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Foreword

The European School of Oncology came into existence to respond to a need for
information, education and training in the field of the diagnosis and treatment of
cancer. There are two main reasons why such an initiative was considered
necessary. Firstly, the teaching of oncology requires a rigorously multidisciplinary
approach which is difficult for the Universities to put into practice since their
system is mainly disciplinary orientated. Secondly, the rate of technological
development that impinges on the diagnosis and treatment of cancer has been
so rapid that it is not an easy task for medical faculties to adapt their curricula
flexibly.

With its residential courses for organ pathologies and the seminars on new
techniques (laser, monoclonal antibodies, imaging techniques etc.) or on the
principal therapeutic controversies (conservative or mutilating surgery, primary
or adjuvant chemotherapy, radiotherapy alone or integrated), it is the ambition
of the European School of Oncology to fill a cultural and scientific gap and,
thereby, create a bridge between the University and Industry and between these
two and daily medical practice.

One of the more recent initiatives of ESO has been the institution of permanent
study groups, also called task forces, where a limited number of leading experts
are invited to meet once a year with the aim of defining the state of the art and
possibly reaching a consensus on future developments in specific fields of
oncology. .

The ESO Monograph series was designed with the specific purpose of dissemi-
nating the results of these study group meetings, and providing concise and
updated reviews of the topic discussed.

It was decided to keep the layout relatively simple, in order to restrict the costs
and make the monographs available in the shortest possible time, thus overcom-
ing a common problem in medical literature: that of the material being outdated
even before publication.

UMBERTO VERONESI
Chairman Scientific Committee
European School of Oncology
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Introduction

Adel Gad 1 and Marco Rosselli Del Turco 2

1 Department of Pathology and Cytology, Falun Hospital, 79 182 Falun, Sweden
2 Centro per lo Studio e la Prevenzione Oncologica, Viale A. Volta 171, 50131 Florence, ltaly

In the early 1980s, approximately 250,000 women were enrolled in mammographic
screening programmes for early detection of breast cancer, either in controlled studies
(Two Counties, Sweden) or in demonstration projects (Utrecht/Nijmegen, the
Netherlands; Florence, Italy; UK trial, UK).

Results of these studies have led to the implementation of several other screening
programmes on a national or regional basis, which are presently inviting approximately
8-9 million women to periodic mammographic examination. An equal, or even greater
number of asymptomatic women refer themselves for mammography with preventive
purposes, in the absence of an organised screening programme.

The European Group for Breast Cancer Screening, founded in 1982 in Florence,
represented a unique opportunity for breast cancer screening pioneers to exchange their
experiences and to discuss results and organisational problems. The Group has
produced guidelines for the scientific community, which have been adopted in many
ongoing programmes, and it has greatly contributed to the development of
mammographic screening all over Europe.

Most studies of breast cancer screening and the largest screening programmes have
been performed in Europe and the evidence provided by these experiences is of
paramount importance for the design of newly implemented programmes all over the
world.

Ten years after its foundation, the European Group for Breast Cancer Screening, in
cooperation with the European School of Oncology, has produced this monograph,
which deals with the most urging questions concerning breast cancer screening. How,
when and where should new screening programmes be implemented? What are the
standards and the modalities for the quality control of the different phases of the
screening process? How should the existing resources be properly allocated to achieve
a relevant reduction in breast cancer mortality?

Screening for breast cancer in women over the age of 50 is one of the possible
strategies for the fight against cancer, its efficacy has been scientifically demonstrated
and it deserves to be implemented on a large scale as a current health policy.
Nevertheless, there are still open questions about breast cancer screening, such as the
treatment of screen-detected lesions, how to reduce the frequency of interval cancers,
and the efficacy of screening before the age of 50. These and many other issues for
research should be stimulated as well as the implementation of organised screening.
Each country will decide how much to invest on breast cancer screening according to its
resources and priorities, but all existing programmes should be properly monitorised, the
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same quality control standards should be adopted, and a common database should be
implemented to evaluate and compare the outcome of screening.

We believe that the European Group for Breast Cancer Screening should represent a
meeting point for all operators involved in breast cancer screening, to compare and
discuss the different experiences and to promote research, training and quality control all
over Europe.



Breast Cancer: The Scene in Europe

F. de Waard

Department of Epidemiology, University of Utrecht, Radboudkwartier 261, 3511 CK Utrecht, The Netherlands

In their widely cited monograph on screening,
Wilson and Jungner [1] have formulated a
number of criteria which have to be fulfilled
before screening can be justified. The first of
them reads that the disease under considera-
tion should pose an important public health
problem either by its prevalence, its severity,
or both.

In Northern and Western Europe, breast
cancer is undoubtedly a public health prob-
lem on both grounds. The cumulative inci-
dence rate over a woman's life time
(assuming a life expectancy of 80 years)
amounts to a 10% risk of disease occurrence.
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With a 10-year survival time of about 40%,
there is indeed a clear case for action.

In Eastern and Southern Europe, incidence
rates are considerably lower. Figure 1 docu-
ments the situation in the EC [2]. It would,
however, be useful to have more data from
the Mediterranean countries.

One wonders why the differences are so
great. In a recent study [3], we were able to
show that the variation in incidence rates
within Europe can to a large extent be ex-
plained by the well-known risk factors, i.e.,
age at first birth and body weight.

If Eastern and Southern Europe will socio-
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Fig. 1. Estimated incidence and mortality of cancer of the female breast in EC countries [2]
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economically catch up in the decade to come
with the West and North of Europe, this will
probably mean an increase in the incidence
of breast cancer. Thus, in the foreseeable fu-
ture they may also decide that active public
health intervention is necessary. Therefore,
an interest in mammographic screening is
already apparent in the Southern member
states of the European Community.

After the publication of the first results of the
pioneer study by Strax et al. in New York,
screening programmes were developed in
Sweden, ltaly, the United Kingdom and the
Netherlands. These studies have often been
discussed and it does not seem necessary to
repeat their results here. However, sufficient
success has been achieved in women over
50 years of age to convince the health au-
thorities in Sweden, Finland, the United
Kingdom and the Netherlands to set up. na-
tional screening programmes.

In the framework of the EC programme
"Europe Against Cancer” launched in 1986,
breast screening projects have been devel-
oped in Ireland, Belgium, France, Spain,
Portugal and Greece, according to common
guidelines. Each centre has by now gained
experience in screening at least 10,000
women. The centres have learned the art of
paying equal attention to high specificity (with
a high predictive value of a positive test) and
to high sensitivity.

Whereas the designs of the projects and the
measures taken to ensure high quality of
screening and diagnostic assessment can'be
harmonised to some extent, the social setting
of the various projects remains different. In
mountainous regions of Central Portugal,
Navarra and the Western Peloponnesos for
instance, women have to be brought by
minibus to regional centres where mobile
units are stationed for some weeks. Even
more important than the physical environment
are the administrative infrastructure of the re-
gions concerned and the sociocultural con-
text which determine participation rates of the
various target populations. Without minimis-
ing the efforts and achievement in the other
centres, the striking success of the Public
Health Department in the Spanish province of
Navarra in obtaining 85% participation
should be mentioned.

A centralised approach in population
screening is apparently not everywhere pos-
sible in Europe. This problem relates to
health initiatives as well as to the role of
vested interests by the medical profession. In
Strasbourg, Professor Renaud and co-work-
ers have intelligently sought to overcome the
latter problem by persuading all 70 radiolo-
gists in the Bas Rhin area to cooperate in a
programme of mammographic screening ac-
cording to common guidelines. All of them
send their mammograms to Strasbourg
headquarters (called Adémas) for a second
reading. Results are fed into a computer en-
abling the project team to compare results
and thereby adding an element of postgrad-
uate education to the programme.

| would not be surprised if this design would
be an example to be followed in those re-
gions where a centrally organised pro-
gramme encounters resistance. Of course,
the coordinating centre should build sufficient
authority into the design in order to ensure
quality control.

One of the targets of the European action
against cancer for 1994 is dissemination of
screening activities concerning cancers of the
breast and cervix uteri. As far as breast
cancer is concerned, it would appear justified
to stop service programmes for women under
the age of 50 since this would put a stop to
the ongoing discussion on the merits of
mammographic screening.

Within Europe of the Twelve, we look forward
to seeing Denmark involved in breast cancer
screening; given their infrastructure they
should be able to make a success of it. The
same holds for Norway and Iceland. Germany
and Luxemburg might look to Strasbourg,
and perhaps this recipe might also apply to
Switzerland and Austria.

It is at present difficult to say whether mam-
mographic breast cancer screening has a
high priority in public health action in Eastern
European countries. Breast cancer incidence
is definitely lower than in North West Europe
and it could be that when comparing cost ver-
sus effects other choices would be made. It
goes without saying that European solidarity
nowadays is strong enough to provide our
neighbours with advice on how to implement
a screening programme as soon as they feel
fit for such endeavour.
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Overview of European Screening Programmes

Leo Pas 1 and Bernt-Peter Robra 2

1 Cancer Prevention Centre of the Free University of Brussels and Brussels Project on Breast Cancer Screening and
Flemish Institute of General Practitioners, De Burburelaan 38, 1970 Wezembeek-Oppem, Belgium
2 Institute of Social Medicine, Epidemiology and Public Health, Magdeburg Medical School, Leipziger Strasse 40,

0-3090 Magdeburg, Germany

Service Screening and Pilot
Programmes

Following the series of trials looking into the
effectiveness of screening, we are presented
with a new challenge: will it be possible to
transfer the knowledge thus obtained to a
wider population and, thereby, produce simi-
lar results within the everyday setting to those
carried out within a strongly motivated trial
scenario? Will it be possible to keep a firm
check on quality and costs?

On the basis of increasing evidence in favour
of mammographic breast cancer screening,
the United Kingdom, the Netherlands and
Sweden are implementing nationwide
screening programmes for breast cancer. The
Danish Board of Health also recommended
the Danish counties to set up breast cancer
screening, but only one county (Copenhagen)
has begun such a programme. ' ’
A number of local programmes are running in
other parts of Europe, encouraged, largely, by
the European Community: the "Europe
Against Cancer" programme co-sponsors a
number of pilot projects in Belgium (Brussels
and Flanders ), France (Strasbourg), Greece
(Athens), Ireland (Dublin), Spain (Navarra)
and Portugal (Coimbra). The projects are co-
coordinated and training facilities are cen-
tralised.

It is important, in countries with less experi-
ence in mammographic screening, to organ-
ise pilot projects before setting up screening
programmes on a larger scale. The objective
of a pilot project is to define future policy,

which can be of 2 kinds: feasibility studies,
which will plan at a local level the manpower,
resources and organisation modalities re-
quired for further programmes, and compara-
tive studies on the diverse organisational
modalities (medical, psycho-social and finan-
cial aspects).

That there should be a need for organised
screening programmes has been amply
demonstrated by an analysis of cervical
cancer screening. Reductions in mortality in
the overall population were observed espe-
cially wheresoever there was an organised
approach, as opposed to those areas where
no such programme was installed. Such
"opportunistic screening” tends to reach the
groups of a lower age and at a lower risk.

We will therefore consider only those pro-
grammes with a clearly defined target popu-
lation, clearly defined procedures to reach
this population and elementary monitoring
and with at least 10,000 recruited women.

Programme Differences

In countries with free access to mammogra-
phy, a considerable increase in equipment
and mammography performance outside offi-
cial programmes has been observed (France,
Belgium). In Belgium, for instance, a two-fold
increase in mammographic activity can be
identified from health-insurance data over the
past 3 years.
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The general characteristics of the different
European programmes are similar, but diver-
gences are related to historical background or
local characteristics of health services, terri-
tory or cultures.

Examples

In the United Kingdom, a governmental
Committee, chaired by Sir Patrick Forest, re-
commended the establishment of fixed re-
gional screening centres. Women in the 50-
64 age group are invited from the lists of fam-
ily practitioners, whereas women over 65 will
not be invited but can be screened on re-
quest. The routine interval has been fixed at 3
years.

The British screening programme has been
preceded by a national trial based in 4 cen-
tres (Guildford, Edinburgh, Nottingham and
Huddersfield). Together with Manchester, 3 of
them became the official reference and train-
ing centres for the programme.

The Primary Health Care teams of the
National Health Service provide correct ad-
dresses to the family health authority services,
excluding non-eligible women by checking
"prior notification lists" sent to them by the
inviting office, examine the motivation of
women to respond to the invitation and refer
for further assessment. Social and emotional
aspects can be dealt with either at the screen-
ing centre or at the primary health-care level.

Health services in Italy are regionalised. The
regions differ in their stage of service devel-
opment. The availability of diagnostic mam-
mography differs along a north-south gradi-
ent. Based on the detailed evaluation of a
screening centre and a local cancer registry
set up in 1970, a pace-setting programme
was started in Florence.

The cancer screening programme of the statu-
tory health-insurance system in Germany
includes a physical examination of the breast
and instructions for breast self examination for
all women aged 30 and over. Mammography
is foreseen for high-risk women (positive fam-
ily history or previous abnormalities) and for
diagnostic purposes. Approximately 1,700
units examine 2.5 million women each year.
Hence mammography is already freely avail-
able. Screening mammography for symptom-
less women is not included yet in the health-

insurance package. In the former German
Democratic Republic, about 100 mammo-
graphic units are available but most of them
will have to be replaced for technical reasons.
The German Mammography Study has been
assigned to develop training and quality as-
surance in preparation for mammographic
screening. Two service regions of 34 mam-
mographic units (41 physicians) are involved.
Women of 40 years and older are invited by
post. The first 3 invitations take place on an
annual basis, after which a 2-yearly interval
will be recommended.

Screening Modalities (see Table 1)

Age Range

Although the efficacy of mammographic
screening on the reduction of mortality in
women under the age of 50 has not been
proved, some programmes start at a lower
age. The Swedish Board of Health is re-ex-
amining data with a view to including younger
women. In the United Kingdom, a trial com-
prising 160,000 women in the 40-49 age
group has been activated in order to deter-
mine the efficacy of mammography in this age
group.. Assuming a mortality reduction of 8%,
models drawn up on data from the Dutch pilot
areas show that increasing coverage in the
older age-groups is certainly more cost-effec-
tive.

Interval

According to the prevailing knowledge that 2-
3 yearly intervals are sufficient to obtain the
mortality reduction aimed at, intervals of 2
years are most common. In the United
Kingdom, the national programme started
with a 3-yearly interval. A trial on different
screening intervals is now running in the
United Kingdom. In Sweden younger women
are submitted to an interval of 18 months.

Number of Views

At the initial screen, common consensus is
that a 2-view mammogram will effect a de-
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Table 1. European mammography programmes (> 10,000 women)

Territory Pilot Start Invited Age range Mi PE Mobile/fixed
covered Service MX units
Belgium

Brussels P 1992 110,000 50-69 21 +/- Fd

Ghent P 1992 15,000 40-64 21 +/- Fd

Flanders P 1989 45,000 50-64 1 +/- M
Denmark

Copenhagen P 1989 150,000 50-69 21 F
Finland S 1987 275,000 50-62 Fc/d
France

Strasbourg P 1989 73,000 50-64 1 + Fd

Rhone P 1987 50-69 1 Fd

Arcades P 1989 80,000 50-65 1 Fd

Sarthe P 1989 60,000 50-69 1 Fd

Montpellier P 1990 - 40-70 2 M
Germany

National S 1971 30+ High risk + Fd

Mammography

Study P 1989 600,000 40+ 2 + Fd
Greece

llia P 1989 21,500 40-65 2 - M
lceland S 1989 250,000 40-69 2 SM
Ireland

Dublin P 1989 35,000 50-64 2
Italy

Florence P 1970 35,000 40-70* 2 - M

S 1990 64,000 50-70 2 - FM

Torino P 1991 144,000 50-69 1 - Fd

Brescia 1987 25,000 50-60 2 +

Cossata 1989 17,000 50-70

Massa 1989 15,500 40-70

Val Trompia 1988 12,611 50-70
Luxembourg ] 1992 34,000 50-65 2 Fd
Netherlands S 1990 1,500,000 50-69 21 - mix
Portugal

Coimbra P 1990 140,000 45-55 1 M
Spain

Navarra S 1991 60,000 45-65 1 - mix
Sweden S 1989 40-54 2/1 - F/mix

. 55-74 1

United Kingdom S 1990 4,000,000 50-64 1 - mix

PE = physical examination; F = fixed units; c = centralised units; d = decentralised units; M = mobile units; SM = semi-
mobile units; mix = combination of mobile and fixed units; + = yes; - = no
* Since 1990, the lower age limit shifted to 50; the "new 40s" will thus not be invited.

crease in the number of women recalled

thanks to the increased positive predictive

value of mammographic interpretation. The fi-
nancial benefit from 1 view would be counter-
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balanced by many technical recalls. Two
views are performed in most programmes, but
will be followed more often by 1 view in sub-
sequent rounds (except in dense breasts)
(2/1). For the same reason, some health au-
thorities in the United Kingdom (45%) offer 2-
view mammography at the first round, depart-
ing from the national minimal requirements.

Centralised Mammography Services

Except for the HIP study, the original pilot
studies and trials all operated in centralised
health-service systems in which 1 centre
could address women from a large popula-
tion.

Extension of screening centres to decen-
tralised systems with more liberal access to
services, based on fee-for-service, is not likely
to be accepted by the medical profession. In
such a situation, involvement of private radi-
ologists in centrally coordinated screening
programmes would be tested.

A centralised mammographic service can be
defined as the provision of 1 screening unit to
a defined population (c in Table 1). In a de-
centralised approach, a high number of
mammographic units will serve the population
(d in Table 1). Such an organisation prevails
in mid-European countries with a fee-for-ser-
vice payment and a high proportion of pri-
vately functioning radiologists (Belgium,
France, Luxemburg and Germany).

In Finland, one third of practising radiologists
(approximately 100) are working on a part-
time basis in screening centres run and co-fi-
nanced by the cancer society and the munici-
pal health service; some are run in a special
municipality-owned health examination com-
pany. All radiologists have been specifically
trained.

Mobility of Screening Units

In Iceland, women are regularly taken to cen-
tral units for cervical screening. Semi-mobile
units for mammographic screening are trans-
ported to such places at appropriate intervals
for the target population.

The more dispersed populations in remote
areas (Wales, Scotland, Cornwall in the

United Kingdom; non-coastal area in
Portugal) can be reached by mobile units.
Such mobile units are generally connected to
more centrally placed fixed units (F in Table
1).

In mixed systems, the central units generally
send the invitations, coordinate the pro-
gramme, perform film reading and further
assessment. Daylight processing may be per-
formed in mobile units, allowing the position-
ing and quality of the image to be checked on
the spot. Mammograms are generally read at
the central office from where the invitations
are sent.

In the Greek pilot project a mobile unit serves
the area, but women are still brought from re-
mote rural areas to the mobile unit.

Access

In countries where the medical profession is
paid on a fee-for-service basis (Belgium,
Germany, France, Luxemburg), the role of
primary care physicians and gynaecologists
is fundamental in encouraging women to un-
dergo a mammography. Physical examination
may or may not be performed by these physi-
cians (+/-). If physical examination is per-
formed, the population sent to mammographic
screening will be asymptomatic, while symp-
tomatic women are referred directly to diag-
nostic assessment (Strasbourg, Brussels,
Germany). The extent to which self-referred
women will participate may also largely vary:
in Strasbourg, women have direct access to
the involved units, while in Brussels the
women must first see a physician, although
they may be directly transferred.

In the United Kingdom acceptance of self-re-
ferred women will depend on the local policy
of the health authority.

Assessment

The place where assessment is performed dif-
fers according to the national health-service
structure and can be either performed in a
setting linked to the screening clinic or in the
habitual hospital health-service setting.

The Swedish, Italian, Dutch and British
assessment systems are described in the
chapter by Dr. B. Thomas in this monograph.



In the Belgian, French, Luxembourg and
German programmes, assessment can be
performed both in the hospital sector and in
the outpatient sector. In these countries,
consensus and training meetings must stimu-
late adequate approaches.

Systematic Population Approach

The effectiveness of screening largely de-
pends on the population coverage. Syste-
matic invitation by letter is considered a very
efficacious way of recruiting women to
screening centres. Such invitations should be
centrally issued and be based on an accurate
population registry.

In the United Kingdom, the family health au-
thority services provide addresses based on
general practitioners' lists, which may pose
problems of accuracy, although recent com-
puterisation should have solved some of
these problems.

In the Scandinavian countries, the unique
personal identification number largely facili-
tates invitation and monitoring of screening
based on accurate population registries.

In the Netherlands, the use of population
registries depend on the cooperation of mu-
nicipalities. Accuracy of the database is good,
but sometimes local authorities set other prior-
ities.

The pilot project in Strasbourg does not op-
erate systematic invitations as the electoral
lists are not satisfactory, but an extensive
population information campaign has been
set up, prepared by a population survey.
Women are expected to be referred through
their family physician or gynaecologist.

The French project in Montpellier has intro-
duced interpersonal mobilisation of women
by voluntary groups of women in addition to
systematic invitation based on electoral lists.
Such programmes might result in a high rate
of self-referred women. As this may influence
the results selectively, the effects of such or-
ganisations must be carefully assessed be-
fore they can be extended widely.

In Germany, a multiphase screening pro-
gramme has existed on a national level since
1971. It is based on the annual sending of an
“authorisation form" to the people.

Overview of European Screening Programmes 11

The national Luxembourg programme will op-
erate in the same way.

In highly mobile populations, populations with
lower socio-economic level or of different
ethnic groups, problems may arise with writ-
ten invitations. Such problems have been
identified for instance in inner cities (London,
Manchester). In such cases, systematic invita-
tion may be insufficient and opportunistic, and
self-referred women or special campaigns
may be needed.

Quality Assurance Systems

The previous screening trials have set the
standards for quality assurance, with daily
recording of baseline parameters for process-
ing performance, maintenance prescriptions,
and regular image quality control.

In the Netherlands, all screening units are
linked by modem to a central reference unit in
Nijmegen. Daily running parameters are
checked against a standard and authorisation
is given to start the mammography.

Originally, double reading was not required in
the highly motivated and experienced trial
centres. With the extension of screening to
service level, the reference centres performed
de facto double reading due to continuous
availability of trainees. Pilot projects spon-
sored by the European community all involve
double reading of mammograms as a rule.

In the Strasbourg pilot project, double reading
is one of the major features of the quality-as-
surance programme. It allows for monitoring
image quality in a decentralised system by
private radiologists. This provides private ra-
diologists with an opportunity for coordination
and training in a liberally functioning health-
service system. This process is likely to
increase sensitivity and specificity in such a
situation.

Monitoring Systems

The monitoring of programmes should essen-
tially be based on the linkage of individual
data concerning invitation, participation, the
results of screening tests and further work-up
procedures. In the case of positivity, invitation
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and participation lists, screening results and
follow-up data must be gathered in a central
computerised database. Moreover, interval
cancer can be identified through cancer regis-
tries, thereby defining the sensitivity of the
programme.

If such registries are absent, it is recom-
mended that they be created together with the
planning of projects or service screening.
They particularly allow early parameters of
efficacy to be determined and proper action to
be taken in the case of observed deficiencies.
In the Netherlands, a special monitoring sys-
tem has been set up in collaboration with the
Regional Cancer Control Offices. Data are
merged in an automated central database for
epidemiologic monitoring. Coding and access
are strictly regulated.

Planning

Given the multidisciplinary functions of breast
cancer screening and its extension to service
level, particular attention should be given to
formal coordination.

The screening units in Sweden are generally
linked to a hospital in a centralised health sys-
tem. Screening, assessment and treatment
decisions are regularly discussed in multidis-
ciplinary meetings involving screening staff,
cytologists, pathologists and surgeons.

In the United Kingdom, coordinators ap-
pointed locally are responsible for the good
functioning of the programmes, with particular
emphasis on participation, quality assurance
and follow-up of screen-detected lesions.
National coordinating groups have been set

up dealing with the programme coordination
of different aspects such as quality assurance,
pathology reporting and proficiency testing,
and primary health-care coordination.

In the Strasbourg pilot centre, a formal con-
tract is signed with private radiologists to as-
sure their adherence to the principles of the
programme. In return, the insurance system
reimburses them with a special fee for screen-
ing.

The Brussels project has formally involved
physicians from all professions in a local so-
ciety to evolve the detailed practical modali-
ties of the programme and set standards of
care.

Conclusion

The technical basis of mammographic screen-
ing is .identical but the way service pro-
grammes can be conceived largely depends
on local health-service characteristics and
available resources, of which adequate man-
power is an essential part.

Programmes differ largely in the way the tar-
get population is recruited, the number of
units required for this population, the way the
link with the curative health sector is struc-
tured, and the facilities available for monitor-
ing.

Such modalities will define the effectiveness
and the costs. The varied experience of pi-
oneers and pilot project members of the
European Group for Breast Cancer Screening
will ensure further refinement of our knowl-
edge in adapting the technique to local set-
tings.
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Because screening is offered by the medical
profession to supposedly well women in the
general public, there is a particular ethical re-
sponsibility to be certain that it is effective in
its implicit purpose of saving lives, and that
the level of benefit it offers outweighs its costs
and disadvantages to the women concerned.
A large amount of research has therefore
been undertaken to measure the value of
screening for breast cancer.

Soon after setting up a screening pro-
gramme, there are 3 measures that are com-
monly claimed to indicate that it is beneficial,
namely (i) a yield of cancer greater than the
expected incidence, (ii) a shift to an earlier
stage distribution, and (iii) a lower case-fatal-
ity rate among screen-detected cases than
among symptomatic cancers. These findings
are common to all breast cancer screening
programmes but, while they are necessary
concomitants of successful screening, on
their own they are insufficient to prove that
deaths from breast cancer are being pre-
vented. It could be that screening is merely
advancing the date of diagnosis of tumours of
low malignant potential that would not prove
lethal, even if left until they were symptomatic.
It is perhaps worth pointing out why case-fa-
tality rates are not so useful in evaluating
screening as they are in evaluating the effects
of different treatments. There are several fac-
tors, each of which biases case-fatality com-
parisons in favour of screen-detected cases.
Firstly, case-fatality rates are expressed in
terms of the proportion of cases which have
died within a set time from diagnosis.
Screening advances the date of diagnosis
and therefore automatically extends the pe-
riod between diagnosis and death; this is

known as lead-time bias. Secondly, the type
of women who take up the offer of screening
are likely to be health-aware women who
would, even in the absence of screening,
present early with symptoms and have a
good prognosis. This is called selection bias
and is well illustrated by the fact that in most
of the prospective trials discussed below,
women who did not attend for screening had
a higher breast cancer mortality rate than
women in the control group. Thirdly, slowly
growing tumours spend a longer time than
aggressive fast growing tumours in the phase
when they are pre-symptomatic but de-
tectable by screening; therefore, the cases
detected by screening contain an excess
proportion of slowly growing cancers and a
deficit of cancers with high malignant poten-
tial and this length bias clearly affects case-
fatality comparisons. Finally, an extreme form
of length bias is the detection by screening of
apparently malignant lesions which, had they
not been screened, would have remained
latent and undiagnosed throughout the
woman's life-time. This over-diagnosis bias is
likely to apply particularly to cases diagnosed
at the prevalent screen and possibly also to
cases detected in the in-situ phase. All these
biases make case-fatality comparisons
inappropriate for evaluation of screening.

If case-fatality rates are inadequate, which
alternatives are available? The answer is to
compare the number of breast cancer deaths
in a whole population for whom screening
has been provided and a population for
whom it has not, in other words, using breast
cancer deaths per women in the population
as the indicator rather than breast cancer
deaths per patient.
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There are a number of different epidemiologi-
cal study designs which can be employed to
compare breast cancer mortality rates among
populations with and without screening pro-
grammes. The methods and their main find-
ings are described below.

Prospective Randomised Controlled
Trials

This ideal study design involves identifying a
population of women (none of whom have di-
agnosed breast cancer at entry to the trial)
and randomly allocating them either to a
study group who are offered screening or to a
control group who are not. All breast cancers
diagnosed in both groups over the ensuing
years are recorded; it should be noted that in
the study group the breast cancers are not
only those detected by screening but include
also cancers presenting symptomatically at
an interval after a negative screen (interval
cases), and cancers presenting among
women who did not attend. This is because
these non-screen-detected cancers must
have their counterparts in the control group.
Eventually a comparison is made between
the number of deaths from breast cancer in
the total study and control groups.

The Health Insurance Plan (HIP) of
Greater New York Trial

This classic study was started in New York in
1963 [1]. Its design and main findings are il-
lustrated in Figure 1. Sixty-two thousand
women aged 40 to 64 who were members of
the Health Insurance Plan were randomly al-
located to study or control groups. Those in
the study group were individually invited to be
screened by mammography and physical ex-
amination of the breasts on 4 occasions at
annual intervals. Screening then stopped.
The mortality comparison is restricted to
breast cancer deaths among women whose
cancer was diagnosed during the first 5 years
because by this time the number of breast
cancers in the control group had caught up
with the number in the study group, indicating
a comparable case-mix in both groups. A

mortality difference in favour of the study
group began to appear within about 4 years
of entry and reached its maximum between 5
and 7 years, then being maintained for the
remainder of the 18 year follow-up. The mor-
tality reduction was 38% at 5 years, 29% at
10 years and 23% at 18 years.

The Swedish Two-County Trial

Following the early promising results from the
HIP study [2], a number of other investigations
were set up to confirm or refute the benefit of
screening. The first of these was the Swedish
Two-County study [3] in which 133,065
women aged 40 to 74 and resident in
Kopparberg and Ostergétland Counties were
randomised into study and control groups, the
units of randomisation being parishes, not
individudls. In Kopparberg, 2 parishes were
allocated to the study group for every one al-
located to the control group, and in
Ostergétland they were evenly split, resulting
in 77,080 women in the study group and
55,985 controls. Women in the study group
were invited for screening by single oblique
view mammography and almost 90% ac-
cepted. The average interval between
screens was 22 months for women aged 40
to 49, and 33 months for women aged 50 to
74. After an average follow-up of 7.9 years,
there was a 31% reduction in breast cancer
mortality in the study group significant at the
0.001 level.

The Malmé Trial

The next trial to report its findings was an-
other randomised controlled trial from
Sweden, in the city of Malmé [4]. Women
aged 45 to 70 were individually randomised
to study (21,088) or control group (21,195).
Seventy-four percent of the study group at-
tended for screening, which was by 2-view
mammography, with screening repeated at
18 to 24-month intervals. During the first 7
years of the trial, breast cancer mortality was
higher in the study group than the controls but
by 10 years, cumulative mortality in the study
group was marginally lower (4%). The inves-
tigators were extremely careful to verify the
cause of death in each breast cancer case,
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62,000 women
aged 40-64

Random allocation

31,000

Study Group

Invited for Screening

Screened
20,708

[ ]

Screen-detected Interval
cancers cancers
132 93

Control Group
31,000
]
Not Screened
10,292
Non-Attender Control Group
cancers cancers
78 295

Breast Cancer Deaths
126

Breast Cancer Deaths
163

Fig. 1. Summary of HIP study, showing cancers diagnosed within 5 years from entry; and breast cancer deaths among

them up to 18 years from entry [1]

but the study had 2 problems, firstly consider-
able contamination of the control group, 25%
of whom had a mammogram, and secondly
an insufficient sample size to give the trial
statistical power. Thus, there is a wide zone of
uncertainty around the point estimate of a 4%
mortality reduction (95% CIl 32% to -35%).
Nevertheless, the findings of such an insignif-
icant effect threw doubt on the optimistic esti-
mates of benefit reported by the first 2 trials.

The Edinburgh Trial

Another randomised trial was started in
Edinburgh, Scotland, in 1979 [5]. The units for
randomisation were general practices, virtu-
ally the whole population being on the list of a
general practitioner. Forty-five thousand
women aged 45 to 64 were identified on the

lists of the general practices in the study, and
randomisation resulted in 23,226 in the study
group and 21,904 in the control group.
Women in the study group were invited for
screening by physical examination every year
for 7 years, and mammography was also
provided at the first, third, fifth and seventh
rounds; only 61% of invited women attended
for screening. After 7 years mortality was 17%
lower in the study group than the control
group, but the 95% confidence intervals were
wide (42% to 18%) and the difference is not
statistically significant.

The Stockholm Trial
In Stockholm, Sweden, 60,000 women aged

40 to 64 were individually randomised into a
study group (40,000) or a control group
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(20,000). Screening was by single oblique
view mammography alone, with an average
interval of 28 months between screening
rounds, and 82% of study group women were
screened at least once. A preliminary analy-
sis with an average follow-up of 7 years
showed a 24% reduction which again was
not statistically significant [6].

Thus, the 3 most recent trials, although con-
sistent with the conclusion that screening
saves lives, gave less optimistic estimates of
the level of benefit that could be achieved
and none were statistically significant. One
important point is that none had a large
enough sample size to give the trial sufficient
statistical power to prove or reject the hypoth-
esis. The power of a trial is crucially depen-
dent on the number of deaths in the control
group as well as on the level of mortality re-
duction it is intended to prove or disprove,
and none of these trials seem to have calcu-
lated in advance the expected deaths in a
control cohort of women free from diagnosed
breast cancer at entry [7].

Prospective Geographical
Comparisons

A study design similar to that of a randomised
controlled trial is used in comparing breast
cancer mortality in geographical areas with
different screening provision, although be-
cause the women are not randomly allocated
there may be underlying factors, other than
the screening intervention, contributing to a
mortality difference, and more cautious inter-
pretation is required.

The UK Trial of Early Detection of
Breast Cancer

Between 1979 and 1981 this trial enrolled
nearly 240,000 women aged 45 to 64 living in
8 geographically separate districts in the
United Kingdom [8]. Two districts invited
45,956 women to be screened annually for 7
years by physical examination with mammo-
graphy in alternate rounds (the study group of
the Edinburgh trial mentioned above was one

of these districts). Two more districts invited
63,571 women to a teaching session to learn
about breast self-examination (BSE) and also
provided a diagnostic breast clinic which
women could freely use. The remaining 4
districts, in which 127,109 women were iden-
tified but not contacted, served as a control
group. As well as keeping a record of
screening and BSE class attendance, all
breast histology (benign as well as malig-
nant) in these women in all 8 districts was
recorded, together with deaths from breast
cancer and from all causes. Acceptance of
screening was 67%, but only 45% of women
accepted the invitation to a BSE class; a
sample interview survey found that one year
later 41% of women in one of the BSE dis-
tricts were performing BSE adequately com-
pared with 27% in one of the control districts
(p <0.01) [9].

After 10 years of follow-up, there was a statis-
tically significant 20% reduction in breast
cancer mortality in the combined screening
districts compared with the combined
comparison districts, although the 95%
confidence intervals are still wide, consistent
with anything from a 5% to a 33% reduction.
There was no difference in mortality between
the BSE districts combined and the
comparison districts.

The Utrecht Study

In the Netherlands, the city of Utrecht started
a screening programme in 1974 for women
aged 50 to 64 (and subsequently for younger
cohorts) [10]. All women aged 50 to 64 were
invited for screening by physical examination
and mammography on 5 occasions at in-
creasing intervals, and 72% were screened at
least once. A comparison between Utrecht
and 17 other Dutch cities with no screening
showed that breast cancer mortality among
women born between 1911 and 1925 rose
steadily over the 13-year period from 1970 to
1983 in the other cities but in Utrecht it lev-
elled off in the late 1970s, resulting in an in-
creasing gap between Utrecht and the others.
While it is not possible to put a quantitative
estimate on the mortality reduction this repre-
sents, the pattern is similar to that seen in the
more formal trials.
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Conclusions from Prospective Trials

All of the studies described above address
the public health question of how many
breast cancer deaths can be avoided by a
population-based screening programme. A
statistical meta-analysis of the different ran-
domised trials has not been done although
an overview of the Swedish trials is currently
in progress. Day, combining the trials
“naively”, suggests that a pooled estimate of
the mortality reduction achieved by screening
populations of women aged over 50 is 29%
(95% confidence intervals 17% to 39%) [11].

As already seen, these population-based
controlled trials of necessity include breast
cancer deaths among never-screened
women in the study group and, depending on
the level of compliance, underestimate the
percentage mortality reduction among
women who actually were screened. Making
allowances for compliance and for the fact
that mortality in never-attenders exceeded
that of the control group in all but the HIP ftrial,
Day gives a conservative estimate of 39%
lower mortality among screened women aged
over 50. The question of differential effective-
ness in different age groups is discussed
lated in this chapter.

The failure of the UK trial to show any reduc-
tion in mortality in the BSE districts could in
part be attributable to low compliance with
BSE in comparison with screening compli-
ance. The lack of any demonstrable effect
shows that the programme of education was
ineffective at the population level, but does
not necessarily mean that for individual
women breast self-examination is ineffective.
This remains an open question.

Retrospective Case-Control Studies

A case-control study design has been used to
evaluate screening programmes where no
control population was available. Because of
the retrospective design, these studies are
easier to conduct and have the advantage of
low cost. However, problems in the definition
of cases and controls and potential sources of
biases have been identified and discussed in

detail [12,13]. Briefly, cases are women dead
from breast cancer diagnosed after the start of
the programme, while age-matched controls
are randomly sampled from the general
population. Their screening histories are
recorded up to the date of diagnosis of each
case and then compared. The resulting odds
ratio is an estimate of the risk of dying from
breast cancer of women who accepted to be
screened in comparison to women who re-
fused to be screened. While other potential
confounding factors can be controlled in the
design, the role of selection bias cannot be
completely excluded.

In order to compare estimates of mortality re-
duction provided by case-control studies with
those from randomised trials, the compliance
of the invited population has to be taken into
account. Overall, the agreement is reason-
able and results of the case-control studies,
carried out in populations with widely different
health-care systems and cultural back-
grounds, can be considered as supporting
the evidence of the mortality reduction shown
by randomised trials.

The Dutch Studies

Two case-control studies of breast cancer
screening were first published from Nijmegen
[14] and Utrecht [10] in The Netherlands.
Different results were reported, possibly be-
cause of differences in age ranges for invita-
tion (35+ vs 50-64), in other details of study
design (case definition) and also in the origi-
nal screening protocol. The 2 programmes
had been started in 1975 and 1974, inviting
about 30,000 and 20,000 women, respec-
tively. The Nijmegen study identified 46 cases
and found a relative risk of dying from breast
cancer of 0.48 (95% CI 0.23-1.00) for
screened vs unscreened women; in Utrecht,
again 46 cases were studied and the relative
risk estimate was even more favourable,
namely 0.30 (95% CI 0.13-0.70).

The Florence Study

This programme was started in the Florence
district in 1970 but additional towns were in-
volved over the period 1970-81. Overall, at
the 1981 census, the female population in the
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40-70 age group periodically invited to
screening reached 33,000. A first study [15]
considering 57 cases dead in the period
1977-84, found a relative risk of 0.53 (95% ClI
0.29-0.95) after adjustment for potential con-
founders (marital status, use of health ser-
vices and education). This finding was con-
firmed in an updated analysis 3 years later
[16].

Effectiveness in Different Age Groups

One consistent but disappointing finding in all
research into the outcome of breast screening
is that it is less effective in women aged under
50 when first invited to be screened, and in-
deed no trial has yet shown a statistically
significant difference in this age group. Three
trials suggest some benefit, namely the HIP
study (25% mortality reduction after 18 years),
the Swedish Two-County trial (8% mortality
reduction after 9 years) and the UK Trial of
Early Detection of Breast Cancer (26% re-
duction after 10 years). But others suggest an
excess mortality in this age group, Malmé
finding 29% excess mortality in women aged

40-49:

HIP —t L
Stockholm v I

Swedish 2C

45-49;

Edinburgh ‘ {

UKTEDBC

5§_54-

Malmo f 1

_J

1 ] 1
0 0.6 1.0 1.5 2.0 2.5

Risk of breast cancer death in study group
relative to that in control group (= 1.0}

Fig. 2. Summary of results from breast cancer
screening trials in women aged 40-54

less than 55, and Stockholm 7% excess in
women below 50. The Edinburgh trial
showed virtually no effect in women aged 45
to 49.

All these analyses suffer from lack of statisti-
cal power, having very wide confidence inter-
vals surrounding the point estimates of mor-
tality difference. This is illustrated in Figure 2
which shows for each trial the risk of breast
cancer death in the study group relative to the
control group. Any point less than 1.0 indi-
cates a mortality reduction, more than 1.0 a
mortality excess. The bars extending from the
point estimates represent 95% confidence
intervals, all of which overlap 1.0, the point of
no effect.

Similarly in the case-control studies, the
highest protection was shown by the Utrecht
study [10] in which only women aged 50-64
were invited. In Florence [16] the analysis in
the 40-49 age group showed a weaker effect,
far from statistical significance, in comparison
to older women, but only 28 cases were
available. Lack of statistical power in age-
group analysis is common, however, but
pooling of published case-control studies has
not yet been planned.

Further studies, focussing specifically on
younger women, are underway in Canada
[17] and in the UK [18]. The UK trial is recruit-
ing a cohort of 195,000 women aged 40-41,
randomly allocating them to study or control
groups and offering the study group annual
mammographic screening (2 views) for 7
years. The large sample size will give the trial
80% power to detect a statistically significant
22% mortality reduction (or greater) after 10
years of follow-up.

Thus, on present evidence the benefit of
screening women under the age of 50 is
uncertain, but it seems likely that with
screening as practised in the past, any benefit
in terms of mortality reduction is likely to be
considerably less than that in older women.

Sensitivity and Frequency of
Screening

One reason contributing to the disappointing
findings in younger women is that both
mammography and physical examination
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have poorer sensitivity for cancer detection in
pre-menopausal breasts. This is well illus-
trated in the Swedish Two-County study using
the proportional incidence method for es-
timating sensitivity [19].

The proportional incidence method depends
upon knowledge of the expected incidence of
breast cancer in screened women if they had
not been screened; this can be derived from
the control group (after adjusting for inci-
dence in non-responsers). Interval cancers
occurrring within successive years from neg-
ative screening are then subtracted from the
number expected if there had been no
screening. The remaining number represents
those cancers which would have presented
that year had they not been detected earlier
by screening. This is expressed as a propor-
tion of the expected incidence and represents
the sensitivity of the screening test.

Among women aged over 50 in the Swedish
Two-County study, in the first 12 months after
a negative screen, interval cancers repre-
sented 13% of the expected incidence, giving
a sensitivity of 87% in the first year. Between
12 and 24 months after a negative screen,
interval cancers represented 29% of the ex-
pected incidence, giving a sensitivity of 71%
in the second year after screening. But in
women aged 40-49 there were proportionally
more interval cancers and sensitivity was only
62% in the first year after a screen, falling to
32% in the second year. Thus, the ability of
screening to detect cancers is clearly much
worse in younger women than in those aged
50 or over.

This method of estimating sensitivity in suc-
cessive time periods after screening clearly
also gives useful information for decisions
about the frequency with which screening
needs to be repeated. Among women over
50, sensitivity in the Two-County trial was
shown to fall from 87% in the first year after
screening to 71% in the second year, to 55%
in the third year. Similarly in Utrecht, which
experimented with different intervals, interval
cancers rose, approaching the pre-study inci-
dence rate during the fourth year after a
negative screen [20].

Most breast screening programmes have
opted for an interval of 2 years between rou-
tine re-screens, although the UK programme
was set up with a 3-year interval, on the basis
that in women aged 50 and over a mortality

reduction of 40% was seen in the Two-
County trial with screening by single-view
mammography repeated at an interval of 33
months.

Future Resarch into the Effectiveness
of Screening

Many of the unresolved issues regarding
policy decisions on provision of screening
relate to economic studies of the marginal
costs and benefits of alternative strategies, for
example by shortening the interval or increas-
ing the number of mammographic views, or
using film readers with different qualifications.
While it would in theory be desirable to con-
duct trials to find out the extra lives saved by
different strategies and the extra cost per life-
years, in practice the vast sample sizes re-
quired to measure these marginal benefits
and costs mean that proxy endpoints need to
be used, with extrapolation by statistical
models to estimate changes in life-years.
Within Europe, probably the most pressing
question is the value of screening women
aged under 50. As already seen, this is cur-
rently under investigation but the size and du-
ration of trial required mean that it will be at
least a further decade before a reasonably
definitive answer to this question will be ob-
tained.

Bearing in mind the rapidly increasing inci-
dence of breast cancer in the developing
world, the value of screening by less expen-
sive methods than mammography is a high
priority. The International Agency for
Research on Cancer is investigating the fea-
sibility of a trial in the Philippines to measure
the effectiveness of physical examination in
reducing mortality, and a similar trial is being
planned in South America. A current study in
Canada is looking into the relative effective-
ness of physical examination and mammo-
graphy but as this trial does not have an un-
screened control arm, the effect of physical
examination alone cannot be obtained from it.
Breast self-examination, like other preventive
interventions which depend upon health edu-
cation, is notoriously difficult to evaluate. The
negative effect of the BSE education pro-
gramme in the UK trial should not be taken as
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conclusive evidence that BSE is ineffective,
and further trials are required. One such trial
is ongoing in Russia.

Speculating into the future, no doubt new
tests suitable for screening will be devised,
both in the field of imaging and of biological
markers, and these too will need to be eval-
uated for their effect on benefits and costs.
Identification of genetic markers for breast
cancer may lead to much more specific defi-
nition of risk, thus enabling screening to be

focussed only on a small group of high-risk
women.

Meanwhile, developments in other means of
breast cancer control, either by primary pre-
vention [21] or by improvements in therapy
[22], need to be monitored, for it is possible -
and highly desirable - that their effectiveness
in reducing breast cancer mortality may make
the proportional contribution of screening
much less than its current level of 25-30%
within a limited age band.
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Methodology of Cost-Effectiveness
Analysis

The Approach

There are 3 related types of analysis for
assessing relationships between costs, risks
and health benefits [1,2], the first one being
the cost-effectiveness analysis (CE-analysis).
In this case, one effect measure is chosen,
e.g. life-years gained, and the analysis tries to
define the costs of screening and its effects.
For costs one should ideally think of social
costs as "opportunity costs”, i.e., benefits for-
gone because the resources are not used for
other excellent purposes. Social costs may
be quite different from financial streams. A
second type of analysis is called cost-utility
analysis (CUA), which arises when one is not
satisfied with expressing the health benefits
and risks of screening in only one effect mea-
sure. In the cost-utility analysis, several effect
measures are weighted in order to obtain one
overall measure for the health effects of
screening, called the utility. The best known
example of a utility is "quality-adjusted life-
years" or QALYs. In this case the life-years
are weighted by the quality in which these
years are spent. Finally, there is the cost-
benefit analysis (CBA). In this case the costs
and utility from the cost-utility analysis are
traded off by fixing a price value for one unit
of utility. Most analyses carried out thus far
are cost-effectiveness analyses.

When a cost-effectiveness analysis is sup-
plemented with a number of other considera-
tions, such as organisational aspects, impact
on health care needs and demands, legal

and ethical issues, it may be called a
"medical technology assessment”. All 3 types
rest on the interdisciplinary research of medi-
cal researchers, economists and other disci-
plines.

Roughly 2 types of cost-effectiveness calcula-
tions can be distinguished. The first one con-
siders an idealised birth cohort that is fol-
lowed from birth to death. This analysis gives
useful insight and is easy to interpret from an
epidemiological point of view. The second
approach, the one we follow, is a real-time,
real-population approach. In this case a dy-
namic population is followed over time, in-
cluding mortality and births. Moreover, the
situation concerning the disease is assessed
at the start of the screening and future time
trends are superimposed on it.

This second type of cost-effectiveness calcu-
lation is more complex than the first type (in
practice, one usually starts with exploratory
cohort calculations, even when real popula-
tion analysis is the aim) but it has a number of
advantages. The results of a real-population
analysis are more useful for policy advice. It is
also crucial to assess the impact on needs
and demands in the health-care systems.
Moreover, it is a natural first step towards later
evaluation and monitoring. The real-popula-
tion type cost-effectiveness analysis requires
extensive calculations, and we have therefore
developed a computer programme called
MISCAN (Micro-simulation Screening
Analysis). It simulates individual life histories
of women according to specified assump-
tions, including the natural history of cancer
and the impact of screening [3,4].

This chapter discusses the lines along which
such a cost-effectiveness analysis has been
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Fig. 1. The two phases of a cost-effectiveness analysis of screening

carried out. Organisation and decision-mak-
ing concerning breast cancer screening have
been considered in another paper [5]. The
main results of the cost-effectiveness analysis
have been reported elsewhere [6,7]. The pre-
sent paper focusses less on results but more
on some phases a cost-effectiveness analysis
has to go through before it is completed and
the types of assumptions to be made during
the analysis. If not otherwise indicated, results
derive from the 2 reports. and the final Dutch
report [6-8].

The Analysis Phase

A cost-effectiveness analysis should in the
first place be based on the current knowledge
of the epidemiology and the natural history of
the disease, its preclinical stages and the im-
pact of screening. Therefore, a cost-effective-
ness analysis can be broken down into 2
broad phases [9]: a) analysis, in which vali-

dated assumptions on disease process and
screening are obtained and b) prospective
evaluation, in which the costs, risks and
benefits of screening policies are assessed
(Fig. 1).

In the analysis phase, the results of screening
trials are analysed in order to draw conclu-
sions on the underlying processes concern-
ing disease and screening. In the case of
breast cancer screening, use is made of the
HIP randomised trial, of the mortality reduc-
tion results of the randomised trials in
Sweden, and of the studies in Utrecht and
Nijmegen in the Netherlands.

The crucial baseline assumption on im-
provement in prognosis after early
(mammographic) detection is based on the
reported results from the randomised trials in
Kopparberg/Ostergétland [10] and Malmo
[11]. Simulating the 2 Swedish programmes
separately, and taking into account the spe-
cific attendance rate, screening interval, age
group and follow-up period for each, the ex-
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pected effects on breast cancer mortality re-
duction for both trials were the same. These
factors could, therefore, not explain the differ-
ent published point estimates on mortality re-
duction. Assuming equal mammographic
quality in both projects, we combined the re-
sults and calculated a weighted (on trial size)
average [7].

Table 1 shows some main results concerning
the disease process derived from the analy-
sis. Assumptions are presented concerning
the duration of preclinical disease, sensitivity
of mammography, and breast cancer mortality
reduction.

These assumptions were derived in the anal-
ysis phase of the cost-effectiveness study for
breast cancer screening. For a description of
the analysis phase of MISCAN, see [12].

The Prospective Evaluation Phase

In the evaluation phase, different screening
policies have to be assessed for their costs,
risks, benefits and other consequences. This
requires a large number of other assumptions
based on different research. The main ones
concern: '

Period of Screening
It is assumed that screening will take place

during the period 1990-2017 in the Nether-
lands.

Base-Case

The future developments in case of screening
should always be compared with what would
happen if there were no screening. We as-
sumed that present age-specific rates of
mammographic examination in the Nether-
lands will also apply during the period 1990-
2017.

Situation at Start

We assumed that age-specific incidence,
stage-distribution at clinical surfacing and
stage-specific survival will remain at the 1988
level during the whole period of screening.
We assume population dynamics according
to the middle scenario of the Dutch Central
Bureau of Statistics.

Screening Policies

The 4 main policies concern screening be-
tween the ages of 50 and 70. They differ in
the frequency of screening: 5, 10, 15 and 20
screenings during these 20 years. We will
especially consider the results of the 10
screenings which, according to the Dutch
screening policy, are carried out at ages 51,
53, 55, 57, 59, 61, 63, 65, 67 and 69.

Table 1. Assumptions derived in the analysis phase of the cost-effectiveness study for breast cancer screening

Average duration of the total preclinical screen-detectable stage (age/average duration in years)

40 2.1
50 2.7
60 3.9
70 6.2

Sensitivity of mammography

dCIS 40%
<10mm 70%
10-19 mm 95%
>20mm 95%

Reduction in probability of breast cancer death when breast cancer is detected early

(size at detection / reduction in probability)

<10mm 64%
10-19 mm 60%
>20 mm 48%
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Build-up Phase

It is assumed that during the period 1990-
1994 the entire country of the Netherlands
will gradually be covered by a network of
screening units. The screening units will be
fixed, mobile or semi-mobile, depending on
the population density in the area.

Costs

Detailed cost studies have been undertaken.
From an economic point of view, costs can be
divided into direct and indirect costs. Direct
costs can again be split up into medical costs
and other costs. Costs of different diagnostic
and therapeutic procedures and costs of
treatment of advanced breast cancer are also
assessed as part of the direct medical costs
[13,14]. The direct non-medical costs, as well
as the indirect costs, have been included in
the sensitivity analyses. In this way the .contri-
bution to the final results can be clearly distin-
guished. Indirect costs have as components
production losses and medical costs during
life-years gained. As the women involved are
at least 50 years old, the production losses
that will occur are limited. Therefore, this
aspect has not been considered within the
sensitivity analyses.

Discount Rate

In accordance with recommendations, includ-
ing those of the Dutch government, a yearly
discount rate of 5% has been applied to both
costs and effects [15].

Attendance Rate

In accordance with what has been observed
in the studies in the Netherlands, attendance
rate is assumed to be 75% for women under
50, slowly decreasing to 65% at age 70 and
steeply decreasing over 70, to 45% at age 75.
Attendance rates differ widely between
women who did or did not attend the previous
screening.

Cost-Effectiveness Analysis: Results

Mortality-Based Results

The 2-yearly screening programme for
women aged 50-70 is expected to detect 26%
of all diagnosed breast cancers in the popu-

lation. The average tumour size of the screen-
detected cancers is small: after the build-up
period of screening with a relatively high
number of prevalent (large) cancers, 80% of
all screen-detected cancers will be smaller
than 20 mm or non-invasive. This would be
37% in the non-screening situation. The pro-
portion of women with axillary lymph-node
metastases is approximately 60% of the pro-
portion in clinically diagnosed cases, given
the same tumour size. The start of the
screening programme will initially result in a
sharp rise in the number of newly diagnosed
cases, with a maximum increase of 17%
(1,450 cancers) in the year 1993. From 1996
onwards, the total number of diagnosed
breast cancers will increase by 3.5% each
year, compared to the expected situation
without screening.

Earlier diagnosis will gradually reach its im-
pact on mortality reduction. After 10 years the
number of women who will die from breast
cancer may have fallen from 3,675 to 3,325. A
maximum annual reduction in breast cancer
mortality of 16% (700 women) in the total
population is attainable from 2015 onwards.
On average, each year of screening will pre-
vent 630 breast cancer deaths, leading to a
total of 17,000 within a 27-year programme
(Table 2). The total costs for screening are
300 million US dollars and the additional
costs of treating and following up more
women earlier are 72 million (5% discount
rate). Inversely, a large decrease in the cost is
expected for women with advanced breast
cancer (-128 million). The net additional cost
of 233 million US dollars divided by 61,000
life-years gained results in a CE ratio of 3,825
US dollars per life-year gained (5% discount
rate).

Quality of Life and Cost-Utility

Table 2 shows favourable and unfavourable
effects of screening. The numbers relate to
the total programme over the whole period of
the screening programme (1990-2017) and
the average numbers per million total female
population per year of screening.

Although mortality reduction is the fundamen-
tal endpoint, there is much debate about
other desirable and undesirable conse-
quences of screening that may influence
quality of life. We, therefore, combined the
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Table 2. A review of favourable and unfavourable effects of breast cancer screening in the Netherlands, 1990-2017

(2-yearly screening between the ages of 50 and 70)*

Total number

Favourable effects

Fewer breast cancer deaths 17,000
Life-years gained 260,000
Less treatment advanced disease 17,000
Fewer adjuvant therapies 8,300
Fewer breast amputations 11,900
Fewer biopsies outside screening 50,500
Unfavourable effects

Screening investigations 15,800,000
Lead time life-years with breast cancer 275,000
Negative biopsies 33,000
More surgical treatments 9,200
More radiation treatments 10,300

Per million women per year

84
1,284
84

41
59
249

78,024
1,258
163

45

51

* see also [7]

changes in life expectancy with the expectéd
changes in morbidity. The large increase in
women-years in follow-up is almost entirely
responsible for the negative quality of life
adjustment, whereas the decrease in the
number of advanced breast cancer patients
as a result of screening,accounts for 70% of
the positive quality of life adjustment. In the
27-year programme, a total of 252,000

Quality-Adjusted Life-Years (QALYs) are
gained, which represents a slight decrease
compared to non-adjusted life-years gained
(260,000). Since the most favourable effects
are preceded by unfavourable effects, this dif-
ference grows if effects and costs are dis-
counted. The cost-utility ratio is 5.6% higher
than the cost-effectiveness ratio, i.e., 4,050
US dollars per QALY gained (Table 3).

Table 3. Effects on mortality, costs, cost-effectiveness and cost-utility for different breast cancer screening policies
(1990-2017) in the Netherlands. Five percent discount rate and costs in million US dollars (unless stated). Cost amounts
are expected differences between situation with and without screening

Age group 50-70 40-70 50-75 50-65
Screening interval 2 years 2 years 2 years 3 years
Breast cancer deaths prevented” 17,000 17,800 19,450 10,800
Life-years gained* 260,000 290,000 275,000 180,000
Cost of screening 300 457 310 185
Cost of assessment/biopsy -10 -62 2 -12
Cost of primary treatment 50 57 71 26
Cost of follow-up 22 25 27 14
Cost of advanced disease -128 -131 -145 -80
Difference in costs 233 346 265 133
Breast cancer deaths prevented 6,000 6,115 6,790 3,770
Life-years gained 61,000 64,000 64,500 41,000
Quality-adjusted

Life-years gained (QALY) 57,500 59,500 59,500 39,300
Cost per life-year gained (CE ratio) 3,825 5,385 4,100 3,235
Cost per QALY 4,050 5,815 4,450 3,400

* not discounted
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Fig. 2. Marginal cost-effectiveness (additional US dollars per additional life-years gained) of 6 breast cancer screening
policies: 5, 10, 15 or 20 invitations in the age group 50-70, 12 invitations in the age group 50-75 and 5 invitations during
ages 40-49 followed by 10 invitations during ages 50-70. The corresponding differences in cost for each screening
policy have been put at the horizontal axis. Five percent discount rate

Alternative Screening Policies

Two important questions regarding screening
policies are frequently discussed. The first is
whether or not to extend the programmes to
younger age groups. in Table 3, the second
column shows a 50% increase in the cost of
2-yearly screening for women aged 40-70,
compared to that for women aged 50-70.
Using the Kopparberg/Ostergdtland-trial es-
timate for the 40-50 group, the total number of
prevented breast cancer deaths increases by
800, which only corresponds to a 5% in-
crease in the discounted number of life-years
gained. The difference in costs is strongly in-
fluenced by our assumption that assessment
procedures outside the programme will
diminish in proportion to the decrease in
clinically diagnosed breast cancer cases as a
result of screening. Applying this assumption
to the young screening group, the relatively
high number of medical procedures at
present in the under-fifties results in a 6-fold
higher savings in cost of assessment than in
the principal policy despite a lower positive
predictive value. The CE ratio is 40% higher

than with 2-yearly screening starting at age
50.

The extra cost per additional life-year gained,
marginal CE ratio, when comparing 2-yearly
screening in the age group 40-70 with 2-
yearly screening in the age group 50-70, is
35,000 US dollars. This may be compared
with the option of more intensive screening
within the age group 50-70 (15 invitations),
with an expected marginal CE ratio of only
10,550 US dollars per additional life-year
gained (Fig. 2).

The second question is whether screening
should continue in women older than 70. In
the age group 70-75 both the attendance rate
for screening and women's life-expectancy
are decreasing, but the incidence and mortal-
ity rates for breast cancer and the sensitivity
of mammography are relatively high. Two
additional screens up to the age of 75 would
increase both the number of prevented breast
cancer deaths and costs by approximately
15%. The CE ratio is only 7% higher com-
pared to the principal policy, and the cost-util-
ity ratio 10% (Table 3). The relatively lower
number of life-years gained per death pre-
vented in the 70+ group, when compared to



Cost-Effectiveness Analysis of Breast Cancer Screening 31

the 50-70 group, results in a marginal CE of
8,000 US dollars per additional life-year
gained (Fig. 2). However, this is definitely
more favourable than extension to younger
age groups and compares well with intensify-
ing the programme within the age group 50-
70

The final column in Table 3 shows that a
longer screening interval as in the UK-policy
is also relatively cost-effective: it would result
in a CE ratio of 3,235 US dollars per life-year
gained in the Dutch situation. The additional
costs are 57% and the life-years gained
amount to 68% of those in the present Dutch
programme.

Influence of Other Variables

The accuracy of our CE ratios may be influ-
enced by a large number of factors of which
the possible improvement in prognosis is
certainly the most crucial [7]. Table 4 sum-
marises 8 other factors, which appear to ac-

count for more than a 5% difference in CE ra-
tio, if varied within plausible ranges. The only
variable for which our estimate may well have
resulted in too high a predicted CE ratio for
the principal policy is the cost for women with
advanced breast cancer. We have used a
moderate average cost estimate per treat-
ment [14]. Future treatment modalities will
definitely increase the costs, which could
result in higher predicted savings due to
screening.

The positive predictive value of the mammo-
graphic screening test and the possible
change in attitude of women in the screening
interval appear to be important factors to be
monitored right from these first years of im-
plementation. If we assume that mass screen-
ing would only reduce the present 33% of
assessment procedures known or registered
as “for preventive reasons", the CE ratio in-
creases by 18% to 4,465 US dollars per life-
year gained. If implementing a programme for
women aged 50 and over were to lead to a
significant increase in the demand for mam-

Table 4. Alternative assumptions, other than mortality reduction, which influence the cost-effectiveness of 2-yearly
mammographic screening of women aged 50-70 (CE in US$ per life-year gained)

Actual data or assumption

in principal variant

CE ratio and % difference
with principal variant

Alternative assumption

Cost for treatment of

advanced breast cancer
Capacity of screening units

Positive predictive value of
mammographic screening test

Follow-up examinations
of treated women

Total costs of screening

Non-medical direct costs

Demands for mammograms
outside screening programme

Indirect costs

US$ 21,000/woman .
12,000 women/year

51% on average
over all rounds

every 3 months
in first 2 years

US$ 40/screen

not included

decrease in assessment
proportional to decrease

clinical cancers

not included

25% higher costs
10,000/year/unit

43%

twice as frequent

US$ 43

include travel, time and
out of pocket costs women

only decrease in assessment
for preventive reasons

include medical costs for
other diseases in life-years
gained

3,300 (- 14%)
4,100 (+ 7%)
4,130 (+ 8%)

4,190 (+ 9%)

4,225 (+10%)

4,460 (+17%)

4,465 (+18%)

7,259 (+90%)
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mograms in the group of women under 50,
CE could also deteriorate considerably.

The most influential direct cost components
are the cost of follow-up procedures, due to
the variability of the protocols for treated
breast cancer patients, and the cost of
screening. The latter may, for various
reasons, become higher than expected when
the national programme is under way. With
present uncertainties a 10% increase in costs
and CE in the Netherlands could be forecast.
Time and other non-medical expenses,
including travel, for the women involved
increase by 17% the CE for 2-yearly
screening in the age group 50-70. In
particular, the inclusion of indirect costs
(production losses and additional costs due
to other diseases in the life-years gained)
would double the CE ratio. However, these
variants may only be compared with the cost-
effectiveness ratios of other health-care pro-
grammes if those ratios are calculated in the
same way.

Discussion

Two-yearly mammograhic screening for
women aged 50-70 is expected to reduce
breast cancer mortality by 16% in the Dutch
population. At the same time, this attainable
reduction is also the main uncertainty in cal-
culating the balance between effects and
costs for breast cancer screening. Variation of
other assumptions generally results in CE ra-
tios ranging from 3,000 to 5,000 US dollars
per life-year, or 3,200 to 5,300 US dollars per
QALY gained. To our knowledge, no superior
cost-utility ratios have yet been reported for
other cancer screening programmes. This is
even true if an immediate 25% improvement
in survival of breast cancer cases is assumed,
irrespective of screening. -

Differences in QALYs is a more preferable
measure than crude life-years gained alone.
When taking into account associated morbid-
ity for all possible phases, other favourable
and unfavourable effects besides mortality
reduction have only limited impact and ap-
pear to cancel each other out. More extreme
assumptions on the expected utilities in the
different phases result in an adjustment of be-

tween -19% (most unfavourable) and +3%
(most favourable) on life-years gained for 2-
yearly screening of women aged 50-70 [16].
Our evaluation of the effect on quality of life
strongly supports the decision to introduce
mammographic screening for women aged
50 and over.

Programmes with a screening interval of 2 or
3 years are both relatively cost-effective. If the
budget is restricted, a 3-year interval might be
appropriate. Quality of life appears of minor
influence.

At present, nationwide screening for women
under 50 is not to be recommended. Contro-
versy on the effectiveness of screening in this
group is strong, but all recent publications
and trials suggest that there is no short-term
benefit in terms of mortality reduction. Our
analysis shows that the assumption of a pos-
sible, slight reduction still leads to a very un-
favourable balance in terms of marginal cost-
effectiveness and cost-utility. A 1.5-year
screening interval is often advocated in this
age group in order to minimise the relatively
high number of interval cancers [17]. From a
CE point of view, considering the present es-
timates on mortality reduction, it would further
deteriorate the unfavourable balance be-
tween life-years gained and costs. Except for
the HIP-trial, there are no other data on which
to base a favourable long-term estimate.
Moreover, it appeared that this younger age
group is, as in other countries, already un-
dergoing mammographic examinations too
often. Implementation of screening for women
aged 50 and over may catalyse the demand
for "screening" in younger age groups even
further [18], which would be regarded as a
negative side effect of screening women
aged 50 and over.

Comparing the predictions in our CE analysis
with (very) early outcome measures will have
to serve as an early check on the effective-
ness of the Dutch nationwide programme. In
the Netherlands, 3 centres have now formed
such a national evaluation team and a na-
tional expert and training centre is responsi-
ble for quality control regarding mammogra-
phy and pathology. Possible unfavourable
effects such as large regional differences in
treatment or the mentioned increase in
mammograhies for younger women have to
be excluded as much as possible. The pre-
sent analysis will, to a large extent, form the
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basis for national screening evaluations. It
has also pinpointed some aspects that are
not directly related to the screening perfor-
mances, but may strongly influence the CE of
the programme or the women's quality of life.
We will continue our research on the demand
for mammograms outside screening and the
possibility of a survival improvement irre-
spective of screening. Furthermore, we are
engaged in research on costs and effects of
breast cancer screening in other (European)
countries. In conclusion, the implementation
of breast cancer screening programmes for
women aged 50 and older with a 2 or 3-year
interval should be further stimulated, provided
that a high mammographic and staff quality is
guaranteed and that a high level of national
assessment is realised.

Conclusions on the Use of CE
Analysis

A cost-effectiveness analysis as described in
this chapter is a useful addition to other re-
search in the field of cancer screening. Some

of the advantages are the following:

1. Perhaps its most important function is that
it serves as an integrative framework.
Seemingly disparate facts can be related
to each other and discussion between
different disciplines involved in screening
is stimulated.

2. A cost-effectiveness analysis may reveal
gaps in knowledge which have to be filled
in order to evaluate screening properly. In
this way, applied research can be pro-
posed that completes these gaps most ef-
ficiently.

3. The relationship between social costs of a
programme and population health effects
is explored in detail. Only in this way can
health services ultimately be compared in
order to choose the socially most desir-
able package of services.

4. By making detailed predictions over the
years to come, an important ingredient for
a future monitoring system is provided.

The uniform approach to evaluation in the
cost-effectiveness study makes a comparison
between different health-care services pos-
sible. In the long run, this will enhance a more
rational approach to decision making in
health care.
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Programme Organisation in Breast Cancer Screening

Barbara A. Thomas

Clinical Director, Jarvis Screening and National Training Centre, Guildford, Surrey GU1 1JL, United Kingdom

Programme organisation depends upon the
constraints imposed by the resources avail-
able. The prevailing attitudes both of the med-
ical profession and of the women to be
screened may influence some aspects of
programme planning, so that organisational
details may not be readily transferable be-
tween countries. In general, a population
screening programme will need initial capital-
isation in terms of equipment and premises
(centralised or mobile units) together with in-
vestment in the training of suitable personnel.
An early decision is. required to clarify
whether the organisation and management of
the programme will be undertaken as an ex-
tension of a hospital-based radiology depart-
ment or whether it will fall within the respon-
sibility of the public health or non-acute com-
munity services. ,

Planning needs to begin at least one year be-
fore the start of the screening programme.
Early decisions need to be taken with regard
to the population to be screened, the screen-
ing procedure itself and the evaluation of
women with screen-detected abnormalities
and implications for their treatment. Only sub-

Table 1. Organisational timetable

sequently can detailed plans be made (Table

1).

The Population to be Screened

Most programmes concentrate breast cancer
screening upon a target population defined
by age alone, no risk factor having yet been
proved sufficiently specific to include the ma-
jority of women likely to develop breast
cancer within a minority of the female popula-
tion. Since no programme to date has shown
convincing evidence of population breast
cancer mortality reduction as a consequence
of screening women below the age of 50,
service screening is usually concentrated
above that age. The choice of an upper age
limit will depend not only upon epidemiologi-
cal considerations but also on practical
issues such as a lower attendance rate
among older women and a balance between
the use of resources to include a wider age
range as against more frequent screening.

Decisions to be made by one year before screening is to start:

1. Determine the target population
2.
age/sex register
3. Determine the screening modality to be used
4. Decide the re-screening interval
5. Calculate the proposed annual screening workload
6.
7.
8.

Decide the method of identification of individuals within the target population, preferably establish access to an

Consider the computerisation requirements for the programme (hardware and software)
Consider policies for the subsequent evaluation of women with screen-detected abnormalities and their treatment
Identify the financial resources required and available for the programme
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Most programmes consider 65 or 70 to be a
suitable upper age limit, on the assumption
that a normal mammogram at that age makes
death from a clinically presenting subsequent
carcinoma unlikely within the following
decade, after which the probability of an al-
ternative cause of death rises sharply.
National statistics will provide a guideline as
to when the increasing incidence of breast
cancer in older women is considered to be
balanced by the decreasing proportion of
deaths from the disease.

Identification of the Individual Women
to be Screened

An age/sex register is essential, preferably in
a computerised form. Population screening is
difficult in the absence of such a register. The
accuracy of this register will have important
practical repercussions in the invitation of
women to come forward for screening.

The Screening Modality

For women older than 50, mammography has
to date proven the most sensitive method for
the detection of the smaller breast cancers
and will be included in any screening pro-
gramme. The addition of a clinical examina-
tion may be requested by those not familiar
with modern mammography and, should it be
adopted, has major financial consequences.
For this age group, the marginal costs of the
addition of a clinical examination are not
usually justified by a significant increase in
the detection of non-invasive and stage |
breast cancers. If mammography is the sole
screening modality, a decision will be re-
quired as to whether one or two mammo-
graphic views are taken. While the 30% mor-
tality reduction shown in the Swedish Two-
Counties trial was obtained using single-view
mammography, many radiologists feel that for
the initial screening examination a 45° medio-
lateral oblique supplemented by a cranio-
caudal view is preferable. It is argued that the
second view will increase sensitivity and

specificity, thereby reducing the number of
women who require evaluation of screen-
detected abnormalities at the next stage in
the procedure. As regards symptomatic
women, more cancers are visualised with two
views than with a single mammographic view
but there is no conclusive evidence that this is
applicable in the screening situation. Early
results from the British Programme appear to
show a similar detection rate between centres
using one view and two views at the expense
of a slightly higher recall rate with single-view
mammography (1-2%). This is a problem
which needs addressing at the training level if
one-view mammography is used since deci-
sion-making on one film alone is not a normal
part of radiological procedure. If resources
are finite for a given budget or staffing level, it
appears that around 50% more women can
be screened for the same resources, using a
single rather than two views. There may be
greater benefit from screening more women
with a single view, and this may possibly al-
low a wider age range while using the same
resources.

Though radiation exposure is minimal with
optimum technique, the normal woman will
receive twice the radiation from two-view
mammography as compared with single view.
There is more general agreement that for
subsequent screening examinations a single
view may be employed for the majority of
women.

Those planning screening programmes are
advised to visit units using both single and
two-view mammography before making a
decision. In a 7-hour working day, two
radiographers using one piece of
mammographic equipment may be expected
to comfortably screen 70 women by single-
view mammography, allowing a short time to
interview the women in order to obtain
information relevant to the interpretation of
the mammograms, elicit any current
symptoms and answer their queries.
Assuming a 70% acceptance rate, it is usual
to invite around 100 women per day per
mammographic unit staffed by two radio-
graphers. Using two views, the same
radiographers may be expected to screen ap-
proximately 50 women. Therefore, there will
probably be implications for staffing levels,
training requirements, and numbers of mam-
mographic units resting upon this decision.



The Re-screening Interval

Different countries, with different medico-polit-
ical systems, when considering the same evi-
dence from screening trials, have come to dif-
ferent conclusions regarding the re-screening
interval. An interval shorter than one year
seems impractical and intervals between 18
months and 3 years are commonly used with
two years being the most frequent choice for
mammographic breast cancer screening.

At this point it should be possible to calculate
the number of women to be invited for screen-
ing each year and how many screening units
would be required for the primary screen if all
eligible women were to attend. The actual
workload will depend upon the acceptance
rate. Since requirements will differ, if 30% of
the women are likely to attend as compared
with 60-70%, a feasibility study in the appro-
priate district is desirable, but otherwise an
approximate indication may be taken from the
proportion of the population who vote in a
general election. In the UK, estimates were
based upon a 70% acceptance rate which
has proved realistic overall. There is an ap-
parent trend for acceptance rates to be higher
in rural districts and lower in large urban
conurbations, though this may be partially
explained by less accurate age/sex registers
for the more mobile urban population.

Screening Workload

When age range, screening method and fre-
quency have been agreed and acceptance
rate estimated, it is possible to establish the
annual workload which will be generated by
the programme. The size of a working unit
may be determined on the basis of geogra-
phy, population, the maximisation of use of
screening equipment, e.g., mammogram ma-
chines or availability of personnel.
Calculations must be made of the capital and
establishment requirements and of the ongo-
ing revenue costs and staff needed to imple-
ment the programme. When calculating the
workload of a unit, it must be appreciated that
the staff need to be specifically trained in this
field and that locum staff to cover holidays or
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sickness are usually unavailable at the com-
mencement of a programme. Schedules
based upon a 40-week year usually allow
sufficient leeway to cover these eventualities.
In a situation where 10,000 women are to be
screened annually, experience shows that if
plans are made to screen 200 weekly it is un-
likely that after two or 3 years the screening
schedule will be on target; if, however, facili-
ties are organised so as to screen 250
women weekly, it will be possible to adhere to
annual schedules while decreasing screening
activity for holiday periods, staff sickness and
continued training but maintaining the
appropriate annual screening tnroughput.

Computerisation Requirements

A large volume of data is generated by any
screening programme and decisions need to
be taken concerning the choice of computer
hardware and software for all but the smallest
programmes. Computer hardware needs
careful selection: not only the volume of data
needs consideration but the speed of access
becomes important in the daily running of the
programme. Software may need to be written
specifically for the programme or a suitable
system may be commercially available.
Advice should be sought both from computer
specialists and from those already using
breast screening computer programmes.

Subsequent Evaluation of Women with
Screen-Detected Abnormalities and
their Treatment

Following the primary screening procedure,
there are 3 different strategies for the man-
agement of women having a possible abnor-
mality (Table 2).

Option I: Swedish Two-Counties
Women are recalled to the primary screening

unit where 3-view mammography is carried
out. Films are subsequently read centrally
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Table 2. Options following primary screening

e.g., Swedish Two-Counties

\Llf?

Recall for a 3-view mammography
at the site of primary screen

\L If still ?

Recall to central unit for full

e.g., the UK

\Llf?

Recall for assessment, i.e., second
stage screen for full evaluation at a
specialist centre

\L If cancer or still ?

Surgical biopsy / treatment

e.g., The Netherlands

\LIf?

Advice to the woman's
own doctor to arrange
hospital referral to a
specialist of the doctor's
choice

evaluation

\L If cancer or still ?

Surgical biopsy / treatment

and if carcinoma cannot be excluded, then
the woman is recalled again for full evalua-
tion where facilities for specialist mammo-
graphic techniques are available together
with clinical examination, needle biopsy and,
increasingly, ultrasound. If in-patient biopsy is
still required to establish a diagnosis or
treatment is indicated, appropriate arrange-
ments may then be made at this visit, or a
further visit to see a surgeon may be required
prior to admission. The advantage of this
system is that if screening takes place in re-
mote country districts, fewer women need to
make the long journey to the specialist centre
for evaluation, as their query will have been
settled by 3-view mammography. In many
instances, however, this gives no opportunity
for discussion with the woman of the reason
for recall, or for personal reassurance when
all is well. Applicability will depend on the ac-
ceptance of this by the women concerned as

well as on the location of the screening unit in
relation to the evaluation unit.

Option II: The United Kingdom

Evaluation of screen-detected abnormalities
is considered to be an integral part of the
screening procedure and is centrally organ-
ised and agreed before the primary screen is
carried out. Women are recalled to specialist
clinics, usually staffed by the same screening
radiologists who are responsible for the inter-
pretation of the primary screening films as
well as by specialists with clinical and cyto-
logical expertise. Facilities are available for
specialised mammographic techniques to be
carried out as well as clinical examination,
ultrasound, and needle biopsy of palpable
and impalpable lesions. In some cases, it is
possible to make arrangements for admission
for surgical biopsy or treatment at the time of



the visit, should this be indicated; in others,
treatment may be carried out nearer the
woman'’s home by local surgeons. This option
ensures specialist evaluation for all women
together with the opportunity to discuss the
reason for their recall, give the results, and
provide counselling when appropriate.

In either of these options, it is essential to
minimise the number of women in whom ma-
lignancy cannot be fully excluded but the de-
gree of suspicion is insufficient to justify sur-
gical biopsy. Such women may need to be
screened or re-evaluated before the next rou-
tine screen is due. These women can be ac-
commodated at the evaluation level as the
programme progresses since fewer women
are recalled from the primary screen at
screening visits after the first.

Option llI: The Netherlands

The screening programme carries responsi-
bility only for the primary screening mammo-
gram and when any possible abnormality is
detected, the woman is referred to her own
doctor who may arrange referral to the hospi-
tal of his choice. Success is dependent upon
the doctor choosing a specialist evaluation
team appropriate to the abnormality sus-
pected and in many instances will separate
screening from evaluation expertise.

In all options, there is the recommendation,
actual or implied, that non-palpable disease
is best evaluated and treated in specialist
breast units. Local medical practice may be
important in ensuring the acceptability of
whichever option is chosen and this should
be discussed by all medical personnel in-
volved. In countries where the woman has
her own personal medical practitioner, the
support of that doctor is crucial. Without this
the woman may be referred for further evalu-
ation of screen-detected abnormalities to
units which do not have the appropriate facili-
ties and expertise and substitute for these an
unacceptably high biopsy rate.

The End of the Screening Process
Needs Definition

In option 11l the end of the screening process
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is reached after the first films are interpreted.
In options | and Il, it is reached when a diag-
nosis of cancer is made or an equivocal situa-
tion requires surgical biopsy. At this point the
woman ceases to be a client and becomes a
patient within the normal medical services of
the country. A clear break at this point may be
helpful when organising the financial aspects
of the programme, even though in some
cases the treating surgeon may also be a
member of the evaluation team.

Treatment Implications

When a screening programme has been run-
ning for some years and is established in the
re-screening phase, there should be no
greater treatment implications than prior to
screening, though the stage of the disease
may be expected to be much more
favourable. There should be less requirement
for treatment relating to terminal disease bal-
anced by an increase in the number of locali-
sation procedures required prior to surgery.
Special needs concerning the histological
examination of surgical specimens must be
considered since large tissue sections or
large numbers of small blocks may need to
be examined. This is much more time con-
suming than the examination of a clinical
breast lump specimen. Treatment policies for
in-situ disease and well-differentiated low
grade small invasive tumours are desirable,
but there is, as yet, no generally agreed pol-
icy for treatment of these lesions and the
establishment of clinical trials must be con-
sidered.

Arrangements to be Made 6-12 Months
Before Screening Commences

During this period much work is needed to fi-
nalise the details of the screening procedure.
Preliminary discussions are required con-
cerning the invitation to participate, the provi-
sion of facilities for screening in terms of
venue, procedure, equipment and staffing,
data collection and quality assurance mea-
sures.
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Certain key personnel will need to be ap-
pointed so that they may be involved in the
planning stages of their own programmes.

The Screening Procedure

The Invitation to Participate

The ideal means of ensuring that an invitation
reaches every eligible woman is a continu-
ously updated, accurate age/sex register.
This is rarely available and some form of ac-
curacy check immediately prior to screening
may be necessary.

Attention should be paid to the form of the in-
vitation, whether it is an actual appointment
which may be changed if inconvenient, or
merely an invitation to apply for an appoint-
ment. Pilot studies indicate a higher uptake
when an appointment is given rather than a
request to apply for one. The appropriate let-
ters will need to be designed and agreed
between those organising the programme
and those who may be concerned in the med-
ical supervision of the women, e.g., the gen-
eral practitioners.

Procedures should be agreed to maximise
acceptance rates. These would normally in-
clude a policy for the distribution of informa-
tion about the screening programme both to
the women and the medical profession. This
may necessitate the education of medical
practitioners and other medical and para-
medical personnel, working both within the
community and the hospital fields, in relation
to the reasons for implementing screening
and how it is to be carried out. General pub-
licity about the screening programme has to
be carefully planned, particularly if screening
activity is confined within relatively small lo-
calities at any one time, since inappropriate
requests for screening at unscheduled times
can cause illwill and decrease the eventual
acceptance rate. A policy for non-responders
is required: will further contact be made, and
if so, when, by whom and what form will it
take?

Provision of Facilities

Location of Screening Unit

Screening may be carried out in a permanent
building which may additionally provide the
centre for the evaluation of screen-detected
abnormalities and/or for the organisation of
the programme; alternatively, screening may
be carried out by mobile units. The choice will
largely depend upon geographical factors, a
large city population often being best served
by a unit in or near the major shopping centre
while a scattered rural population is com-
monly screened by a mobile unit, possibly
sited in the local market town. If mobile units
are used, they need careful design both with
reference to the radiographic facilities, the
working conditions of those staffing them and
the problems associated with site preparation
and unit moves. Expenses will be required for
staff travelling and if the unit is sited some dis-
tance from base, then either the radiogra-
phers will have a shorter working time for
screening activity (may need more units and
staff), or overtime payments or time off in lieu
will have financial consequences which must
be considered at the planning stage.

Quality control of the radiography is essential
and processing is, by many, considered to be
best carried out at the central unit where
quality control measures are routine.
Processing on mobile units is possible but
needs careful daily quality assurance mea-
sures. Such procedures are used in Holland
whereas in the United Kingdom it is more
usual to have central processing. It is not
easy to move these mobile units on a daily
basis if high quality is to be maintained, and it
is suggested that prepared sites are used
with the appropriate electrical facilities laid
on, so as to avoid the use of separate
generators. Should these have to be used, it
should be possible to separate them from the
mobile unit when in action as there could be
problems with vibration and noise. If mobile
units are considered, advice should be
sought from those with practical experience of
their use in the field.



Equipment

The radiologist and superintendent radiogra-
pher for the programme need to be consulted
at the planning stage when the layout of the
rooms or interior of the mobile unit and choice
of equipment are being decided upon.

Screening Procedure

Careful decisions need to be taken concern-
ing the details of the screening procedure.
The amount of information elicited from the
woman should be that minimal amount nec-
essary to interpret the films. If epidemiological
data is required for research purposes, this
represents an additional cost above that of
screening because of the time taken to elicit
such information.

It should be decided what information should
be given to the women at the screening visit.
This should include as a minimum an indica-
tion of when she may expect to hear the re-
sults, what procedure is likely to be followed if
a clear result cannot be given, and when she
is likely to be screened next. The "normal”
letter should include the information that
though mammography is the most sensitive
test currently available, it does not guarantee
the detection of all breast cancers which may
be present. Advice as to what she should do
and whom she should consult in case she
notices any specified breast symptoms, is
also desirable.

Staffing

Two radiographers are suggested as basic
staffing for each mammogram screening unit
as they can both obtain information from the
woman and carry out the screening proce-
dure. If one of them is replaced by a clerk or
nurse, she can only perform a small part of
the screening procedure and the woman
would always therefore meet two members of
the staff in a short period of time and may not
have sufficient opportunity to establish a rela-
tionship with either. Should a radiographer
unexpectedly not be available on a certain
day, e.g., because of iliness, there is no way
that a clerk could carry out the screening pro-
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cedure, but if the unit is normally staffed by
two radiographers, it is possible to proceed
with one radiographer and an additional
nurse or clerk sent out from the central unit to
help with the non-radiographic work in an
emergency.

Processing and Film Interpretation

Arrangements must be considered for the
transfer of processed films from a mobile to
the central unit for interpretation or for the
transport in light-tight containers of exposed
films for processing centrally. Quality control
measures for processing need to be agreed.
The handling of developed films and their
correlation with paperwork and/or computer
information has staffing implications.
Radiographers may process and handle
films; the advantage being that they see their
own films regulary. Alternatively, dark-room
technicians or clerical staff may be employed
for some of this work but this alternative has
the disadvantage that they cannot replace the
radiographers in the screening programme in
an emergency. Viewing conditions for inter-
pretation must be considered. It is usual to
load batches of films onto multiple viewers
and some 70-80 sets of films are generally
read at one sitting, representing one day's
work for two radiographers. It takes about one
hour to load such a batch of films and 1 to 1.5
hours for an experienced viewer to interpret
them. A decision is required as to whether the
screening films will be single or double read.
The second pair of eyes probably adds
around 10% to the detection rate even with
experienced viewers. After ir*erpretation the
films need to be removed, data entered into
the computing system, unless there is auto-
matic input to the computer by the film reader,
and the normal films filed away. A fail-safe
mechanism is required to ensure that women
who should be recalled are actually recalled
and the files of these women may advanta-
geously be separated from those of "normal”
women at this point. On the re-screening vis-
its, previous films need to be available for
comparison and preferably loaded for auto-
matic viewing together with those of the cur-
rent screen.
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Filing

Facilities for storage and retrieval are re-
quired. The possibility of women retaining
their own films has not been used in large
programmes. The cost of packing and posting
them may well exceed the storage costs and
this option poses additional problems of lost
or forgotten films at subsequent screens.

Data Collection and Quality Assurance
Measures

Documentation and letters need to be de-
signed and linked with the proposed com-
puterisation system. It may be possible in
some circumstances to dispense with paper-
work and work directly on computer terminals.
If this is done, there may be medico-legal
consequences of being unable to produce a
contemporarily written record unless there is
some mechanism by which alterations in the
computer database can be recorded. There is
also limitation of the venue at which any
records can be made or work carried out as
well as the impossibility of working when
there is any downtime with the computer
system.

Quality assurance measures are desirable at
all stages of the screening programme, not
merely for the radiographic aspects and these
need discussion at an- early stage, particularly
as there are organisational and financial con-
sequences. Discussion of measures to be
taken if previously agreed standards are not
reached is essential, as is the nomination of
someone to take responsibility for ensuring
that the appropriate action be taken.

The overall success of the programme will
eventually be measured by any change in
breast cancer mortality within the population
offered screening. This entails monitoring the
breast cancers in the population as a whole
and the establishment of an accurate cancer
registry is highly desirable. Some form of
cancer identification unit working in conjunc-
tion with the screening programme, the gen-
eral practitioners, the hospital's surgical,
pathological and radiotherapeutic services as
well as monitoring of the local death returns is
needed to liaise with the cancer registry and
to secure the inclusion of all cases. Earlier
measures of success relate to the screening

programme parameters themselves and ad-
ditionally, the identification of and estimated
prognosis for interval cancers and cancers in
women who fail to attend for screening. The
establishment of a cancer registry or other
cancer identification unit of high accuracy is
expensive. This factor needs consideration at
the commencement of any proposed screen-
ing programme.

The Appointment of Key Personnel

The programme director or manager, the fi-
nancial adviser, radiologist and superinten-
dent radiographer should ideally be ap-
pointed about 6 months before the pro-
gramme is due to start so that they may have
the opportunity to choose equipment and
plan detailed procedures before the actual
screening starts. They will also be closely in-
volved in the appointment of other staff.

The Last 6 Months Before Screening

Key personnel should already be in post and
decisions should have been taken regarding
major aspects of the screening programme.
The first 3 months of this period will be occu-
pied by the procedures necessary for the ap-
pointment of virtually the whole staff who will
be required for the programme, the prepara-
tion of buildings or mobile units and the
ordering and installation of equipment.

Staffing

Recruitment procedures for the employment
of professional staff may be lengthy and con-
sideration must be given to the possibility of a
3 months' notice being required by the previ-
ous employer before staff appointed may join
the unit. Other staff may need to give only one
month's notice but the advertising of the
posts, short listing and interview procedures
can take 2 months. Administrative and office
staff may be difficult to recruit in some circum-
stances, particularly if the screening unit is in
an area where living expenses are high.
During this period the key staff already ap-
pointed will be deciding upon the appropriate



training courses for new staff and making ar-
rangements for them to attend. Training is re-
quired not only for the staff who will be in-
volved with the primary screening procedure
but also for those who will deal with the eval-
uation of women with screen-detected ab-
normalities. Liaison should be made with
those likely to be treating the women from the
screening programme, and again further
training may be appropriate.

Apart from a working knowledge of the proce-
dures to be followed during the screening
programme, specific training outside the unit
will be required for the staff listed below.

Medical Staff

Radiologists or other doctors reading
screening mammograms will require specific
training in this field. It should be pointed out
that knowledge of clinical mammography
does not provide the appropriate training for
the interpretation of screening mammograms.
Diagnostic decision-making from films of the
symptomatic woman, who commonly has a
mass immediately apparent on the mammo-
gram, is quite different from the viewing of
1000 sets of films of breasts with an infinite
variety where perhaps 5 among that number
may have a malignancy. The subtle signs of
the earliest invasive cancers require exper-
tise in the screening field which is acquired
by specific training and practice. Up to 3
months' training had been thought to be re-
quired initially but recent experience in the
United Kingdom has shown that detection
rates of over 6 per thousand women first
screened in the 50-64 age range may be ob-
tained when the film readers have received a
basic short theory course combined with a
two-week concentrated and intensive
practical experience in a screening training
unit. The European Group for Breast Cancer
Screening has made recommendations as to
the facilities which should be available in
such units. Training should not be undertaken
too soon since it is desirable that the film
readers proceed immediately from their train-
ing secondment to reading screening films in
their own unit. Careful scheduling is essential
and if this ideal timing cannot be achieved,
arrangements should, if possible, be made for
such a person to see screening films else-
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where between training and commencing
screening.

Those with previous experience in clinical
mammography may sometimes not realise
the extent of the variation in normal mammo-
grams and it is essential that they are given
the opportunity to view large numbers of nor-
mal films, otherwise the minor differences be-
tween the two breasts may be too frequently
confused with the signs of early malignancy,
resulting in a high recall rate. Specificity is
very important in the interpretation of screen-
ing mammograms.

The full range of quality control procedures
essential in a screening programme are not
always in routine use in general X-ray depart-
ments, and their implementation and control
require again specific training. The detection
rate of the smallest invasive cancers (less
than 1 cm) is generally taken to indicate the
quality of the mammography, since the calci-
fications associated with non-invasive lesions
may be more readily seen on suboptimal
mammograms.

Radiographers

High-quality mammography is mandatory in
any breast cancer screening programme and
all screening radiographers need specific
training in this field. Courses are required at
the theoretical and practical level to ensure
correct positioning of the women, especially
for the difficult 45° medio-lateral oblique, the
basic screening view which should include
almost all the breast tissue on the film. These
courses should also ensure the establish-
ment of the quality control n.casures neces-
sary on a daily, weekly and monthly basis.
Regular update courses are desirable.

Staff Involved at the Evaluation Stage

The radiologist, clinician and cytopathologist
will need specific training concerning the
problems of diagnosis of the smallest
cancers. Specialist mammographic tech-
niques, ultrasound and the inter-relation be-
tween minimal clinical signs and imaging
methods need to be explored. Procedures
and routines to be followed should be agreed
upon and plans should be made for the eval-
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uation of the different types of mammographic
abnormality. The appointment of a breast cy-
topathologist, if not already in post, should be
considered. When a presumptive diagnosis of
carcinoma has been made, then the expertise
needed for the surgical biopsy must be avail-
able. Radiological localisation procedures
should be familiar to the radiologist and sur-
geon. The surgeon will need a working
knowledge of mammography and should
have determined a policy for the treatment of
in-situ and small invasive carcinomas.
Arrangements must be made for specimen
radiography when impalpable lesions are
excised.

The histopathologist will need further training
in those areas of histopathology specifically
related to breast cancer screening. There will
be a higher proportion of well-differentiated
and tubular carcinomas which must be distin-
guished from radial scar lesions and the
problems of in-situ disease and epitheliosis
with atypia pose problems less commonly
met in normal clinical practice. The availabil-
ity of facilities for the examination of large tis-
sue sections is highly desirable to avoid the
time-consuming examination of multiple small
sections from many blocks. A frozen section is
usually inappropriate for the examination of
non-palpable lesions.

Nursing Staff

If nurses are present in the evaluation clinics,
they may need to acquire further counselling
skills and will need a basic knowledge of the
screening programme. Nurse counsellors are
desirable for treatment units both to counsel
the women in hospital and provide support
and advice outside the hospital environment.

Administrative and Office Staff

Familiarisation with the computer system and
practice with the use of word processing sys-
tems is essential. Training on the extraction of
data from the computer system may be re-
quired if staff are not familiar with this when
appointed. All those involved with answering
the telephone or reception work need to be
familiar with the questions women commonly
ask in these circumstances, and have an-

swers formulated beforehand which have
been agreed by the medical and para-medi-
cal staff.

Other training requirements will need to be
identified as being relevant to individual pro-
grammes and the cultural and medical cir-
cumstances in which the screening takes
place.

The Final 3 Months

Staff will undergo training and the logistics of
the invitation system, the screening proce-
dures, the notification of the results and the
evaluation of women recalled will be agreed
upon and understood by all those who will be
involved. The computer system will be tested
and final checks on all other equipment will
be made.

Documentation will be printed and letters
which will be used frequently to convey the
same information will be designed.

Publicity

Open meetings for medical, para-medical
staff and others, such as health education of-
ficers working in related fields, are advisable
to give information about the programme.
Meetings with those more directly concerned,
e.g., general practitioners whose women are
to be included in the first stage of the pro-
gramme, may need to be arranged at the
practitioner's home base. All medical and
para-medical staff wor'ng in the public
health field should be aware of the broad
principles of the programme and when and
where it will take place. General publicity in
the newspapers, radio or other media would
be appropriate within the locality of the
screening programme.

Invitations and Appointments

Appointments or invitations need to be dis-
patched 3 to 4 weeks before the screening
date in order to allow women who may be
working to make appropriate arrangements.
The names and addresses of the women will



therefore need to have been obtained prior to
this and the clinics' schedules and appoint-
ments given. If evaluation is to be centrally
organised, then clinics need to be arranged
from one week after the first screening ap-
pointment takes place.

Quality assurance measures for the actual
process need to have been agreed and
radiographic procedures to have been
practised. In the meantime, medical staff will
have been trained and be informed about the
duties they are about to undertake.

Careful planning with adjustments for local
reactions and local situations will help the
programme to get off the ground smoothly.
Continued adjustments will be necessary
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throughout the life of the programme as there
is a continual learning process for all in-
volved. At all stages, much help can be ob-
tained by visiting other well-established
screening programmes and instituting the
best and most appropriate features seen
elsewhere, rather than imitating the details of
any particular programme.

It should be appreciated that it is normal for
there to be minor problems at this point with
buildings, equipment or staff being unavail-
able at the last minute. Do not be discour-
aged, you are now ready to screen. All should
be well.

Good Luck!
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Compliance in Breast Cancer Screening: the Spanish Experience
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Department of Health, Government of Navarra, C/ Conde Oliveto 9, 31002 Pamplona, Spain

Navarra is a region situated to the south of
the Western Pyrenees in the North of the
Iberian Peninsula. It is an autonomous com-
munity with a high degree of self-government
within the Spanish State, and has a regional
parliament and a government which has full
powers in the health sector.

The total population (1986) is 512,512, con-
sisting of 254,786 males and 257,726 fe-
males. The population is at zero growth. The
population density is only 50 inhabitants per
square kilometre: 45,6% in rural areas; 82,8%
of urban dwellers live in Pamplona and its
surrounding area.

The area comes within the overall public.
sector of the regional health service.

The Breast Cancer Detection Programme is
organised by the government of Navarra in
conjunction with the Ministry of Health and
the European Community. It includes all
women between the ages of 45 and 65
(based on the census). An oblique view
screening test of half the breast is carried out
every 2 years.

Definition of Compliance

A 100% accrual of any target group is never
possible, therefore, in order to achieve the
objectives of the screening programme, i.e.,
reduced mortality, a figure as near to 100%
as possible must be sought after.

A low level of compliance implies a new
population selection, but in this case not ac-
cording to a criterion of discrimination on the
basis of risk. Women participate by compli-
ance and are not necessarily those with a

higher risk of being affected by the disease.
Indeed, on many occasions, we have seen
that the selection occurs in a negative way,
i.e., the women with the lowest risk present
themselves, thus causing detection rates in
this subgroup to be lower than those esti-
mated for the overall population. At present,
the programme is no longer based on popu-
lation and has effectively become a pro-
gramme on demand [1].

The question remains as to where the line
can be drawn. The difficulty lies in defining
this "upper limit of participation" value which
is, in consequence, the minimum required for
any screening programme. From a public
health point of view, it would be the point
above which mortality in the target group
(both participants and non-participants) drops
significantly. Some studies put this figure at
65%.

Below this percentage, benefit can only be
seen at an individual level among those par-
ticipating in the programme, and contradicts
thereby the assumption made when imple-
menting it (i.e., that the proaramme should
have benefits on a collective scale).

In attempting to achieve a reduction in the
mortality rate, it is obvious that other factors
are equally significant: the quality of the
mammograph, follow-up of detected suspi-
cions, treatment of confirmed cases, etc.
These factors will be analysed in other sec-
tions of this chapter.

Sociological Investigation

Those people running the programme will
probably know the socio-geographical and
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human area -where it is to be applied.
Nevertheless, the view of what is health and
sickness in a certain region, conditioned by
its anthropological development and cultural
influence, may include attitudes (especially
among certain groups of people) which make
it very difficult to get the message across.

So, to communicate effectively with a given
population, it is necessary to investigate the
community from a sociological perspective [2]
to find out their positive and negative attitudes
towards the matter in hand. This will make it
easier to understand the circumstances which
can better influence reception of the propos-
als offered.

Our choice of the different types of possible
sociological studies [3] was that of groups in-
volving people of similar characteristics. A
female psychologist acted as coordinator, in-
troducing the subjects and helping to stimu-
late group interaction, bringing to light the atti-
tudes which are seen to be normal in that
particular social group.

The groups were composed of women from
30-44 and 45-65 years of age from different
parts of the region, from different social cate-
gories and from both rural and urban areas.
The women under 45 were seen to be better
disposed to sickness prevention in general,
especially in relation to breast cancer, than
their older counterparts. The younger women
were familiar with and carried out self-exami-
nation, although with a low degree of confi-
dence. They were not highly motivated to at-
tend sessions on the subject. They knew
about mammography, and if they did not re-
quest it, this was due to the difficulty of getting
access to it.

The women in the 45 to 65 age group were
poorly informed on preventive methods, and
their health concerns were centred on the ill-
ness they had suffered. They would not dis-
cuss breast cancer spontaneously and pre-
ferred to avoid the subject.

These women no longer visit their gynae-
cologist; only 10% of them knew about mam-
mography, although 50% of those from higher
socio-economic groups and in the urban ar-
eas had undergone it on their doctor's rec-
ommendation.

The campaign, when explained, was seen as
having very positive aspects, but the women
recognised that they would attend if given a
specific appointment. The group of women

from rural areas were reluctant to attend and
could only be persuasive where easy access
was available. It was therefore decided to in-
volve women between 45 and 65 years of
age, making them more aware of the risks at
that age. The campaign was given a lower
emphasis in relation to the younger women.
The safety, harmlessness and objectivity of
mammography were highlighted.

The sociological study provided us with sub-
stantial information on the attitudes and
awareness of women, on the need to carry
out the programme and on the aspects which
should be highlighted in order to achieve a
high level of participation. By these means it
is hoped that the serious health problem of
breast cancer in Navarra will be viewed more
optimistically.

Strategy to Stimulate Participation

The need to involve more women led to a ma-
jor effort throughout the media, in addition to
using all those social resources which could
contribute to our aims. Furthermore, there is
also the need for accessibility to the pro-
gramme to be guaranteed despite the de-
mand on time and money.

Awareness

The data from the previous sociological study
show that there was little interest among
women over 45 to undergo a breast exami-
nation, this being even more marked over 65
years of age. The vast majority of women of
this age also did not know about mammogra-
phy, and furthermore did not seem worried
about breast cancer, or consciously or un-
consciously tried to ignore the subject.

All these factors together with the experience
of others [4] and our own have led us to the
conclusion that in order to achieve 80% of the
target population involved in the programme,
considerable resources should be mobilised
to attain a sufficient level of awareness
among the population and encourage women
to overcome their initial reluctance to undergo
mammography [5].



Compliance in Breast Cancer Screening: the Spanish Experience 49

The basic criteria required to increase

awareness were the following:

- the information given had to be true;

- the information should create anxiety, but
not dramatically so;

- the information should carry a message
of hope that the iliness could be beaten;

- the target age range had to be clearly
limited;

- the language and images used should
be attractive to the whole population;

- health professionals should know and
approve the implementation of the pro-
gramme;

- creating awareness would not only be
done through advertising.

All these criteria were duly followed.
As far as mobilisation of social resources was
concerned [6], the first moves were designed
to obtain a positive committment on the part of
medical professionals. In line with the crite-
rion established in Navarra to integrate the
activities in the health system, thus avoiding
parallel structures, and bearing in mind the
influence of the family doctor on many of his
women patients, meetings were organised
throughout the region with medical personnel
and nurses, both from primary care and in-
volved specialisations, to discuss the draft of
the programme prior to its approval.
One of the key points in a screening pro-
gramme is the ability and attitude of health
services to cope with the demand generated.
To this end, we held several meetings with
doctors in breast cancer units in the two-third
level hospitals where patients would be sent.
In this way the programme was improved by
the suggestions and concerns put forward.
Our aim to get a committment from all medical
personnel in carrying out the programme was
also reinforced.
We are convinced that breast cancer, if de-
tected early enough, can be cured and we
want to transmit this conviction to the female
population of Navarra. In other words, we aim
to reach a "state of opinion" in Navarra re-
garding breast cancer which means that
mammography will become something com-
pletely natural for a woman at a certain age.

On the basis of this outlook, all our efforts at

enhancing awareness are directed towards

providing the woman of 45-65 years of age
with an opportunity of doing something for
herself in relation to her health, something

which, moreover, would be accepted, under-
stood and encouraged by the people close to
her and by society at large. With this in mind
various activities have been organised with
citizens' groups, each one in line with the
characteristics of the particular rural or urban
area and social structure. In some cases, as
in one area on the outskirts of Pamplona,
great effectiveness has been achieved by
women setting up their own group and ap-
pointing people responsible for streets and
apartment blocks, thereby achieving com-
plete cooperation. In another (semi-urban)
area, the stimulator was a cultural activity
group for women. Red Cross volunteers also
participated.

These resources have not been sufficiently
exploited to date and efforts will continue to
endeavour to achieve maximum use of what
is available.

The link with a health team is often made
through a meeting with an "area health
committee”, a body in which the public can
participate. It includes the local council, trade
unions, business, consumer, and residents'
associations, etc. This body has always
shown great interest and has cooperated ac-
tively.

Most of the media have been used to adver-
tise the programme [7], with different forms of
presentation in each one. Advertising is al-
ways used (planned to appear over various
time periods) to achieve complete consis-
tency between the messages and the image
based on the previously described criteria.
The image should support the idea that
although it is directed exclusively at a particu-
lar group of women, it does not exclude the
rest of the population, esperially spouses or
children who can contribute (and indeed do
so) to encouraging attendance.

All advertising has.4 lines of attack: 1) age
limited to 45-65; 2) the risk below this age
range is very low; 3) wait for us to call you;
answer the call, and 4) prevention means
cure.

Given its wide audience and impact, televi-
sion is the preferred medium to transmit the
basic idea of the programme and the 4 mes-
sages described above.

Radio has also played an important part in
disseminating the messages. Apart from pub-
licity spots, we were able to get a weekly link-
up of all the major local radio stations to the
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screening unit, transmitting messages, ad-
vice, criteria, personal experiences, informa-
tion on the programme of activities, etc. This
open phone-in programme reached a wide
audience and led to an avalanche of phone
calls, not only for on-the-air transmissions but
also to the central coordination unit, to ask
questions and make a second appointment if
they had not attended the first one.

In the press, the use of advertisements with
images of the spots and activity programmes
is continuous, although different frequency
patterns are determined by the area or the
level of participation. If the latter drops, adver-
tising is stepped up.

A series of posters has been prepared for
those areas where efforts are to be directed,
prior to and during the period of appoint-
ments.

The public is informed about once every 6
months on the progress of the programme
and the results obtained, through press con-
ferences given by the regional health minis-
ter. The information is taken up by all the
media and the programme receives wide
coverage in the form of articles and inter-
views. ‘

Much time, imagination and money has been
spent on this area which accounts for about
20% of the total budget of the programme.

Accessibility

The organisation of the programme is based
on the following conditions: decentralisation,
free-of-charge services and planned ap-
pointments.

Decentralisation

The opinion survey showed that a high level
of compliance would only be achieved if the
examinations were carried out near the home
of the persons called. Two units were estab-
lished as a result:

A permanent unit in Pamplona, covering
women resident in the city and surrounding
areas. Various criteria were taken into ac-
count so that it could be reached easily:
accessibility (centre of Pamplona, well served
by bus routes, nearby parking, etc.) and
acceptability (a health centre, both primary
and specialised, visited regularly by a large

number of people). Although the option of
installing the unit in a hospital was feasible in
terms of space, it was rejected in anticipation
of possible refusal by supposedly healthy
people to visit a hospital.

A mobile unit which theoretically, on the basis
of the accessibility criteria, should visit all
places where women of the age range are
resident. However, the combination of the ef-
ficient use of resources, technical possibilities
and, of course, accessibility, led us to a com-
bined system whereby the mobile unit visited
medium-sized locations, coinciding with al-
ready established health centres in Navarra.
In this way, the unit visits localities with
enough women of the age range to be able to
work for a week, screening about 450
women. We have thereby managed to link the
programme into the primary health care net-
work because it has always been set up in a
health centre. It can also be used as a waiting
room, intermediate point of contact between
the coordination unit and the woman, etc.
Furthermore, the local population is willing to
make the trip to these locations because that
is where they normally receive medical care.

Nevertheless, we were aware that many
women between 45 and 65 years of age do
not have their own private means of transport
and need somebody else to take them to the
health centre. For this reason, a free minibus
service was offered to transport the women
from each locality (however small) to the
mobile unit. The minibus then takes them
back to their place of residence. So far, the
mobile unit has been installed in 26 localities
and the minibus has operated to/from 350
small villages. It has been completely ac-
cepted by the target population and has even
been used at times when the person in ques-
tion had her own means of transport.

Free-of-Charge Services

This accessibility should not only be physical
but also social and financial [8], i.e., criteria of
equity should be applied. It was therefore
decided that both screening tests and later
diagnostic and treatment stages should be
free of charge. Nevertheless, if it is necessary
to continue the diagnostic process after the
screening test and the woman prefers to go to
a private hospital, she is given a copy of her
own clinical record. The programme coordi-
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nation unit contacts the hospital and estab-
lishes the follow-up for the patient.

Planned Appointments

The opinion survey initially carried out con-
firmed all this through direct surveys among
the population, similar to the one recently
carried out by the European Community as
part of the "Europe Against Cancer" pro-
gramme. It is confirmed that although women
recognise that cancer could be avoided, or
that they could get an early diagnosis with a
higher chance of cure, they do not necessar-
ily take up the means at their disposal. In
practice, only a very small proportion of
women undergo regular mammographies
even though they know that their chances of
cure would be greater if they did. For this rea-
son, it is difficult to achieve high levels. of
coverage through on-demand programmes;
the screening programme should actively en-
courage women to get involved instead of
leaving them to take the decision on their
own.

Thus, it was agreed that, on the basis of in-
formation recorded by the census, the same
coordination unit should contact women to re-
quest them to attend.

The programme was started up by sending a
personalised letter to all women resident in
Navarra between the ages of 45 and 65 (the
entire target population). The aim of this letter
was to explain the programme and advise
them that they would be called in for a mam-
mography within 2 years. In this way any
women would find out if she were included in
the programme or not. These letters were
signed by the Regional Health Minister, thus
establishing a first contact between himself
and the population. This created a new situa-
tion for the vast majority of the women.

At a later stage, and in accordance with a
previously established schedule, the area of
screening was chosen and a second per-
sonalised letter was sent inviting the subject
to visit the unit and indicating the time and the
day reserved for her. Information on the
minibus is also included in appointment no-
tices for the mobile unit. In some areas a note
from the primary health care team is included,
encouraging the woman to attend.

With the aim of producing a positive response
on a collective scale, the invitations were sent

simultaneously to one particular area
(organised by street and apartment block) in
such a way that all the residents in that area
were allocated the same time.

As it was seen that attendance was high and
homogeneous right from the start, it proved
unnecessary for the women to confirm their
intention to attend. Work was planned on the
basis of 85% attendance in rural areas and
75-80% in urban areas.

Although they were recommended to avoid
changing their appointment times where
possible, all those women who requested an
appointment change were received at the
most convenient time for them. The adminis-
tration unit attends to calls during office hours,
whereas an answering machine records calls
(name, number, reason for calling and
caller's telephone number) outside office
hours.

While work is being done in the area, the
census base is updated. Data is gathered ei-
ther from women who phone or visit the unit,
or from women in the area who attend the
programme. The primary care teams involved
also participate in this updating process.
Participation is checked daily in order to take
further measures if the 65% figure is not
reached. These measures include more ad-
vertising, contacts with local groups, talks, etc.
Should 75% participation not have been at-
tained in that particular area, a new invitation
is sent out (in the case of Pamplona, to ev-
eryone).

Results

The mammography programme began on 5th
March, 1990, with only one unit working dur-
ing the first 4 months to make sure that all the
arrangements had been set up correctly.
Although final figures cannot be presented
until the first round has been completed, the
following data can be considered as advance
figures corresponding to the first year. Up to
31st August, 31, 466 invitations to attend had
been sent out of which 1,308 have been
identified as incorrect due to a number of rea-
sons (see Table 1). From the total figure of
30,158 valid invitations, 25,468 women at-
tended, representing a compliance of
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Table 1. Participation

No. of citations 31,466
Reasons for rejection 1,308
- unknown address 702
- disability 61
- mastectomies already performed 271
- pending 274
No. of valid citations 30,158
No. of participants 25,468
Compliance 84.45%

84.45%; a figure which exceeds the antici-
pated aim and, naturally, the minimum level
required for the programme to be effective.

Average compliance in Pamplona, the capital
of Navarra, was 83.06%, although it varied
from suburb to suburb. Only 75% was
reached in the Old Part, the lowest figures for
the city. The average age of the population of

Table 2. Participation by area

this part of the city is high; it is not highly
structured socially and there are considerable
differences in socio-economic terms. The
highest compliance (87.46%) was seen in a
well-organised lower-middle class suburb,
where the health centre and the Women's
Association played a major role in "recruit-
ment".

There was a compliance of over 85% in all
the areas around Pamplona.

As far as the rural areas are concerned
(covered by the mobile unit), the high level of
general compliance is noteworthy, over 90%
in some areas. Only the northern (moun-
tainous) area shows a lower level of partici-
pation, especially the Basque-speaking
areas, although until this has been analysed,
the phenomenon cannot be attributed to so-
cio-economic factors specific to this area (see
Table 2).

Compliance by age group is quite homoge-
neous, dropping only in the 60-65 age group;
this accords well with many other pro-
grammes (see Table 3).

Area Total of citations Justified rejects Participants Participation

Permanent unit 17,296 870 13,727 83,57
Pamplona 14,248 709 11,245 83.06
Surrounding area 3,048 161 2,482 85.97

Mobile unit 14,170 438 11,741 85.50
Mountain area 3,676 115 2,795 78.49
Rest of rural area 10,496 363 8,946 87.96

Table 3. Participation by age

Age Total of citations Justified rejects Participants Participation

<45->65 - - 104 -

45 - 49 7,545 299 6,213 85.74

50-54 6,563 252 5,451 86.37

55-59 7,786 302 6,392 85.41

60-65 9,468 455 7,308 81.08
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Conclusion

Breast cancer can be cured. This is the idea
that should motivate any campaign of early
detection of breast cancer and that should be
transmitted, on the one hand, to the popula-
tion to be screened, i.e., every woman in-
volved, and on the other, to the public health
authorities, with the aim of significantly reduc-
ing mortality.

Bearing in mind these objectives, high com-
pliance figures become an essential require-
ment for screening programmes.
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Experiments conducted over a period of more
than 15 years in the United States and in
Northern Europe (Great Britain, Holland)
have shown that it is possible to reduce mor-
tality rates by 30 to 45% through screening
with mammography.

The Montpellier experiment began in June
1990 and is based upon a system still unique
in France, consisting of centralised mobile
units and presenting the following character-
istics.

Organised Mass Screening

It is an example of mass screening in perfect
harmony with the principles stated by the
World Health Organization in 1968.

The target population are women between
the ages of 40 and 70. The test includes 2
angles of incidence per breast and is re-
peated every 2 years. All women in the target
population receive a personal invitation to
come to the mobile unit.

Women arrive in the truck and present their
invitation at the reception desk. They give the
name of the doctor to whom the test results
should be sent, whether the test is positive or
negative. The examination is carried out by
specially trained breast imagery technicians
in the absence of doctors. The women then
leave and are reminded that in case of a
positive test result, they should consult their
own doctor.

The planned interview is always reassuring
and confidential, the personnal being care-
fully trained in this field.

Mobile Units

A mobile unit system has been adopted be-
cause it is easy to move around, goes out to
the women, is more encouraging and makes
quality control easier.

The itinerary of the mobile unit is organised
by the screening centre according to a map
and a chronology, taking into account the
geographic distribution of the target popula-
tion. The arrival of the unit is preceded by
several preparatory meetings, attended by
doctors from the sector, paramedical person-
nel, local government officials concerned with
health and welfare, a member of the Medical
Committee (see below), as well as represen-
tatives of various socio-cultural associations.
These meetings are open to all interested
women: after having been informed about the
techniques used for the test, the women may
ask questions concerning the screening.

The mobile unit parks according to a calendar
established by the screening centre. The
centre confers on the location of the unit with
the local committees (local imperatives, ac-
cess facilities, exemplary and incitement
value of the location).

All the organisations interested in the
screening will be informed of the locations
and the dates on which the mobile unit will be
on site.

Women between the ages of 40 and 70, who
have not received an invitation through offi-
cial channels, can present themselves
voluntarily for screening (a free telephone is
at their disposal).
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Centralisation

One single centre (the Montpellier Institute for
Medico-Biological Imaging: IMIM) takes care
of computer management, invitations, analy-
sis and follow-up of the tests. This is also a
very important point when setting up quality
control.

Second Reading

Second reading is carried out by breast
radiology specialists, regularly trained and
controlled (both teachers and students).

Rapidity of Test Results

The test results are sent to the woman and
her doctor two days after the test. Every
evening the tests carried out during the day
are returned to the centre at the IMIM. The X-
rays are given a second reading by special-
ists trained in mammographic screening.
About 7% of all tests are considered positive,
i.e., they present an anomaly which requires
diagnostic control. The woman's name is
never known to the doctor performing the
reading; anonymity is assured in the form of a
number. The central secretariat, which re-
ceives the test requiring diagnostic control,
sends a letter to the woman informing her that
her test presents an anomaly and that it
should be examined further. The choice of the
diagnostic service is made by the woman and
her doctor.

The doctor receives from the central secre-
tariat a letter informing him that the test is
positive and that he must decide upon the di-
agnostic orientation. He should send back the
results of the diagnosis and follow-up for a
proper evaluation of the screening process.

In the case of a negative test, the woman and
her doctor receive a letter saying that the
woman will be contacted 2 years later. During
this interval, the woman is advised to practise
self-examination and to remain under the
surveillance of her own doctor or a specialist.

Control of the Results

The medical committee includes a team of
epidemiologists which ensures the evalution
of the campaign.

Creation of Medical and Female
Committees

These committees play a role in the distribu-
tion of information and in raising the sensibil-
ity to the public. They aim at active support of
the medical community and at a maximum
level of participation (see Appendix).

The Important Role of the General
Practitioner

He is responsible for sending and investigat-
ing the results, and should take action in the
case of a positive result.

Financing

The test is offered free of charge to women of
the District of Montpellier (a grouping of
Montpellier and 14 communities around the
city) by private and public organisations.

Quality Control

Quality control in organised mass screening
is not limited to quality control of the image. It
involves a chain in which each link is essen-
tial in order to obtain a significant reduction in
mortality. The methods of quality control are
detailed elsewhere in this monograph.

The First Results from Montpellier

Since 12th November, 1991, 10,937 women



have been screened. The first epidemiologi-
cal study carried out by Professor J.P. Daures
dealt with 5,098 women screened by 8th
March, 1991.

The mean participation rate was 64% at the
first invitation (participation varying between
59.16% and 74%). There were 396 positive
tests (7.76%) in which 30 cancers were dis-
covered. This figure is twice as high as the
number of cancers discovered during the
same period outside of the screening. Among
these cancers, 72.4% were smaller than 1
cm, 27 cancers with negative lymph nodes, 3
with positive lymph nodes and 3 refusals of
surgery after biopsy were recorded.

The distribution of the 396 positive tests
throughout the structures for diagnosis and
treatment is as follows: a) 92.29% in public
hospitals, b) 90.7% in private institutions
(Centre Recherche et Lutte du Cancer:
24.53%, private practices and clinics:
66.17%).

Conclusion

Although Montpellier is the most medically-
minded city in France, the participation rate
was about 60% at the first invitation, showing
that regular breast surveillance outside
screening programmes only reached a small
percentage of the population. Thanks to the
screening, the percentage of women regularly
undergoing breast examination increased
from approximately 20% to 80%. It has
become evident that this campaign has to be
extended to cover the entire department of
Hérault. A second mobile unit is in operation
since December, 1991, and a third unit will
provide screening for the entire department of
Hérault every 2 years (between 100,000 and
250,000 women).

Appendix

The Women's Committee for Breast Cancer
Screening (C.F.D.C.S.), which was set up in
February 1989, is unique in the world. It con-
sists of voluntary female workers, not doctors,
and is organised as an association under the
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law of 1901 (non-profit making) and spon-
sored by H.R.H. Princess Caroline of Monaco
who is taking part in the Hérault Breast
Cancer Screening Campaign.

In France, only 20% of women between the
ages of 40 and 70 have ever had a mammo-
graphy. Of the same group it is estimated that
only 6% to 8% have mammographs every 2
years. All those regularly undergoing
mammography come from the upper socio-
professional and cultural strata, a milieu
which has access to information.

The aim of the Women's Commiittee is to en-
sure that at least 80% of all women in this age
group participate in the screening campaigns.
The role of the Committee is to provide infor-
mation so as to increase awareness of the
problem, and, during the campaign, to give
support to women being screened.

The Women's Committee acts as the contact
between the public and the doctors organis-
ing the screening. The female volunteers be-
come the special confidants of the women be-
ing screened: it is easier to say certain things
to members of the Women's Committee than
to a doctor, to ask questions that would be
embarrassing otherwise ("ls a mammography
painful? Dangerous? How long does it take?
Is it really free of charge? When will the re-
sults be available? Does a positive result
mean | have cancer? Etc...").

The Committee has a specially adapted mo-
tor-vehicle, the INFOMOBILE, which precedes
the MAMMOBILE by a couple of weeks in its
tour through the different parts of Montpellier
and the communes and villages of the
Department. This vehicle circulates through-
out the area, and just by displaying the
Campaign advertising it encnurages women
to be tested. It also acts as an office where
women can come and ask questions, where
they can listen to the arguments and be con-
vinced of the importance of being screened.
Every day some 50 women (of the 400 who
are members of the Committee) take an ac-
tive part in the campaign, distributing leaflets,
posters, and documentary information to the
public, to local shopkeepers, to doctors, and
to para-medical professionals.

The Women's Committee, in conjunction with
the Hérault Medical Committee for Breast
Cancer Screening, organises open meetings
in local community halls, for associations,
companies, etc., and provides as much in
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formation to the public as possible.

It collaborates with the communication de-
partment in providing both written and audio-
visual information. It takes part in media
events publicising the usefulness of the cam-
paign and participates in public gatherings
such as fairs, congresses and exhibitions.
The Women's Committee telephone service
receives around 30 calls a day.

Lastly, through the organising committee, it
takes an active part in the planning of the
screening sessions.

The 400 members of the Association, created
under the 1901 law, elect a Management
Board for 4 years. The Management Board in
turn elects a Management Committee for 1
year and is composed of 1 president, 2 vice-
presidents, 1 general secretary, 1 assistant
secretary, 1 treasurer, 1 assistant treasurer.
The Montpellier Institute for Medico-Biological
Imaging (I.M.l.M.) provides an office for the
Women's Committee with a full time secre-
tary. She runs the freephone service with the

help of the voluntary workers.

The Management Committee handles the
day-to-day administration and allocates the
work to be done according to an "action cal-
endar" closely linked to that of the breast
screening organisation.

The women are split up into teams, who take
turns in carrying out the Association's activi-
ties in the areas to be visited by the
Mammobile.

In most of the "medical" towns of France,
Paris excepted (1 doctor per 149 inhabitants),
the results of the first 5,000 women screened
show that 64% turned up for their first ap-
pointment, a rate of participation unequalled
elsewhere in France.

When compared with traditional methods of
diagnosis covering the same geographical
area and taken over a comparable period, the
screening has enabled twice as many
cancers to be traced. This is in large part due
to the action of the Women's Committee.
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An important issue facing us in France at the
moment is to find out the best way to set up
an effective national screening system. Can
we do this by simply copying the existing
models in other countries or is it preferable to
envisage different possibilities? A priori.it
proves impossible to copy the existing mod-
els as they stand. They are in most instances
studies or trials rather than national mass
programmes. Furthermore, a certain number
of problems specific to our country have to be
borne in mind; a degree of individual
screening by the private-practice radiologists
which is already quite high (1,200,000 mam-
mograms were carried out in asymptomatic
women in 1988); a large number of mammo-
graphs (2,000 units); the lack of updated, reli-
able and exhaustive population registers; the
fact that it would be impossible to make use of
them even if they did exist because of the ex-
tremely strict rules laid down by the National
Commission on Data Processing and
Freedom (Commission Nationale Informa-
tique et Liberté) concerning computerised
lists, and the lack of conviction on the part of
the GPs who do not encourage the women to
participate. This was why, 4 years ago, we
proposed and set up a pilot campaign
(ADEMAS) in the department of the Bas-Rhin,
under the aegis of Europe Against Cancer.
The original features of our pilot project are:

- to use the existing structures, i.e. the exist-
ing radiology units, both private and pub-
lic, rather than creating new structures;

- not to use population registers and invi-
tation systems which give rise to many
problems, particularly with regard to their
quality, completeness and updating;

- fo fit in neatly with the health-care struc-
tures, taking into account our code of
ethics and our health-care system [1-3].

Many specialists in other countries, although
extremely interested in the advantages of this
approach, which is unique for the moment,
are still sceptical, if not sometimes downright
hostile as to its chances of success, claiming
that a mass screening operation can only be
envisaged if implemented on the basis of
population registers and carried out in highly
specialised centres which also perform diag-
nosis and treatment. This is why one of our
main objectives is to prove the effectiveness
of our system. In order to achieve this, it has
been essential to set up a rigorous, high-
quality evaluation system, especially since
the majority of the radiologists are not spe-
cialised in mammography, let alone screen-
ing mammography.

Organisation of the Evaluation

Even in the decentralised systems it is essen-
tial to set up a coordinating centre which car-
ries out a continuous monitoring of the
screening campaign. This monitoring is
based on a system of registration and man-
agement of data which can be used for cross-
referencing the successive data concerning
the screening of the same individual in the
target population as well as the results of di-
agnosis and treatment, should they be re-
quired. The necessary prerequisites for such
a continuous monitoring system are:
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- knowledge of the structure of the target
population and the changes in this popu-
lation over time;

- a register, with names, of all the women
screened and, for the positives, the input
of the diagnostic and treatment results;

- a cancer register, which makes it possible
to be aware of the interval cancers and
the "false negatives" (missed cancers);

- comparisons of the deaths in the target
population as compared with the non-
screened women in order to evaluate
specific mortality;

- knowledge of what happens before, in
parallel with and outside of the screening
campaign among the female population
of the Bas-Rhin department.

Participation of the Target Population

The programme evaluates the eligibility of the
women and their compliance. In the example
of the department of the Bas-Rhin, the women
are not invited to attend individually and per-
sonally; although the screening is free of
charge, no voucher'is sent out beforehand.
Any woman who wishes to undergo a screen-
ing examination may either present herself di-
rectly or may be referred by her doctor to the
radiologist of her choice as long as he is on
the list of radiologists authorised by the coor-
dinating centre and the Social Security sys-
tems.

To date, the participation of women is not
lower than that of other French programmes
using personalised invitations. As in other
European countries, there is in all cases a
slightly higher participation in rural than in ur-
ban areas.

Further studies of women's motivation, and
particularly an investigation of the role of the
referring doctor, such as the GP, should
therefore be undertaken. It is necessary to
evaluate the number of diagnhostic mammo-
grams and systematic examinations under-
taken outside the screening: this procedure
has been performed for 5 to 10% of the
women during the first year.

Evaluation of the Referring Doctors

Many of the GPs are not familiar with the re-

quirements of a screening programme and
find it difficult to distinguish between a
screening test and diagnostic examination.
This lack of scientific knowledge is often
upheld by the contradictory articles which
regularly appear in the medical press and by
the fallacious arguments of the radiologists
who have refused to participate in the
programme. This is why some of them are
reluctant to apply to their own patients the
rules of a public health programme and, in
the final analysis, they deprive them of the
benefits of an organised screening. We
frequently have the impression that our
message has not been properly received and
that we should do a great deal more to
provide information and training for the
medical practitioners.

The participation of gynaecologists is, on the
whole, relatively good. We observe that it is
the gynaecologist who has encouraged the
women to attend, or is the person whom 53%
of the women participating in the screening
wish to receive their results from. By contrast,
out of all the GPs nominated, only 40% were
chosen and this by only 5 women or fewer as
the person to pass on to them the results of
the screening [3].

It is interesting to compare these results with
those of Spain (European Pilot Programme of
Navarra) where the high participation rate
(85% of the population) seems to be at-
tributable to the very active role of the family
doctor who may encourage his patients to
participate [4]. In France, such behaviour is
contrary to the rules concerning the free
choice of a doctor, even though similar exper-
iments are now being attempted within the
specific framework of puk"c health action.

Evaluation of the Results of the
Screening Mammograms

This evaluation requires the establishment of
a cancer register as well as the drawing up of
lists of all the cytological and histological
mammary examinations. In this way, we are
able to measure the changes in incidence, in
the stage at the time of diagnosis of incident
cancers, as well as improvement in their
treatment, sensitivity, specificity, and positive
predictive value.
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Evaluation of the Structures and Set
Up

The Radiologists

In the majority of the French departments
where a system of this kind has been estab-
lished, most of the radiologists participate in
the screening. However, it is quite certain that
the number of screening mammograms car-
ried out annually varies greatly. This being
the case, one might be afraid of heteroge-
neous results in the reading of the mammo-
grams as well as a lack of training among the
readers due to the large numbers involved.

In order to obtain a homogeneous and satis-
factory result, the radiologist who has carried
out the mammogram checks its quality and
sends it, together with his interpretation, to the
coordinating centre. A second reading is car-
ried out by radiologists who are specialised in
mammography and, in a case of disagree-
ment, a third reading is carried out by a third
reader in the presence of the other two. In this
way the third reading also provides in-service
training for all the readers.

Analysis of the first results of the interpretation
of the mammograms carried out within the
Bas-Rhin experiment has shown that at the
first reading 9.5% of the mammograms were
considered positive. At the second reading,
carried out by a specialised radiologist, the
percentage of positives dropped to 7.7 and
remained so after the third reading. If one re-
lates the results of the first and second read-
ings to the results of the diagnostic examina-
tions and to the histological results; it is no-
ticeable that for the mammograms which had
been considered positive at the first reading,
but negative at the second and third, few
cancers had been discovered, whereas for
those mammograms considered negative by
the first reader and positive by the other two,
a certain number of cancers have been diag-
nosed and their number represents roughly
one-fifth of the cancers. These results indicate
the importance of a second reading for all the
mammograms and not only for the positive
results of the first reading.

The heterogeneous nature of the experience
of the different radiologists and the difficulties
in training those with little practical experi-
ence lead us to question the exact role

played by the non-specialised radiologists in
a national screening programme. Will we
continue to need a second reading by radio-
logists specialised in breast imaging, thus
considerably reducing the role and respon-
sibility of the non-specialists, or will they be
capable of carrying out this screening without
a second reading? Should this second read-
ing be restricted to those mammograms alone
which were positive at the first reading as is
the case for the other pilot projects in France,
or should it be carried out for all mammo-
grams regardless of the result of the first read-
ing? Who should carry out the second read-
ing? Should it be a specialist in mammogra-
phy or another radiologist without specialist
training? Quite apart from the psychological
aspects of this last solution, it must be pointed
out that the second reading carried out by
non-specialists involves the risk of a consid-
erable increase in the number of false posi-
tives without any decrease in the number of
false negatives.

Quality Assurance of the Screening
Procedure

It is essential that any initiative taken in a
given region be backed up by a protocol of
quality assurance which must be scrupu-
lously complied with by all the participants in
the campaign.

Due to the large number ¢f examinations car-
ried out, it is indeed absolutely necessary to
guarantee the non-deterioration of the mini-
mum technical performance of the material, to
ensure that the results obtained using differ-
ent equipment can be easily compared and to
continue to try to improve the quality of the
radiographic image whilst keeping the radia-
tion level of the patients as low as possible.

It is desirable that the different stages of a
protocol on quality control should be carried
out by a body independent of the coordina-
tion centre, as well as of the firms providing
the material. The protocol on quality assur-
ance must cover the 4 different links in the
radiological chain: the production, reception,
processing and viewing of the image. The
setting up of such a system of quality assur-
ance can only be successful if the different
partners, i.e. the radiologists and manufac-
turers, collaborate in a fruitful and construc-
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tive way. The objectives to be achieved are

the following:

- improving the quality of the image and
maintaining it at its optimal position;

- reducing the radiation dose to the lowest
possible level;

- improving the collective reproducibility of
the different views.

This last point is particularly important in a

decentralised system so as to ensure that the

readers do not have to interpret mammo-

grams carried out in very different conditions.

Evaluation of the Diagnostic
Procedures

In a good screening programme, the diag-
nostic procedures must be of as high a quality
as the screening examinations. However, in
most of the experimental sites in France, the
quality control of these diagnostic procedures
is not in the hands of the organisers since,
once the test has been carried out and the re-
sult communicated, the patient's doctor and
the radiologist who carry out these proce-
dures are then free to decide how to proceed.
This is why it seems important to us that the
evaluation of the diagnostic procedures
should be carried out by investigating the
numbers of positive results, the result of the
biopsies carried out (where the results are
nominal), and by the number of interval
cancers. Some of the difficulties encountered
in providing quality control of these proce-
dures arise from the fact that these women
have the possibility of going for a second or
third opinion to other radiologists who may
have differing opinions as to the possible
indication for a biopsy. Furthermore, the less
experienced radiologists tend to request an-
other check in the interim period between
screening rounds, which also affects the
quality of the procedure.

Evaluation of Needle Biopsy and
Pathological Examination

All members of a group of pathologists within
a programme must agree to standardise their
reports. In order to do so, it is desirable that
they fill out a standardised form which sets
out all the information required by the coordi-

nating centre. In the Bas-Rhin, they have
agreed to complete these forms for all the
needle biopsies and the biopsies performed
for all the women of the department. In this
way, it is possible to follow up all cases and to
compare cytological and pathological data to
provide the quality control of the whole pro-
gramme.

It is equally necessary to carry out the training
for all the pathologists, and evaluation and
training meetings organised by those in
charge of the programmes and who already
have considerable experience may take
place.

Evaluation of the Surgical Treatment

In decentralised systems, any surgery carried
out as a result of anomalies discovered fol-
lowing a screening may also be undertaken
within the existing oncological or gynaecolog-
ical surgical services of the department. This
being the case, at this stage too we find dif-
ferent treatment methods used amongst the
surgeons. As for the pathologists, it is possi-
ble to envisage ongoing training courses. But
it is thanks to the results of the follow-up of
patients and the comparison of information
about treatment methods that it will be possi-
ble to provide useful information about the
treatment of the cancers detected. It must be
added that treatment protocols must be fur-
ther studied in the treatment of certain lesions
such as early cancers, in situ cancers and
borderline lesions.

Conclusions

Screening programmes for breast cancer
based on private practice structures have
been organised in the Department of the Bas-
Rhin by ADEMAS. The purpose of such pro-
grammes is to define the practical require-
ments needed to screen for this cancer given
these special characteristics. The first results
justify our thinking that the factors we have
selected should allow for breast cancer
screening with a participation rate which may
be as high as 60%, at an acceptable cost in
countries with a health system similar to that
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in France. We have reason to believe that the
mammograms can be properly carried out,
with a good quality interpretation, as long as
a second reading is performed by specialised
radiologists and the diagnosis and treatment
are also satisfactory. The best conditions in
which to obtain a sufficiently high degree of
participation of the women, the cooperation of
the referring doctors and in particular that of
the gynaecologists and the GPs, still remain
to be defined. Information and awareness
campaigns for the medical practitioners are
required and proper training for the
radiologists carrying out the mammograms
must be provided. At the moment it is still
necessary to have a second reading by the
specialised radiologists for all the screening
mammograms. Finally, a quality-assurance
system must be envisaged for all the stages
in the procedure, covering the screening
proper as well as diagnosis and treatment.
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In the past, breast carcinoma in situ (CIS)
comprised only a small percentage of all
breast cancers and the traditional treatment,
mastectomy, resulted in close to 100% cure
[1-4]. During the last 2 decades, the scenario
has changed: due to the widespread use of
mammography many more in situ carcinomas
are detected, comprising up to 20% of
cancers in screening-detected series [5-8].
Simultaneously, there has been a trend to-
wards breast conserving surgery [9-11]. This
has raised important questions about the
natural history of the disease; does CIS al-
ways proceed to invasive carcinoma? If not,
are there accurate prognostic indicators to
determine which CIS are more aggressive?
What is the prevalence of multifocal disease,
how is it assessed, and what is its clinical
significance? What is the optimal extent of
surgery for CIS? What is the effect of radiation
therapy? Can progression to invasive dis-
ease be prevented by medication?

Some studies suggest that CIS starts as be-
nign epithelial proliferation, progressing
through increasing degrees of atypia to intra-
ductal (DCIS) or intralobular (LCIS) carci-
noma and finally to invasive carcinoma [12,
13].

The mammographic detection of DCIS is
most commonly due to the occurrence of cal-
cifications (often called microcalcifications) in
the involved mammary duct. Similar calcifica-
tions are sometimes seen in atypical epithe-
lial hyperplasia [14]. Thus, if atypical hyper-
plasia progresses to CIS and CIS progresses
to invasive cancer, mammography has the
potential to play a significant role in prevent-
ing development of invasive carcinoma from
such lesions. On the other hand, LCIS practi-

cally never produces pathologic mammo-
graphic changes.

The large number of mammographically-de-
tected cases of DCIS in recent years has
created new problems and raised questions:
does DCIS detected by mammography act in
the same biological manner as DCIS de-
tected clinically? What proportion of mammo-
graphically-detected DCIS is biologically
significant? Can this proportion be identified?

Histology

Traditionally, 2 types of CIS have been de-
fined, ductal (DCIS) and lobular (LCIS)
[12,15]. Both are believed to originate in the
terminal ductular lobular units of the breasts
[16]. In both types the malignant epithelial
cells are confined to the lumina of the ducts or
lobules without penetration of the basement
membrane as seen by light microscopy. In
DCIS there may or may not ue reactive stro-
mal changes such as fibrosis, elastosis and
inflammatory reaction surrounding the in-
volved ducts and lobules.

DCIS exhibits various growth patterns: solid,
cribriform, papillary, and micropapillary with
or without so-called comedo-necrosis [17].
The term "comedo" (meaning worm) refers to
the gross appearance of comedo-like struc-
tures protruding from breast ducts on the cut
surface of a pathological specimen containing
this type of DCIS. This represents a coagula-
tion necrosis of epithelial cells and is most
often seen with a solid growth pattern.
Subsequently, the necrotic core may undergo
dystrophic calcification. The resulting calcifi-



66 I. Andersson and D.M. lkeda

cations form the basis for radiographic detec-
tion of most cases of DCIS [18,19].

The cellular atypia is usually more severe in
the comedo-type carcinomas than in the mi-
cropapillary or cribriform types. The comedo-
type DCIS is usually considered to have a
greater potential for invasion and therefore a
graver prognosis [20,21].

Some pathologists classify DCIS into 2 main
categories: 1) "classical" comedo carcinoma,
characterised by large cells with atypical nu-
clei and the presence of necrotic material in
the ducts, and 2) cribriform and micropapillary
CIS. In most cases a mixture of various types
is seen, albeit with one dominant type.
Another classification of DCIS by tumour
growth patterns has been presented by
Andersen et al. [22]: 1) microfocal growth
pattern involving one or a few lobules or
ducts, usually smaller than 1 mm but some-
times 3 to 5 mm in diameter without stromal
reaction; 2) diffuse growth pattern involving
normally distributed ducts, the involvement
can be focal or extensive and stromal fibrosis
and inflammatory reaction are often ob-
served; 3) tumour-forming growth pattern
characterised by densely packed glandular
structures with stromal fibrosis and inflamma-
tory changes.

As mentioned above, the existence of a con-
tinuum from epithelial hyperplasia, through
atypical epithelial changes to frank CIS has
been suggested by several authors [12,13].
The relative risk to develop an invasive carci-
noma has been calculated for women with a
surgical biopsy showing moderate florid hy-
perplasia versus age-matched healthy wo-
men to be 1.5 to 2.0. Women with atypical
ductal (ADH) or lobular hyperplasia have a
relative risk of 4 to 5. The relative risk of de-
veloping an invasive carcinoma would be 8 to
10 with both ADH and a first-degree relative
with a history of breast cancer [23-25].
However, the distinction between severe ADH
and CIS is difficult, with substantial in-
terobserver variation even among expert
pathologists [26].

By definition, CIS does not penetrate the
basement membrane, which in practice may
sometimes be difficult to assess. If CIS is ex-
tensive, the risk of sampling error increases.
For these and other reasons invasive cancer
may be missed, probably accounting for axil-
lary metastases seen in a few percent of

DCIS cases and also for breast cancer mor-
tality in an even smaller proportion of patients
[27,28]. The occurrence of microscopic foci of
invasion has been found to correlate with
histologic subtype, being more common with
the comedo-type of CIS [20], and with the
extent of DCIS. Lagios et al. found occult in-
vasion in 50% of breasts with DCIS 55 mm in
extent or larger and in none of 60 patients
with DCIS 25 mm or smaller [29]. Two of 55
patients (3.6%) with DCIS of a median extent
of 50 mm had axillary micrometastases.

Multifocality - Multicentricity

Multifocality usually refers to the presence of
multiple foci of CIS in the same quadrant
while multicentricity refers to foci in different
quadrants. However, the definition of these
terms varies and they are often used inter-
changeably. For purposes of this discussion,
the term multifocal will be used as a descrip-
tion of separate foci of disease, with normal
tissue in between these foci. A large number
of studies show that DCIS is often multifocal.
The data on this frequency varies, probably
due to differences in the extent of sampling. In
one study, 19 of 33 patients (58%) who had
an excisional biopsy for DCIS, who then un-
derwent subcutaneous mastectomy, had ad-
ditional foci of DCIS in the mastectomy
specimens [30]. Rosen et al. reported residual
non-invasive carcinoma in 60% of mastec-
tomy specimens after biopsy for DCIS, with
33% outside the original quadrant biopsied
[31].

Similar findings have been reported by others
[32-34]. Ciatto found multifocality of DCIS in
76% (71 of 93) of the cases [35]. In an au-
topsy series of 20- to 54-year-old women, foci
of DCIS were found in more than one quad-
rant in 7 out of 15 cases [36]. Holland et al.
differ from most others and found that DCIS
almost always involves only one region of the
breast, with contiguous growth of DCIS within
ducts of that region [37]. However, most le-
sions in the series of Holland et al. were
large, with about a quarter extending over
more than one quadrant.

Lagios et al. found that the frequency of multi-
focality correlated with the size of the tumour
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[38]. They found 13 of 24 lesions larger than
25 mm were multifocal, compared to 4 of 24
smaller lesions. In conclusion, it is apparent
that DCIS often consists of several separate
foci, most of which are located in the same
quadrant but some in other quadrants.

Bilaterality

DCIS has been shown to carry an increased
risk of contralateral breast cancer, although
less than LCIS. DCIS was shown to be bilat-
eral in 7 of 36 cases (19%) in a series of pa-
tients undergoing contralateral subcutaneous
mastectomy after ipsilateral diagnosis of
DCIS [30]. In another series, 7 of 132 women
(5%) with DCIS followed for a median of 7
years developed contralateral breast carci-
noma (4 invasive, 2 DCIS, 1 LCIS) [39].

In a Danish autopsy series of 110 young and
middle-aged women, 5 of 15 cases of DCIS
found at autopsy were bilateral [36].

Ciatto et al. reported contralateral breast
cancer (invasive and non-invasive) in a total
of 23 of 156 patients (15%), 9 of whom had
been diagnosed with cancer before the dis-
covery of DCIS in the other breast [35].

Incidence and Age Distribution

Data on the incidence and age distribution of
DCIS varies substantially in the literature,
mainly due to the extent in which mammogra-
phy was used for diagnosis and screening.

In the city of Malmd, 132 patients were diag-
nosed with DCIS out of a total of 1,693 breast
cancer cases over a 9-year period (1976-
1984) during which half of the population
aged 45 to 69 years was invited to screening
with mammography; mammography was also
available for symptomatic patients [39]. The
incidence of DCIS was 14.9 per 100,000
woman years with a trend towards the highest
incidence of DCIS among middle-aged (45-
60 years old) women. Seventy-five percent of
the patients had a positive mammogram and
in 46% mammography was the only modality
indicating carcinoma.

Sunshine et al. also found CIS (mostly DCIS)
to be more common among pre- and peri-
menopausal women as compared to post-
menopausal women [3]. Their material con-
sisted mainly of symptomatic patients. A simi-
lar trend in age distribution was found by
Ciatto et al. [35].

Two Danish autopsy studies with meticulous
sampling of the breasts showed DCIS in 11 of
77 (14%) and in 15 of 109 (14%) patients
without previously known breast cancer
[36,40]. This is a much higher prevalence
than the cumulated risk of being diagnosed
with CIS in a corresponding Danish popula-
tion not subjected to breast cancer screening
with mammography (less than 1% between
ages 20 and 75). It was concluded that at
most one-third of all in situ lesions progress to
clinically invasive breast cancer [41].

Treatment

DCIS presents a therapeutic dilemma. The
trend towards breast conserving surgery for
invasive carcinoma makes it seem illogical to
treat DCIS more aggressively, i.e., with mas-
tectomy. On the other hand, it was reported
that patients undergoing only excisional
biopsy for what was believed to be benign
disease but which was retrospectively diag-
nosed as DCIS had a cancer recurrence rate
of about 25% [28,42,43]. Most recurrences
were invasive and occurred in the same
quadrant as the initial biopsy. About 10% of
the patients in each series died of breast
cancer during the period of “sllow-up. These
early studies included mostly patients with
non-comedo type DCIS. However, similar re-
sults have been reported in later series [4].

Lagios et al. found "occult" invasion in mas-
tectomy specimens after excisional biopsy for
DCIS in approximately 50% of patients with
DCIS with an extension of more than 45 mm,
and in none less than 45 mm, provided that
the initial excision had been adequate [29]. In
a series of 79 patients with mostly mammo-
graphically-detected DCIS lesions (mea-
suring 25 mm or less) treated with "tylectomy"
without radiation, 8 patients (10%) recurred (4
invasive, 4 non-invasive) in the immediate
vicinity of the original site [29]. Recurrence
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was strongly related to high-grade nuclear
morphology and comedo-necrosis in the
initial lesion. The follow-up period in this
series was 48 months (median 44 months).
Silverstein et al. reported similar results,
although their inclusion criteria were
somewhat different [44].

Bornstein et al. [46] pointed out the impor-
tance of careful mammographic and patho-
logic assessment to reduce the local recur-
rence rate.

Recurrences may be related to multifocal
(multicentric), non-invasive disease develop-
ing into invasive disease, or to the presence
of occult, microinvasive disease at the time of
initial surgery. The addition of postoperative
radiation seems to reduce the recurrence rate
[4,45,46].

Comparison of published data regarding the
effect of different treatments is impeded by the
differences in the inclusion criteria in the vari-
ous studies and how these criteria are
assessed. Randomised studies are ongoing
comparing the effect of local excision with
and without radiation and with and without
tamoxifen.

In summary, the optimum treatment for DCIS
remains to be defined and should possibly be
varied, depending upon biological activity.
Prognostic parameters for DCIS need to be
assessed. Currently, the extent of the dis-
ease, nuclear grade and the presence of
comedo necrosis seem to be important.
Thymidine labelling index, DNA ploidy and
NEU-protein overexpression may be of addi-
tional value [47-49].

Mammography

Mammography plays a key role in the detec-
tion of DCIS due to its ability to identify calcifi-
cations. However, a proportion of DCIS will
present clinically as a breast mass or thicken-
ing. Occasionally, DCIS will present clinically
with bloody or sudden, copious serous nipple
discharge and/or Paget's disease of the nip-
ple.

In an analysis of a consecutive series of DCIS
(190 cases), we found that the calcifications
were the dominant indicator of malignancy in
62% (117 women) of the cases [50]. The re-

maining 73 women had either negative
mammograms (30 women, 16%) or soft tissue
changes other than calcifications (43 women,
22%). The majority of DCIS cases without
calcifications had clinical findings, mostly a
palpable mass, thickening, bloody discharge
or Paget's disease of the nipple.

In a material selected on the basis of needle
localisation of non-palpable lesions, the vast
majority of patients reported by Dershaw et al.
[18] had calcifications on mammography (53
out of 54 cases). Stomper et al. reported a
material selected on the basis of similar crite-
ria with only 10% (10 of 100) of the lesions
presenting as soft-tissue abnormality [19].
Calcifications in DCIS typically vary in size,
form and density with a linear (ductal) or
branching arrangement. Calcifications asso-
ciated with benign disease tend to be
rounded with more uniform density. They tend
to be either scattered or arranged in groups
[51]. Lanyi suggests that the calcification clus-
ter shape may be important. In an analysis of
153 clusters of calcifications in malignancies,
he found no round or oval clusters. The most
common calcification cluster shape of malig-
nant aetiology was triangular, reflecting the
anatomic distribution of breast ducts [52].
Figure 1 shows characteristic calcifications
with suspicious linear and branching appear-
ance; they vary in density, shape, and size.
Even when the calcifications form casts, the
individual calcifications can usually be identi-
fied, giving the casts a more or less irregular
appearance. This is in contradistinction to so-
called plasma cell mastitis where the ductal
calcifications are homogenously dense and
have a smooth outline. The pattern seen in
Figure 1 is virtually patho¢—omonic of DCIS.
Differential diagnoses include atypical ductal
hyperplasia and possible calcification of in-
spissated benign ductal material (Fig. 2).

The type of calcifications seen in Figure 1 is
associated with the comedo-type DCIS and
represents dystrophic calcification of necrotic
material in the core of a solid intraluminal
carcinoma growth in dilated ducts.
Sometimes the widened ducts can be seen
as soft-tissue structures (Fig. 3), either duct-
like, nodular or as a diffuse soft-tissue den-
sity.

DCIS of cribriform or micropapillary type is
occasionally associated with less character-
istic calcifications or no calcifications at all
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Fig. 1A. lIrregular calcifications varying in size, density, and form. A linear (ductal) and branching arrangement is
apparent. This pattern is characteristic of DCIS of the comedo type

Fig. 1B. Polymorphic calcifications with a predominantly random distribution in a patient with extensive DCIS. In
some areas a ductal arrangement can be seen

Fig. 1C. Magnification view of 2 small clusters of polymorphic caicifications, one of which shows a ductal
arrangement. On microscopy, multiple foci of DCIS of the comedo type were found

Fig. 1D. Magnification view showing a limited area of irregular calcifications without definite ductal arrangement.
Microscopy showed DCIS with a small focus of invasive disease
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Fig. 2. Magnified view of a 5. mm cluster of polymorphic
calcifications. Microscopy showed atypical ductal
hyperplasia :

(Fig. 4). The pathological basis for these cal-
cifications is different from comedo carcinoma
in that the cribriform micropapillary carcino-
mas have more rounded, psammomatous
calcifications which are formed in the lattice
created by the intraluminal epithelial growth
[52].

In cases like the ones illustrated in Figure 1,
microinvasion cannot be excluded radio-
graphically. However, in the absence of a
soft-tissue mass one can assume that the
carcinoma is going to be predominantly non-
invasive.

In general, the 2 main types of breast calcifi-
cations which have been identified are cal-
cium phosphate and calcium oxalate [53-55].
Calcium phosphate has mostly been associ-
ated with both DCIS and infiltrating carci-

Fig. 3. Screening mammogram shows a dilated duct
visible due to soft tissue opacity and calcifications.
Microscopy showed DCIS of the comedo type

Fig. 4. Asymptomatic woman. Moderate numbers of
clustered and scattered calcifications without special
characteristics. Microscopy revealed extensive DCIS of
predominantly micropapillary type, including and
extending far beyond the region of calcifications

noma, while calcium oxalate has been asso-
ciated with benign disease and LCIS. ltis of
interest to note that calcium oxalate is not al-
ways seen in breast specimens stained with
haematoxylin and eosin or with the von
Kossa stain [56].
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As mentioned earlier, DCIS may present with
radiographic patterns other than calcifica-
tions. In our series of 190 cases of DCIS, 15
patients had circumscribed masses and 12
had various prominent duct and nodular pat-
terns [50]. Another 16 patients showed still
other soft-tissue changes including focal ar-
chitectural distortion.

Seven of the patients with circumscribed
masses represented intracystic cancers,
which by definition are considered intraductal

(Fig. 5). DCIS other than the intracystic carci-
nomas may form a more or less well-circum-
scribed density due to conglomeration of
ducts, reactive fibrosis and elastosis.

Asymmetric prominent duct pattern is a rela-
tively common finding and in the majority of
cases has no special significance. However,
the combination with clinical symptoms,
especially bloody or serous discharge, or
Paget's disease of the nipple, should alert the
radiologist to the possibility of intraductal

Fig. 5A. Well-marginated, 1.7 cm, dense mass which on aspiration turned out to be cystic with bloody fluid
Fig. 5B. Pneumocystogram shows the mass in 5A to be an intracystic carcinoma outlined by air. On microscopy an

intracystic, non-invasive carcinoma was found

Fig. 5C. A5 x 10 mm, fairly well-circumscribed nodule represents DCIS growing as a solid mass
Fig. 5D. The tumour in 5C consists of intraductal cancerous proliferations (haematoxylin-eosin, 3 times the original

magnification)

Reprinted with permission from Radiology [50]
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carcinoma (Fig. 6). The presence of DCIS in
these cases may be confirmed by galacto-
graphy and cytology. Figure 7 shows a case
with extensive intraductal carcinoma
demonstrated by galactography. In this case,
calcifications were seen in a small part of the
lesion.

Sometimes, DCIS may be diagnosed on the
basis of a spiculated lesion or in an area of
architectural distortion representing a radial
scar. Not uncommonly, epithelial prolifera-
tions are seen in the ducts and nodules re-
tracted towards the centre of a radial scar and
sometimes even frank DCIS. Sometimes cal-

Fig. 6A. Asymmetric prominent duct pattern in the the upper left breast of a woman who had scanty, intermittent
bloody discharge. Breast physical examination was normal. Microscopy showed extensive intraductal carcinoma of
micropapillary type

Fig. 6B. Asymmetric non-specific density (arrows) in the lower left breast in a patient with Paget's disease of the
nipple. Microscopy showed extensive DCIS with Paget's disease of the nipple
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Fig. 7A. Patient with bloody discharge. A small area of clustered, irregular calcifications is seen. Also, note the

prominent duct pattern of the parenchyma

Fig. 7B. Galactography showing numerous intraluminal filling defects, over a much more extensive region than
suggested by the focus of calcifications. Microscopy showed extensive DCIS in the region of the calcifications and in all

quadrants of the breast. Numerous papillomas were also found

cifications are seen on the mammogram
around a radial scar.

Paget's disease of the nipple presents clini-
cally as an eczematous lesion on the nipple,
sometimes extending onto the areola:
Microscopically, there is an invasion of the
epidermis by characteristic large, pale Paget
cells. This is practically always combined with
DCIS in one or several ducts of the nipple.
The cancerous lesion may be limited to the
nipple or combined with non-invasive or in-
vasive disease elsewhere in the breast.

Extent of DCIS Versus Calcification

On microscopic examination it is very com-
mon to find DCIS outside the area of mam-

mographically-visualised calcifications.
Figure 7 shows a case where DCIS was
demonstrated by galactography to be far
more extensive than suggested by the calcifi-
cations. Holland et al. have shown that the
magnitude of this discrepancy between the
extent of DCIS suggested by mammography
and that which is found at biopsy is related to
the histologic type of DCIS [37]. In their mate-
rial, which was dominated by relatively large
lesions, 8 of 50 cases of predominantly
comedo type showed a discrepancy larger
than 20 mm on the pathological specimens
compared to the mammographic findings.
The corresponding figure for predominantly
micropapillary-cribriform DCIS was 15 of 32
cases.

In the medico-legal autopsy study of Nielsen
et al., in which the breasts of 110 women
were examined histopathologically and with
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specimen radiography, 9 of 15 cases of DCIS
were not visible on specimen radiography.
As a consequence, one would assume that a
relatively generous surgical excision is nec-
essary to achieve tumour-free margins
around a focus of DCIS.

X-Ray Guided Fine-Needle Aspiration
Biopsy

In experienced hands, X-ray guided fine-
needle aspiration biopsy represents a valu-
able technique to further evaluate clusters of
calcifications by cytology [57-59]. Calcification
localisation can be performed with a stereo-
tactic or coordinate grid technique. With
meticulous sampling and correlation of
mammographic, cytologic and clinical find-
ings, the number of false-negative results can
be kept to a minimum. The advantages to
fine-needle biopsy include reduction of the
number of unnecessary surgical biopsies
and, if given a clear cytologic cancer
diagnosis, the surgical procedure can be
modified accordingly, i.e., a more extensive
excision may be performed to achieve
tumour-free breast specimen margins in the
first biopsy. One limitation of cytology is the
fact that the presence of invasion cannot be
determined, and axillary dissection may need
to be performed as a second surgical
procedure. '

The Management of Patients with
Calcifications

Breast calcifications are a very common find-
ing at mammography. Some patterns of calci-
fications are highly characteristic of benign
disease, others are characteristic of malig-
nant disease as discussed above. In between
these extremes there is a gray zone of calcifi-
cations indeterminate for malignancy.

In an attempt to classify calcifications into
some simple groups and to assess the prob-
ability of carcinoma for these groups, we rec-
ommended a surgical biopsy for all clusters
containing 5 or more calcifications without

obvious mass and not representing obviously
benign calcifications such as those seen in
plasma cell mastitis, fiboroadenomas and ar-
teries [51]. The results of this study are sum-
marised in Table 1. Naturally, the classifica-
tion of calcifications into various categories is
subjective to some extent. This notwithstand-
ing, it seemed clear that it was possible to
make rough estimates of the risk of carcinoma
for broad categories of calcifications. It should
be noted that the 3 cases of LCIS in risk
group 1 were considered to be incidental
findings in areas adjacent to the areas of
calcifications, usually representing fibrocystic
disease. It was concluded that recommen-
dation for a surgical biopsy would be appro-
priate for all risk groups except for risk group
1. For this group, follow-up was considered
adequate with a repeat mammogram at 6 and
12 months. Any increase in the number of
calcifications should prompt a surgical biopsy
unless they are clearly benign, for example,
of "teacup" type seen in microcystic disease.
The number of calcifications is less important
than the morphology and arrangement of the
calcifications. Five calcifications is not a
magic number to suggest surgical biopsy
upon, even if it is practical to have a threshold
level above which biopsy is recommended.
By the same token, the size of a calcification
cluster is not as important as the calcification
shapes, from a diagnostic point of view.

Table 1. Radiographic appearance of calcifications
and risk of malignancy

Risk Radiographic Carcinomas
group  characteristis of calc. N %
1. a) rounded 3/54 6
b) "cloudy”
c) "tea cups"”
2. as in risk group 1 18/75 24
with some irregular
calcifications
3. a) irregular, few 24/58 41
b) possible ductal
arrangement
4. a) irregular, abundant  25/26 96
b) definitive ductal
arrangement

Modified after Sigfusson et al. [51]
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Measures to increase imaging resolution to
evaluate calcification shapes such as magni-
fication or coned-down views, are important
especially in borderline cases [60,61]. In ad-
dition, the number of calcifications are seen to
greater advantage on magnification views
compared to regular views.

Those calcifications which display features of
malignancy on such views will proceed to
surgical biopsy. Women with calcifications of
a clearly benign origin will be returned to
mammographic screening. However, some
clustered calcifications will be indeterminate
for malignancy despite optimal evaluation
with magnification views. A portion of these
patients will proceed to surgical biopsy due to
suspicious clinical findings and/or the inclina-
tions of the patient and her referring physi-
cian. However, some calcifications of low
suspicion for malignancy may be followed
appropriately with short-term mammography
and physical examination because of a rela-
tively low predictive value of carcinoma
[62,63]. These would include rounded, regu-
lar, sharply defined calcifications. The feasi-
bility of implementing radiographic follow-up
has been discussed at length [64].
Continuous correlation of radiographic find-
ings with pathology is important as part of a
quality-assurance programme to establish a
reference base for policies on the manage-
ment of clustered calcifications [64]. A positive
predictive value as low as 10% has been
considered acceptable to maximise the num-
ber of early carcinomas found in screening
programmes by some groups [65]. Others ad-
vocate positive predictive values of 40% [66].
However, we agree with Hall et al. that a high
specificity and a high predictive value are im-
portant in a screening programme. Currently,
3 of 4 surgical procedures in the Malmd
mammography screening programme show
cancer after a thorough work-up, including X-
ray guided fine-needle aspiration.

Summary and Conclusions

DCIS is a heterogenous group of lesions mi-
croscopically, radiographically, and with re-
gard to their biologic activity. The comedo
type (solid growth pattern with central necro-
sis and large pleomorphic cells on histology)
is usually thought to be of greater biological
significance compared to the other in situ
forms. The prognosis of these lesions may
correlate with biological markers such as
oncogenes and DNA ploidy.

DCIS is often multifocal but is usually limited
to one portion (quadrant) of the breast. It is
thought that with increasing size or extent of
DCIS the probability of microinvasion in-
creases. The presence of microinvasion can-
not be determined on the mammogram.

The microscopic extension of DCIS is often
greater than suggested by the calcifications
seen on the mammogram. The incidence of
DCIS varies with the use of mammography,
with more DCIS lesions identified in those
programmes which use mammography to a
larger extent. Autopsy studies and other data
indicate that a proportion of DCIS will never
surface clinically. DCIS is usually detected by
the presence of calcifications which form
within the ducts. Such calcifications have a
radiographic spectrum of appearances rang-
ing from a very characteristic irregular
branching pattern to calcifications which are
non-specific. With experience, a rough
estimate of the probability of malignancy
represented by such clustered calcifications
can be made. X-ray guided fine-needle
aspiration biopsy for cytology is valuable in
the evaluation and managerr..nt of patients
with clustered calcifications. DCIS may less
frequently present radiographically as
circumscribed tumours, nodules, or prominent
duct pattern.

Continuous correlation between mammo-
graphic findings, recommendations for surgi-
cal biopsy, and the pathology should be per-
formed in screening centres as a basis for
both quality contrel and guidelines in the
management of clustered calcifications de-
tected on mammography.
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Criteria for Recall

Mammographic screening is not aimed at
cancer diagnosis, but at the selection of a
small subgroup of subjects showing suspi-
cious mammographic abnormalities that
require further assessment.

Any recall for a mammographic abnormality,
whether subsequently assessed as negative
or as benign, must be regarded as inappro-
priate, since it demonstrates the negative ef-
fects of screening and is recorded as a "cost"
in the cost/benefit analysis. Unnecessary re-
call is costly, causes psychological discomfort
to the woman and, due to the limited speci-

ficity of assessment methods, may produce
unnecessary biopsies resulting in further
costs, anxiety and diagnostic problems on re-
peated screening.

Ideally, there should be no unnecessary re-
call and the positive predictive value for
cancer of a recall for further assessment
should be 100%. Unfortunately, the specificity
of mammography is not very high, in particu-
lar for preclinical cancer, which is the main
target of screening. As shown in Table 1, the
positive predictive value of mammography for
preclinical cancer varies according to the
radiological appearance of non-palpabie
lesions but, with the exception of star-like
opacities, it is usually less than 50%. In

Table 1. Positive predictive value of different radiological patterns of preclinical lesions at mammography

POSITIVE PREDICTIVE VALUE

Opacity Microcalcifications Distortion
Author [ref] Total Regular  Undefined Irregular Total Low suspect High suspect
Bigelow [1] 0.10 0.24
Ciatto [2] 0.36 0.00 0.35 0.75 0.24 0.02 0.56 0.11
Gisvold [3] . 0.25 0.30
Hall [4] 0.29 0.02 0.93 0.30 0.06 0.34
Hermann [5] 0.27 0.41
Lofgren [6] 0.60 0.96 0.31 0.40
Meyer [7] 0.24 0.06 0.15 1.0 0.22 0.29
Schwartz [8] 0.23 0.31
Silverstein [9] 0.33 0.08 <0.51> 0.25 0.09 0.38 0.10
Tinnemans [10] 0.33 <0.13> 0.67 0.32
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Table 2. Prevalence rates at first screening round in some screening programmes [12]

Study Age group No. of cases Prevalence Prevalence
per 1000 women rate/Annual incidence rate
HIP 40-64 55 2.93 1.30
Sweden 40-49 40 2.15 1.95
50-59 101 4.63 3.09
60-69 190 9.08 4.59
Utrecht 50-59 63 6.20 2.95
60-64 43 9.51 3.80
Florence 40-44 7 0.78 0.76
45-49 9 2.44 2.51
50-59 27 4.55 3.14
60-69 39. 8.77 4.82

view of the limited specificity of mammogra-
phy and their natural concern not to overlook
a cancer, radiologists tend to call for investi-
gation even in those cases where radiologi-
cal abnormality is poorly predictive and a
certain number of unnecessary recalls are to
be expected.

The classic radiological features giving rise to
suspicion on mammography are well known
[11], but some cancers have borderline fea-
tures and a few appear benign. It is difficult,
therefore, to establish standard criteria for re-
call, since the final decision in questionable
cases depends on the individual judgement
of the radiologist. Periodic comparison with
standard reference parameters would be a
more reliable method for checking the accu-
racy of the recall criteria which have been
adopted. '

Cancer Detection Rate

Although every effort should be made to re-
duce unnecessary recall rates, it should not
cause a reduction in cancer detection rates.
The cancer detection rate is the first parame-
ter to be assessed when checking recall cri-
teria. If the detection rate is significantly lower
than expected, it means that too strict criteria

for recall have been adopted and that some
cancers with atypical borderline features
have been reported as negative.

Expected detection rates vary according to
the age-specific incidence and the preva-
lence/estimated incidence ratio is a good
indicator of early detection. As shown in
Table 2, prevalence (detection rate at first
screening) and prevalence/incidence ratios
are similar in different programmes: when
women over 50 are screened the first time
round, a standard detection rate of >5 per
thousand and a prevalence/incidence ratio of
>3 seem to constitute a reasonable reference
standard.

The cancer detection rate wili, of course, drop
when screening is repeated and the esti-
mated rate varies according to the re-
screening interval. As shown in Table 3, a de-
tection rate of about 3% may be taken as a
reference standard with a 2-year re-screening
interval.

Double reading seems to be a good tool for
increasing the sensitivity of screening, par-
ticularly when carried out by newly trained
radiologists. Such a hypothesis is confirmed
by preliminary findings reported by a few
screening programmes (Edinburgh, Stras-
bourg and Florence); further evaluation is
needed, however, and the opposite effect of
an increased recall rate has to be assessed.



Table 3. Cancer detection rates (per 1000 examined)
at repeated screening in women aged 50 or more
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Table 4. Recall rates at first or repeated screening of
wemen aged 50 or more

Programme [ref] First Repeated Programme [ref] First Repeated

screening screening screening screening
(per thousand) (per thousand) (percent) (percent)

Florence [12] 33 6.4 Florence [16] 2.3 1.1

(1975-86) (1987-89)

Nijmegen [13] 5.6 4.9 Nijmegen [13] 1.5 0.9

(1975-86) (1975-86)

Utrecht [14] 7.2 1.9 Utrecht [14] 3.3 1.6

(1974-80) (1974-80)

Edinburgh [15] 6.1 3.2

(1979-87)*

* age 45-64 which may increase the recall rate is the use

Recall Rates

Provided that the above-mentioned reference
standard is achieved, recall rates should be
the lowest possible. As shown in Table 4, re-
call rates are constantly below 5% on first
screening. When screening is repeated, pre-
vious mammographies are available for re-
view and many suspicious findings are thus
ruled out. Repeated screening has shown
that recall rates are constantly lower, usually
below 2%: therefore, a maximum recall rate of
5% at the first screening and 2% at a further
screening seem to be a reasonable reference
standard.

When recall rates are higher than the refer-
ence standards, it means that the criteria
adopted for recall are too extensive and that
too many subjects have been recalled due to
false mammographic reports. In such an
event, the recalled cases should be reviewed
and the positive predictive value for cancer
should be determined for each category of
mammographic abnormality. This will permit
poorly predictive patterns to be identified and
new recall criteria to be adopted.

As mentioned above, double reading may in-
crease the recall rate, but its extent has not
been definitely assessed. Another factor

of the single oblique view.

It is well known that many asymmetric opaci-
ties or parenchymal distortions may show
false images due to superimposition,
whereas if the craniocaudal view is available,
lesions can be recognised easily.

Assessment Modalities

Recall for assessment is the last step of the
screening procedure marking the beginning
of the diagnostic phase. Women are recalled
to the assessment unit, where possible, by
way of a computerised syste~. Non-compliers
should be informed of the possible con-
sequences of not complying and every effort
should be made to convince them to accept
the assessment procedure.

The assessment unit should be in a cen-
tralised location and should be supervised
under the screening programme. There
should be a multidisciplinary team, the mem-
bers of which are both expert and experi-
enced: these teams should include clinicians,
radiologists, cytologists and pathologists who
should all have had specific training in breast
cancer diagnosis.
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Mammography

Additional mammographic views, or direct
magnification, are often performed for a better
evaluation of abnormalities seen on the
screening films. Magnification requires a mi-
crofocus (0.1 mm) mammographic unit and is
particularly useful for the detailed analysis of
microcalcifications.

Phnysical Examination

This is mandatory in the presence of subjec-
tive symptoms (mass, discharge), or of a
mammographic abnormality which has not
been ruled out by subsequent views. It must
be carried out by a trained clinician, but not
necessarily a surgeon.

Sonography

High frequency (7.5-10 MHz) and small parts
focussed probes must be employed.
Sonography is highly specific in differentiat-
ing solid from cystic lesions, especially when
dealing with preclinical lesions and it may
improve the differential diagnosis of palpable
masses in very dense breasts.

Radiologic abnormality

|
- |
| |
addidonal view ]
magnification ]
| |

| ]

]

negative--- 4> ---confimmed----------see -
| !
| Physical examination

STOP
| |
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e ~

- ~
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Fig. 1. Flow chart of the assessment procedure

Cytology

All lesions for which even a minimal suspi-
cion of cancer arises on mammography,
physical examination or sonography, either
palpable or non-palpable, should undergo
fine-needle aspiration cytology. Aspiration
should be performed by trained operators
using the correct techniques with low inade-
quacy rates [17]. Sonographic or radiological
(stereotaxic) guidance is required for non-
palpable lesions and these procedures must
be performed by experienced radiologists.
All these facilities must be available at the
assessment unit and should be carried out
during a single session in order to keep the
anguish and discomfort of the patient and
loss of time to a minimum. A flow chart of the
assessment policy is shown in Figure 1.
Tables 5 and 6 show the preliminary assess-
ment results of cases selected by the mam-
mographic screening programme that was
recently launched in the city of Florence, ltaly.
As shown in Table 5, the predictive value of
call for biopsy following diagnostic assess-
ment is 90%: 2 out of 3 false-positive cases
were reported on the basis of irregular micro-
calcifications and 1 case of cancer was diag-
nosed by positive cytology in a round opacity
with a regular outline. The contribution of dif-
ferent assessment tests to the avoidance of
surgical biopsy in the remaining 179 cases is
analysed in Table 6: in 50% of the cases the
mammographic indication had disappeared
or had been judged as benign following
assessment mammography and no further in-
vestigation was considered necessary.
Sonography also made a significant contri-
bution, whereas negative ¢ tology was a de-
termining factor in 10% of the cases.

The aim of assessment is to separate those
lesions which are most probably benign and
do not require a biopsy from those in which
the risk of malignancy is sufficiently high as to
justify surgery. Thus, the accuracy of the
assessment procedure may be monitored
through the biopsy rate, provided that the
cancer detection rate is consistent with the
previously indicated standard reference and
the benign/malignant ratio (B/M). As shown in
Table 7, the biopsy rate and the B/M have
changed significantly over a period of time.
This change can probably be attributed to the
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Table 5. Florence city project. Preliminary results on diagnostic assessment (20/9/90 - 30/5/91). Mammographic
pattern by diagnostic conclusion after assessment

Diagnostic conclusion

Control Biopsy
Mammaographic 2 years 1 year Benign Carcinoma Total Row %
pattern (histology) (histology)
No RX signs (symptoms) 5 - - - 5 2.4
Regular opacity 27 4 0 1 32 15.3
Irregular opacity 60 15 1 16 92 44.0
Distortion 23 2 0 1 26 12.4
Microcalcification 14 18 2 9 43 20.6
Asymmetry 11 - - - 11 5.3
Total 140 39 3 27 209 100
Col. % 67.0 18.7 1.4 12.9
increasing experience of the operators and first when compared with repeated screening.
the greater accuracy of the assessment pro- At the first screening, the biopsy rate should
cedure. The biopsy rate will be higher and the be around 1% and the B/M should be at least
predictive value of a biopsy will be lower at 1:1 (predictive value 50%). On repeated

Table 6. Florence city project. Preliminary results on diagnostic assessment (20/9/90 - 30/5/91). Diagnostic tests
which avoided biopsy by mammographic pattern

Mammographic pattern X-ray detailed examination Palpation Echography Cytology Total row %

No radiological sign

(symptoms) - ‘ 5 - - 2.8
Regular opacity 4 6 15 6 17.3
Irregular opacity 42 10 17 6 41.9
Distortion , 21 2 2 - -
Microcalcifications 19 3 5 5 17.9
Asymmetric density 3 3 4 1 6.1
Total 73 29 43 18

Col. % 49.7 16.2 24.0 10.1




84 S. Ciatto and M. Rosselli Del Turco

Table 7. Biopsy rate (per 100 screening examinations)
and biopsy positive predictive value (PVV) or B/M ratio

Programme [ref], Biopsy rate PPV  B/M ratio

Florence [16]
(1979-81) 0.9% 0.33 2:1
(1982-84) 0.9% 0.32 2:1
(1985-86) 0.6% 0.48 1:1
(1987-89) 0.3% 0.92 1:11

Nijmegen [3]
1st round 0.9% 0.51 1:1
2nd round 0.4% 0.69 1:2.3
3rd round 0.4% 0.62 1:1.7
4th round 0.3% 0.71 1:2.5
5th round 0.4% 0.87 1:7
6th round 0.3% 0.97 1:32

Table 8. Benign to malignant biopsy ratio (B/M).
Consecutive series of non-palpable lesions where
stereotaxic (or US guided) cytology was not routinely
employed

Author Cases B/M
Abel et al. 1988 152 4.4:1
Arnesson et al. 1986 314 1.5:1
Bigelow et al. 1985 150 5.2:1
Ciatto et al. 1987 512 2.4:1
Dershaw 1986 219 2.5:1
Gisvold & Martin 1984 343 2.7:1
Graham & Bauer 1988 678 7.71
Hall et al. 1988 400 2.4:1
Hermann et al. 1987 220 ' 1.9:1
Marrujo et al. 1986 237 2.7:1
Meyer et al. 1984 500 3.3:1
Ostrow et al. 1987 121 7.1:1
Poole et al. 1986 148 6.0:1
Schwartz et al. 1988 1132 2.4:1
Silverstein et al. 1987 653 3.4:1
Skinner et al. 1988 179 3.4:1
Stock et al. 1989 280 5.2:1
Tinnemans et al. 1987 359 2.0:1
Wilhelm et al. 1986 452 3.8:1
Yankaskas et al. 1988 199 5.2:1
Total 7248 3.0:1

Modified from Ciatto [22]

screening reference standards of 0.5% for the
biopsy rate and 1:2 for B/M seem reasonable.
Most calls for surgical biopsy at assessment
are due to suspected non-palpable lesions. In
the 1970s, when stereotaxic or US-guided
cytology was not routinely available, the final
decision on biopsy was based on the mam-
mographic appearance and, due to the lim-
ited specificity of mammography (see Table
1), the B/M for non-palpable lesions was
rather high; 3:1 on average (see Table 8).
When cytology was currently available, it
helped the final decision concerning biopsy.
As false negatives are expected, the call for a
surgical biopsy, due to strong suspicion
aroused by mammography, will not be con-
traindicated by a negative cytological report,
but when suspicion is moderate, a plain
negative cytological report will reassure the
radiologist, who will decide to follow-up the
case instead of advising a biopsy. This policy
does not seem to reduce cancer detection
rates [18] and has a highly favourable impact
on the B/M, which, in all the cases where
stereotaxic cytology was employed, dropped
below 1:1 (see Table 9). Thus, the routine use
of cytology is recommended for non-palpable
lesions. A certain number of cases can be
managed by sonographically-guided aspira-
tion, which is simpler, cheaper and quicker
than stereotaxic procedures, but about half
the cases worth a cytological assessment,
especially isolated calcifications (see Table
10), are not visible to sonography and thus a
stereotaxic facility should be available at the
assessment unit.

Table 9. Benign to malignar* biopsy ratio (B/M).
Consecutive series of non-palpable lesions where
stereotaxic (or US guided) cytology was routinely
employed

Author [ref] Cases B/M
Azavedo [19] 567 1:3.1
Ciatto [18] 115 1:1.8

Lofgren [20] 103 1:1.6




Table 10. Distribution of 117 consecutive non-palpable
lesions by radiological appearance and aspiration
modality (sonography-guided or stereotaxic). Florence,
1990-91

Aspiration modality
US-guided  Stereotaxic

Radiological appearance

Opacity with sharp or

poorly defined borders 61 8
Star-like opacity 6 6
Distortion 1 4
Isolated calcifications 13 78
Total 81 96

Surgical biopsy is the final assessment
modality in suspected cases. There is much
discussion as to whether general anaesthe-
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sia or local anaesthesia (when possible)
should be adopted and whether frozen
biopsy with immediate treatment or a two-step
procedure (excisional biopsy and standard
histopathological evaluation on inclusion)
should be employed [21], but this controversy
seems unresolved to date.

As far as non-palpable lesions are con-
cerned, preoperative localisation by the in-
jection of a suspension of medical carbon or
by positioning a hook-wire, is mandatory. The
former method is more practical as it can be
routinely performed at the time of stereotaxic
cytology (the trace persists for months),
whereas the hook-wire is positioned 1 or 2
days before surgery and must be removed
surgically. Perioperative mammography of
the surgical specimen is also necessary in
order to assess the adequate removal of the
lesion. It is recommended that surgical biop-
sies be performed by surgeons having spe-
cific experience in the management of non-
palpable lesions.
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The Swedish "Two-County" breast cancer
screening programme has often been de-
scribed in the literature, most recently in
January 1992 [1]. Screening was set up in
Kopparberg County in October 1977 and in
Ostergotland in May 1978. After completing 4
rounds of screening in women aged 40 to 49
years, 3 rounds in those between the ages of
50 and 69 and 2 in the age group from 70 to
74, screening in the control group was initi-
ated in Kopparberg in 1984. Since 1987, all
women between the ages of 40 to 69 are be-
ing invited to 2-view mammography at 20-
month intervals, the ultimate aim being to re-
duce this interval to 18 months in the 40-49
age group.

Two decades of the widespread use of
mammography has impacted profoundly on
the diagnosis, management, and outcome of
breast cancer. Many of the detected lesions
are impalpable, clinically occult and to be
seen in asymptomatic women. In the light of
the diversity of options open for managing
patients with premalignant and malignant le-
sions, it is becoming ever more imperative to
counsel patients individually on the choice of
the most satisfactory treatment. Conse-
quently, quantitative and qualitative changes
have been made in breast pathology pro-
cedures and established policies and
techniques have undergone major revision.

The Multidisciplinary Team Approach

In the past, the pathologist was called upon to
answer the simple question of whether the

mass was benign or malignant and often to
confirm a clinical diagnosis. His skill was
rarely challenged further and the therapeutic
alternatives were limited.

Within a screening programme today, he is a
partner in a multidisciplinary team and is re-
quired to furnish information concerning the
exact nature of the disease.

This entails cytological and histological data
when assessing clinically occult lesions re-
vealed in mammography, such as microcalci-
fications, architectural distortion and asym-
metric densities. In the increasing number of
borderline cases, the pathologist should be
able to make accurate diagnoses, including
the prognostic criteria on which proper man-
agement is based. All the information col-
lected should be used to create a database
by which the outcome of the screening pro-
gramme can be monitored. The pathologist
should be familiar with the techniques re-
quired for handling surgical specimens and
diagnosing subtle lesions. Most pathologists
are familiar with and comnr=stent in dealing
with problems concerning symptomatic breast
disease. However, only few of them will be
prepared, without further education and train-
ing, to take the responsibilities created by
screening asymptomatic women. The pathol-
ogist should also be familiar with the
radiological appearances of breast lesions
and be acquainted with the recent
developments in the management of breast
cancer. Other members of the team should
also acquire knowledge of the anatomic and
cytopathological basis of breast disease.
Members of the multidisciplinary team are to
be aware of the possibilities offered by and
the limitations encountered in the usage of
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screening test, mammography, diagnostic
method, histopathology, as well as aspiration
cytology which is mainly employed in the
assessment of recalled patients. A proper and
rational use of these procedures will cause
mammographic screening to be both optimal
and cost effective. Newly detected cases will
undergo at least 2 stages of discussion and
decision making - the mammographer will
have sole responsibility for selection of
women to undergo further mammographic,
clinical and/or cytological assessment. After
careful consideration by the team [2,3], the
surgeon will select cases for primary or
definitive surgery and the final diagnosis will
be made by the pathologist. The manage-
ment of these cases will then be the respon-
sibility of the entire team who, at regular
meetings, will base their decisions on care-
fully defined protocols [3]. .

To be effective, a screening programme
should achieve a balance between the num-
ber of occult cancers detected and the num-
ber of women recalled for assessment on the
one hand, and the number of surgical opera-
tions carried out for malignant lesions and
those for benign lesions on the other. A
malignant lesion missed will reappear at the
next screening, or between screens, at a
more advanced stage, with the potential risk
of doing nothing to reduce mortality from
breast cancer, whereas recalling women for
reassessment unnecessarily and submitting
them to surgery for benign lesions will un-
dermine both the cost-effectiveness and con-
fidence in screening. Management and fol-
low-up of women with cancer or precancer-
ous lesions should be tailored, on an individ-
ual basis, according to the nature and extent
of the disease present. In the long run, the
value of screening will be judged on whether
breast cancer mortality does actually show a
reduction [4].

Pathology with its 2 main arms, cytopathology
and histopathology, is basic to screening and
the achievement of its objectives. The
changing role of the pathologist within these
programmes has been the subject of many
guidelines representing the prevailing views
and attitudes in diverse institutions [5] and
national [6-8] and European organisations [9].
Three review articles on this subject were
published recently [10-12]. Such a diversity of
approach to the demands of the new situation

reflects the complexity of this issue and the
way different programmes are organised and
conducted. Understandably, experience can-
not be replicated exactly. However, on the
basis of 15 years' experience in specialist
centres, general agreement has been
reached concerning technical methods and
diagnosis which give consistently good re-
sults. Based on pathological procedures
adopted in the ongoing screening pro-
gramme in the Swedish county of
Kopparberg, this chapter will present recom-
mendations for training and programme
strategies which could be used as guidelines
despite existing differences in national cyto-
histopathological procedures and organisa-
tion.

The Work Load

From the point of view of quality, screening for
breast cancer changes the spectrum of le-
sions and the panorama of histological find-
ings. The so-called grey zone or borderland
in diagnostic breast pathology, the area be-
tween clear-cut malignant and benign, in
which subtle, borderline and cancer-mimick-
ing lesions find their place, is widened. This
issue will not be addressed in this chapter.
From the point of view of quantity, screening
has increased the work load due, first of all, to
a sharp rise in the number of breast prepara-
tions and to the adoption of more sophisti-
cated, time-consuming techniques.

During the first round of screening, the
"prevalence screen", h=tween 1977 and
1980, the number of surgical specimens in-
creased by almost 44% as compared with
1976 (Fig. 1), and it decreased gradually to
just above pre-screening levels during the
second round between 1983-1985. A steady
figure almost similar to that of pre-screening
levels was reached when screening of the
whole female population between 40 and 69
years was repeated.

The number of cytological examinations var-
ied widely in the different rounds of screen-
ing, increasing in relation to 1967 by 25%
and 73% in 1982 and 1985, respectively. The
sharp rise in 1985 was partly due to both
study and control groups being screened si-



Pathology in Breast Cancer Screening: A 15-Year Experience from a Swedish Programme 89

multaneously and partly to a deviation from
the original policy on the use of cytology, de-
scribed later on in this chapter.

A study was carried out by the Pathology
Department of the Royal Liverpool University
Hospital [13] on the influence on the work
load of the differences in handling screening
and non-screening excision biopsy speci-
mens. Methods recommended for processing
excision biopsy specimens from patients in
the screening programme led to a signifi-
cantly higher number of blocks being initially
taken as compared with those taken from pa-
tients who had not been screened (8.03 vs
4.95; p=0.000001). The same increase was
noted when only the malignant cases were
compared (7.74 vs 6.02; p=0.00014).

A comparison of the demand for surgical in-
patient care between 1974 and 1983 in the
counties of Kopparberg and Uppsala was
carried out [14]. There was no mass screen-
ing programme in Uppsala county. An in-
crease of some 150% in surgery and days of
hospital care required for breast cancer pa-
tients was observed in Kopparberg during the
initial round, the numbers falling during the
second and third rounds to those of the con-
trol group. The sharp increase in the surgical
work load was observed mainly in the 50-69
age group, whereas in the 40-49 age group
little extra demand was made on resources.
Pathological and surgical work loads are,
thus, dependent on the length of the screen-
ing period and the age range of the popula-
tion invited.

Preoperative Assessment and
Diagnostic Work-Up

About 40% of all cancers [14] and many of the
atypical and cancer-mimicking benign ab-
normalities are picked up by mammography
in the occult, clinically impalpable state during
a screening programme. Preoperative
assessment and diagnostic work-up require
the application of a number of sophisticated
procedures (complete mammography with
pneumocystography and galactography,
clinical and cytological examinations) in order
to obtain the maximum number of women
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Fig. 1. The number of histological and cytological
examinations perfomed at the Department of Pathology,
Falun Hospital, 1976-1985

who will be diagnosed accurately with the
minimum number of open biopsies.

The first round of screening in our county
produced the following figures: 94.8% in the
40-69 age group (31,094) proved normal
after single-view mammography [15].
Assessment with additional mammographic
views, spot compression views, microfocus
maghnification, pneumocystography and/or
galactography were performed, as required,
in 5.2% (1,606 women). The suspected ab-
normality was not confirmed in 3.4% (1,053),
1.8% (553) were given physical and/or cyto-
logical examination of whom 0.9% (285) were
referred for open biopsy. Histologically
proven carcinoma was observed in 0.5%
(156) cases.

Needle Biopsy Techniques

Needle biopsy technigues include fine-nee-
dle aspiration cytology (FNAC) and core
biopsy (CB) which can both be performed in
the out-patient clinic.

Fine-Needle Aspiration Cytology

Originating in the 1930s at the Memorial
Sloan-Kettering Cancer Center, New York, it
was adopted and developed in the 1960s at
the Radiumhemmet, Karolinska Hospital, in
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Stockholm, Sweden [16,17]. Since it had
been used extensively throughout Sweden,
when mammographic screening was initiated
on a national basis, it was found that, contrary
to the situation in the United States and the
United Kingdom, there was no shortage of
qualified cytologists in the country, where
most cytologists are also histopathologists. In
view of the close and synergistic relationship
between histo- and cytopathology, it is prefer-
able that the cytologist also practises
histopathology.

FNAC is seen to be a simple, safe, cost effec-
tive and reliable tool in the assessment of
palpable lesions of the breast which, when
used in combination with mammographic and
clinical examination - the so-called triple ap-
proach - can achieve a diagnostic accuracy of
over 99% [18]. In our screening programme,
when all 3 modalities indicated a cancer
diagnosis in palpable abnormalities, the
definitive therapeutic surgery was carried out
without any further histological proof of
malignancy. If full preoperative diagnostic
agreement was not achieved, definitive ther-
apy was preceded either by frozen section or
open biopsy.

Used mainly to confirm a diagnosis of cancer
in palpable lesions, it is used also to confirm
diagnosis in benign lesions, in which case,
however, FNAC has the added property of
reducing the number of open biopsies.
Aspiration of non-palpable abnormalities will,
therefore, require extremely accurate, image-
guided needle placement: X-ray [19], includ-
ing stereotaxis, coordinated grid and perfo-
rated plate, ultrasound devices [20] or com-
puted tomography [21] being the methods
adopted to ensure precision. Indications for
mammographically-guided FNAC of non-pal-
pable lesions include clustered microcalcifi-
cations, ill-defined or spiculated densities,
solitary or newly developed well-defined
masses and, less frequently, focal architec-
tural distortions [20].

Reports in the literature showed that the dis-
criminatory power of diagnosing benign and
malignant breast disease [22] revealed strik-
ing dissimilarities in the probability of obtain-
ing a precise FNAC outcome. This was due to
3 main factors: the quality of FNAC being dis-
tinctly operator-dependent provides a psy-
chological reason for publication bias, as
poor test quality indicates poor human perfor-

mance; details of size and type of tumours
were scanty; in the process of calculating
sensitivity and specificity, any inadequate,
unsatisfactory or sparse specimens were
considered either negative, or were dis-
carded.

This practice of discarding inadequate
specimens is regarded as highly deplorable
as it will lead to results which do not reflect
the true performance of the technique in ev-
eryday routine, and overestimate its useful-
ness [20,22]. Rates of inadequacy vary from
1.3% [23] to 36.3% [24], as shown in Table 1,
whereas the impact of excluding inadequate
specimens on sensitivity and specificity rates,
as calculated by Fornage [20], is shown in
Table 2. Inadequate cytology will more likely
be obtained from a benign lesion (21-42%)
than from a carcinoma (8-17%) [24,27].
Optimal use of a diagnostic tool requires
knowledge not only of how accurate it is but
also of its limitations [24]. One of the major
limitations to the use of FNAC for impalpable
lesions are the unacceptably high figures of
false-negative and false-positive results [28].
Where stereotaxic FNAC was originally de-
veloped and extensively used [26], the rate of
inadequate and false-negative results
amounted to 33.6% and that of false positives
to 10.1%. Variations in these rates as re-
ported in the literature are partly due to differ-
ences in the way results are analysed and
expressed. Suspicious reports are sometimes
considered as positive and sometimes as
negative, and the overall accuracy might be
expressed as that of both benign and malig-
nant lesions, or only in the diagnosis of carci-
noma [20,22].

False-negative results are significantly higher

Table 1. The rate of sparse and inadequate aspiration
cytology material in various screening programmes

Programme Rate of inadequate material

Linkdping [23] 1.3%
Stockholm [25,26] 7.5%, 8.6%
Florence [27] 16.5%

Malmé [24] 36.3%
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Table 2. The effect of exclusion of inadequate cytological specimens on sensitivity and specificity in two screening

programmes
No. of No. of Inadequate Sensitivity Specificity

Paper lesions cancers specimens Orig.” Rev.** Orig. Rev.

Ciatto et al.

[27] 218 74 36 (16.5%) 84% 77% 97% 76%

Lofgren et al.

[24] 215 47 78 (36.3%) 92% 77% 95% NA***

* original ** revised *** not available

for impalpable lesions when compared with
FNAC of palpable abnormalities [29] due to
the small size and fibrous content of some
lesions, or the potential for sampling error, the
so-called geographic miss. This can be due
to the wide area occupied by the lesion, or to
the complex nature of the abnormality com-
prising both benign and malignant structures.
An additional factor for X-ray guided stereo-
taxic technique is that it is not possible to vary
the angle through which the needle pene-
trates the lesion during sampling [29]. For
these reasons, multiple sampling is recom-
mended, occasionally up to 5 [29] or more
[23] separate punctures to increase the diag-
nostic yield.

Another major limitation to the use of FNAC in
the assessment of impalpable lesions is that
even an unequivocal cancer diagnosis can-
not differentiate between invasive and non-
invasive carcinoma and should not, purely on
its own merits, lead to definitive surgery. This
clearly contradicts what has been claimed by
some workers in the field that one of the main
advantages of cancer cytology in impalpable
lesions is that it results in one-stage cancer
surgery [23,24,26,29]. Detailed histopatholo-
gical information should be provided prior to
the proper management on an individual
basis. This information should include the
basic characteristics of the tumour nature,
type, size and extent as well as its nuclear
grade, degree of differentiation and the mar-
gins of excision. The final arbiter in the diag-
nosis of an impalpable lesion and its eventual
management must be a full and thorough
histological assessment. This policy agrees
with the guidelines for cytopathologists as
laid down in Britain and Sweden [29,30]. The
British guidelines state that no cytology find-

ings for impalpable lesions should be inter-
preted in isolation, negative reports should be
viewed with caution and, in most cases, con-
firmed by open biopsy [29]. Under no circum-
stances should a cytological opinion of ma-
lignancy in the absence of mammographic
and/or clinical evidence be taken as authority
to proceed to therapeutic surgery. The
Swedish guidelines go further, stating that
even in the case of positive cytology, the
suspicious area should be excised with a
wide free margin and subjected to histopatho-
logical examination before mastectomy and/
or axillary clearance [30].

The latter document, in fact, recommends,
when required, double cytological reading, in
both palpable and impalpable lesions. Due to
the limitations already discussed, FNAC was
not used in our programme until 1985 on le-
sions measuring 10 mm or less in diameter or
on any group of microcalcifications. These
lesions were excised in toto, on pure mam-
mographic evaluation and examined histo-
logically, following preoperative needle
localisation. Table 3 illustrates the impact of
this strategy on the benign/malignant ratio in
Kopparberg as compared to the South
Hospital in Stockholm where FNAC was used
for all types of lesions [31]. A slightly higher
benign to malignant ratio, within acceptable
limits, is shown to result in a higher share of
detected cancers. In our programme, FNAC
was used after 1985 for some impalpable
cases without significantly altering this ratio.
Clearly, FNAC will have beneficial effects
where the standards of mammographic
screening are not high [29,32]. Nevertheless,
cytology should not be used in screening
programmes to compensate for unsatisfactory
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Table 3. Comparison between the course of events during preoperative assessment in two Swedish projects of

mammographic screening (%)

Round of Screening Abnormal findings Referred Benign/Malignant
screening project after SVM after CM to surgery ratio
Kopparberg [15] 5.2 1.8 0.9 0.4 0.5
First
Stockholm [31] 5.1 1.5 0.6 0.2 0.4
Kopparberg 3.0 0.9 0.5 0.2 0.4
Second
Stockholm 3.2 0.8 0.4 0.1 0.3

SVM = single-view mammography; CM = complete mammography

mammographic results, standards should be
optimal and mammography should yield as
few false-positive results as possible.

The answer to the question who performs
aspiration depends largely on how each
programme is organised and conducted.
Usually aspiration of palpable lesions is per-
formed by clinicians or cytopathologists and
by mammographers if it is X-ray or ultrasound
guided. The result of cytological examination
should be made available without delay, if
requested, during the assessment process.
However, no pressure should be used to
provide a diagnosis if the cytopathologist is
uncertain.

Stereotaxic Core Biopsy

In view of the limitations of FNAC, particularly
the high rate of inadequate material and fail-
ure to differentiate between in-situ and in-
filtrative carcinoma, the search for a supple-
mentary procedure for preoperative evalua-
tion of impalpable abnormalities has led to
the successful tissue sampling by stereotaxic
large-core (14 gauge) biopsies developed
over the last 3 years by Steve Parker and his
co-workers in the US [33,34]. A diagnostic
accuracy equivalent to surgical excision has
been reported. Our experience over the last
12 months confirms that of others, both in
America and elsewhere [35,36]. This proce-
dure is indicated for sampling small, solitary,
multiple solid or cystic masses and in se-
lected cases of microcalcifications.

Stereotaxic core biopsy (SCB) should not
replace other methods but complement them.

FNAC, SCB and excisional biopsy should be
used in a complementary and uncompetitive
manner in the investigation and diagnosis of
mammographically-detected abnormalities.
SCB is superior in non-palpable mammo-
graphically malignant stellate and benign cir-
cular lesions, whereas FNAC may be helpful
in circular malignant abnormalities.

Preoperative Localisation and
Specimen Radiography

Many of the cancers diagnosed by mammo-
graphy are occult and have to be localised by
preoperative radiography and perioperative
specimen radiography, preferably with the
close cooperation of the mammographer and
the surgeon. The precise location and depth
of the abnormality are indicated by the mam-
mographer, thus enabling the surgeon to re-
move the area occupied by the lesion.
Various methods have been used which in-
clude skin markers, dye injections, needles,
and hooked wires. Injection of an aqueous
suspension of medical carbon has been used
in association with stereotaxic fine-needle
aspiration to mark impalpable lesions [37].
The hook-wire technique, introduced in 1976
[38], has proved to be very satisfactory. We
use ordinary spinal needles to insert home-
made wires.

The importance of specimen radiography for
clinically impalpable abnormalities seen as
suspicious on mammography is generally
recognised [39,40]. After mammography of
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the specimen with the wire in place and re-
moval of the lesion in question, the fresh
specimen will be sent intact to the pathologist
together with the radiogram and the mammo-
grapher's report. The specimen should be
marked in such a way as to enable the
pathologist to make the proper orientation.
Macroscopic examination and palpation
alone do not allow the pathologist to perform
adequate sampling and to choose the correct
slices of the operative specimen.

The specimen should be cut into thin slices,
about 0.5 cm thick, arranged in sequence on
a clean radiographic film, after which they will
be numbered. Another radiograph will be
taken. The slices representing the lesion
seen in the original mammogram should be
selected by the mammographer before being
processed at the pathology department.
Specimen radiography can also be useful for
sampling mastectomy specimens. The breast
is placed with the skin surface on the cut-up
board and the quadrants are cut into 0.5 cm
thick slices. The slices from each quadrant
will be placed on a clean radiography film,
numbered and sent for radiography.

When reviewing slides from operation speci-
mens taken because of microcalcifications, it
is important to make sure that these calcifica-
tions are visualised in the sections. Failure to
do this should lead to cutting additional sec-
tions from the block. In some cases, it is nec-
essary to turn to paraffin block radiography to
identify the calcifications. This procedure
should be followed thoroughly by the pathol-
ogist and continued until both he and the
mammographer are completely convinced

that the abnormality in question has been

fully examined [41]. The choice of apparatus
and the location for specimen radiography
depends upon the local working conditions.
We prefer the specimen radiography to be
performed by the mammographer using the
screening equipment. In other screening set-
tings, small self-contained units placed in the
department of pathology have been used
[10,42].

Frozen Section Diagnosis

This is a highly reliable procedure in the di-
agnosis of carcinoma in both palpable and

impalpable breast lesions [43-45]. It is only
valuable, however, when it answers the
question of whether or not the surgeon must
proceed to mastectomy - a situation rarely
met within screening as it does not provide
the magnitude of information on which mod-
ern management is based. In agreement with
many others, we concur that frozen section
diagnosis is not appropriate in the examina-
tion of impalpable abnormalities [5,7,10-
12,45-47] because of diagnostic and sam-
pling limitations.

Differentiating between the many types of
subtle breast lesions is already difficult, diag-
nosis by way of permanent paraffin sections
is often made even more difficult due to the
initial freezing of the tissue which causes
distortion or destruction of the specimen and
frozen section does not allow either for the
pathologist to consult about diagnosis alter-
natives, or for the patient to be counselled
concerning therapy options.

The Two-Stage Procedure

The one-stage procedure has long been
standard for both diagnosing and treating
breast cancer [48] and frozen section was an
essential part of this procedure. In recent
years, conservative surgery has become the
norm for certain cases of breast cancer and
frozen section has rarely been used since.
For lesions of 10 mm in diameter or smaller,
or cases of mammographically suspicious
microcalcifications, diagnostic segmentec-
tomy rather than simple tumour excision has
been used.

After thorough histopathologic:! examination,
this procedure can prove satisfactory as a
therapeutic measure, or a second stage en-
tailing axillary dissection, wider resection or
mastectomy may be performed. Segmentec-
tomy is a strictly standardised, well-defined
sector-like resection of tissue from the centre
to the periphery of the tumour bearing part of
the breast [49,50]. The 2-stage procedure
was adopted in our county in 1981 and can
offer many advantages [51]; a thorough
histopathological examination is decisive for
its success in achieving the therapeutic goal
of local tumour control.
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Fig. 2. The number of large sections prepared at the
department of pathology, Falun Hospital, in relation to
the total number of cases from 1983 to 1991

Examination of Surgical Specimens
and Sampling Strategies

One of the most serious problems facing
pathologists involved in breast cancer
screening is the absence of generally
accepted guidelines on what should be a
proper histopathological examination of the
surgical specimens.

There is general consensus on the extent of
information that should be passed on to the
other members of the multidisciplinary team,
but there is great diversity with regard to the
extent to which the resected breast tissue
should be sampled and the resection margins
examined [10,12]. The extent of sampling
varies from examining only the area of the
specimen containing the mammographic ab-
normality to submitting a variable amount of
the remaining tissue for microscopic exami-
nation. v

However, no matter what size the specimen
should be, it has been established that histo-
logical examination of the whole specimen
leads to an increased detection rate of dys-
plastic and malignant lesions [52,53]. When
this is not the case, the potential for clinically
significant lesions to be undetected is
increased. It has also been shown that up to
30% of breast resections in which micro-
calcifications were the mammographic indica-
tor of carcinoma, these calcifications were
histologically identified only in benign tissue
proximate to the lesion rather than within the

malignant structures [54-58]. Such microcal-
cifications were found in or adjacent to ab-
normal lobules even in lobular carcinoma in-
situ [59]. Two studies have shown that the
number of paraffin blocks required to sample
a whole specimen can vary from 13 [60] to at
least 30-40 per case [61]. This would involve
an enormous amount of work on the part of
those participating in preparation and diag-
nosis.

A cost-effective method for sampling grossly
benign biopsies was presented by Schnitt
and Wang [53]. It consists in submitting ini-
tially a maximum of 10 blocks of fibrous
parenchyma for each case. The remaining
tissue is histologically examined only if carci-
noma or atypical hyperplasia was found.
However, routinely submitting a predeter-
mined number of blocks regardless of speci-
men size or nature of the mammographic ab-
normality may be cost effective in terms of re-
ducing the technical work load, but will cer-
tainly result in cases of premalignant or ma-
lignant lesions being overlooked. It seems,
therefore, that it is a practical impossibility to
find an ideal method of sampling which can
be applied to all kinds of surgical specimens.
A possible answer would be to aim for the
highest possible yield of pathological abnor-
malities within the resources available in a
routine pathology laboratory. Such a strategy
has been followed in our department during
the last 10 years by using the large section
technique.

The Large Section Technique

Before and after the intr¢ _uction of screening,
an average of 3 to 7 blocks were taken from
each breast specimen, but it soon became
evident that these small tissue blocks were
inadequate for the proper and detailed report-
ing of mammographically-detected lesions.

A qualitative change was needed. Large
paraffin sections were introduced in 1983 and
have been used in our department ever since
- 43 in 1983 rose to 264 in 1991 representing
10.6% and 63.3%, respectively, of the total
number of breast specimens (Fig. 2).

The choice between conventional small and
large section techniques depends on the size
of the specimen and the nature of the lesion
as on mammographic and/or macroscopic
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examination. Whole lumpectomy, or segment
preparations as well as suspicious areas in
mastectomies can be examined by this
method. An area as big as 10 x 8 cm pre-
pared as a single large section would have
needed at least 20 conventional (2 x 2 cm)
blocks to assess the same amount of tissue.
Using large sections also saves the patholo-
gist the trouble of having to number blocks
and then re-assemble them mentally; in terms
of time spent by the technician, this means he
has to prepare only 1 as opposed to some 20
sections.

When dealing with palpable tumours, the se-
lected slices should show the largest dimen-
sion of the mass and the shortest distance to
the nearest margin of excision. Should this
not be possible in 1 slice, more slices should
be taken. The thickness of individual slices
should not exceed 0.5 cm. With impalpable
lesions, the selection of the proper slices is
determined by the mammographic images.
The pathologist should be able to project the
mammographic image into a histological
section, which should include the largest
dimension of any abnormality as seen on the
mammogram. It is possible, if necessary, to
embed the whole specimen in such a way
that all excision margins can be assessed
without resorting to inking or any other way of
marking the surface of the excised tissue.
This can involve up to 6 large slices.

Time was the main disadvantage involved in
this method. This has now been overcome by
a method which has reduced this time to 4
working days. Tissue slices stretched and
pinned out on perforated cork are fixed in
10% neutral buffered formalin for 24 hours,
They are processed by standard machines
according to the following scheme: 70%
alcohol for 1.5 hours, 95% alcohol for 18
hours, 3 changes of absolute alcohol totalling
9 hours, 2 changes of xylene totalling 5
hours, and 2 baths of paraffin wax totalling 12
hours. The slices are embedded in "L"
shaped pieces approximately 5 cm deep.
Wax should cool slowly until a good crust is
formed, about the same thickness as the tis-
sue slice. Running water is used to complete
the cooling process of the block. Cooling too
fast means that the face of the block can
shrink. If this happens, melt the block out and
re-embed. The blocks are placed in the fridge
for 1 hour before cutting. For microtomy we

use a Jung (Leica) Polycut, fully automatic
machine. However, a heavy duty conven-
tional sledge microtome can produce equally
good sections [62]. The sections are stained
using an automatic staining machine.

Microwaving Breast Tissue

The use of a microwave oven, however, can
substantially reduce the time needed for fixing
and/or processing tissue slices. Fixation can
be reduced from 24 hours to less than 2
hours and if the whole process is done in the
microwave oven, blocks can be produced
from fresh tissue in less than 4 hours. The
fixative used is "Kryofix" (Merk), which con-
tains a mixture of polyethylene glycol 300, al-
cohol and distilled water. Further fixation and
dehydration is achieved by absolute alcohol.
Isopropanol is then used to complete dehy-
dration and to clear the tissue. Impregnation
in paraffin wax is even done in the microwave
oven. Our laboratory uses a Polaron H2500
microwave oven designed especially for
laboratory use by Bio-Rad, Watford, U.K. This
type of oven allows control over temperature,
time and power level as well as extraction of
vapours produced during processing.
Resections received in the early hours of a
working day can be fixed, processed, sec-
tioned, stained, examined and reported on
the same or at most the next working day.
Despite criticism and some misrepresenta-
tions (mainly increased costs and "poorer"
section quality), large sections are not unique
to breast pathology [8,10]. T:.ey have been
used successfully in diseases other than
breast cancer, by neuropathologists, for
example, and also” in the examination of
whole prostates. This method has been
adopted since the early 1980s in screening
projects in Guildford, U.K., and Falun,
Sweden, with a high rate of reproducibility,
notwithstanding the different approaches and
equipment. All those involved in screening
should be trained to meet the requirements of
the new situation, and laboratory technicians
should not be an exception.

This technique is simple, reproducible, ra-
tional and economic. It is inconceivable to
screen for breast cancer without using large
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Fig. 3. A 63-year old woman with a tumour shadow and
microcalcifications on mammography. A large section
showing duct carcinoma in situ in an area 4 cm large with
2 infiltrative foci, 3 and 10 mm in diameter. Benign
intraductal papillomas are aiso seen

sections as they are essential to obtaining
optimal information for diagnosis and man-
agement of breast cancer. The size of a
breast cancer is to be measured on a histo-
logical slide and is only determined accu-
rately by microscope. Mammographic or
macroscopic measurements of tumour size
are to be considered preliminary and not as
an alternative to the microscopic size. A full
description of the essential characteristics of
a cancer is basic information in a histopatho-
logical report and should be available in a
clear and comprehensive way to the clinician.
The nomenclature of breast diseases is far
from standardised and such terms as multifo-
cal and multicentric have various connota-
tions when used by different authors. It is also
vitally important that the clinician understands
the terminology of the pathologist.

Large sections allow mapping of the lesions
and studying their spatial relationships, doc-

umenting unsuspected abnormalities, mea-
suring the exact size of the tumour, reporting
on multifocality and the state of the resection
margins (Fig. 3).

Three-Dimensional Subgross
Sampling Technique

This method for the study of the subgross
anatomy of breast tissue in animals and hu-
mans has been used since 1932 [63].
Recently, it has been modified for use in de-
processed paraffin wax embedded blocks
("Backprocessing”) by Jack Davies and
Jeanette Armstrong of the Regional Breast
Pathology Unit, Southmead Hospital, Bristol,
UK

The mammographer sees a picture summat-
ing the 3-dimensional nature of the lesion in
breast tissue. Comparison between pictures
provided by mammograms, large histological
sections and subgross preparations would be
very helpful for educational and research
purposes. Subgross preparations reveal the
features seen on a mammogram showing the
3-dimensional characteristics of the disease.
The complex nature of lesions and their rela-
tionship to ducts and terminal ductal-lobular
units is shown up (Fig. 4) and together with
the large section technique, it can provide
information about spatial relationships of
early breast disease.

The technique involves dewaxing paraffin
blocks and bringing wax-embedded tissues
back to water. They are then stained with
haematoxylin, differentiate and "blued" as in
conventional histology. They are dehydrated
in alcohol and cleared with xylene followed
by methyl salicylate. The preparations may be
viewed in a stereomicroscope after an hour,
but improve the longer they are kept in the
clearing solution. The thickness range varies
from 0.5 to 1.5 mm depending on the type of
lesion. Thinner preparations are more suit-
able for lesions rich in fibroepithelial struc-
tures such as sclerosing duct hyperplasia (the
so-called radial scar). If necessary, sections
of the appropriate thickness are made while
the tissues are still soaked in wax after melt-
ing the block. Surfaces can be levelled by re-
embedding and further trimming using the
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Fig. 4. Subgross 3-dimensional preparations showing ducts and terminal ductal lobular units, some of them are
cystically dilated and show microcalcifications. The ducts in the middle of the picture on the right hand side show
micropapillary structures. Histologically, this case shows hyperplastic breast disease and micropapillary duct

carcinoma in situ

microtome. After initial experimentation, this
method can be performed in any routine labo-
ratory.

Axillary Dissection Specimen

Lymph nodes are found more readily when
the axillary pad of fat is examined unfixed, in
the fresh state, by inspection and palpation,
whilst slicing the whole preparation. All
nodes, irrespective of size, must be pro-
cessed and examined in toto, large nodes bi-
sected or divided into as many slices as nec-
essary. Bisection in the hilar plane allows for

examination of fewer blocks, whilst revealing
metastases with considerable certainty [64].
Clearing agents increase the number of iden-
tified lymph nodes as compared with conven-
tional manual dissection [65,66], though their
use does not add significant prognostic in-
formation [67,68]. This method was used in
the Guildford screening programme [62], but
was reported by others to be time-consuming
and costly in reagents. The use of this method
is not regarded as necessary in the search for
axillary lymph nodes [8,64].

Our surgeons mark the top of the axillary
specimen with a suture and the axilla is then
divided randomly into 3 levels. Division is
ideally performed if the surgeon has marked
the specimen in relation to the margins of the
pectoralis minor when dissecting the axilla.
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Reporting the state of the lymph nodes should
include the number of nodes showing metas-
tases in relation to the total number exam-
ined, the presence of micrometastasis, the
size of a metastatic node if equal to or larger
than 2 cm, as well as the presence of peri-
glandular infiltration.

Quality Assurance and Training

Quality-assurance requirements and objec-
tives have already been laid down and well
documented. This author agrees with the
principles expressed in the documents issued
by the Royal College of Pathologists [7], the
cytology subgroup [29] and the Europe
Against Cancer programme [69]. Neverthe-
less, the necessity of adhering to locally
agreed guidelines cannot be ‘understressed.
A critically determining factor in the outcome
of a breast cancer screening programme and,
in particular, the reduction of mortality, is the
substantial experience in breast pathology,
including cytological and histopathological
diagnosis of the pathologist.

Every screening centre should include in its
multidisciplinary team of mammographer,
surgeon and oncologist an expert breast
pathologist. Such an expert should have the
following responsibilities: to maintain stan-
dards of diagnosis and reporting of screened
cases, the documentation of lesions, the
teaching of colleagues and junior staff, the
organisation of local training programmes
and quality assurance. Teaching and training
should be tailored to the status and experi-
ence of said pathologist. Specialists should
attend introductory courses at recognised
training centres and these centres should be
nominated by the experts in the respective
countries. The length of the introductory
course should be individually assessed,
whereas trainee pathologists should be given
more comprehensive training in techniques,
namely, dissection of breast specimens, se-
lection of blocks and documentation of find-
ings.

Workshops and consultation with the refer-
ence pathologist in difficult or doubtful cases
are strongly recommended and form the
basis for collecting materials for training and
quality assurance.

Conclusion

The performance of all the members of the
multidisciplinary team should be optimal and
the pathologist's role within it is critical in the
effort to reduce mortality. In conclusion, the
judgement of the pathologist does not only
affect the treatment of the patient, but also the
mammographer and the selection criteria by
way of the "feedback mechanism” initiated by
the pathology report. Of greater importance
too, especially when rates of over- or under-
diagnosis are significant, is an overall
muddling of statistics, thereby invalidating
any serious attempt to analyse the screening
programme overall. This statement was made
some 8 years ago [70] and is still valid.
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Therapeutic Aspects of Screen-Detected Lesions: The Role of the Surgeon

Roger Blamey

Nottingham City Hospital, Hucknall Road, Nottingham NG5 1PB, United Kingdom

Screening detects breast cancers at a small
and curable size. To take full advantage of
this, the detected tumours must be treated
optimally. There is no single treatment suit-
able for all primary breast cancers as they
present with different characteristics which
need different types of management. Criteria
may now be set out to guide treatment; some
based on good evidence and testing, some
on what are at present theoretically derived
protocols which are being tested in trials.

The Need for Specialisation

An understanding of these management crite-
ria requires a surgeon with a special interest
in breast cancer. The criteria on which cancer
management decisions are based include
histopathological and radiological character-
istics. The management of screen-detected
tumours has become a team effort: the sur-
geon may expect breast cancer expertise on
the part of his pathological and radiological
colleagues; similarly, they may expect to work
with a surgeon who has acquired such ex-
pertise, i.e. a surgeon who attends
assessment clinics, takes part in diagnostic
decisions, carries out the steriotactic marker
biopsies and treats cancer cases in
accordance with the team's protocols.

Many units within the U.K. now have such
teams and, as a result, screen-detected
breast cancers receive treatment by a spe-
cialised team. However, cancers presenting
outside the screening programme do not re-
«ceive such attention. It is the contention of the
author (and the way in which work is carried

out in the Nottingham City Hospital unit) that
the team which has gained the necessary ex-
pertise should look after the symptomatically
presenting breast cancers, in addition to the
screen-detected. In other words, there has to
be specialisation, with a surgeon taking
breast cancer as a main interest (in smaller
hospitals perhaps combining this with a sec-
ond speciality such as colon cancer). Such
specialisation is the general drift from general
surgery, with urology, thoracic and vascular
surgery and upper Gl endoscopy already
largely specialised. In the same way radiol-
ogy has introduced specialist interest among
consultants, and pathology is following.

Standards

In the care of breast disease, the introduction
of screening has led to the recognition that
special expertise is required. In the U.K., this
has resulted in the publication of documents
on standards in radiography, radiology,
surgery and pathology.

Expected Standards of Surgery in
Breast Cancer Screening

The responsibility for surgical audit lies with
the Royal Colleges of Surgery. At the com-
mencement of breast cancer screening, a
group of interested surgeons was formed
within the British Association of Surgical
Oncology (BASO). This group was asked to
set up a formal structure linking with the
National Coordinator for Breast Cancer
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Screening (then Dr. Muir Grey) and referred
to, for short, as the BASO Group. One surgical
co-ordinator per health region (covering a
total population of 3-4 million people) liaises
with the central and regional initiatives and
with the other surgeons participating in
screening in their region. A total of 190
surgeons take part in breast cancer screening
and perhaps less than half of these might be
described as having specialist expertise in
breast disease.

The aims of the surgical group were ex-
pressed in the report of a working party of the
Royal College of Surgeons under the chair-
manship of Professor Patrick Boulter:

That the Surgical Colleges should take an
active training and monitoring role in breast
cancer screening; that screening centres
should have appointed surgical input to par-
ticipate in clinical assessment and carry out
the necessary surgical procedures and that
the surgeon should be part of a multidisci-
plinary team.

The BASO group drew up "Quality Assurance
Guidelines for Surgeons in Breast
Screening". This document was approved by
the Royal Colleges of Surgeons and has now
been published by Dr. Joan Austoker as an
NHS Breast Screening Publication [1].

In addition to issuing the Guidelines, the
BASO group meets regularly and has certain
other duties. The group has 30 members and
each health service region, the Royal
Surgical Colleges, the main BASO or-
ganisation, and Colleges of Radiology and
Pathology are represented on it.

Quality Assurance (QA)

Each regional surgical coordinator is re-
sponsible for arranging an annual meeting in
his/her region of surgeons who are engaged
in breast cancer screening. One surgeon has
been identified per screening unit to present
the surgical audit data at the annual meeting;
the ability of each unit to adhere to the
Guidelines may then be assessed. Some
health regions have organised quality
assurance visits to their units and the regional
surgical coordinator, who is a member of the
Regional screening QA committee, nominates
the visiting surgeon for these visits.

Training

The BASO group is presenting suggestions to
the Royal Colleges of Surgeons for the train-
ing of surgeons who will take part in screen-
ing. It is recognised that screening is only a
part of breast cancer care. Some surgeons
intend to take a specialised role in breast
disease in a major centre, while others wish
to become a surgeon at a breast clinic and be
involved in breast cancer screening in a
smaller, district general hospital.

The BASO group suggests that surgeons
applying for such posts should have spent,
during the higher surgical training, a year in a
recognised major unit. A tentative list of such
units has been drawn up, using the criteria
that a major unit should have: a high patient
throughput from the symptomatic clinics,
screening, a significant research output, ac-
cess to reconstructive surgery. Before that,
during their registrar period of training, they
should have spent 6 months on a firm of 2
consultants, one of whom has a special inter-
est in breast disease and is engaged in
screening work. Such posts would be largely
in district general hospitals and a list of
suggested surgeons with such an interest is
being compiled.

A multidisciplinary course on breast screen-
ing is held in Nottingham and this includes a
surgical section. There are also update
courses organised at this centre on specific
topics in breast screening surgery, e.g., the
management of DCIS.

Education

The BASO group holds regular workshop
sessions on aspects of surgery related to
breast cancer screening, such as the man-
agement of patients with risk factors, the
management of small, very good prognosis
tumours and surgical techniques in screen-

ing.

The Guidelines for Surgeons [1]

The published guidelines make many clinical
recommendations and set certain standards.
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Attendance at Assessment/Recall

The guidelines state that the surgeon should
be available to see patients in the re-
call/assessment clinics. The surgeon does
not need to examine all cases brought back
for assessment, e.g., those simply recalled for
an extra mammographic view which then
rules out the presence of a radiological ab-
normality. The surgeon must be able to exam-
ine the breast prior to any invasive diagnostic
procedure (FNAC or needle biopsy); if not, he
may be faced with a woman with a palpable
lump in the breast, which may or may not
have undergone a considerable change in
clinical signs and size due to bruising from
the needle procedure. It is impossible to
make decisions on diagnostic excision or on
cancer management in such a situation.

Guidelines Helpful to the Surgeon

The surgeon forms part of a multidisciplinary
team and may expect expertise from pathol-
ogists and radiologists. He should have a
good cytology service, receive accurate
pathological information on benign lesions
(including comment on any atypia), on carci-
nomas in situ and on invasive tumours
(including grading, typing and sampling of the
excision margins). The surgeon may expect
to be aided by extremely accurate wire
placement for needle localisation biopsies. .
A woman awaiting surgical diagnostic biopsy
or treatment of a diagnosed breast cancer
should not be faceu with the anxiety of a long
wait. The surgeon must be put into the posi-
tion of being able to treat the cases as they
arise in the programme and not have to build
up a waiting list. The standard is that 90% of
operations should be carried out within 21
days of the surgical decision to operate.

The surgeon should have the help of a breast
care nurse in counselling the patients.

Standards for the Surgeon to Observe

The surgeon and his/her colleagues must at-
tempt to get a preoperative microscopical di-
agnosis of cancer, and at least 60% of
screen-detected cancers should have such a
preoperative diagnosis.

An open biopsy required for diagnostic rea-
sons must be carried out with a view to giving
a good cosmetic result, since the lesion may
prove benign. The standards are that more
than 95% of impalpable lesions should be
correctly identified at the first marker-wire-lo-
calisation operation and that 80% of biopsies
which prove benign should weigh < 20 ¢
(weight of the biopsy is the only convenient
measure of a likely cosmetic result).

All surgeons involved in the treatment of
screen-detected cancers must be aware that
different treatment options are available.
Every woman should receive information on
treatment options and, where appropriate, be
offered one of these options. The Guidelines
suggest that more than 50% of women with
invasive tumours < 15 mm should receive
conservative treatment.

Specimens must so taken for the pathological
examination of margins. The node status of
invasive tumours should be determined.
Prophylactic axillary irradiation is inappropri-
ate for well-differentiated, node-negative
cases, as it is for DCIS. Local excision is
inappropriate for extensive DCIS.

Effects on Symptomatic Breast Work

The standards illustrated above have resulted
in a general increase in the levels of surgical
expertise in the care of breast cancer. Similar
improvements in expertise in radiography,
mammographic radiology, histology and fine-
needle aspiration cytology of the breast have
followed.

There are also some specific effects on prac-
tice in symptomatically presenting breast
problems. For example, it has been the prac-
tice for benign feeling solid breast lumps to
be excised for a full diagnosis. In screening,
similar but impalpable lesions are seen, and
if the radiologist judges them as benign, then
they are left in situ. We are thus confronted
with a paradox: a palpable lump that can be
felt and seems benign on FNAC is removed;
whereas the impalpable lump, which cannot
be palpated and on which no FNAC is per-
formed, is left in situ. For this reason, in
Nottingham we now have a diagnostic proto-
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Fig. 1. A spiculate lesion, radiologically rated as a
suspect carcinoma: on marker localisation, biopsy
proved to be a radial scar

col using imaging and FNAC to prove that a
benign-feeling lump is in fact benign and thus
save the patient from an operation. The mul-
tidisciplinary approach applies to all breast
problems, whether from screening or with
symptoms.

Marker-Wire Localisation Biopsy

Operation with marker localisation may be
carried out for therapeutic reasons when
there is a preoperative cytological diagnosis
of cancer, or for diagnostic reasons when
there is not. The former requires a wide exci-
sion around the marked centre of the lesion:
the cancer can often be felt between the fin-
gers after superficial subcutaneous dissection
and deep dissection on the pectoral fascia.
Nevertheless, accurate marking is very
important to the surgeon. A specimen X-ray
should be taken to ensure that the cancer is
taken with sufficient margins all round.

When operating for diagnostic reasons, it has
to be remembered that the lesion may be
benign. Therefore, a good cosmetic result
should be aimed at obtaining a small scar

right over the lesion with as small a piece of
tissue as possible removed [2]. Good marking
and a marker wire set which has a cannula to
slide over the wire, in order that the surgeon
may easily feel the tip and incise directly over
it, e.g., the "Nottingham Needle" (Mediplus
U.K. Ltd), are required. The Guidelines sug-
gest that pieces of less than 20 g should be
removed - our own median is 8 g (Fig. 2).

Excised Benign Lesions

An excised benign lesion is, in retrospect, a
surgical error. A woman has been frightened
into believing she may well have cancer and
has had to undergo an operation she did not
need. The radiological features of some le-
sions (or sometimes the clinical findings) are
such that the possibility of cancer is high and
they have to be excised for histological exam-
ination (Fig. 1). The histologies of benign
lesions excised in the prevalence round of
the Nottingham programme are shown in
Table 1.

Benign lesions are most often excised in the
prevalence round of screening: they have
been present in the breast for many years
and there are no previous films allowing for a
comparison of possible progression. The
Surgical Guidelines state that no more than 9
benign lesions per 1,000 women screened
should be excised and that the ratio of
cancers detected in the programme to benign
lesions excised should be 1:1; in fact, several
units in the U.K. are achieving ratios of 3
cancers diagnosed to 1 benign lesion excised
in the prevalence round.

Table 1. Benign lesions excised from screening 30,000
women

Fibrocystic change/nor 45
Fibroadenoma 27
Radial scar 21
Sclerosing adenosis 9
Papilloma 3
Atypical ductal hyperplasia 1
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Fig. 2. Diagnostic marker-wire biopsy. The piece of
tissue removed weighed 6 g and the lesion is clearly
seen

The avoidance of benign biopsy depends on
radiological expertioe and experience, and is
aided considerably by fine-needle aspiration
cytology of impalpable lesions. In Nottingham
over 80% of impalpable cancers are diag-
nosed preoperatively by ultrasound- or
stereo-guided cytology. This level of sensi-
tivity for cancer diagnosis increases confi-
dence in the use of cytology to help establish
that a lesion is benign.

Cancers Detected at Screening
DCIS

Around 17% of cancers detected in the preva-
lence round of screening are DCIS. The out-

come of DCIS treated by mastectomy is very
good, with few deaths from breast cancer and
no local recurrences over the succeeding
years [3]. Conservative treatment - with or
without breast irradiation - carries a high rate
of local recurrence. Holland [4] has demon-
strated that DCIS is frequently extensive.
Since recurrence usually occurs at the site of
excision, it seems likely that incompleteness
of excision is the cause of local recurrence.
Our own practice is to carry out mastectomy
(or subcutaneous mastectomy) if radiology
indicates that the disease is extensive (> 3-4
cm). If the disease appears localised on
mammography, then wide excision is
performed, with re-excision of any margin
with less than 5 mm of clear tissue. Breast
irradiation is not given. If the pathology shows
extensive DCIS, conversion to mastectomy is
undertaken.

In the U.K., there are 2 clinical studies in
DCIS. The UKCCCR trial examines recur-
rence in the breast after complete excision
(CE) of localised DCIS with the following 4
arms: CE only, CE + irradiation (RT), CE +
tamoxifen, and CE + RT + tamoxifen.

The BASO | registration study examines oc-
currence of contralateral breast cancer after
treatment of DCIS by mastectomy. The arms
are no added treatment or tamoxifen for 5
years.

Invasive Cancers with Excellent
Prognosis

The Nottingham prognostic index is a
prospectively confirmed index, which gives
powerful survival predictions for any patient
[5]- The index is based on histological grade,
lymph-node stage and tumour size. A patient
with a grade | tumour (well differentiated),
lymph-node negative and 2 cm or less in di-
ameter, has a survival chance at 15 years
equivalent to that of a woman who does not
have breast cancer (Fig. 3). This group of tu-
mours may be considered cured and, as seen
in Table 2, accounts for around 40% of tu-
mours detected at screening. These tumours
are often tubular mixed, tubular or cribriform;
unlike DCIS (to which they have a similar
prognosis), they are often not extensive within
the breast.

Our method of management is to achieve
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and to withhold breast irradiation. We do not
surgically clear nor irradiate the axillary
nodes, since there is little or no chance of
symptomatic nodal recurrence in the follow-
up. We do not give adjuvant systemic therapy
since these patients may be considered
cured by their primary surgery and have no
metastases to be treated with systemic ther-
apy. We have treated around 52 similar le-
sions in this way in the past 2 years. Follow-
up is very short but we have no recurrences
to report, neither local nor metastatic.

There is a multicentre trial (BASO Il) estab-
lished in the U.K. for the treatment of well-dif-
ferentiated grade | or special type, lymph-
node negative, small primary tumours. The
arms are comp'zte excision only, CE + RT,
CE + tamoxifen and CE + RT + tamoxifen.
Higher grade or larger tumours detected at
screening are treated according to our usual
protocols for symptomatically presenting
breast cancers.

Table 2. Cancers detected in the prevalence round of
screening (30,000 women screened)

DCIS 34

LCIS NIL

Invasive 149
Grade 1, LN negative, < 2 cm 60
Intermediate prognosis 81

Locally advanced 8

The main intention behind the introduction of
breast cancer screening in the UK was to
reduce the death rate from breast cancer.
However, there are other beneficial effects;
more tumours are likely to be suitable for
breast conservation. Perhaps the major effect
has been the improvement in the services for
women with breast disease: a high-quality
service for patients from the screening pro-
gramme is translated through to the women
presenting symptomatically. There are of
course some harmful effects from screening -
unnecessary biopsies on benign disease and
the cosmetic effects of these. In all these
aspects, the surgeon plays a major role. A
BASO group of surgeons who have breast
cancer as their major interest has been
formed in the UK. Women suffering from
breast cancer are increasingly able to turn to
surgeons specialising in the care of their
disease. The majority of cancers detected at
screening have an excellent prognosis.
Localised DCIS is treated by CE alone; the
need for RT or tamoxifen to be added is being
tested in a clinical trial. Extensive DCIS
requires mastectomy. Small invasive tumours
may often be treated with breast conservation
and, when well differentiated, probably do not
need intact breast irradiation and certainly do
not require adjuvant systemic therapy.
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Several experimental and non-experimental
studies support the conclusion that mammo-
graphic screening is an effective tool in re-
ducing breast cancer mortality in women
older than 50 [1]. On the basis of the evidence
of efficacy, screening programmes have been
started or planned at national or regional
level in Europe.

Mortality reduction is the main endpoint of a
screening programme, but several years will
be required (8-10 according to the experi-
ence of the trials) to achieve and estimate
evidence of the efficacy of the programme in
the population. Early indicators of the
screening process are necessary for an early
evaluation of the impact of screening. Monito-
ring of the process is especially important
also because the performance of a screening
programme is generally expected to be lower
than that observed in controlled studies.
Today the results of several programmes
assessed by follow up or case-control studies
are available for an estimate of early indi-
cators of efficacy. In particular, recently pub-
lished data of the W-E trial [2] will be useful to
provide a referential exemplification of the
screening rationale. On the basis of the W-E
trial results, Day et al. [3] proposed some
main criteria for monitoring the screening
process and this framework will be followed
in this paper.

The collection of a minimum set of data
should be planned in service screening prior
to the implementation of the programme and
the whole screening process should be con-
sidered starting with the lists of the target
population up to the follow-up of the breast
cancer cases to assess deaths from breast
cancer. The process should also be moni-
tored for the evaluation of the test perfor-

mance, the diagnostic work-up and the treat-
ment modalities.

Rationale of the Screening Process

Since the efficacy of mammography has been
proved in several studies, the relationship be-
tween the reduction of mortality and the stage
shift of breast cancer can be assessed. The
screening test picks up cancers at an earlier
stage and the diagnostic modality (screen de-
tected vs clinically detected) and the patho-
logic classification of the case are related to
the lead-time distribution, i.e., are indicators
of the diagnostic anticipation. The outcome of
screening is due to the success of the treat-
ment of early cancer in producing a better
prognosis. In Figures 1 and 2, the cumulative
rates of advanced carcinomas and breast
cancer mortality in the W-E trial are presented
by years from randomisation. A temporal re-
lationship between the 2 reductions is evi-
dent, strongly suggesting that the decreasing
rate of advanced carcinomas might be the
best way to assess the reduction of mortality
which will be achieved after a few years.

Recently published data by Duffy et al. [4] and
the update of the W-E trial results allow for a
more detailed study of the 3 most important
prognostic factors for the prediction of the im-
pact of screening: tumour size, nodal status
and pathological grade of malignancy.
Modification of the prognostic factors de-
pends on early diagnosis by screening and
induces a better survival of cancers detected
at the screening test. Cancers clinically diag-
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nosed in non-attendant women or in women
who have had a negative test (interval
cancers) are failures of the screening pro-
gramme and reduce the impact. Neither of the
last 2 categories experience any lead time,
showing a stage distribution similar (or
worse) to that observed in control groups or in
a comparable population..

Background Information

In service screening a comparable control
group would not be available because in the
future it will be neither ethical nor possible to
exclude women from the invitation to take a
mammogram. In the Malmé trial, Andersson
has shown that in the control group too, 28%
of the women had a preventive mammogram
outside the screening programme [5].

9 10
Fig. 1. Cumulative rate of Stage Il +
cancer, Swedish WE trial. Control (PSP)
and Study group (ASP) [2]

10 1+13 Fig. 2. Cumulative mortality of

breast cancer. Swedish WE trial.
Control (PSP) and Study group
(ASP) [2]

A comparison of the service performance with
that expected in the absence of screening is
available from 2 sources. Firstly, from the ex-
perience of a similar but still unscreened
population, usually a contiguous geographic
area; secondly, from the knowledge of the
historical experience of breast cancer care in
the catchment population. Mortality and inci-
dence rates, by 5-year age group, should be
estimated for the period preceding the
screening programme. Descriptive epidemio-
logical surveys will provide information on
staging and on the diagnostic and treatment
practices in the area. For example, an epi-
demiological description of the use of breast
conserving surgery and radiotherapy in the
catchment population might be of great inter-
est.

The existence of a tumour registry, recording
all cancer cases in a population, is funda-
mental to the evaluation, but, if not available,
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a pathology registry of breast cancer incident
cases and mortality should be established.

Process Indicators

Participation in the Programme

Breast cancer screening is usually organised
in Europe as a public health service and
women are personally invited to have a free
mammogram every 2-3 years. The participa-
tion rate in the programme is a strong predic-
tor of its impact. In fact, cases occurring in
non-attenders are clinically diagnosed, usu-
ally with a worse staging, and they could
have a higher mortality rate than cases in a
comparable population. Low compliance to
the invitation is detrimental not only to pro-
gramme efficacy, but also because women
not participating might be a group at a higher
risk of dying from the disease and/or mem-
bers of the population with fewer opportuni-
ties of using the public services. Lists of the
target population should be accurate, includ-
ing as eligible women the socially weaker
groups such as migrants. Where cooperation
with general practitioners is possible, it is im-
portant to check the lists and ascertain the
overall status of the woman concerned, her
condition of health (previous breast cancer,
terminal iliness or psychiatric diseases) and
the assessment of her attitude towards
screening. Inequalities in access to screening
need to be evaluated and corrected by way of
informed promotion of participation; this
means the discussion of fears and prejudices
and also the respect of culturally-based
refusals [6].

The compliance rate will be estimated by 5-
year age group and possibly by socio-de-
mographic characteristics. An evaluation of
the satisfaction of those participating and of
the factors determining non-attendance
should be carried out by periodic surveys [7].

Test Performance

The main objective of the screening test is to
pick up early breast cancers and the detec-
tion rate (DR) is the ratio between the number
of cancers detected at screening and the

number of screened women (usually ex-
pressed per 1,000 women screened).

The rate at the first screening depends on the
sensitivity of the test and on the mean sojourn
time in the so-called detectable preclinical
phase [8,9]. At the first screening test, when a
population in steady state is screened, it is
usual to quote this rate as a "prevalence rate".
At the subsequent screenings, cancers with a
longer preclinical duration should have been
picked up and only new cancers with a
shorter preclinical duration will be detected. It
is usual to speak of an "incidence rate" at the
subsequent screenings and the measure of
the detection rate is expected to be lower.
The DR increases with age because the pre-
clinical and clinical incidences increase with
age and also because mammography has a
higher sensitivity at older ages. The DR at the
first and repeated screening tests should be
presented by 5-year age groups.

To know the programme performance, the de-
tection rate at first and repeated screening
tests should be compared to the expected in-
cidence in the screened population in the ab-
sence of screening and presented, by age, as
a prevalence/incidence ratio (P/l) [10]. Table
1 shows the measures of DR and P/l in the
main programmes already published [11].
The expected incidence rate in the screened
women would be estimated from the inci-
dence rate in the total population, adjusting
for the proportion of attendance and the rate
of incidence in non-attenders, according to
the following identity [3]:

incidence rate in the total population = P x
incidence rate in attenders +(1-P) x incidence
rate in refusers

where P is the real compliance rate
(expressed as proportion). The correction
might be relevant if the selection of screened
women is important and the estimate is not
adjusted for the determinants of the risk of
dying from breast cancer which might have
determined the selection.

Stage Distribution of Screen-Detected
Cancer

The screening impact depends on the ability
of the test to detect cancers earlier and the W-
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Table 1. Prevalence rates seen at the first screening round in the HIP, Utrecht and Swedish studies and in the

Florence district programme

Study Age group Number of cases Prevalence Prevalence
x 1,000 women rate/annual
screened incidence rate

HIP 40-64 55 2.93 1.30

Sweden 40-49 40 2.15 1.95

50-59 101 4.63 3.09
60-69 190 9.08 4,59
Utrecht 50-59 63 6.20 2.95
60-64 43 9.51 3.80
Florence district 40-44 7 0.78 0.76
45-49 9 2.44 2.51
50-59 27 455 3.14
60-69 39 8.77 4.82

Modified from [10]

E trial results showed that tumour size, malig-
nancy grade and nodal status are good pre-
dictors of prognosis. As is shown in Table 2
by Duffy et al. [4], the percentage of invasive
cancers detected earlier was higher by di-
ameter, nodal status and grade of malignancy
when the screen-detected cancers are com-
pared with other groups.

Figure 3 shows that survival benefit for cases
detected at the prevalence or incidence
screening test was maintained also after a

long period of follow-up (160 months from di-
agnosis).

In service screening the distribution of prog-
nostic factors in screen-detected cancers will
be compared with the historical experience of
the population before the start of the screen-
ing, taking into account the stage distribution
of cases in non-attenders. Pathological tu-
mour size is considered as the most relevant
characteristic and should be available in most
cases.

0.4
0.2 — First screen ¢ Later screens — — Intervals
) —— Refusers =+ Controls
0
0 20 40 60 80 100 120 140 160

Time in Months

Fig. 3. Survival of
women 40-69 by
detection mode [2]
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Table 2. Percentages of invasive cancers in categories of size, grade and node status by detection mode

Factor category First screen Later screens  Interval cancers  Refusals Control group Overall
Size
1-9 mm 26.1 27.2 8.1 6.2 71 15.4
10-14 mm 29.6 26.4 21.0 8.6 15.4 21.1
15-19 mm 19.7 24.0 17.3 13.6 19.7 20.0
20-29 mm 14.1 16.5 31.5 28.4 29.0 23.7
30-49 mm 6.3 4.8 15.3 22.2 20.0 13.3
50 mm or more 4.2 1.1 6.8 21.0 8.8 6.5
Total cases 284 375 248 81 590 1578
Not known 1 1 0 0 2 4
Node status
Negative 78.6 83.9 53.6 37.5 545 65.0
Positive 20.7 15.5 41.8 4.7 39.8 30.9
Distant metastases 0.7 0.6 4.6 20.8 5.7 41
Total cases 271 361 237 72 558 1499
Not known 14 15 11 9 34 83
Kopparberg
Grade 1 25.2 24.2 11.5 11.1 12.6 18.2
Grade 2 37.4 52.7 345 40.7 42.2 427
Grade 3 37.4 23.1 54.0 48.1 45.2 39.1
Total cases 139 182 113 27 199 660
Not known 1 1 2 2 4 10
Ostergédtiand
Grade 1 445 34.2 16.3 0.0 19.7 26.4
Grade 2 27.0 31.0 31.5 29.0 29.6 29.6
Grade 3 285 34.8 52.2 71.0 50.8 44.0
Total cases 137 155 92 31 294 709
Not known 8 35 41 21 95 203
from [4]

Interval Cancers

The definition of in*zrval cancers depends on
the schedule of the screening programme,
and clinically-detected cancers should be
referred to the time from the last negative test.
The occurrence of interval cancers is a failure
of the screening programme and is due to low
sensitivity and to the compromise between
the probability of incidence of new growing
tumours and the costs related to a narrower
interval. The shorter the interval, the greater
would be the probability of detecting a new
growing tumour at screening.

An increase in the proportion of screen-de-
tected cancers is considered neither cost-ef-
fective nor practical with an interscreening
interval shorter than 2 years.

Peeters et al. [12] have presented a review of
interval cancer data occurring in the
Nijmegen project. They classified tumours as:

1) missed cancers, when a suspect
mammogram resulted from the screening
test. Various reasons explained the failure
of mammography and in total there were
26% of this kind of tumour;

2) radiographically occult breast cancers at
the moment of diagnosis (15.7%), when
cancers were not evident at the screening
test and diagnosed by other techniques;

3) "true interval cancers" (58.2%) which were
cancers not detectable at the screening
mammogram and radiographically diag-
nosed during the interval.

A radiological and clinical audit of interval

cancer cases is important to monitor the pro-

gramme and modify the performance. They
can be considered sentinel events and

missed cancers can offer the opportunity of a

revision of technical or observational errors.

An estimate of the rate of interval cancers re-

quires a tumour registry or a pathological
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Table 3. Incidence rates of breast cancer after a negative screening test, as a percentage of the incidence rates in

the absence of screening (number of cases)

Study Age group Time since last negative test (months)
at entry
into study 0-11 12-23 24-35 36-47 48-
HIP 40-64 31.7 57.2 40.5 91.8 100
(41) (27) ®) (7) ®)
Sweden 40-49 37.8 67.6 60.0
(9) (11) (7)
50-59 11.6 29.9 46.9
(6) (13) (14)
60-69 14.3 28.1 43.1
(8) (15) (24)
Utrecht 50-59 17.0 57.8 86.1 100
(10) (18) (7) (10)
60-64 13.9 59.3 53.8 56.5
(7 (17) (6) (6)
36-59
Florence district 40-49 24 41 98 91
7 (1) (18) (13)
50-59 17 45 51 50
(6) (14) (10) 9
60-69 9 17 39 55
3 (5) (8) (11)

Modified from [10]

registry collecting information of all incident
cancers in the target population. Cancers in
women who had a negative screening mam-
mogram should be classified according to the
date of incidence by time since the test (6
months, first and second year) and the occur-
rence compared -ith the expected incidence
in the same person-year population. The oc-
currence of interval cancers is expressed ds a
proportion of the expected incidence in the
absence of screening. This proportion de-
pends on the diagnostic anticipation
achieved at the previous screening test and
allows one to estimate the screening test
sensitivity [13]. If a subsequent screening test
is not performed, the cumulative number of
cases should catch up the expected number
in the absence of screening (or, if available,
the observed occurrence in a comparable
control group). Table 3 shows the main re-
sults of the breast cancer screening studies
where an analysis of the occurrence of inter-
val cancers has been performed.

The registration of the surfacing of breast
cancers after the negative test has been
useful also to estimate the programme's sen-
sitivity and mean sojourn time by modelling
screening data [10,14]. Table 4 reports an es-
timate of programmes and it is evident, in
agreement with other statistical models, that
there is a certain consistency of the estimates
carried out till now.

Specificity

The detection of breast cancer at the screen-
ing test depends on the sensitivity of the test.
To achieve fine sensitivity, high-quality
mammography should be used. At the same
time screening mammography is not a diag-
nostic test and women will be referred for
further diagnostic work-up. Referral of women
who, at the end of a diagnostic work-up, will
be considered as false positive causes
psychological distress and financial costs to
the women and society. The specificity should
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Table 4. Mean sojourn time (MST), 95% confidence interval (Cl) and sensitivity estimates in the Florence District
Programme, Health Insurance Programme and Two County Study from interval cancer data

Age group MST Sensitivity Sensitivity
(years) (95% Cl) (conservative)
Health Insurance Programme
40-74 1.49 74 72
(1.13-2.18)
Two County Study
40-49 1.18 69 65
(0.78-2.38)
50-59 4.28 91 90
(3.18-6.56)
60-69 4.01 88 87
(3.08-5.73)
Total 50-69 412 89 89
(3.36-5.34)
Florence District Programme
40-44 1.34 72 67
(0.74-7.02)
45-49 2.44 97 89
(1.49-6.74)
50-54 1.63 88 83
(0.97-5.04)
55-59 5.71 86 84
(8.44-16.76)
60-64 4.68 91 89
(2.76-14.36)
65-69 6.45 95 94
(3.88-18.99)
Total  50-69 3.92 89 88
(3.01-5.82)
from [14]

be high in a programme aiming to avoid a
high rate of false positives, but, at the same
time, the effect of different referral policies on
sensitivity must be considered. In the Great
Britain National programme where single-
view mammograph is suggested as screening
test, 10% of referrals was considered an
acceptable standard. A figure of 5% is now
thought more acceptable. In the new pro-
gramme started in the city of Florence in 1990
using double-view mammography, a referral
rate of 4.6% has been observed (unpublished
data).

With a rare disease assumption, specificity is
estimated according to the following formula
[15,16]:

No. of negative screening tests
specificity =

No. SW - No. SDP patients

where SW = screened women and SDP =
screen-detected patients.

Predictive Value of the Test

The positive predictive value (PV+) of the test
is a measure of the test performance, estimat-
ing the proportion of women affected by
breast cancer among the women referred on
a suspect mammogram. The assessment of
the performance of the diagnostic work-up
will consider the different diagnostic proce-
dures needed to achieve a diagnosis
(ultrasonography, needle biopsy, surgical
biopsy, etc.) and a PV+ of each procedure
can be estimated. Criteria to assess the per-
formance have been recently proposed by
Verbeek et al [16]. In any case, a medical and
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radiological audit in the context of a system of
quality assurance is required. Quality control
of the test and of the diagnostic work-up pro-
cess should be organised locally and sup-
ported by training.

Early and Final Evaluation

The evaluation of the programme in terms of

mortality reduction will require several years.
The registration of the date of occurrence and
of the modality of detection of all cases in the
target population is fundamental for future
evaluation. The final evaluation can be made
by comparing the expected mortality in the
absence of screening with that observed, or
by using a case-control approach where mor-
tality of the screened women is compared
with that of the non-attenders. This last ap-
proach might be heavily biased if the atten-

dant population is selected on the basis of
factors related to a probability of dying from
breast cancer and the analysis is not adjusted
[17,18].

An early evaluation of the programme is pos-
sible if the rate of the incident cases by stage
is available. In the W-E trial, the analysis was
carried out considering stages 0 or 1 as not
advanced and cancers diagnosed at stage 2
or later as advanced. It may be that this sub-
division is too approximate if the background
staging in the population is good before
screening (i.e., there is a high proportion of
Tis or T1 in the population). In this condition,
the registration system has to define the di-
ameter of the tumours more finely, assuring a
high quality of pathological reading.

Given the definition of advanced cancers, a
reduction in the rate in comparison with the
expected rate might be a good predictor of
the programme's performance.

Table 5. Monitoring measures and the associated information requirements [3]

Measure Qualifying comments

Additional information
required

Type of evaluation
provided

Compliance rate Validation of population list

Prevalence rate at

Identification of real non-compliance

Indicates potential for
effectiveness of overall
programme

Provide estimates of

initial screening
test

Rate of interval
cancers

Stage (or size)
distribution of
screen-detected
cancer

Rate of advanced
cancers

Breast cancer
death rate

Expressed as multiple of
expected incidence rate
in screened women

Expressed as a proportion
of expected incidence
rate in screened women,
and by time since the

last screening test

Compared to expected
stage distribution in the
absence of screening

Need for a definition of
"advanced" which can be
used for the great majority
of cases given the informa-
tion available. Probably
based on tumour size

Breast cancer deaths
linked to date of diagnosis

Incidence rates in non-compliance

~and in a comparable unscreened

group, e.g. historical rates

Accurate identification of interval

‘cancers, and calculation of

additional incidence rates as
above

Stage (or size) distribution in
non-compliers and in total
population before screening
started

Stage (or tumour size)
information needed historically
and on cancers among
non-compliers

sensitivity, lead time,
sojourn time and predictive
value

Indicates potential for
reduction in absolute rate
of advanced cancer

Earlier surrogate of
mortality

Final evaluation
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Conclusions

Table 5 shows monitoring measures and as-
sociated information requirements as sug-
gested by Day et al. [3]. The implementation
of this surveillance system, together with an
evaluation of the test performance in terms of
specificity and positive predictive value, is a
condition for the evaluation of the outcome
and of the process of screening and it will be
planned before starting the mammographic

activity. This core of measures is a minimum
set of data which should be collected at local
level and supported by further information on
the quality of care (for example, treatment
modality). Each indicator is relevant in differ-
ent phases of the screening process (first
round, prevalence screening, subsequent
rounds, incidence screening test, follow-up)
and the early evaluation of performance indi-
cators can allow for revision of the proce-
dures and training through a global quality-
assurance programme.
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Training in Mammograhic Screening

E.J. Roebuck and A.R.M. Wilson

Nottingham National Breast Screening Training Centre, City Hospital, Hucknall Road, Nottingham NG5 1PB, United

Kingdom

For breast cancer screening by mammogra-
phy to be effective, the processes involved
must operate to the highest possible stan-
dards if the ultimate goal of reducing the
mortality from breast cancer - while causing
the minimum of morbidity - is to be achieved.
Before embarking on any breast screening
programme, the educational needs of the
health-care teams to be involved must be
clearly understood. It must be recognised
from the outset that the mammographic
screening of asymptomatic women is entirely
different from the diagnostic processes in-
volved in the assessment of symptomatic
breast disease. It is very unlikely that the re-
quired expertise to undertake breast cancer
screening and the management of screen-de-
tected lesions will exist in sufficient depth and
breadth within a health-care system which
has not previously been involved in breast
screening. It is a prerequisite of any screening
programme that a comprehensive teaching
programme be inctituted for all the health-
care professionals who will be involved in the
screening process. It must also be recognised
that these training programmes must be set
up to provide continuing education so as to
ensure that those involved are kept fully in-
formed of all the relevant advances and
changes in the field. This chapter provides a
brief outline of the educational requirements
of any population-based mammographic
screening programme.

Who to Train and Why?

The training requirements for a successful
breast screening programme are dependent

upon i) which health-care professions are
going to be involved in the screening pro-
cess; ii) what standards of performance will
be required of them and iii) what skill mix al-
ready exists amongst them.

Which Professionals Will be Involved?

There are 4 theoretical endpoints for a
screening programme as defined by the limit
of responsibility of the screeners (see Fig. 1).
Clearly, it is in the best interest of the
population being screened that a fully com-
prehensive, integrated screening, diagnostic
and treatment service be provided, which in-
cludes specialists from all the relevant disci-
plines working together as a team (endpoint 4
in Fig. 1). It is recognised that many screening
programmes in mainland Europe may be
unable to achieve the level of service
described here as the ideal. However, in the
U.K., endpoint 3 is regarded as the minimum
requirement and an increasing number of
centres are reaping the benefits of the full
comprehensive service described as end-
point 4. ’

There is little point in instituting a breast
screening programme if the diagnostic and
treatment facilities available are inadequate
or unsuitable for the purposes of managing
screen-detected breast lesions. In these cir-
cumstances, through no fault of its own, such
a screening programme will fail. All screening
programmes should be associated with fully
trained multidisciplinary teams of health-care
professionals with the full responsibility for
providing a comprehensive service. Such a
multidisciplinary team would have to include
the following personnel: 1) epidemiologists;
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a DELIVERY POINT ONE b DELIVERY POINT TWO
Screening Mammography Screening Mammography
Normal Abnormal
Normal Abnormal

Routine Screening

Routine Screening Referral for further
assassment advised Normal

(l.e. responsibliity for confirming the presence of an abnormality

does not lis with the screening sarvice) Further A .
urther Assessmen

by Screening
Radiologist

Abnormality conllrmod—-—.—.’ Referrai for further
- no tissue diagnosis assessment advised

(l.e. Responsibility of diagnosis and treatment lies eisewhere)

(] DELIVERY POINT THREE d DELIVERY POINT FOUR
Screening Mammography

Normal Abnormal
Normai Abnormal

Routine Screening
Routine Screening

Normal / Benign

Further Assessment
Further Assessment by Muitidisciplinary

by Multidisciplinary Screening Team
Screening Team

Norma! / Benign

Abnormaliity confirmed

Abnormality €onfifMed cmmedfly Referral for tissue diagnosis
tissue disgnosis treatment /
(l.e. Screening responsibliity ends at tissue dlagnosis) Further management Treatment carried out by
decided by the Screening — ""’ Team Surgeon and Oncologist
Team

Fig 1 Screening delivery points ( l.s. Screening Team responsiblity for complete care )



2) clerical and administrative assistants; 3)
service managers; 4) radiographic techni-
cians; 5) breast care nurses; 6) radiologists;
7) surgeons; 8) pathologists; 9) oncologists.
Screening is primarily a radiological process,
albeit one which requires a closer working re-
lationship and degree of cooperation with
specialists in other fields than do most of the
other subspecialities of radiology. Clearly, the
reading of the initial screening mammograms,
in order to determine those women who re-
quire assessment or referral, and those who
can be advised simply to re-attend for the
next screening round, is a radiological func-
tion. It is the radiologist's responsibility to en-
sure that the images are of the highest qual-
ity, with a perfect balance of contrast and
resolution achieved with the lowest possible
dose of radiation to the breast. Basic radio-
logical training is a vital preparation for this
aspect of the service.

The basic expertise required, however, is not
that of the radiologist alone. Without the pro-
fessional and technical support of a highly
and specifically trained radiographic techni-
cian, the standard of patient positioning will
be imperfect and the control of processing pa-
rameters (which are different from those re-
quired for normal radiography) will be such
that potentially good mammograms will be
rendered suboptimal.

These factors alone will inevitably result in a
reduction in screening sensitivity and speci-
ficity; a failure to detect breast cancers will re-
sult, leading to an unacceptably high interval
cancer rate together with an unnecessarily
high number of oiopsies performed on
women with benign disease. ,
It is clearly established that all screening
programmes must provide training for radio-
graphic technicians and radiologists.
However, training must not be confined to
these groups. Many of the lesions detected
will be impalpable and surgeons and other
clinicians not.previously involved in screening
will be unfamiliar with the specialised
techniques required for the management of
these types of lesion. Furthermore, in order to
avoid unnecessary surgery for benign lesions
and to allow for definitive preoperative treat-
ment planning for the malignant lesions, a
greatly increased number of pathologists with
expertise in diaghostic breast cytology and
histology will be required. Finally, the
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screening programme must be subjected to
scrutiny in order to assess outcomes and im-
prove performance in areas where it is shown
to be deficient. This audit requires special
skills of tact in addition to simple administra-
tive expertise and epidemiological know-
ledge.

It can be seen that, no matter which endpoint
is considered to be the watershed of respon-
sibility for a breast screening programme, the
educational requirements of those involved in
the subsequent further assessment and
treatment of screen-detected lesions must be
catered for besides the training provided for
those directly involved in the screening pro-
cess.

Training must be targeted at all the health-
care workers who will be involved in manag-
ing women attending as a result of a breast
screening programme.

What Standards of Performance Are
Required

If screening is not practised at the highest
standards, the inevitable consequence is that
the screening programme will fail to reduce
breast cancer mortality in the population.
Moreover, screened women will suffer un-
necessarily from the problems resulting from
false-negative and false-positive diagnoses
with unfavourable economic consequences.
Rigourous quality measures, backed by
comprehensive training and quality-assur-
ance systems, must form an integral part of
the screening programme. Following
screening implementation, training and qual-
ity assurance functions must be closely inter-
related, the latter providing an audit of
screening performance from which subse-
quent educational needs can be identified.

Performance standards for all aspects of a
screening service must be identified and will
form the basis of initial, and subsequent
update, training programmes (see Table 1 for
examples of performance indicators).

What Skill Mix Already Exists?

It has already been briefly mentioned, but is
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Table 1. Examples of performance indicators

Category Quality objective Acceptable standard
BIOPSY To maximise the positioning of marker > 95% should be within 10 mm of the lesion in
wires in marker biopsies any plane
To minimise the time between excision <10 min
and receipt of the specimen X-ray 5 minutes is ideal
report in theatre
To improve the operative identification > 95% of impalpable lesions should be
of changes producing mammographic correctly identified at the first localisation
abnormalities biopsy
To minimise the cosmetic disadvantage 80% of biopsies which prove benign should
of operative biopsies carried out for weigh < 20 g (fresh or fixed weight)
diagnostic (not therapeutic) purposes
TREATMENT To minimise the number of repeated 80% of operations carried out with a proven
operations for therapeutic purposes preoperative diagnosis of cancer should not
require further operation for incomplete excision
WAITING TIMES  To minimise the interval from the basic 90% should attend an assessment centre within

mammogram to assessment

To minimise the delay if a separate

appointment has to be made for surgical

assessment

To minimise the interval from a surgical
decision to operate for diagnostic purposes

and the first offered admission date

To minimise the interval from a surgical
decision to operate for therapeutic purposes

and the first offered admission date

1 week of the decision that further investigation
is necessary and within 2 weeks of attendance
for the basic mammogram

< 4 days should elapse between the first recall
appointment and an appointment for surgical
assessment

90% should be admitted for an operative biopsy
within 2 weeks of their first attendance.

The surgical decision should be taken in this
2-week interval

90% should be admitted for therapeutic purposes
within 2 weeks of the surgical decision to operate

worthwhile repeating, that all the skills re-
quired for successful breast screening prob-
ably do not exist in any health-care service
that has no previous experience of all the
processes required for mammographic
screening. Even those individuals with con-
siderable expertise and long-standing expe-
rience in the diagnosis and management of
symptomatic breast problems will require
further training. It cannot be over-emphasised
that breast screening by mammography and
the subsequent assessment and treatment of
screen-detected breast abnormalities are suf-
ficiently different from the processes of diag-

nosis and management of symptomatic
breast disease to demand an entirely different
philosophical approach.

All individuals wishing to work in, or be asso-
ciated with, a screening programme, and par-
ticularly if they are to be involved in the
establishment of a new programme, would
benefit from training, as, indeed, will the
women who entrust themselves to their care.

A multidisciplinary team of expert specialists
is necessary for the provision of a total
screening programme. It is unlikely that a
comprehensive total programme can be
established in all situations because of exist-



ing referral patterns, political, financial or
other reasons. Even in these situations when
a modified, subtotal screening programme is
introduced, it is clearly evident that knowl-
edge of the role of other specialists will be
beneficial to every specialist upon whose
practice some aspect of the screening pro-
gramme impinges.

Plan of Training

For the reasons given above, training for
breast screening should have a multidisci-
plinary base. Current practice varies from
country to country and from speciality to spe-
ciality with regard to training requirements for
screening. In some instances it is left entirely
up to an individual to practise as he/she
pleases, in others accreditation by a College
or other professional body is mandatory.
Specifically designed courses are available
for most professions in European practice,
with a content based on recommendations by
the British Royal Colleges and the European
Group for Breast Cancer Screening. As a
consequence of the British National Breast
Screening Programme, the British Breast
Cancer Screening Training Centres have had

Table 2. Plan of training
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the unique opportunity to develop and estab-
lish comprehensive courses, which are now
beginning to form the basic model for
screening training centres throughout the
world. These are based upon curricula de-
vised by the respective Colleges and
Professional Boards, with the strong influence
of the European Group for Breast Cancer
Screening together with individuai European
screening experts.

A similar National Training Programme has
been developed in the Netherlands, and in
Sweden periods of secondment to centres of
excellence are required for radiologists. The
European School of Oncology has organised
courses and instituted fellowships, sponsored
by The Commission of the European
Communities. Specialist organisations such
as The European Society of Mastology
(EUSOMA) and Symposium Mammograph-
icum organise symposia and refresher
courses.

The desirability for a multidisciplinary ap-
proach to training for breast screening is be-
coming generally accepted, and the basic
plan for every member of each professional
group involved in the screening process and
subsequent patient management can be ex-
pressed in an identical manner (see Table 2).

Basic speciality training

Early professional development

Subspeciality training

Precourse reading

Initial training course (multidisciplinary)
Initial secondment

Early experience in basic unit

Second secondment

Accreditation

l

Later professional development

Work experience

Personal performance review
- self-assessment
- as part of a national/regional QA system
- at a training centre

Update courses

Conferences

Re-accrediation
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The Initial Multidisciplinary Course

The object of this course is to introduce each
participant to the concept of the multidisci-
plinary nature of breast screening and the
multidisciplinary management of breast
cancer patients. The course should provide
an outline of the normal breast development
and function, with the demonstration of radio-
logical and immunological features of nor-
mality, normal variants and congenital
anomalies. This forms the basis for consid-
eration of benign breast conditions. Breast
cancer should be dealt with in much greater
depth, with the introduction of epidemiologi-
cal considerations, and the variation in be-
haviour of different cancer types should be
outlined. A comprehensive demonstration of
mammographic, ultrasound, histological and
cytological features should be included.
Differing treatment options should be outlined
with the indications and contraindications for
these being explained. Following this basic
introduction, the evidence for screening
should be presented, with explanations of the
differing results from various trials. The meth-
ods used in the critical analysis of trials
should be covered during this section of the
course including an explanation of the vari-
ous statistical biases (lead time bias, selec-
tion bias, etc.).

Programme design is the next topic to be
covered. Methods of basic screening and
second-stage screening (often called
assessment) should be fully discussed, with a
debate on the pi0os and cons of the assess-
ment process being undertaken by a dedi-
cated multidisciplinary team as opposed to
the referral of screen-detected abnormalities
to a hospital for surgical assessment only.
Those techniques which are by their very
nature multidisciplinary should be dealt with
at some depth.

The fine-needle aspiration of samples for cy-
tology (FNAC) can be clinically performed
(free hand) or achieved using ultrasound or
X-ray guidance. The important points of
technique of each method should be high-
lighted, stressing the need for good sample
preparation. An explanation of how manage-
ment protocols must be based upon the
combined results of diagnostic cytology,

imaging and clinical examination should be
given.

The indications for "open" surgical biopsy
should be defined, stressing the need to
avoid surgical biopsy for benign conditions as
much as possible. The techniques for marking
of impalpable lesions prior to surgery need to
be outlined, together with the surgical
technique for removing the suspect lesion.
This should include demonstration of the
value of specimen radiography both for the
surgeon at the time of operation, and subse-
quently for the pathologist when preparing
material for histological examination.

It is also necessary to give an overview of the
screening process for the woman to be
screened, stressing the need to minimise
anxiety, and indicating the value of trained
counsellors in the screening programme.

The Specialist Theoretical Course

Having been given a multidisciplinary
overview of the screening process, it is nec-
essary for each specialist group to undergo
specialist training. It is clearly impracticable to
detail in this single chapter the requirements
for all specialities. The Royal College of
Radiologists of the United Kingdom recom-
mended curriculum is an example (see
Further Reading).

Periods of Secondment

Following the basic multidisciplinary and
specialist theoretical courses, it is considered
highly desirable, if not indispensable, for the
budding screener of any discipline to spend a
period of secondment in a functioning screen-
ing centre of proven repute. Several centres
are emerging across Europe with the training
expertise and screening track record, to-
gether with the facilities and time, to accom-
modate individuals on secondment.

The period of secondment will vary according
to the speciality, and also to the degree and
nature of any previous experience on the part
of the trainee. For a radiologist a period of
several weeks is recommended. This is best
divided into 2 periods, the first, 1 or 2 weeks
before the trainee commences work in his/her
own basic unit, with a second period a month



or two after commencing work. This second
period of secondment is particularly valuable
as it allows the individual trainee to discuss
and solve problems identified during his/her
early screening experience. Radiographers in
the U.K. spend a period of one week sec-
onded to a training centre during which time
each trainee performs 50 mammograms un-
der the supervision of a trained tutor. A month
or so later, the tutor will visit the trainee in
his/her own unit, and will critically examine
the trainee's work, discussing and correcting
problems in technique which may have be-
come apparent. Before the trainee can be
accredited as a mammographer by the
College of Radiographers, the tutor must ap-
prove a further 200 mammograms taken by
the trainee, as being of appropriately high
quality (the quality criteria are carefully de-
fined and are the accepted standard through-
out the country).

Secondment opportunities at recognised
centres of excellence must also be available
to surgeons and pathologists, as well as to
other groups. If it is not already the case,
these professional groups should also be en-
couraged to be involved in the management
of symptomatic breast disease.

Accreditation

It is important that, at this stage of training,
accreditation for all specialist groups is pro-
moted in order to establish acceptable stan-
dards. This will provide professional credibil-
ity and justify public confidence. Furthermore,
accreditation will be of benefit from a medico-
legal standpoint, and the USA experience is
likely to be replicated in Europe, with insur-
ance companies such as Blue Cross requir-
ing accreditation as a prerequisite to reim-
bursement for mammography.

The details of accreditation procedures will
vary from speciality to speciality, but should
be harmonised throughout Europe. In the
Netherlands, for example, only certified pro-
fessionals may be employed in screening.
For radiographers the requisite training for
certification comprises a 1-week theoretical
course, a 3-week practical course in position-
ing technique and a 3-week secondment to a
recognised screening centre. The required
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training for a radiologist is 2 to 3 weeks, de-
pending upon previous experience.

It is important that each accredited individual
can demonstrate that expertise is maintained,
and, for this reason, periodic re-accreditation
is necessary, based upon attendance at
recognised courses.

Continuing Professional Development

Work Experience

To ensure that specialists acquire and main-
tain the necessary skills to conduct the full
screening process, including assessment and
the relevant aspects of patient management,
it is necessary that contractual arrangements
are specifically designed. The workload must
be sufficiently large to enable experience and
ability to be maximised. There should be ad-
equate time allocated to the screening ser-
vice, and ideally additional time to undertake
symptomatic breast work. A screening service
on its own cannot provide sufficient experi-
ence to achieve and maintain optimal stan-
dards amongst all the professionals involved.
Moreover, it is to the mutual benefit of both
symptomatic and screening services if the
professionals practise in both fields.
Ultimately, performance must be judged by
the achievement of outcome objectives, such
as a high rate of detection of small cancers
(more than 15 invasive carcinomas of 1 cm or
less in diameter per 10,000 women
screened), a low rate of recommendation of
cases for biopsy which prove to be benign
(less than 30 per 10,000 women screened)
and, in the long term, a reduction in mortality
from breast cancer (see Table 3 for an ex-
tended list of objectives).

It is considered that a radiologist is more
likely to achieve these outcome objectives if
his/her experience includes being employed
for a minimum of 3, and preferably more, half
days in breast imaging per week, during
which a minimum of 5,000 cases are exam-
ined each year. For surgeons and patholo-
gists, the need for symptomatic and screening
experience is even greater as a result of the
fewer cases referred to these specialists.
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Table 3. Draft outcome objectives and standards for breast screening by mammography (November 1991)

Obijective

Criteria

Acceptable standard

To achieve optimum quality

To limit radiation dose

To maximise the number of
eligible women attending
for screening

To minimise the number of
inadequate films

To minimise the number of
women referred unnecessarily
for further tests

To minimise the number of -

missed cancers

To maximise the number of
invasive cancers detected

To maximise the number of
small invasive cancers

High contrast spatial resolution
Minimum detectable contrast

10 line pairs per mm

Achievable target

12 line pairs per mm

detected

To minimise the number of

5-6mm 1.3 1.1
2mm 2.0 1.5
1mm 3.0 2.25
0.5 mm 5.0 4.0
Large area low-contrast detectability 7 details
(6 mm detail)
Small detail contrast detectability 7 details
(0.5, 0.25 detail)
Average glandular dose to breast <3 mGy per view < 2mGQGy per view
using a grid
Proportion of eligible women attending more than 70% 75%
Number of inadequate films < 3% of total films used <2%
Referral for assessment < 7% of women screened 4%
In the prevalent round the proportion <6in 10,000
of cancers presenting in screened
women in subsequent 12 months
In the prevalent round the proportion > 50in 10,000 (prevalent) 60
of invasive cancers detected in > 30 in 10,000 (incident)
women invited and screened
In the prevalent round the proportion > 15in 10,000 >20in 10,000
of invasive cancers < 10 mm in
diameter (pathology measurement)
detected in women invited and screened
Benign biopsy rate > 90 per 10,000 (prevalent) 50
< 60 per 10,000 (incident) 30

biopsies for benign disease

Even in these circumstances it may take up to
2 years for a trained pathologist to achieve
the requisite high levels of specificity in all the
varied aspects of breast cytology and histol-
ogy.

In addition to work experience, continuing
professional development is achieved by 2
separate and distinct techniques: self-
assessment, together with update courses,
conferences and symposia.

Self-Assessment

Self-assessment can identify an individual's
need for further training in a specific area of
practice. Self-assessment is an active pro-
cess of audit of one's own professional per-
formance, including the measuring of this
against the performance of one's peers.
Performance indicators and guidelines have
been designed for each professional group
(see Table 1).



A more formal self-assessment programme
has been designed for radiologists, and is be-
ing adopted by the majority of regions in the
U.K. together with some centres in Australia,
New Zealand and Canada. This entails a
standard film set reported in the radiologist's
home base, using a special report form.
Results are expressed as receiver operated
characteristic (ROC) curves, one for observa-
tion and one for interpretation. Each curve is
displayed together with the (anonymous)
curves of other radiologists. In this way an
individual can judge his/her performance
relative to his/her peers, and, by sequential
testing, performance over time. The presence
of any bias can be identified, and, when ap-
propriate, advice on correction can be given.
This tool has also been found to be valuable
in the design of training programmes tallored
to suit individual needs.

Update Courses

The growth of screening has been associated
with the development and refining of screen-
ing techniques. It is important that training
centres identify these advances in technique
and organise appropriate courses to dissem-
inate this knowledge and to instruct estab-
lished screeners in new techniques and pro-
tocols. These can be 1 or 2-day courses but it
is highly desirable that the course timetable
allows considerable time for discussion and
debate, together with the protocol demonstra-
tion where appropriate.

The Quality-Assurance System

A formal quality-assurance (QA) system is a
vital element of any screening programme.
The need for technical quality control is well
appreciated and widely accepted with
equipment testing protocols being virtually
ubiquitous.

Quality assurance of professional perfor-
mance has been more slowly accepted,
mainly due to professional inertia. However,
where QA systems have been introduced,
and in the U.K. this applies to all screening
units and all specialities involved in screen-
ing, it has been found that QA discussions
have become an integral facet of combined
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training. The success of this training aspect of
the professional quality-assurance system,
and indeed of the whole QA system itself, re-
sults from an insistence that each profession
be made responsible for its own professional
QA. As a result, a "big brother" attitude has
been avoided. In some areas professional
jealousies are a hindrance to the adoption of
a full QA system, a fact which applies to some
professions more than to others.

Conferences and Seminars

An integral part of combined training is atten-
dance at conferences and seminars which
include "state-of-the-art” lectures and work-
shops. The importance of meeting with one's
peers to discuss matters of mutual interest
cannot be too highly stressed. Conferences
offer an ideal opportunity for this, and, com-
monly, it is this aspect which contributes as
much to one's continuing education as does
the conference content itself.

Conclusions

1. Mammographic screening for breast
cancer is different from the mammo-
graphic investigation of symptomatic dis-
ease.

2. ltis unlikely that adequate experience for
a breast screening programme will exist
in a health care system not previously in-
volved in screening.

3. Training for breast cancer screening is
essential.

4. Training should have a multidisciplinary
base so that each professional group has
an awareness of the role of each of the
other professional groups associated with
the screening process.

5. All disciplines associated with a screen-
ing programme should receive additional
training appropriate to their speciality.

6. Post-training experience should be suffi-
cient in volume to ensure that additional
experience is gained and that expertise is
maintained.

7. ltis to the benefit of individuals to work in
both the symptomatic and screening
fields, with additional benefits accruing to
both screening and symptomatic services.
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Screening programmes have been criticised
for the negative effects they have on quality of
life [1]. Participation in screening would
cause, in the first place, along lllich's tradition
of thought, 'medicalisation’. By being con-
fronted with too many preventive and diag-
nostic procedures, women would be over-
concerned with health and medical issues. In
the first place, their natural ways of coping
with bodily inconveniences inherent in life
would be impaired and thus, paradoxically,
society would become less healthy. In the
second place, participation in screening pro-
grammes might cause undue anxiety. This
would be the case for all women participating
in breast cancer screening programmes as
the confrontation with the possibility of having
breast cancer is frightening. It might be espe-
cially true for those women whose results are
false-positive. They will have to go through an
unnecessary periud of diagnostic procedures,
which is known to be extremely difficult.
These criticisms have to be taken seriously as
the organisation of a breast cancer screening
programme involves a large number of
women. In the nationwide breast cancer
screening programme in the Netherlands, for
example, 16 million screening tests were
planned in 27 years. However, the literature
does not support the assumed gravity of the
problem. Moreover, as will be argued, when
looking at the effects of a screening pro-
gramme, a more comprehensive approach
must be chosen.

Several studies have been reported in the
literature which belie the assumption that
participation in breast cancer screening pro-
grammes will cause severe negative psycho-

logical reactions. Dean and others [2] found
that after 3 months, participation in screening
had no effect on more than 95% of women.
Ellman and others [3] found only a slight in-
crease in worry and anxiety in the short term.
Gram and co-authors [4] described serious
negative reactions in some, but not in most
women having a false-positive test result.
These women reported to have had a difficult
period, but interestingly, they said they would
indeed participate again when invited for
screening. We have concluded, therefore,
that in the short term the negative psychologi-
cal effects of screening participation are
limited.

As stated, a broader point of view must also
be taken. Prevention programmes may have
an impact in the short term, as a result of the
intervention. They are aimed, logically how-
ever, at having an effect in the long term: 1) in
lowering the incidence of the disease as such
in primary prevention, 2) in preventing the
fatal outcome of the disease in secondary
prevention, 3) in preventing the negative con-
comitants of disease in tertiary prevention.
Thus, if one wants to investigate the effects of
a prevention programme on quality of life,
both short and long-term effects must be
considered.

Breast cancer screening is a secondary pre-
vention programme. The implementation of
such a programme results in a shift in the
stage of disease at detection and, as a con-
sequence, in a shift in the number of women
at the different stages of the disease within
the population screened [5].

Figure 1 describes the shift in the number of
women at different phases of the disease
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screening by mammography must detect
small preclinical lesions and this fact further
emphasises the major need for a quality-con-
trol system which will ensure both high sensi-
tivity and specificity in the screening process.
Although it is somewhat outside the scope of
a single chapter on quality control in mam-
mography, it must nevertheless be borne in
mind that a fundamental item in a successful
screening programme must be the establish-
ment and maintenance of an up-to-date and
accurate data-administrative system. The lat-
ter includes, as part of its data base index,
information on all the women in the defined
group for which results of the screening ac-
tivities are registered. It is of vital importance
that screening be offered to and accepted by
the largest possible proportion of the
population.

Equipment

The first essential element in a quality-control
programme for mammography is the selec-
tion of appropriate equipment. No programme
of quality-control testing with appropriate re-
medial action can achieve satisfactory results
unless the equipment itself is of the highest
possible quality. When assessing mammo-
graphy equipment, the test of the image qual-
ity produced is, of course, of primary impor-
tance but there are naturally many other pa-
rameters which require to reach specification
in order to make equipment acceptable. Prior
to the impleme atation of the National
Screening Programme in the United
Kingdom, an attempt was made to address
this particular problem by drawing up a spec-
ification for mammography equipment to be
used in the programme. This specification
has naturally undergone some modification
since 1987 when it was first drawn up, but it
represents a useful summary of the require-
ments for mammography equipment [3].

The other categories of equipment required
for mammography are the film processing unit
and the films, screens, cassettes, and daylight
handling equipment. It is now widely ac-
cepted that in order to produce optimum
quality mammograms, processing equipment
with deep tanks and a ready means of ad-
justment of the overall cycle time and devel-

oper temperature are required. Experience
has shown that all processors need close
daily monitoring by means of a sensi-densi-
tometry to ensure continuing optimum perfor-
mance.

The choice of cassettes and daylight handling
systems, and indeed processing systems
themselves, may depend to some extent
upon the choice of film-screen combination to
be used, but it is of major importance that
whichever system is chosen, it should be ca-
pable of working with films and screens of
any manufacturer. This is governed by the
fact that new film-screen combinations for
mammography are being developed con-
stantly and at any given moment the combi-
nation performing best in image-quality test-
ing may be superseded by another. The se-
lection of a film-screen combination should
depend primarily upon image-quality testing
with a test object or phantom which is ca-
pable of testing both resolution and low con-
trast discrimination. Such phantoms include
the one developed by Tucker and White [4] in
the late 1970s and used during the 1980s by
Law and Kirkpatrick [5] for their work on film-
screen combinations for mammography.
More recently, the Akermann [6] and the
Leeds test objects have shown improved
sensitivity to varying conditions. One point
which should be borne in mind is that with the
film-screen combinations currently available,
by far the greatest attention should be paid to
image quality. None of the currently available
combinations presents any serious problem
in terms of the radiation dosage required to
produce a satisfactory image.

The use of daylight handling equipment for
mammography is now an accepted part of the
state-of-the-art mammography and consis-
tency of performance as well as a minimum of
contamination of screen surfaces by dust is
essential at this stage. A further important
element which needs consideration is that of
film-screen contact within the cassette. It was
certainly the case in the past that a number of
cassettes were found to be wanting in this re-
spect even when new.

Installation of Equipment

Detailed instructions on the checking of elec-
trical safety and installation is readily obtain-



able from a number of sources. The 3
European countries that currently have op-
erational screening programmes, namely
Sweden, Holland and the United Kingdom,
have all developed extensive and detailed
manuals for checks to be carried out upon
installation of equipment, as well as the rou-
tine checks to be followed to monitor the per-
formance of the equipment in use. On instal-
lation [7], attention must be paid to such is-
sues as isolation and switching, protective
earthing, leakage currents, fuses, trunking
and cabling, cable terminations and connec-
tions, and powered ancillary equipment. It is
also necessary to check the mechanical
function and safety of the equipment. The first
check, of course, is to ensure that the
equipment is complete and properly labelled
and that all mechanical and electro-mechani-
cal functions are readily accessible. In mam-
mography equipment the control of machine
movement, locks and brakes is of prime im-
portance, as is the checking of the compres-
sion system performance. For this purpose,
there are now special test tools available and
it must be ensured that the maximum com-
pressive force does not exceed 200 Newtons
[8].

The other area of major importance on accep-
tance is that of radiation safety, with particular
attention to beam quality, collimation, inter-
locks and radiation leakage. Attention must
naturally also be paid to the lead equivalence
of the operator's protective screen. The kilo-
voltage delivered by the unit should be within
* 1kV of the nominal kV at at least two-thirds
of the kV settings provided. Output consis-
tency and beam quality are also assessed
and, most important from the point of view of
image quality, the focal spot sizes for both
standard and magnification views are mea-
sured by several different techniques, namely
slit camera, pinhole image of the focal spot it-
self, star pattern and line frequency pattern.
Automatic exposure control must also be
assessed at the time of installation. Finally,
field uniformity and functioning of the magnifi-
cation system require to be assessed on in-
stallation. Obviously a number of the checks
listed at the time of acceptance of the equip-
ment are among those checks which have to
be carried out frequently during the life of the
equipment. The tests to be performed and
their frequency are summarised in Table 1.
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Radiographic Aspects of Quality
Control

A brief reference to Table 1 will reveal a
number of tests which obviously fall into the
province of the radiographer. The radiogra-
pher has an important role in the process of
quality assurance that is specifically related to
the equipment he/she uses. Those checks
which relate to the working of the darkroom
and its equipment, to film handling and sen-
sitometry and the performance of cassettes
and screens fall into this category. It is nor-
mally also the case that apart from checking
the sensitometry on a daily basis, the other
functions of the film processing equipment
are controlled by the radiographer.

The primary responsibility of the radiographer
in mammography is, of course, the production
of the mammogram itself. This process is a
demanding one, requiring a high degree of
skill of the radiographer and, therefore,
although not strictly part of the quality-control
system, emphasis must be placed on the
proper training of radiographers in the per-
formance of the various mammographic pro-
jections. Such training should, ideally, com-
prise both theoretical and practical aspects
and its success should be assessed against
the performance of a substantial number of
mammograms to required standards.
Assuming the existence of a properly trained
and suitably experienced team of radiogra-
phers, the main tools in the quality control of
these aspects of the process are reject anal-
ysis, self assessment and radiological
assessment. The objective of reject analysis
is to evaluate the quality of films produced by
individual radiographers and also to establish
the overall percentage of rejects on a monthly
and yearly basis at individual centres. The
guidelines laid down in the original Pritchard
report [9] on quality assurance in mammogr-
aphy screening suggested that up to 3% of
total rejects would be acceptable, but experi-
ence in screening programmes has shown
that the norm is considerably lower.
Frequently, the figure does not exceed one
percent. An obvious prerequisite for a satis-
factory reject analysis process is the coding of
individual mammographic films with the ra-
diographer's identity and accurate record
keeping in the form of a reject analysis log. In
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Table 1. Summary of tests and checks to be performed

Test title Method Frequency
Electrical safety of equipment and optional accessories (IPSM 3.2) |
Equipment isolation/switching |
Fuses* |
Trunking & cabling” |
Cable termination & connections |
Panels & covers” ]
Protective earthing |
Leakage currents i
Electrically powered ancillary equipment* |
Mechanical function and safety (IPSM 3.3) |
Equipment complete Direct

Labelling Direct

Cones & collimators* Direct Y
Scale markings* Direct Y
Accessibility Direct Ad hoc
Movements free* Direct 1/4Y
Locks* Direct 1/4Y
Fail-safe devices Direct

Powered movement of table* Direct 1/4Y
Adequate power” Direct 1/4Y
Foot switches” Direct 1/4Y
Sharp edges* Direct Ad hoc

Compression smooth* Direct M
Compression release* Direct M

Emergency release* Direct M
Max. compression Load cell 1/2Y
Thickness indicator* Direct 1/2Y

Cassette insertion* Direct Ad hoc

AEC movement* Direct Ad hoc
Light adequate” Direct Ad hoc
Light timer* Direct 1/4Y

Screen markings* Direct Ad hoc

Screen location* Direct Ad hoc

Radiation safety inspection (ISPM 3.4) e
Mains-on light* Direct DY
X-rays-on light* Direct D/Y

Total filtration HVT/Direct 1/2Y
Filter interlock Direct 1/2Y
Diaphragm interlock Direct 172Y
Exposure termination Direct 1/2Y
Exposure control position Direct l
Exposure control design Direct |
Exposure control function Direct |
Entrance light* Direct w
Lead equivalence marking Direct |



Table 1. Summary of tests and checks to be performed (cont.)
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Test title Method Frequency
Screen gap Direct |
Visibility etc.* Direct 1
Leakage lon ch Y
Screen trans ? |
Film/table edge ? I
X-ray/film Film |
X-ray light Film Y
X-ray tube characteristics (IPSM 3.5)

Tube kV kVmeter 1/2Y

Output consistency lon ch 1/2Y
HVT/filtration A1 1/2Y
Focus size Slit etc 1/2Y
Automatic exposure control (IPSM 3.5)

Consistency lon ch Y
Sensor area lon ch Y
Thickness Slabs w
kv Slabs 1/4Y
Other factors lon ch 1/4Y
Density control lon ch 1/4Y
Guard timer Lead Y
Other features of X-ray sets (IPSM 3.5)

Field uniformity Film/D Y
Magnification Film 1/Mod
Grid Film/ion I/Mod
Dark room

Light tight Direct Ad hoc
Safelights Direct 1/2Y

Temperature Direct 1/2Y
Processor and chemicals

APU temperature Therm. w
APU speed Watch 1/4Y
Replenishment . ? M
Sp. gravit/pH ? M
Residual hypo ? M
Sensitometry S.D. D
Cassettes, screens & film

Cassette/screens ID Direct Ad hoc
Screen film contact Test tool 1/2Y
Light tightness Direct I/Ad hoc
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Table 1. Summary of tests and checks to be performed (cont.)

Test title Method Frequency
Relative screen sensitivity Slabs I/Ad hoc
Cassette/screen cleaning ? D
Stock control Direct w
AEC Blocks DWM
llluminators & viewing room

Visual check Direct w
lllumination Photom 172Y
Ambient light Photom 172Y
Breast dose

Rapid check Calc. 1/2Y
Rapid check Calc. 1/2Y
Full dose Ma & ion 172Y
Reporting Direct 1/2Y
Image quality

Daily check Simple phantom D
Weekly/monthly check Compl. phantom WM

Key to test frequencies: D = daily; W = weekly; M = monthly; 1/4Y = 3-montly; 1/2Y = 6-monthly; Y=yearly; | = at initial
acceptance testing and again at end of warranty; Mod. = at initital acceptance testing and again at end of warranty and
also whenever any relevant modification is made to the equipment

*

recorded
acceptance testing, then as started

*kk

the log, the reason for the rejection of a film
and its repetition are carefully recorded and
Table 2 lists examples of such codings [7]. In
the 'A’ section of Table 2, the errors are at-
tributable to the radiographer, whereas in
section 'B' the fault is a mechanical one of
some type.

A carefully maintained reject analysis log
book kept by the radiographer who enters the
date, film identification number, reject code,
side(s) affected by the fault(s) and the radio-
grapher's code number will enable continu-
ous improvement to professional standards.
The maintenance of high morale and interest
in the production of the highest possible
quality of mammograms is fundamental to the
quality control system. Individual self-

should also be checked by the user by simple visual inspection at monthly intervals thereafter and the results

assessment is an essential part of this pro-
cess which should be continuous with each
radiographer checking her/his own films as
they are processed and coding all rejects ac-
cording to the codes indicated in Table 2.

The final decision as to the acceptability of
film quality has to be taken by the radiologist,
and this will normally be done at the time of
reporting. The radiologist is ultimately re-
sponsible for the quality of the films produced
and films rejected by the radiologist should
again be logged in a similar way to those re-
jected by the radiographer at an early stage. It
should be noted that in centres carrying out
large numbers of examinations the use of
computer technology to record and analyse
the data is worthwhile.



Table 2. Reject analysis coding

A. Radiographer’s faults B. Machine faults
Inaccurate positioning

Double exposure

Movement unsharpness
Underexposure/overexposure
Extraneous objects

Cassette wrong way around
Film wrong way around

Film fogging
Processor maifunction
Emulsion fault

X-ray unit malfunction
Cassette fault

Assessment of Radiation Dose

The constant monitoring of the radiation dose
produced by mammographic examination .is
an important element in any mammography
unit, but it is of particular importance in a
screening programme when healthy women
are being irradiated for no other reason than
that of screening. On a day-to-day basis, this
aspect of quality control is also, to a great
extent, the responsibility of the radiographer.
Obviously, such methods of dosimetry as di-
rect measurement by thermoluminescent
dose meters or other direct methods of
dosimetry are the responsibility of the physi-
cist, but on a day-to-day basis the radiogra-
pher can record, and should record, the mAS
and the compressed breast thickness in
specified numbers of patients. This process
can, by calculation, give an indirect measure
of breast dosage re.eived.

Reporting of the dose measurements must be
carried out in such a way that action can be
taken if agreed norms are exceeded.

Assessment of Radiation Quality

The continual monitoring of the image quality
produced by the mammographic system is, of
course, central to the maintenance of the
quality of the programme. The radiographer
should on a daily basis take a radiograph of a
simple test object as a rough check to verify
the system. This particular film should be
taken in standard conditions on each occa-
sion and the resulting films must be inspected
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immediately so that any problem that be-
comes evident can be dealt with immediately.
In addition to the daily image, quality check
films should be taken of a more complex and
more sensitive test object on a weekly, or a
monthly basis, so as to ensure that a more
subtle degradation of image quality is not
taking place. In this instance, films are usually
taken both in standard conditions and with
magnification. It is interesting to note that past
experience in screening programmes has
shown that this latter procedure can detect
early and subtle deteriorations in various
aspects of the image production chain as a
result of a gradual change in image scores
over a period of some months.

Radiological Aspects of Quality
Control

Generally, the individual with overall respon-
sibility for the outcome of the screening pro-
gramme is the radiologist. Normally, the re-
sponsibility for implementing, evaluating and
updating the quality-control programme will
also rest with the radiologist in charge of the
screening programme. Obviously, the radiol-
ogist places considerable reliance on the ra-
diographers and physicists working in the
screening team, for those aspects of quality
control and quality assurance systems al-
ready discussed. However, the radiologist is
the individual wholly responsible for the read-
ing and interpretation of the mammograms,
and for action taken on the identified abnor-
mal results.

Training

It is fundamental to the success of a screening
programme, or indeed a symptomatic
mammography programme, that any radiolo-
gist involved in it should be adequately
trained to the task in hand. The basic re-
quirement of a radiologist reading screening
mammograms is of course the ability to detect
the subtle abnormalities which may indicate
the presence of cancer. This can only be ac-



138 A.E. Kirkpatrick

quired on the basis of appropriate theoretical
teaching allied to practical demonstration and
teaching, backed up by a considerable
amount of film-reading experience. Expe-
rience gained in various screening pro-
grammes has indicated that there is an impor-
tant learning curve for radiologists involved in
this particular activity extending over a range
of 6-18 months, depending on the level of ac-
tivity and on the radiologist's age and apti-
tude.

It must also be remembered that sufficient
ongoing experience is necessary to maintain
expertise once it has been initially acquired.
The recommendations of the Pritchard report
[9] in the United Kingdom, for instance, spec-
ify that in order to continue to be sufficiently
experienced to read screening mammo-
grams, the radiologist must read at least
5,000 sets of screening mammograms per
year, and while this is only an estimate of
what is required for the maintenance of ex-
pertise, there is little doubt that the figure is of
the correct order. Naturally, however, the
training and experience to enable the radiol-
ogist to read the mammograms is only a part
of the responsibilities. The radiologist must
also be trained and experienced in the pro-
cess of assessing screen-detected abnor-
malities, in the application and interpretation
of other mammographic techniques, in ultra-
sound imaging of the breast and in the tech-
niques of ultrasound-guided and stereotaxi-
cally-guided fine-needle aspiration of impal-
pable breast lesions. The latter naturally in-
cludes experience in the marking of lesions
for surgical biopzy. Furthermore, the radiolo-
gist must have extensive practical knowledge
of the technical aspects of mammogram pro-
duction and of the correct methodology of
positioning for mammography, so that guid-
ance can be given to other members of the
screening team.

Performance Indicators

While it is relatively straightforward to assess
the performance of the system producing the
mammographic image, monitoring the per-
formance of the interpretation of the image is
less easy and requires certain key data. The

fundamental statistic above all others by
which a radiologist judges his/her perfor-
mance is obviously the number of cancers
that have occurred between screening
episodes - possibly including some which
have been missed for a variety of reasons.
This is the so-called interval cancer rate and
is a figure which, in many countries, is in fact
very difficult to estimate. Day [10] has esti-
mated that there should be no more than 25%
of the expected incidence of breast cancer in
the first 2 years after a negative mammogram,
and no more than 60% of the expected inci-
dence in the third year after a negative mam-
mogram. This can be regarded as a very
good guide to the sort of level of interval
cancers to be expected. Other performance
indicators are in varying degrees more read-
ily accessible, however, than the interval
cancer rate. The first which becomes avail-
able in a screening programme is the recall
rate. This is the rate at which initial screening
mammograms are reported as abnormal, or
as requiring further evaluation. Recom-
mendations as to the appropriate level for
recall vary. The initial rate recommended in
the United Kingdom in the Pritchard report [9]
was 10%, but subsequent experience in the
U.K. Screening Programme has shown that
figures nearer to 5% are more frequent, and
this is certainly confirmed by the Swedish and
the Dutch experience where 5% or less is
commonplace. The question of dual reading
of screening mammograms has a very
definite bearing on the likely recall rate. There
can be little question that dual reading of
screening mammograms by experienced ra-
diologists increases the sensitivity of the test
but if mammograms are read independently
and all positive calls acted upon, then there
clearly is a risk of an increase in the overall
recall rate. Practical experience in a number
of screening programmes has shown, how-
ever, that this problem is largely confined to
the early months of a programme, when the
radiologists are themselves in a learning
phase [11].

The crude cancer detection rate is a basic
measure of the success of a screening pro-
gramme. Clearly, the crude cancer detection
rate depends fundamentally upon the natural
incidence of breast cancer in any given area,
and Day [10] has again calculated that the
crude cancer detection rate in the first screen-



ing round should be no less than 3 times the
underlying incidence rate. This translates, for
example in the United Kingdom, in Sweden
or in Holland, to a rate which should exceed 5
cancers per thousand women screened in the
50-65 age group. A refinement of the crude
cancer detection rate which was developed
by Price and utilised in the Pritchard report [9]
in the U.K. has been the detection rate for
small invasive cancers. In the U.K. setting, the
calculated rate in the first screening round is
that 1.5 invasive carcinomas of less than 1 cm
in diameter should be detected per thousand
women screened. Translating this figure into
a relationship with the natural incidence rate
results in an approximate equation with the
natural incidence rate.

The positive predictive value of the screening
test and the subsequent work-up to the point
of open surgical biopsy should be in the order
of 40% in the initial screening round and
should increase in following screening
rounds with 50% or better, as a target. In
other words, the malignant to benign ratios for
open surgical biopsy should achieve the rate
of 1:1. It must be added that this not very am-
bitious target has already been equalled and,
in many instances, has been exceeded by
many screening programmes now in exis-
tence. Several other measurable parameters
of performance have been suggested by Day
et al. [10] as being indicative of the efficiency
of the performance of a screening programme
and a number of these relate to stage distri-
bution. It is suggested that no more than 40%
of the cases should be at stage Il or more ad-
vanced at the first screening round, and that
figure should drop to no more than 30% in
subsequent rounds. The reduction in the rate
of advanced cancer should not be less than
30% in the target population 7 years after the
first invitation has been sent. The final mea-
sure, which will be very late in appearing, is
of course the ultimate measure of the suc-
cess, or otherwise, of a screening pro-
gramme, and that is the reduction in the mor-
tality rate which should exceed 25% in the
target population free from breast cancer
when the first invitation was sent. This mea-
sure is taken 10 years after the start of a pro-
gramme.
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Programme Organisation

In many instances the radiologist will be
responsible for the overall performance of the
programme and will therefore also be re-
sponsible for monitoring and recording of
other items in the programme such as 1)
number of women invited; 2) number of
women screened; 3) number of women re-
called for technical reasons; 4) time interval
between invitation to screening and referral to
assessment; 5) type and number of additional
tests performed; 6) number of fine-needle
aspiration cytology examinations performed;
7) number of needle localisation biopsies
performed; 8) number of stereotaxic or ultra-
sound-guided fine needle-aspiration cytolo-
gies performed; 9) number of women man-
aged by early follow-up.

Dual Reading

Reference to the desirability of dual reading
of screening mammograms has already been
made, and when this procedure is carried out
it is possible to calculate the performance of
each radiologist. This clearly is a sensitive
matter and the results of such assessments
must remain confidential within the profes-
sion. There is little doubt, however, that re-
course to dual reading increases the sensitiv-
ity of the test by a factor which may be as high
as 20% in the early stages of a programme. In
the first 12 months' running of the South East
Scotland screening programme, for example,
no less than 22% of the cancers detected
were not observed by one of the two film
readers. This rate fell sharply over succeed-
ing years as newly trained readers gained
experience, but from the experience gained
in many centres it is clear that an increase in
sensitivity will always be obtained by dual
reading, probably of the order of 5-10% of
cancers detected.

Review of Quality-Control Data

Due to the recording of the considerable
amount of quality-control information, data
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should be reviewed on a regular basis to
assess the performance of the screening
programme. In addition, the radiologist in-
volved in screening programmes should re-
view in detail films of interval cancer patients,
the films of all particularly early cancers, and
films of those cancers which have been
missed by one or more of the film readers
who have seen the films. Experience has
shown that the latter group, as would be ex-
pected, contains valuable teaching material

demonstrating very early subtle changes.

In conclusion, it can be said that the pro-
cesses involved in adequate comprehensive
quality control of mammography screening
programmes are extensive, wide ranging and
complex. However, with a screening test such
as mammaography, particular attention to the
entire process of quality control in the pro-
duction and interpretation of the mammo-
graphic image is the only sure route to suc-
cess.
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In those countries that have acquired consid-
erable experience in the field of breast cancer
screening by mammography, it is now gen-
erally acknowledged that a comprehensive
system of quality assurance is a fundamental
requirement. The reason for this is that mam-
mography is a far from ideal screening test in
that it requires a very high level of perfor-
mance in the production and interpretation of
the images to perform the function of a
screening test successfully. In this context it is
perhaps relevant to contrast mammography
with a simple chest X-ray as a screening test.
To produce a satisfactory chest X-ray, any
standard films with moderate performance
can be used: the performance of the intensify-
ing screens is likewise uncritical, there is no
need for a moving grid, exposure control is
simple with considerable latitude, and the
equipment required to produce the image can
be very basic. There are no particular prob-
lems when procesc.ng the exposed film and
the variations in normal appearances are
considerably less than is the case in mam-
mography. A satisfactory screening mammo-
gram, on the other hand, requires a very high
quality dedicated film-screen combination
whose performance needs constant check-
ing. The mammography unit required to pro-
duce the mammogram is necessarily dedi-
cated and is subject to a detailed high speci-
fication in all aspects of its operation which
again need constant monitoring. Positioning
of the patient for the examination is a highly
skilled operation and requires considerable
training and experience. The processing of
mammograms is a specialised process and
dedicated processing facilities are needed.
As with all other aspects of image production,
the performance of the processing unit should

be closely monitored. Sensitometric testing of
the processor is necessary daily and some-
times more frequently. Finally, a high level of
training and experience is needed to enable
a radiologist to read screening mammograms
successfully and reliably. For the process of
screening by mammography to be successful,
all elements in the chain must operate at an
optimal level or the number of cancers
missed by the process inevitably rises. Thus,
mammography can only be an efficient
screening test if strict quality-assurance
guidelines exist for all aspects of any
screening programme.

It is worth now considering in more detail the
terms quality assurance and quality control.
Gray [1] has defined the process of quality
assurance as (1) the continual pursuit of ex-
cellence and (2) as a secondary feature, the
maintenance of minimum standards. Quality
assurance is achieved by the application of a
quality-control programme - a series of tests
and performance indicators which are ap-
plied to each element in the production and
interpretation of the mammographic image. In
spite of the technical problems in achieving
and maintaining satisfactory standards,
breast cancer screening by means of mam-
mography has been shown to reduce the
mortality from the disease and present esti-
mates suggest that, given a 100% compli-
ance rate in the population invited for
screening, the mortality reduction would be of
the order of 40%. A corresponding fall-off in
the mortality rate reduction is naturally antici-
pated with lesser degrees of compliance, a
70% compliance would result in 28% reduc-
tion in mortality and a 60% compliance would
result in approximately 18% reduction in
mortality [2]. In order to achieve its aim,



144 J.C.J.M. de Haes and H.J. de Koning

8000
6000
4000
2000

T

T

-2000
—4000
—6000
-8000
- 10004~
—1200¢-

T

Fig. 1. The simulated
shift in the number of
women in different
phases in the year 2000
in the Netherlands as a
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process in the Netherlands in the year 2000.
It is interesting to note that fewer women will
undergo clinical diagnosis as the number of
self-referrals and referrals by primary physi-
cians will decrease. Due to the increase in
screen-detected cancers, more women will
undergo primary treatment. The number of
lead-time women-years is given: some
women will live with the disease, while the
disease would not have been diagnosed at
this stage without the screening programme.
Gained survival is the survival of those
women who would otherwise have died as a
result of the disease, but do survive through
earlier detection. Finally, palliative treatment
is less frequent as a higher proportion of
women with breast cancer will be cured.
When investigating the impact of the screen-
ing programme, all these effects have to be
taken into account. This was done in the re-
port of the Forrest Committee [6], but in a
rather simplified way: one quality of life value
was given for all stages of the disease. In the
Dutch cost-effectiveness analysis a more
elaborate approach was chosen. The different
phases of the disease process were de-
scribed on the basis of the literature; these
phases were evaluated by public health and
breast cancer experts and the values were
inserted in the cost-effectiveness analysis.
Thus, a quality-of-life adjustment of the cost-
effectiveness of the programme could be
established [7,8].

result of the nationwide
breast cancer screening
programme

Value Given to Screening, Disease
and Treatment Phases

The stages considered relevant in the quality-
adjusted effectiveness analysis were the fol-
lowing: screening participation, diagnosis,
surgery, radiotherapy, chemotherapy and
hormonal therapy in initial treatment, disease-
free periods up to and after one year (after
mastectomy and breast-conserving therapy),
palliative treatment modalities and terminal
illness.

Empirical investigation of quality of life in all
these phases would be too extensive a pro-
ject. Therefore, the descriptions were derived
from the aggregation of data from the litera-
ture. A medline search into the literature up to
1989 resulted in 252 articles. Of these, 176
dealt with the impact of the different phases of
the disease process on the quality of life of
breast cancer patients.

As can be seen in Table 1, most of these arti-
cles related to initial treatment and the dis-
ease-free periods. Few empirical studies
concerned palliative treatment and terminal
illness in particular. Physical and emotional
effects were described in most studies while
many referred to the social effects of the dis-
ease. A global evaluation of the situation in-
tegrating specific aspects was given in a lim-
ited number of studies only. A utility score
was reported in one paper only.
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Table 1. Content of papers dealing with quality of life and breast cancer (screening)

Total Empirical
(N=176) (N=139)
Screening attendance 6 3
Diagnostic phase 25 13
Initial surgery 47 30
Initial chemotherapy 31 22
Initial radiotherapy 13 3
Initial hormonal therapy 7 5
Breast reconstruction 15 11
Disease free 3 months - 1 year after mastectomy a7 38
> 1 year after mastectomy 55 46
3 months - 1 year after breast-conserving therapy 10 8
> 1 year after breast-conserving therapy 17 12
Palliative treatment + surgery 11 8
+ chemotherapy 33 30
+ hormonal therapy 19 17
+ radiotherapy 10 8
Terminal illness 5 2
General 8 4
Physical 132 104
Psychological 117 93
Social 67 49
Global 11 11
Utility 2 1

As the aggregation of specific data on the
physical, psychological and social concomi-
tants of disease in a global evaluation for the
different disease and treatment phases was
rarely given, a valuation of these phases had
to be obtained empirically. Therefore, the
specific data were first summarised for every
disease and treatment phase and a descrip-
tion was made on the basis of these sum-
maries. Subsequently, experts in public
health and breast cancer epidemiology or
treatment (N=31) were asked to award scores
to the descriptions of the different stages.
Twenty-seven of them responded. The scores
were marked on a visual analogue scale,
ranging from O to 100. Thus, median assess-
ment scores could be calculated and trans-
formed into the so-called utility scores, as
suggested by Torrance [9]. A utility score in-
corporates the assessment of a health/
disease state and the willingness to trade off

length of life against the loss in quality of life
in that state. By subtracting the utilities found
from 1.00, a loss in utility is calculated. These
scores were necessary to insert quality of life
in the cost-effectiveness model.

In Table 2 the median evaluations and corre-
sponding utilities are given for the different
disease and treatment phases. The screen-
ing-participation period was scored most
favourably by respondents, much higher
evaluations than any other phase. Disease-
free periods were given higher scores than
any treatment or diagnostic phase. As ex-
pected, patients undergoing breast-conserv-
ing therapy were considered "better off" than
those having undergone a mastectomy. The
diagnostic phase was considered burden-
some, but not as much as the treatment
phases. Chemotherapy was looked upon as
the most intrusive treatment modality while
surgery alone was considered the least bur-
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Table 2. Median valuations and corresponding utilities of the diagnostic/disease/treatment phases*

Median Utility Loss in utility
(1-u)
1. Terminaliliness 17 .288 712
2. Palliative + chemotherapy 34 .531 .469
3. Palliative + radiotherapy 38 .591 419
4. Palliative + surgery 41 617 .383
5. Palliative + hormonal therapy 45 .663 .337
6. Initial chemotherapy 50 717 .283
7. Initial radiotherapy 59 .803 197
8. Initial hormonal therapy 61 .820 .180
9. 2 months - 1 year after mastectomy 64 .844 .156
10. Initial surgery 67 .867 .133
11. Diagnostic phase 71 .895 .105
12. 2 months - 1 year after breast-conserving therapy 74 914 .086
13. Disease free > 1 year after mastectomy 80 .947 .053
14. Disease free > 1 year after breast-conserving therapy 83 .960 .040
15. Screening attendance 94 .994 .006

* the order is according to the utility given

densome type of treatment. Quality of life was
scored lower in palliative treatment phases
than in initial treatment phases. Again,
chemotherapy was considered most burden-
some. Finally, the terminal iliness phase was
considered synonymous with the lowest
quality of life.

Quality Adjustment in the
Effectiveness ..nalysis

Given the different screening, disease and
treatment phases and their valuation, one can
compute a quality-adjustment factor if the
duration of these phases is given. This dura-
tion was established on the basis of clinical
work and chart reviews (see Table 3) [7]. Data
from Dutch and Swedish screening trials
about the course of the disease after screen-
ing have been used to predict the number of
women in the different phases with and with-
out a screening programme [8,10]. Quality ad-
justment can be computed by multiplying the
number of women in the stage by the score
and the duration of that phase.

Quality-adjusted life years = sum (over
phases) of utility x duration x number of
women.

The same can be done for the situation with
and without screening. By subtracting both,
the effect of the programme on quality-ad-
justed life years is given.

In Table 3 the correction for quality of life for
every disease/treatment phase is given sepa-
rately first. As can be seen in the terminal ill-
ness phase and in palliative treatment
modalities, a positive effect of the screening
programme is expected. This is especially
true for chemotherapy and hormonal therapy.
A substantial positive effect is also expected
as a result of the smaller number of women
receiving initial hormonal therapy. The num-
ber of women having to undergo a mastec-
tomy will decrease after screening because of
earlier detection. Therefore, a positive effect
is expected in the first year after diagnosis.
On the other hand, a number of negative ef-
fects is predicted, e.g., an increase in the
number of women undergoing breast-con-
serving therapies and in the number of
women-years after mastectomy. This is the
so-called lead-time effect. Some more
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Table 3. Number of women, multiplied by the duration of states (women-years), in the situation with or without breast
cancer screening and the correction as a result of quality adjusting the effect

Duration Number of women Quality adjustment
with screening without screening

1.  Terminal iliness 1 month 271,815 288,862 1,008
2. Paliiative + chemotherapy 4 months 271,815 288,862 2,665
3. Palliative + radiotherapy 1 month 271,815 288,862 593
4.  Palliative + surgery 5 weeks 271,815 288,862 666
5. Palliative + hormonal therapy 14 months 271,815 288,862 6,700
6. Initial chemotherapy 6 months 31,934 31,934 0
7.  Initial radiotherapy 2 months 388,937 378,634 -340
8. Initial surgery 2 months 580,847 571,620 - 205
9. Initial hormonal therapy 2 years 188,742 198,313 3,449
10. 2 months - 1 year after mastectomy 10 months 309,271 320,188 1,416
11. Diagnostic phase 5 weeks 1,244,643 1,257,049 125
12. 2 months after breast-cons. therapy 10 months 255,687 234,521 -1,519
13. Disease free > 1 year after mastect. life expectancy 3,203,247 3,169,573 - 1,800
14. Disease free > 1 year after

conservative therapy life expectancy 3,372,980 2,907,354 -18,512
15. Screening attendance 1 week 15,768,572 0 -1,790
Correction for double counting - 686
Total correction for quality of life - 8,230
Effect breast cancer screening on
life-years gained 259,704
Effect breast cancer screening on quality-
adjusted life-years gained 251,474

women will have to undergo initial surgery
and radiotherapy. Finally, the women patrtici-
pating in screening experience a slight nega-
tive effect. This effect has been assessed as
only somewhat negative by the experts and,
moreover, relates to a very short period. This
effect, therefore, does not have an important
impact on the quality adjustment in the
screening effectiveness analysis.

Conclusion

Considering all these effects together, as can
be seen from Table 3, the difference between

the situation with and without screening is
computed to be 259,704 woman-years in the
Netherlands. This result, which is considered
a substantial gain, is based on a 27-year
screening programme organised for women
between 50 and 70 years of age at 2-year
intervals. If this effect is adjusted for quality of
life, breast cancer screening leads to a gain
of 251,474 woman-years. Taking quality of
life into account, the difference with and with-
out screening is small: 3.2%. We did, there-
fore, conclude in our earlier paper that the is-
sue of quality of life is not substantial enough
in breast cancer screening to refrain from or-
ganising such programmes [7].

A number of variants have been computed to
establish the firmness of this conclusion.
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Instead of the median, the mean scores have
been inserted into the model. Also, a dis-
counting of 5% for future effects was pro-
posed. Finally, on the basis of the range in
the given scores, "favourable" and "un-
favourable" variants were taken. In the most
negative case, the quality of life adjustment
on the analysis of effectiveness made a
difference of -19.7%. In the most positive one
the adjustment was +3.2%. We therefore
concluded that the "true" adjustment must be
somewhere in between, about 8% loss in ef-
fectiveness. This figure still leads to the con-
clusion that quality of life is not the main con-
sideration when deciding on a breast cancer
screening programme.

Some further studies are needed. The data
derived from the literature are stronger for
some phases than for others. It was noted that
little empirical work was reported about the
palliative treatment phases and especially
about terminal illness. More thorough findings
on these phases would be necessary. Also,
the scores provided by patients or by the
general public might have led to dissimilar
conclusions. The method used here was not
yet suitable for lay people. The description of
the state of health had to be complex on the
one hand so as to cover the domains de-
scribed properly, but on the other hand, a
more simple description might facilitate an
approach by broader populations.

Ideally, one would want a large prospective
longitudinal study, following up patients and
non-patients from screening onwards. Given
the present results, however, the conclusion
that quality of life s not a major negative fac-
tor as a result of positive long-term effects
must be taken as a starting point.
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