned against diagnosing 
carcinoma from the cytology alone [6].

Papanicolaou first systematically used the 
vaginal smear, and ever since the technique has 
been associated with his name as the “Pap test” or 
“Pap smear.” George N. Papanicolaou qualified 
in medicine in Athens in 1904 and as a junior 
postgraduate specialized in the experimental 
study of reproduction. In 1913 he emigrated to 
New York, where he studied the estrous cycle in 
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animals and the human menstrual cycle by exam-
ination of vaginal smears [9]. During his studies 
on patients in the Women’s Hospital, New York, 
Papanicolaou identified malignant cells in vagi-
nal smears, and in 1928 he gave his first paper on 
this subject at a conference, entitling it “New 
cancer diagnosis” [10].

Simultaneously, and independently, cancer 
cells were recognized in cervical smears by the 
Romanian pathologist Aurel Babes in Bucharest. 
Babes and Daniel first presented their new 
method for the diagnosis of carcinoma of the cer-
vix, using a platinum loop to transfer material 
from the affected area to glass slides which were 
then air-dried and stained by the Giemsa tech-
nique, to the Bucharest Gynaecological Society 
in 1927 and the results were published the fol-
lowing year [11–13]. Simultaneously, the Italian 
gynecologist Odorico Viana, influenced by 
Babes, reported on the successful diagnosis of 
cervical cancer by the smear technique [14, 15].

Although the lesion we now recognize as cer-
vical intraepithelial neoplasia (CIN)/squamous 
intraepithelial lesion (SIL) (see Chap. 6), the pre-
cursor of invasive squamous cell carcinoma of the 
cervix, had been recognized by the third decade 
of the twentieth century, Papanicolaou’s report 
and the others referred to above received little 
attention, and Papanicolaou returned to a study of 
reproductive endocrinology in the 1930s. In 1939 
Joseph Hinsey was appointed to the department 
of anatomy at Cornell and encouraged 
Papanicolaou to return to his work on cancer 
detection using the vaginal smear. Hinsey also 
arranged collaboration with Herbert Traut, a 
gynecologist trained in pathology, and Andrew 
Marchetti, chairman of the department of obstet-
rics and gynecology at Cornell, such that every 
woman admitted to the gynecology service at 
Cornell was required to have a vaginal smear, and 
these samples were made available for 
Papanicolaou to examine. In 1940 Papanicolaou 
obtained funding from the Commonwealth Fund, 
which enabled him to develop a new staining 
technique which included wet fixation in an ether-
alcohol solution [16]. He subsequently demon-
strated that the vaginal smear permitted an earlier 
diagnosis of cervical cancer and that this was 

made possible because vaginal smears had been 
taken repeatedly. Papanicolaou described the 
technique as exfoliative cytology from the Greek 
ex, away, and Latin folium, leaf, the analogy of 
vaginal smears being to that of leaves falling from 
a tree [17]. In 1941, Papanicolaou and Traut pub-
lished their seminal paper entitled “The diagnos-
tic value of vaginal smears in carcinoma of the 
uterus,” and this was followed 2 years later by the 
monograph Diagnosis of Uterine Cancer by the 
Vaginal Smear, funded by the Commonwealth 
Fund and beautifully illustrated with camera 
lucida watercolor drawings by Murayama [18]. It 
should be noted that the Papanicolaou classifica-
tion provided a measure of the likelihood of the 
presence of invasive cervical cancer, whereas 
contemporary cervical cytology classifications 
provides an evaluation of the likelihood of the 
presence of preinvasive disease (see below).

These publications altered the opinion of the 
medical profession, and many gynecologists 
became enthusiastic about the possibility of iden-
tifying cancer of the cervix at an early and cur-
able stage. Cervical cancer detection by cytology 
was strongly supported by the American Cancer 
Society and the National Cancer Institute, and 
subsequent studies confirmed the value of cytol-
ogy, to detect not only cancer but also precancer-
ous changes [18–23]. In 1947 Papanicolaou 
began offering cytology training courses at 
Cornell, the First National Cytology Conference 
was held in Boston in 1948, the forerunner of the 
American Society of Cytopathology was founded 
in 1951, the first International Cancer Cytology 
Congress was held in Chicago in 1956, and the 
International Academy of Cytology was founded 
in 1957. The emergence of a body of trained 
exfoliative cytologists made possible the rapid 
development of population screening, first by the 
vaginal smear and soon after by cervical scraping 
using a wooden spatula introduced by Ayre [24]. 
Ruth M. Graham published the first modern com-
prehensive cytology text, The Cytologic 
Diagnosis of Cancer, in 1950 and Papanicolaou 
published his Atlas of Exfoliative Cytology in 
1954 [25].

By the mid-1950s screening for cervical can-
cer by exfoliative cytology had been widely 
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introduced in North America and elsewhere, and 
the evidence of its benefits in terms of reduction 
in mortality progressively accumulated: the 
reduction in mortality was clearly directly related 
to the intensity of screening [26–35].

 Cervical Cancer Screening in the UK 
(1950–1985)

After the Second World War, a small number of 
British gynecologists and pathologists, aware of 
the introduction of exfoliative cytology for cervi-
cal cancer screening in North America, began to 
explore the possibility of introducing a similar 
screening program in the recently established 
National Health Service. In 1951 an initial dis-
cussion was held by the section of obstetrics and 
gynecology of the Royal Society of Medicine 
after which a number of cytologists went to North 
America to visit Papanicolaou, Ruth Graham, 
Ayre, and others. Following a further conference 
at the Royal College of Obstetricians and 
Gynaecologists in 1955, Sir William Gilliatt and 
Dame Hilda Lloyd, both past presidents of the 
College, established a committee to look into the 
matter and further developed links with 
Papanicolaou and Ruth Graham and also with 
Professor Alex Agnew, H. Fidler, and D. A. Boyes 
in Vancouver.

Prior to the establishment of a comprehensive 
national population-based cervical cancer screen-
ing program, a number of well-known gynecolo-
gists were instrumental in the establishment of 
exfoliative cytology of the female genital tract at 
various centers: Chassar Moir in Oxford; 
McLaren in Birmingham; Way in Newcastle; 
Anderson in Edinburgh; Nixon at University 
College Hospital, London; Miss G. Hill at the 
Royal Free Hospital, London; McClure Browne 
at the Hammersmith Hospital; and Sir Dugald 
Baird in Aberdeen. In 1960 Sir Dugald Baird ini-
tiated the first population screening program to 
cover all women at risk of developing cervical 
cancer in North East Scotland, and Dr. J. Elizabeth 
Macgregor was appointed to manage the program 
and the laboratory [31, 33–36]. Dr. Erica Wachtel, 
who worked with Prof. McClure Browne at the 

Hammersmith Hospital, practiced exclusively in 
cytopathology and was the first practitioner to be 
appointed professor of cytopathology in the UK 
[37]. The first NHS consultant cytopathologist, 
O. A. N. Husain, was appointed to St. Stephen’s 
Hospital, London, in 1961 [38].

Following the reports of J. M. G. Wilson of the 
DHSS [39, 40], a comprehensive National 
Cervical Cytology Screening Service was estab-
lished in 1967. In 1964, in preparation for this 
service, five training schools were set up to teach 
the skills of cytodiagnosis – at the Hammersmith 
and Royal Free Hospitals, London; Birmingham; 
Manchester; and Newcastle. A national request/
report form (HMR101) was introduced in 1967, 
which in modified form persists until today, and 
in the first year of the service half a million smear 
tests were performed. Expansion was rapid and 
by 1970 nearly 2.5 million tests per year were 
being recorded, increasing to 3.9 million in 1986. 
Most of the increase in the number of smears had 
been from general practitioners, rising from 27% 
of all smears in 1973 to 43% in 1980.

Women aged 35–60 years were screened at 
five yearly intervals with some opportunistic 
screening of women in antenatal and sexual 
health clinics. A manual record card-based 
screening registry for England was established at 
Southport to recall women for repeat tests.

 UK Terminology of Cervical 
Cytology and Histology

The Papanicolaou classification system for cyto-
logical diagnosis introduced in 1954 was intended 
to apply to all types of cytology specimen to indi-
cate the degree of certainty that cancer was pres-
ent or absent: there was no correlation with 
cytology in the context of a program intended to 
identify precancerous lesions [25] (Table 3.1).

The entity of carcinoma in situ, the immediate 
precursor lesion of invasive squamous cell carci-
noma of the cervix, in which the constituent cells 
morphologically looked like the cells found in 
invasive squamous cell carcinoma, had been rec-
ognized from the late nineteenth century [41–44]. 
However by the early 1950s, surface lesions of the 
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cervix with abnormal but less marked histological 
features had been identified, for which a number 
of terms were suggested including anaplasia, 
basal cell hyperplasia, atypical metaplasia, and 
atypical hyperplasia. In 1953 Regan proposed the 
term dysplasia, from the Greek dys, bad, and pla-
sia, molding, which he divided into three grades, 
mild, moderate, and severe. This proposal was 
endorsed by the First International Congress of 
Exfoliative Cytology and the World Health 
Organization: in the latter the abnormal cells were 
described in terms of their histological correlation 
[45, 46]. Dysplasia appeared to have a lower risk 
of progression to cancer than carcinoma in situ, 
and consequently, at that time, women found to 
have carcinoma in situ were recommended to 
have a hysterectomy, while those with dysplasia 
were not immediately treated [47, 48].

During the establishment of the cervical 
screening program in the UK, it became apparent 
that a variety of terminology was being used to 
describe the morphological appearances of neo-
plastic cells derived from in situ and invasive cer-
vical squamous lesions. In particular the practice 
in many laboratories of calling cells thought to be 
derived from carcinoma in situ “malignant cells” 
and using “dyskaryosis” to imply that nothing 
more than dysplasia was present began to be 
questioned in the light of the conclusive evidence 
from Richart that dysplasia and carcinoma in situ 
of the cervix were a “lesional continuum” [49]. A 
working party of the British Society for Clinical 
Cytology (BSCC) recommended that the termi-
nology in the WHO publication Cytology of the 
Female Genital Tract be adopted for normal cel-

lular components of a cervical smear (e.g., super-
ficial, intermediate, and parabasal squamous 
cells; endocervical cells; endometrial cells) and 
the term “dyskaryosis” adopted for neoplastic 
squamous and glandular cells, irrespective of 
whether the cytologist thought that they were 
derived from an in situ or invasive lesion [50] 
(Table 3.2).

Eight years later, a second BSCC working 
party endorsed the recommendation of dyskaryo-
sis as the preferred terminology and recom-
mended a three-grade system of mild, moderate, 
and severe dyskaryosis, based on the nuclear- 
cytoplasmic area of the dyskaryotic cells, which 
correlated with cells from the surface of CIN 1, 
CIN 2, and CIN 3, respectively. They also pro-
vided guidance on cytological features which 
were suggestive of the presence of invasive squa-
mous carcinoma. This recommendation was uni-
versally adopted in the UK cervical cancer 
screening programs [51] (Table 3.3).

The 1986 working party also recognized that 
“There are smears in which the evidence is such 
that it is impossible to decide if the cells are the 
product of inflammation or if they have neoplas-
tic potential” and suggested that such samples be 
described as showing borderline abnormalities. 
In 1994, a joint working party of the National 
Health Service Cervical Screening Programme 
(NHSCSP), the BSCC, and Royal College of 
Pathologists provided guidance on the diagnosis 
and management of borderline nuclear changes 
in squamous and glandular cells and their distinc-
tion from reactive or inflammatory change and 
neoplastic change [52].

In 2002, conscious of the widespread adoption 
of the two-tiered Bethesda system for reporting 

Table 3.2 Definition of dyskaryosis

Disproportionate nuclear enlargement

Irregularity in nuclear form and outline

Hyperchromasia

Multinucleation

Irregular chromatin distribution, which may be 
stippled, clumped, or stranded with condensation 
beneath the nuclear membrane

Abnormalities of the number, size, and form of 
nucleoli

Table 3.1 Papanicolaou classification of cytology 
reports

Class I Negative Absence of atypical or 
abnormal cells

Class II Negative Atypical cells present but 
without abnormal features

Class III Suspicious Cells with abnormal features 
suggestive but not 
conclusive for malignancy

Class IV Positive Cells and cell clusters fairly 
conclusive for malignancy

Class V Positive Cells and cell clusters 
conclusive for malignancy
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cervical cytology, originally developed in 1988 
and subsequently modified in 2001, which 
reflected clinical practice and management in 
terms of low- and high-grade abnormality, the 
BSCC held a conference at which it was agreed 
that a two-tier system should also be introduced 
in the NHSCSP [53–58]. The revised BSCC ter-
minology for cervical cytology was published in 
2008 [59] and implemented in the NHSCSP in 
2013. This terminology aligns closely with the 
Bethesda system, reflects contemporary under-
standing of the biology of human papillomavirus 
(HPV) infection, and permits international com-
parison of data (Table 3.4). The principal change 
introduced by this terminology is that while dys-
karyosis is retained as the descriptor of neoplas-
tic cell nuclear morphology, it is graded by 
evaluation of nuclear: cytoplasmic diameter 
rather than area, as previous studies had shown 
that the former was a more reliable discriminator 
of mild from moderate or severe dyskaryosis, i.e. 
low-grade from high-grade dyskaryosis, in both 
conventional and liquid-based cervical cytology 
preparations [60].

 The NHS Cervical Screening 
Program (1986–2004)

Despite the establishment of the cervical screen-
ing program as described above, it was clear by 
the mid-1980s that it had had little impact on the 

incidence or mortality from cervical cancer. In 
1985 a leading article in The Lancet drew atten-
tion to this fact and specifically commented that 
the most successful cancer screening programs 
are organized as public health cancer control pro-
grams, specifically directed toward a reduction of 
mortality; call the age group at greatest and most 
immediate risk (30 years +) based on population 
registers and keep on trying to call persistent non-
attenders; concentrate first upon women who 
have never had a smear; and put “someone in 
charge” (a manager) of the process who can be 
held to account [61]. In 1988 health circular HC 
(88)1 directed District Health Authorities to give 
priority to screening for prevention of cervical 
cancer and in particular implementation of a call 
and recall system from lists of women held on 
Family Practitioner Committee (primary care) 
computers starting not later than 31 March 1988. 
All women aged 20–64 were to be invited for 
screening at least every 5 years (some health 
authorities elected to invite women every 3 years) 
and adequate facilities made available for prompt 
investigation treatment and follow-up of women 
with abnormal smear results [62]. General practi-
tioners were also offered a financial incentive 
based on the proportion of their practice female 
population eligible for cervical screening that 
were tested. Initially the NHS cervical screening 
program was managed by a multidisciplinary 
National Coordinating Network but subsequently 
a director, Professor Julietta Patnick, and support 

Table 3.3 BSCC terminology in gynecological cytopathology (1986)

Grade Morphological features Histological correlate

Mild dyskaryosis The abnormal nucleus occupies less than half the area of the 
cell, which has plentiful thin translucent cytoplasm with 
angular borders resembling a superficial or intermediate 
squamous cell

CIN 1

Moderate dyskaryosis The abnormal nucleus occupies one half to two-thirds of the 
area of the cell. There is more disproportionate nuclear 
enlargement than in mild dyskaryosis, and nuclear morphology 
tends to be more abnormal than in mild dyskaryosis.
The cytoplasm resembles that of intermediate, parabasal, or 
superficial cells.

CIN 2

Severe dyskaryosis The abnormal nucleus practically fills the cell or at least 
two-thirds of its area and is surrounded by a narrow rim of 
thick dense cytoplasm.
Affected cells may be round, oval, elongate, or polygonal

CIN 3
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staff were appointed in 1994 [63, 64]. Over the 
succeeding two decades, in collaboration with the 
relevant professional bodies, the NHSCSP pro-
duced a comprehensive series of guidance docu-
ments related to all aspects of the cervical cancer 
screening process from invitation to attend 
screening to treatment of identified abnormality. 
In particular, the first NHSCSP commissioned 
guidance entitled Achievable standards, bench-
marks for reporting and criteria for evaluation 
and, thereby henceforth known as ABC 1, gave 
guidance on specimen adequacy, management of 
smear abnormality, evaluation of the program, 
internal quality control (IQC), and external qual-
ity assurance (EQA) [65] (Table 3.5). In relation 
to IQC and EQA, ABC 1 introduced achievable 
standard ranges for cytology reporting by labora-
tories and individuals, and in subsequent years 
these ranges were amended based on the manda-
tory returns (KC61) submitted by laboratories in 
the preceding year (Table 3.6). In the first of two 

subsequent editions of ABC, published in 2000, 
guidance on reporting of cervical smears was 
reinforced and where necessary revised, new per-
formance indicators were introduced, and pitfalls 
in cytological diagnosis leading to false-positive 
and false-negative results described [66, 67]. In 
the second subsequent edition of ABC, published 
in 2013, adoption of the revised BSCC terminol-
ogy for cervical cytology was mandated, manage-
ment of cytological abnormality updated 
following the implementation of HPV triage and 
test of cure, and performance indicators for evalu-
ating cervical cytopathology expanded to encom-
pass not only individual and laboratory cytology 
performance but also the performance of related 
colposcopy and histopathology services [68–70].

The success of the reorganized English 
cervical screening program as NHSCSP was 
evidenced by the progressive fall in incidence 
of cervical cancer in the succeeding two 
decades: this has now largely stabilized 

Table 3.5 ABC 1: recommendations for management

Management Cytology result

Routine recall Negative

Repeat smear at shorter 
interval than recommended 
routine recall

Inadequate sample and the first occurrence of mild dyskaryosis or borderline change
A second repeat sample may be requested for inadequate samples or borderline 
change, but after three such smears colposcopy must be recommended. The repeat 
interval may vary between 3 and 12 months but is usually 6 months
Annual repeat smears are recommended for 5 years after treatment of CIN 2 and CIN 3
At least two negative smears at least 6 months apart, after mild dyskaryosis, 
borderline change or treatment of CIN 1 before a woman returns to routine screening 
or screening is ceased at age 65

Referral for gynecological 
opinion

Moderate, severe, and ungraded dyskaryosis; invasive squamous and glandular 
neoplasia should all be referred on the first occurrence.
Colposcopy should be recommended on the second occurrence of mild dyskaryosis

Herbert et al. [142]

Measurement Achievable range

Sensitivity of primary screening with respect to the 
final report after rapid review of all negative and 
inadequate smears

>90% all abnormalities
>95% high-grade abnormality

Laboratory report profile:
Inadequate
Mild dyskaryosis and borderline change
Moderate and severe dyskaryosis

7.0 ± 2.0%
1.6 ± 0.4%
5.5 ± 1.5%

Positive predictive value (PPV) of moderate or 
severe dyskaryosis for the histological diagnosis  
of CIN 2 or worse

65–85%

Herbert et al. [142]

Table 3.6 ABC 1: criteria 
for evaluating cervical 
cytology and monitoring 
the accuracy of screening

3 Cervical Screening: History, Current Algorithms, and Future Directions
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(Fig. 3.1). The increased incidence around 2009 
was the result of the increased uptake of screen-
ing due to the widely publicized diagnosis and 
death of a television personality [71, 72].

 NHSCSP 2004 to the Present

 Liquid-Based Cytology (LBC)

From the late 1980s, a number of manufacturers 
began to investigate the potential to produce 
monolayer or near-monolayer preparations of 
cervical cytology samples, with the intention that 
this would provide an optimized platform on 
which to employ computer-assisted image analy-
sis microscopy. Production of near-monolayer 
preparations required samples to be collected in a 
liquid preservative – hence liquid-based cytol-
ogy – and then most of the debris, blood, and 
exudate removed either by filtration or density 
gradient sedimentation, prior to preparation of 
the monolayer or near-monolayer sample. By the 
late 1990s, two systems were widely available: 
ThinPrep® (Hologic) and SurePath® (BD 
Diagnostics). In 2000 an initial evaluation by the 
National Institute for Clinical Excellence (NICE) 
suggested that LBC might be valuable technol-
ogy to implement in the NHSCSP [73]. In 2003, 
following a further evaluation by NICE and an 
evaluation study in three English laboratories, the 

Department of Health (DoH) announced that 
LBC was to be used as the primary means of pro-
cessing samples in the cervical screening pro-
gram in England and Wales and full 
implementation of the new technology was to be 
achieved by 2008 [74, 75]. Implementation was 
conducted by a cascade process of laboratory 
conversion and training, and by late 2008 all cer-
vical screening laboratories in England and Wales 
had converted to LBC. Scotland had already 
adopted LBC and Northern Ireland followed 
some time later [76].

Importantly, at the same time the DoH also 
announced changes in screening age range and 
frequency to be implemented by April 2004: 
women would in future be invited for their first 
screening test at age 25, not age 20, and screened 
thereafter every 3 years until age 49 and every 
5 years from age 50 to 64 [77]. This policy 
change, based on an audit of the screening histo-
ries of women with invasive cervical cancer [78], 
was intended to unify and consolidate consider-
able variation in practice across England: as 
noted above the national recommendation was to 
screen every 5 years but some districts had 
elected to screen every 3 years. While concerns 
were raised about the effect of not screening 
women less than 25 years of age, it has been kept 
under review through the national audit of 
 screening histories of women who develop cervi-
cal cancer: most cervical cancers in women under 
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age 30 years are screen detected as superficially 
invasive carcinomas (FIGO stage IA) [79–83].

As predicted, progressive implementation of 
LBC, combined with the change in screening age 
range and frequency, resulted in a reduction in 
the number of inadequate samples reported and 
thereby a decrease in the total number of tests 
examined: over 246,000 fewer tests were reported 
as inadequate in 2007–2008 compared with 
2003–2004, the last year before LBC implemen-
tation. This also occurred against a background 
of an increased number of women aged 25–64 
being screened, reflecting a more efficient screen-
ing program with fewer unnecessary tests outside 
the recommended screening age range [84]. 
Furthermore, the progressive loss of tests in 
women aged less than 25 years reduced the num-
ber of abnormal tests reported, particularly low- 
grade abnormalities which are most prevalent in 
this age group: nearly 19,000 fewer tests were 
reported as low grade and over 4000 as high 
grade in 2007–2008 compared with 2003–2004. 
As a result there was reconfiguration of consul-
tant programmed activities in some laboratories 
to ensure maintenance of quality standards for 
the minimum number of abnormal tests exam-
ined annually.

Therefore, following a change in the screen-
ing age range and frequency and full implemen-
tation of LBC, a total of 269,000 fewer cervical 
cytology samples were examined in England in 
2007–2008 compared with 2003–2004. 
Implementation of LBC also resulted in increased 
laboratory productivity and efficiency, with no 
adverse effect on quality. A large laboratory in 
Manchester reported that nearly 1 min per slide 
was saved during primary microscopy, and 
microscopy by cytopathologists, using LBC 
compared with conventional smear preparations. 
The uninterrupted hourly rate of slide examina-
tion rose from 8.6 slides for conventional smear 
preparations to 11.7 for LBC preparations, com-
parable to the data from the Scottish LBC feasi-
bility study [76, 85]. A separate study from 
Scotland reported a 40% reduction in full pri-
mary screening time [86]. In the Sheffield labora-
tory,  individual screener productivity increased 
by 20% in the first year following full LBC 
implementation [87], and productivity increases 

of up to 50% coupled with decreased numbers of 
unsatisfactory samples and an increased sensitiv-
ity for the detection of cytological abnormalities 
validated by subsequent histological investiga-
tion have been reported [88].

Increased productivity was also reflected in 
national data showing a progressive increase in the 
proportion of laboratories reporting results within 
2 weeks of specimen receipt, an important achieve-
ment in view of the Cancer Reform Strategy objec-
tive that all women should receive the results of 
their test within 2 weeks by 2010 [89, 90].

As a result of LBC implementation, there was 
a growing mismatch between workload and 
capacity in some laboratories. However, a 
NHSCSP workforce survey revealed that over 
one-third of screening staff were over 50 years of 
age, and LBC implementation buffered laborato-
ries against this marked demographic change 
[91]. In fact, some laboratories found no need to 
replace primary screening staff on retirement, 
resulting in cash-releasing cost savings.

National implementation of LBC not only 
resulted in improved laboratory efficiency and 
productivity but was also the platform for consid-
eration of the implementation of molecular test-
ing and automation in the NHS cervical screening 
programs.

 HPV Testing

The recognition of the strong causal relationship 
between persistent infection of the genital tract 
with high-risk human papillomavirus (HPV) 
types and the occurrence of cervical cancer has 
resulted in the development of a number of HPV 
DNA and RNA detection systems in an attempt 
to refine existing cytology-based cervical cancer 
screening programs [92–95] (see Chap. 2). LBC 
provides an ideal platform for application of this 
and other molecular technologies. Detection of 
high-risk HPV DNA is considered to be poten-
tially useful in four clinical applications [96]:

 1. As a triage test to select which women who have 
low-grade cytological abnormalities in routine 
screening require immediate referral for colpos-
copy rather than cytological surveillance.

3 Cervical Screening: History, Current Algorithms, and Future Directions
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 2. Follow-up of women with abnormal screening 
results who are negative at colposcopy and 
biopsy.

 3. Follow-up for women treated for high-grade 
CIN with local ablative or excisional treat-
ment to more rapidly and accurately identify 
those who have or have not been cured.

 4. As a primary screening test, either alone or in 
combination with cervical cytology to detect 
cervical cancer precursors.

 Triage of Low-Grade Abnormality
A meta-analysis of studies published between 
1992 and 2010 comparing HPV testing with 
Hybrid Capture 2 (HC2) with repeat cytology in 
the management of low-grade cytological abnor-
mality (borderline nuclear change/atypical squa-
mous cells (ASCUS); mild dyskaryosis/
low-grade squamous intraepithelial lesion 
(LSIL)) showed that HPV triage with HC2 of 
women with borderline nuclear change had sig-
nificantly higher sensitivity than, and similar 
specificity to, repeat cytology. In triage of women 
with mild dyskaryosis, an HC2 test yielded a sig-
nificantly higher sensitivity, but a significantly 
lower specificity, compared to repeat cytology 
[97]. A pilot study conducted within the initial 
English evaluation of liquid-based cytology 
demonstrated that, while HPV triage of low-
grade abnormality resulted in a reduction in the 
rate of repeat smears but an increase in rates of 
referral to colposcopy, it was likely to be cost 
effective [98, 99]. A further evaluation of HPV 
triage implementation in six laboratories in the 
English cervical screening program (the sentinel 
site study) demonstrated that triaging women 
with low-grade cytological abnormalities by 
HPV testing would allow approximately a third 
of these women to be returned immediately to 
routine recall, and immediate referral for colpos-
copy would avoid the need for repeat cytology in 
the remainder. The HPV-positive rates at the six 
sites ranged from 34.8% to 73.3% for women 
with borderline cytology and from 73.4% to 
91.6% for women with mild dyskaryosis, and 
these differences remained after the rates were 
standardized for age. Overall the HPV-positive 

rate was higher in sites using ThinPrep® than in 
those using SurePath® LBC [68.7% and 61.7% 
respectively (p < 0.001)], and the difference 
remained after adjustment for age group and ini-
tial cytology result. LBC technology was, how-
ever, confounded by site, and it was therefore not 
possible to determine whether this difference was 
due to variation in the reporting of cytology 
between sites. In the only site which used both 
technologies, there was no significant difference 
in positive rates between the two technologies 
[100]. Based on this data HPV triage of low-
grade cytological abnormality was implemented 
in the English cervical screening program in 
2011 using the algorithm developed for the senti-
nel site study (Fig. 3.2).

 Test of Cure
Prior to 2011 NHSCSP guidance was that 
women treated for low-grade disease (CIN 1) 
required follow-up cytology at 6, 12, and 
24 months and if all results were negative could 
return to routine screening. Women treated for 
high-grade disease (CIN 2 or 3 or cervical glan-
dular intraepithelial neoplasia (CGIN)) required 
6- and 12-month follow-up cytology and annual 
cytology for the subsequent 9 years at least 
before returning to screening at the routine inter-
val. It has been estimated that in England every 
year more than 300,000 cytology tests were per-
formed annually for follow-up after treatment, 
approximately 10% of the annual workload 
[101]. A number of studies prior to 2007 demon-
strated that testing for high-risk HPV infection 
with Hybrid Capture 2 was more sensitive, 
though less specific, than repeat cytology in the 
detection of residual disease following exci-
sional treatment of high-grade CIN, and a large 
prospective study from the UK showed that a 
negative result from a high-risk HPV test after 
treatment was indicative of very low risk of 
recurrent disease even in the presence of low-
grade cytological abnormality: women who were 
cytology and HPV negative at 6 months could 
safely be returned to routine three-yearly recall 
[102, 103]. Evaluation of HPV as test of cure 
after treatment of CIN in the sentinel study 
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 demonstrated that about 85% of treated women 
were HPV negative at 6 months after treatment 
[100]. HPV test of cure was implemented with 

HPV triage of low-grade cytological abnormal-
ity in the English cervical screening program in 
2011 (Fig. 3.2).

Routine 3 or 5 year
recall (depending on

age <50 or ≥50)

If cytology is
borderline

repear HPV
triage

No treatment Treatment

CIN1

Borderline/Mild
with negative

colposcopy, no
biopsy or biopsy with

no CIN

Colposcopy
No repeat
cytology

CIN2/3

HPV–ve

HPV–ve HPV+ve

Moderate
dyskaryosis

or worse
with treated CIN

HPV+ve

Moderate,
severe

Normal,
borderline, mild

(d)3 year
recall

(c)Cytology at 6
months

(a)Borderline or mild dyskaryosis, borderline ?High
grade or borderline endocervical cells

(b)Cytology at 12
months with or

without
colposcopy (local

preference)

(e)Colposcopy
Treat or, if normal, cytology follow
up according to national guidelines

Fig. 3.2 Flow chart: triage and test of cure in the 
NHSCSP (© Crown Copyright 2016). This information 
was originally developed by Public Health England 

Screening (https://www.gov.uk/topic/population- screening-  
programmes) and is used under the Open Government 
Licence v3.0
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 Automation in Cervical Screening

As noted above, LBC provides the platform for 
computer-assisted evaluation of cervical smears 
and thereby partial automation of the screening 
process in the laboratory, a goal which had been 
sought for over 50 years [104]. Early attempts at 
automation of the screening process using con-
ventional cervical smears were hampered by dif-
ficulties in visualization of the cells if they were 
obscured by blood, inflammatory cells, or mucus; 
detection of the boundaries of cells and their 
nuclei, especially in overlapping cells or three- 
dimensional cell groups; a recognition that there 
were more similarities than differences between 
normal and neoplastic cells; and limited comput-
ing capacity which was unable to process the 
enormous volume of data generated from a single 
Papanicolaou smear which might contain up to 
300,000 cells. LBC presents a monolayer or near 
monolayer of cells with clearly defined boundar-
ies, largely devoid of obscuring blood, inflamma-
tory cells, or mucus, and this, coupled with 
developments in computerized image analysis, 
has made semi-automated slide-scanning devices 
available for clinical use.

Two systems currently dominate the market 
and have been approved for primary cervical 
screening by the US Food and Drug 
Administration (FDA). Both consist of a highly 
automated microscope and an image analyzer 
that presents a restricted number of fields of view 
(FOVs) containing abnormal cells for interpreta-
tion by laboratory staff.

The BD FocalPoint™ Slide Profiler uses mul-
tiple algorithms to assign a score (0.0–1.0) to 
each slide (either conventional or SurePath) 
based on the probability of abnormality. 
Threshold scores are derived by separation of 
meaningful objects, i.e. irregular-shaped nuclei, 
from the background and describing each object 
with a set of measurement values. Slides with 
scores below the primary threshold, typically 
about 25% of a population of routine cervical 
screening samples, can be archived with no need 
for human microscopic review (no further 

review – NFR) resulting in a significant reduction 
in the workload of laboratory screening staff.

This system has been further developed as the 
BD FocalPoint™ GS Workstation in which the 
automated primary screening system is combined 
with an automated microscope which provides 
the electronic capability of locating diagnosti-
cally relevant locations in the samples above the 
threshold score. After reading a slide barcode, the 
microscope automatically positions the slide at 
the first relevant location, and a user-activated 
footswitch or mouse click moves the microscope 
to the next position until all locations are screened 
for suspicious cells or features.

The ThinPrep™ Imaging System rapidly 
scans and locates 22 areas of interest, known as 
fields of view (FOVs), in batches of ThinPrep® 
LBC slides and stores the coordinates which 
mark the position of the FOVs along with the 
slide identification information. Once all of the 
slides in a batch have been imaged, the slides are 
taken to a review microscope where they are 
reviewed by a cytology screener. The review 
scope automatically takes the cytology screener 
to each FOV in geographic order and, if any 
abnormalities are identified in the FOVs, the 
entire slide is reviewed by the cytology screener. 
If no abnormalities are identified in the FOVs, the 
slide may be signed out as negative. By directing 
the cytology screener to the FOVs on a slide, the 
amount of time required to screen a slide is dra-
matically reduced.

Both systems were granted FDA approval on 
the basis of being able to detect an equivalent or 
higher proportion of high-grade cytological 
abnormalities compared with manual reading 
[105, 106]. However an earlier systematic review 
of the literature published on the clinical and cost 
effectiveness of automated and semi-automated 
cervical screening devices including AutoPap, a 
predecessor of the BD FocalPoint™ Slide 
Profiler, by the New Zealand Health Technology 
Assessment program reported that the evidence 
base was not sufficiently strong for reliable con-
clusions to be drawn and recommended further 
trials with robust reference standards [107]. 
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Similarly a systematic review by the UK Health 
Technology Assessment also concluded that pre-
vious studies had not been of sufficiently good 
quality to allow reliable recommendations [108].

In England, the MAVARIC trial was therefore 
designed to achieve a rigorous, prospective, unbi-
ased comparison of manual and automation- 
assisted reading which had been powered to 
demonstrate non-inferiority in terms of sensitivity 
to detect CIN 2 or worse (CIN2+). Other objectives 
of the study were to compare the specificity of 
automation-assisted screening relative to manual, 
to incorporate both automated systems, and to eval-
uate the reliability of NFR in excluding CIN2+.

The principal finding was that automation- 
assisted reading was 8% less sensitive than man-
ual reading (relative sensitivity 0.92; 95%CI 
0.89–0.95) equivalent to an absolute reduction in 
sensitivity of approximately 6.3%, assuming the 
sensitivity of manual reading to be 79%. There 
was an increase of 0.6% in specificity relative to 
manual reading (relative specificity 1.006; 
95%CI 1.005–1.007).

The inferior sensitivity of automation-assisted 
reading in the detection of CIN2 or worse com-
bined with an inconsequential increase in speci-
ficity suggested that automation-assisted reading 
could not be recommended for primary cervical 
screening [109].

Furthermore, a large randomized trial in 
Finland comparing automation-assisted screen-
ing with conventional cytological screening 
reported no difference in the risk of cervical can-
cer between the automation-assisted and conven-
tional screening methods [110].

However, in the MAVARIC study, the No 
Further Review facility on the BD FocalPoint™ 
Slide Profiler system proved to be reliable in 
terms of negative predictive value, missing only 
1% of CIN2+ lesions associated with routine 
screening samples. It was considered that it 
could be a valuable adjunct in primary screening 
as this module does not require the expensive 
workstations required for reading the Fields of 
View and could reduce by up to 25% the number 
of slides requiring human reading; it has been 

 subsequently utilized in this mode in a few 
English laboratories [111].

 NHSCSP Beyond 2016: Cervical 
Screening in the Era of HPV 
Vaccination

 HPV Vaccination

HPV vaccination using the bivalent vaccine 
(Cervarix®) against the two commonest types of 
HPV implicated in cervical carcinogenesis (HPV 
types 16 and 18) was introduced into the UK in 
September 2008 for girls aged 12–13 years, fol-
lowed in autumn 2009 by a 2-year “catch-up” 
campaign to vaccinate all girls up to 18 years of 
age. The vaccine was originally administered as a 
three-dose schedule over 6 months. In 2012 
Cervarix® was replaced by Gardasil®, a quadriva-
lent vaccine that also protects against HPV types 
6 and 11, which cause about 90% of genital 
warts, and in September 2014 the three-dose 
schedule was replaced by a two-dose schedule 
with the doses 1 year apart.

Uptake of this school-based HPV vaccination 
program has been very good with more than 80% 
of 12–13-year-olds consistently receiving at least 
two of the three scheduled vaccinations, and in 
the last year for which data is currently available, 
2014–2015, the national coverage for the com-
pleted priming (first) dose was 89.4% [112]. As a 
result there will be a progressive increase in the 
proportion of women in the screening program 
who have been vaccinated, with an expected 
decrease in prevalence of cervical neoplasia, but 
these women will need to continue to participate 
in screening since the vaccine only offers protec-
tion against about 70% of cervical cancer. A non-
ovalent vaccine, Gardasil 9®, which offers 
protection against 90% of cervical cancer, has 
recently been licensed for use in Europe but not 
yet implemented in the UK [113, 114].

A modeling study from the UK predicted that 
HPV 16/18 vaccination of a cohort of 12-year- 
old girls would result over the lifetime of each 
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cohort in a 23% reduction in the number of 
abnormal cytology tests, a 32% reduction in 
biopsies, and a 42% reduction in CIN treatments, 
assuming 100% vaccine coverage. Interestingly 
these estimates assumed that introduction of vac-
cination did not also allow a reduction in screen-
ing frequency [115]. Studies from Australia and 
Scotland, where HPV vaccination was introduced 
before England and Wales, have reported a reduc-
tion in prevalence of cytological abnormality 
[116, 117].

 Primary HPV Testing

A progressive reduction in prevalence of cyto-
logical abnormality will result in a decrease in 
positive predictive value (PPV) and an increase 
in negative predictive value (NPV) of cytology- 
based programs and is the driver for adoption of 
high-risk HPV testing as the primary screening 
test with secondary triage to cytology: HPV test-
ing is a highly standardized assay that maintains 
its performance characteristics under low preva-
lence conditions [118]. While there is good evi-
dence that primary screening with HPV is more 
sensitive for detection of high-grade CIN and 
cancer, it is less specific, particularly in women 
less than 30 years of age [119, 120]. Several 
approaches are under evaluation to deal with the 
lower specificity of HPV DNA testing as associ-
ated with transient infection including HPV typ-
ing for HPV-16 and HPV-18/45; surrogate 
markers of viral integration such as p16; dual 
staining of cytology preparations with p16 and 
Ki67, a proliferation marker; mRNA coding for 
the viral E6 and/or E7 proteins; and DNA meth-
ylation with a potential clinical use recommend-
ing more aggressive management in those who 
are positive [121–133]. In countries such as the 
UK where cytology is of good quality, the most 
attractive option is to use HPV DNA testing as 
the sole primary screening modality with cytol-
ogy triage of HPV-positive women [96]. However, 
HPV genotyping assays, particularly for HPV 16 
and 18, would also permit post- vaccination sur-
veillance to determine overall vaccine effective-

ness and prevalence of non- vaccine HPV types in 
the vaccinated population [95]. Primary HPV 
screening, possibly combined with secondary 
molecular marker analysis, might also be a plat-
form for self-sampling as a means of addressing 
the falling coverage in young women in the UK 
and elsewhere [128, 132–137].

Four European randomized trials comparing 
cytology combined with HPV testing with cytol-
ogy alone over extended follow-up demonstrated 
a significant reduction in the incidence of cervi-
cal cancer among women screened with HPV, 
compared with cytology [138]. While the rates 
were similar until 2.5 years of follow-up, thereaf-
ter HPV-based screening provided 60–70% 
greater protection against cervical cancer com-
pared with cytology alone. In addition, the 
ARTISTIC trial has provided additional 
information:

• Cytology and HPV combined would not add 
significantly to HPV as a stand-alone screen 
with cytology triage for HPV positives.

• A negative HPV test provides a similar degree 
of protection against subsequent CIN 2 or worse 
over the next 6 years as does liquid- based cytol-
ogy over 3 years, indicating that screening inter-
vals could be extended [139, 140].

A recent analysis of the ARTISTIC study and 
other UK data showed that HPV primary screen-
ing and LBC triage would be cost effective com-
pared with LBC provided there was adherence to 
the follow-up of HPV-positive cytology-negative 
women [141].

A pilot study to determine the feasibility of 
HPV primary screening was established in the 
sentinel site study laboratories in 2013. In late 
2015, having evaluated the available data, the UK 
National Screening Committee recommended that 
HPV primary screening should be adopted in the 
UK cervical screening programs. This recommen-
dation was accepted by health ministers, and in 
July 2016 a public announcement was made that 
the UK would adopt primary HPV screening, with 
full implementation planned to be completed by 
2019. The proposed algorithm is shown in Fig. 3.3.
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