
INTRODUCTION
Cervical cancer is the third most common

cancer in women overall. It is an important cause of
morbidity and mortality worldwide. It is estimated
that at least 370,000 new cases are identified each
year, with more than 80% occurring in the develop-
ing world1. Although the developed world only
accounts for the remaining 20% of new cases, the
incidence and mortality are by no means marginal.
In the USA alone it is estimated that in the year
2000, there will be 12,800 cases of cervical cancer
and the death of over 4,600 women2. Many countries
have introduced mass screening programmes to
tackle this problem and have been rewarded with
decreases of as much as 90% in the incidence and
mortality of cervical cancer3,4,5. The Republic of
Ireland has conducted an opportunistic rather than
mass screening programme. This has been proven
ineffective in decreasing the overall mortality in
women. Indeed, examination of data from the
National Cancer Registry shows that there has been
a steady increase in the incidence rate of cervical
cancer in women since 1994, as well as an increase
in the mortality/incidence ratio6,7. The aim of this
paper is to provide evidence supporting the intro-
duction of a national cervical screening programme,
and to give consideration to the appropriate frequen-
cy of screening.

WHAT IS SCREENING?
Screening is a means of accomplishing

early detection of disease in asymptomatic people.
To be successful, it has been suggested that a screen-
ing program incorporates most, if not all, of the fol-
lowing stipulations8,9,10:
1. The disease being sought should be reasonably
common within the population being screened, and
should cause significant morbidity and mortality
which would be reduced by earlier detection.
2. There must be a test or a procedure that will detect
the disease earlier than if the disease was detected as
a result of development of symptoms.
3. The screening programme should be simple,
cheap, reliable and acceptable to those being
screened.
4. The false negative rate of the test or procedure
should be low and the management of the false pos-
itive case should not result in the production of seri-
ous morbidity.
5. There must be methods and procedures for treat-
ing cases of the disease picked up upon screening.

In addition, a long natural history of the dis-
ease allows periodic screening and the identification
of risk factors, in order to pinpoint a high-risk group.

This allows concentration of resources when plan-
ning such a programme.

THE NATURAL HISTORY OF CERVICAL CANCER
Squamous cell carcinomas account for 80-

95% of cervical cancers; a small minority are ade-
nocarcinomas. The natural history of cervical cancer
remains uncertain. Sir John Williams was the first to
describe the presence of non-invasive tissue resem-
bling malignancy adjacent to the area of micro-inva-
sive carcinoma in a hysterectomy specimen.
Following the subsequent descriptions of dysplastic
changes in the 1940s, it has become widely accept-
ed that the majority of cases of invasive carcinoma
of the cervix are preceded by a pre-cancerous stage.
This pre-cancerous stage was originally thought to
represent a continuum of change and was divided
correspondingly by a variety of descriptive systems:
the Bethesda System of atypical squamous cells of
undetermined significence (ASCUS) and low/high
grade squamous intraepithelial lesion (L/HGSIL);
the Richart System of cervical intraepithelial neo-
plasia (CIN) grades 1 to 3 and condyloma; the
Reagen (WHO) system of atypia and mild/moder-
ate/severe dysplasia; the Papanicolaou System of
grades I to III.  

More recently the theory of a continuum
has been challenged. The process seems to be a
series of discrete events commencing with the sexu-
al transmission of a carcinogen11. Epidemiological
studies have suggested the Human Papilloma Virus
(HPV) as the primary infectious agent12,13 which is
further corroborated by the detection of HPV DNA
in the majority of cellular genomes of invasive cer-
vical carcinomas14. However, this remains to be
demonstrated by direct infection. It is probable that
the HPV infection is merely one of a number of con-
tributing factors. Other putative cofactors include
genotype HLA DQw3 and smoking.

The pre-cancerous lesions can persist,
regress or progress to an invasive malignancy. The
average time for progression of CIN 3 to invasive
cancer has been estimated as 10 to 15 years based on
the mean age of diagnosis of these two conditions8,15

and occurs most frequently in those above 60 yrs of
age6.

A small subset of rapidly progressive cervi-
cal cancers has been seen, which are diagnosed with-
in three years of a confirmed negative Pap test.
These tumours tend to occur in younger women of
higher socio-economic status when compared to a
control cervical cancer group, and one third of these
cancers are adenocarcinoma of endocervical origin
rather than of squamous origin.
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Analysis of data indicates that survival
from cervical cancer appears to be directly related to
the stage of disease at diagnosis6,7, with a 5 year rel-
ative survival rate of 93-94% for stage I cancer (see
Figure 1). Early detection should therefore cause a
decrease in the mortality from cervical cancer.

THE PAP SMEAR AND NATIONAL SCREENING
The Papanicoloau (Pap) Smear is a means

of examining the cervix using exfoliative epithelial
cytology. It has been introduced in many countries
without conclusive evidence of its effectiveness
from randomised trials. Its widespread acceptance
makes the possibility of testing the efficacy of cervi-
cal cytology by randomised trials remote, never
mind ethically questionable. Nevertheless, there is
substantial evidence from observational studies of
the decrease in the incidence and mortality from cer-
vical cancer in several large populations following
the introduction of well-run screening pro-
grams,3,4,16,17,18,19,20 the greatest of which have been
in those countries that instituted national screening
programmes.

The Scandinavian countries were amongst
the first to institute mass organised screening pro-
grams and have shown the greatest decrease in inci-
dence and mortality3,16,17. In Iceland screening was
commenced in 1964 with women being screened
every two or three years and, by 1977, there was a
decrease in the mortality rate of 80%. In Finland,
screening commenced in the early 1960s, and by the
1980s, there was a decrease in the mortality rate of
50%. The introduction of screening programmes in
the USA has resulted in a fall in mortality of 50%
over 23 years14.

Screening in Canada began in 1949 with the
implementation of an organised or mass-screening
programme in British Columbia. From here screen-
ing programmes spread to the remainder of the
country, however the majority of these were imple-
mented in an opportunistic rather than organised
fashion. By 1992 British Colombia was seen to have
a lower mortality rate than the rest of Canada21.

In Aberdeen, in the Grampian region of
Scotland, systematic screening was instituted in

1960, practice by practice. It was directed at married
women between the ages 25 and 60 years of age, the
group that presented with the highest risk of invasive
disease at that time. In 1982 a computerised call and
recall system became available, where all women
registered within the National Health Service were
identified by regional age-sex data and were invited
for their first smear and subsequent smears. By
1992, only 8% of the women aged 21 to 60 years
remained unscreened. Data analysis from the
Grampian region has shown a substantially greater
fall in the incidence and mortality of invasive cancer
compared with the rest of Scotland, where such
organisation did not take place20.

In England the number of smears taken rose
continuously between the mid-1960s and the end of
the 1980s. Analysis has shown that over this period
of time the overall incidence of invasive disease
remained relatively stable, while the mortality fell at
a steady rate of 1.5% each year22. In 1988 a nation-
al call and recall system was introduced, which led
to a doubling of the coverage of the target population
by 1994. This resulted in a marked change in the
incidence and mortality rates, with rates falling by
35% and 40%, respectively (see Figures 2 and 3).
This was further confirmed by a similar analysis of
national, age and mortality specific, cancer registra-
tion data. Interestingly, this showed that the reduc-
tion had been confined to squamous cell carcinoma,
the commonest form of the disease, whereas the ade-
nocarcinoma rates continued to rise. Four new stud-
ies have now been initiated to investigate the effec-
tiveness of the Pap smear in the prevention of ade-
nocarcinoma.

IS THE PAP TEST THE BEST METHOD OF DETECTION?
Although most countries have focussed

upon cytological screening programmes there are
other means of detection available, and it is prudent
to compare these with the Pap smear. The various
other techniques of detection are:

1. Visual inspection using a speculum and
light source alone can be used. However, the disad-
vantage of this method is that it most easily identi-
fies invasive cancer which, although in the early
stages carries a good five-year prognosis, is a stage
later than current programmes target, and is more
difficult and costly to treat1.

2. Aided Visual Inspection (AVI) involves
the use of a simple magnifying lens to view cervices,
which have been treated with acetic acid solution to
highlight the abnormal tissue. A large prospective
study of 10,934 women in Zimbabwe showed the
sensitivity of AVI to be as high as 76-77%, com-
pared to 44.3% for cytology23. However, AVI had a
much lower specificity (64.1%) than cytology
(90.6%), and therefore would be a greater cost to the
system, and to the patient, in terms of false positives. 

3. HPV DNA Sampling (Hybrid capture
tests – HCT) identifies the presence of carcinogenic
HPV based on a signal that can be generated by var-
ious HPV types, including HPV 16 and 18, which
are more commonly associated with invasive dis-
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Figure 1: Illustrating the variation in 5 year survival rates in different
stages of cervical cancer (95% confidence interval)6
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ease. A recent study found a higher sensitivity in the
detection of CIN 2 and 3, with the combination of
Pap and HCT when compared with Pap alone.
However, the same study also found a significant
decrease in specificity.

At this time, for those countries able to
afford it, the Pap smear still remains the most effec-
tive means of detection, in terms of morbidity and
cost-benefit. HCT sampling has much potential as a
screening tool, especially as an adjunct to the Pap
smear, or as a screening tool in woman with ASCUS
(atypical squamous cells of undetermined signifi-
cance). However, larger randomised trials and eco-
nomic models must be carried out before its actual
effectiveness, as a screening tool, can be deter-
mined24.

TARGETING OF RESOURCES
Once it has been accepted that mass screen-

ing is worthwhile, then it is important to decide who
should be screened and how often screening should
be performed. There is no doubt that screening pro-
grammes are very expensive, costs in England being
over £200 million per annum. At a time when
rationing plays a large part in health economics,
public health departments must decide the most

effective way of expending resources.
The frequency of screening varies from

country to country. In America, the College of
Obstetricians and Gynaecologists suggest that
women are screened annually, and many are
screened more often. In Scandinavian countries, the
policy has been more conservative, with screening
recommended at three to five year intervals. In
Britain, screening is organised on a regional basis
for woman aged 20 yrs to 64 yrs, on a maximum of
a five yearly cycle; however most regions screen
three yearly. In the Grampian region, case control
studies showed that the longer the time since the last
negative smear, the higher the risk of invasive can-
cer and similarly, a higher risk of invasive cancer in
those who had never been screened20. Screening
every 2 to 3 years, however, has not been found to
increase the risk of finding invasive cervical cancer
significantly above the risk expected with annual
screening,25,26as was further corroborated by a
recent large multi-centre cohort study in the USA27.
This demonstrated that, in smears performed three
years after normal cytology, the incidence of HGSIL
(high grade squamous intraepithelial lesion) or
worse was uncommon, and that the incidence rate,
when it occurred within this time frame, was unre-

Figures 2 and 3:
The changes in the age-stan-
dardised incidence and mortality
in England21
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lated to the time since the last smear.
Mathematical simulations of the presumed

natural history of cervical cancer have been used to
try to devise an optimal screening programme. One
such study predicts a saving of resources of up to
25% for smear tests and 18% for colposcopies when
withdrawal occurs at the age of 50 yrs, as compared
to 64 years of age28. It should be noted that the risk
of cervical cancer does not disappear in this older
age group, however it becomes increasingly less cost
effective in those who have had constantly negative
smears; similarly this applies in those women under
the age of 20 yrs.

Another model compared the cost effective-
ness of increasing compliance in the population,
compared with more frequent smears. It was esti-
mated that, with a screening interval of three years,
increasing compliance from 70 to 80% led to a
reduction of cervical cancer from 2.1 to 1.6 cases per
10,000 women aged 18 and above.  It required an
increase of only 260 in the annual number of smears
and 2.4 in the annual number of colposcopies per
10,000 adult women. On the other hand, if compli-
ance remained fixed at 70% and the screening inter-
val was reduced to one year, the incidence of cervi-
cal cancer only fell from 2.1 to 1.9 cases per 10,000
adult women and required an increase in 3240 in the
annual number of smear tests and 9.3 in the annual
number of colposcopies per 10,000 adult women29.

In general terms, in order to make the great-
est impact on cervical cancer mortality, it is prudent
to target the higher risk groups of the population,
e.g. the lower socio-economic groups, other minori-
ty groups and those with higher risk of HPV infec-
tion. It has been suggested that the first smear should
be taken within two years of commencement of sex-
ual activity. Once there have been two negative
smears then smears should be taken every three to
five years until the age of 60, after which it is no
longer necessary to have a smear if all others have
been negative. In a woman presenting at 35 yrs or
later, the second smear should be performed within
one year to pick up false negatives, and then she
should have three to five-yearly smears. If abnormal
smears have occurred, screening should be carried
out more frequently, six monthly or annually,
depending on advice from the local cytology unit.
High risk women – including those with previous
abnormal smears, those who commenced inter-
course under the age of 17 yrs or with multiple part-
ners, those who have had genital herpes infections
and those with possible genital warts – should prob-
ably have annual smear. Further resources should
being spent in maximising compliance.

LIMITATIONS OF CERVICAL SCREENING
False negative smears can arise when a

woman is deemed as being without cervical abnor-
mality, when she actually has abnormal cells in the
cervix. This can be due to the limitations of the test
itself, as already discussed above (it is minimised
when the sensitivity is maximal). However, it may

occur in one of three stages once a woman has decid-
ed to undergo a routine smear: during the actual tak-
ing of the sample, during the preparation of the slide
and in the actual reading of the smear in the labora-
tory. It has been shown that approximately two-
thirds of false negatives occur as a result of sampling
(taking the sample and preparation of the slide), and
the remaining third from detection error30. 

Extensive reviews have been undertaken of
the correct technique of sampling, not least the use
of appropriate specula (brush tip vs. Ayre’s spatu-
la)31. Recent focus has centred on the detection error,
perhaps in part due to the media coverage of promi-
nent cases32. Most countries with mass screening
programmes have methods of quality control, be it
full rescreening of all smears; partial rescreening,
targeted/directed rescreening or rapid rescreening.  

Automated and semi-automated devices
have been developed to address the screening errors
related to slide preparation and detection. These
include automated, liquid-based slide preparations,
(Thinprep and Autocyte Prep), designed to provide
more representative cell samples of evenly dispersed
cells, and automated screening devices for the pri-
mary screening and quality control rescreening of
women whose previous results were negative.
Though much work needs to be done in assessing
the cost-benefit of such devices, they may provide a
further means in improving the effectiveness of cer-
vical screening in the future.

CONCLUSION
Cervical screening has been shown to have

a clear effect on the incidence and mortality of cer-
vical cancer and the debate no longer remains as to
whether or not to screen a population of women.
However, the question remains of how to most effi-
ciently screen that population with the resources
available.

To date the Pap smear appears to be the
most cost-effective method of detecting cervical pre-
cancer and although HPV testing may prove to be a
useful adjunct in the future, at the moment there is
insufficient data to advocate its routine use.

The greatest decreases in incidence and
mortality rates from cervical cancer have been seen
in those areas where mass screening programmes
were established. Where opportunistic screening
methods have been employed, screening has failed
to produce a sustainable fall in incidence and mor-
tality rates, while in areas where both mass screen-
ing and opportunistic screening have been
employed, mass screening has been seen to be supe-
rior.  

Mass screening has been shown to have the
greatest impact on mortality when those of greatest
risk are targeted. Economic modelling has indicated
screening to be most cost-effective when there is a
three-year screening interval and resources are con-
currently spent to maximise compliance. Screening
is only effective when there is appropriate follow-
up. This can best be achieved with a call-recall sys-



Cervical Screening

www.tcd.ie/tsmj 29

tem. 
Limitations in screening can be minimised

with the introduction of systems of quality control,
including the use of the correct sampling technique,
correct preparation of slide, and in improved detec-
tion. This may be aided with the use automated and
semi-automated devices in the future. Such systems
of quality control are difficult to introduce in areas
of opportunistic screening. 

Considering the recent increase in inci-

dence rate and mortality/incidence ratio in Ireland
with the current opportunistic screening policy, it
would seem prudent to recommend a change of pol-
icy to one of organised mass Pap screening. Such a
screening programme should incorporate an appro-
priate call and recall policy of three-yearly intervals
for those women with a normal smear, with
resources being concentrated on maximising com-
pliance, especially in those at highest risk.
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