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HER MAJESTY QUEEN ELIZABETH 
THE QUEEN MOTHER FELLOWSHIP 

Her Majesty Queen Elizabeth the Queen Mother, 
who is the Patron of the Trust and has 

always shown a keen interest in its work, 
approved the founding of the Fellowship 

by the Trust to commemorate her 
80th birthday. 

The Trustees of the Nuffield Provincial 
Hospitals Trust will select a Fellow who 
will be invited to undertake to review 
in a monograph a subject within the 

sphere of the Trust which is believed to 
be of particular interest to Her Majesty. 

The monograph will be launched by 
a lecture 



THE A U T H O R  

Professor Sir Patrick Forrest retired from the Regius Chair 
of Clinical Surgery in the University of Edinburgh in 1988. 
A student of the University of St. Andrews, he returned to 
Dundee following service with the Royal Navy for his 
surgical training, spending a year as a research fellow at the 
Mayo Clinic and then becoming lecturer and then senior 
lecturer to Sir Charles Illingworth in Glasgow. During this 
time he became a Fellow of all three British Royal Colleges 
of Surgeons and wrote theses for the degrees of M.D. and 
Ch.M., both of which were awarded with honours and gold 
medals. 

In 1952 he proceeded to the Chair of Surgery in the 
Welsh National School of Medicine, which he occupied for 
nine years before accepting an invitation to go to Edin- 
burgh. A dedicated academic surgeon he built u p  thriving 
clinical, teaching, and research departments in both schools. 
His personal research interest, initially in gastric but latterly 
and exclusively in breast disease, led to the development of a 
comprehensive clinical service for women with breast can- 
cer, backed up by laboratory research: both of which have 
been internationally recognised. He has been Chairman of 
many national committees concerned with breast cancer 
including the Working Group which recommended the 
introduction of breast screening as part of the NHS, the 
Breast Cancer Research Subcommittee, and now the Scot- 
tish Advisory Committee on Breast Screening. 

Sir Patrick has been President of the Surgical Research 
Society and of the Association of Surgeons of Great Britain 
and Ireland; a member of the Medical Subcommittee of 
University Grants Committee; of the Medical Research 
Council; of the Advisory Board for Research Councils; the 
Scientific Advisory Committee of the Cancer Research Cam- 
paign and the Council of the Royal College of Surgeons of 
Edinburgh. In 1981 he was appointed Chief Scientist (part- 
time) to the Scottish Home and Health Department, a 
position he held for 6 years. 
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PREFACE 
 
 
Compared to her Swedish or American counterpart, the 
average British woman is dismally unaware of the nature of 
her most common type of malignant disease. According to 
Mildred Blaxter, cancer has replaced tuberculosis as 'the 
disease to be dreaded, the disease to be mentioned without 
any discussion as to its cause. . . upon which speculation was 
not only fruitless.. . but uncomfortable' (1). 

When invited by the Trustees to write a Queen Elizabeth 
the Queen Mother monograph for the Nuffield Provincial 
Hospitals Trust on some aspects of breast cancer, I set out 
to produce an account of its nature for the professional in 
all branches of health care. It is from them that education of 
our women must stem, replacing fear by a desire to know. 
But with mounting criticism against the decision to implement 
screening for breast cancer in Britain, Dr Ashley- 
Miller suggested that it would be better to attempt to 
address the question 'Why did Britain screen'. The monograph 
is still directed to the health professional in general, 
and not to the expert, which, as a surgeon and in these days 
of statistical modelling, I am ill-equipped to do. 

This change in direction coincided with my acceptance 
of an invitation by Dr Bruce Chabner, Director of the Division 
of Cancer Treatment, to spend 12 months in the National 
Cancer Institute in Bethesda. I am most grateful to him and 
to his colleagues Drs Greg Curt, Charles Myers and Kenneth 
Cowan for allowing me the time and use of facilities to 
complete this task. I owe a particular debt to Dr Jack Cohen, 
who provided word-processing facilities in his private office, 
and to Ms Kathy Moore, for her superb editorial and literary 
skills in preparing the final script. 

With the opportunity to use the unique medical library 
facilities in Bethesda, I re-consulted the literature I have 
quoted, so that the facts I have presented are only from 
published work. The efficient and courteous service provided 
 

    xi 
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PREFACE 

 
by the staff of the NIH Library is remarkable, and has 
been greatly appreciated. In the Scottish Cancer Trials 
Office, Wendy Taylor, secretary to Dr Helen Stewart, 
continued to give willing and invaluable assistance, while, in 
the Medical School Anne McNeill, David Dyrom and Jim 
Paul provided the illustrations. 

I have not attempted to mention by name the many 
people who have, by their knowledge and example, influenced 
my thinking about this disease. But they know who 
they are: and I hope can recognise my indebtedness. And 
they include the many patients with breast cancer who I have 
been privileged to care for, and who have taught me so 
much. 

Finally, I wish to place on record my very deep thanks 
to my wife Margaret, who, during the somewhat difficult and 
frustrating months, has been her usual tower of strength. 
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P R O L O G U E  

On 25 February 1987, the Secretary of State for Health and 
Social Security included in a statement to the House of 
Commons the following: 

'The Government attaches particular importance to re- 
ducing deaths from breast cancer . . . 

'In July 1985 the Government appointed a working 
group.  . . to consider the position. The report has con- 
cluded that screening by mammography . . . will enable us to 
reduce deaths from breast cancer. 

'The Government accept the proposals made in the report 
and accordingly have decided to implement a national breast 
cancer screening service . . . throughout the United King- 
dom. 

(with) 'all necessary back-up facilities . . . assessment . . . 
diagnostic . . . (and) treatment facilities, counselling and 
after-care and training for key groups of staff (2,3).' 



xxiv PROLOGUE 

I was privileged to have been invited to chair the Working 
Group, and now to have been asked by the Nuffield Pro- 
vincial Hospital Trust to answer the question 'why did 
Britain screen?'. This Queen Elizabeth, the Queen Mother, 
Monograph attempts to do so by presenting to health 
professionals the facts as we now know them. But it is the 
reader who must decide, on the basis of these facts, whether 
the decision to implement mass population screening for 
breast cancer was, for the United Kingdom, a correct one. 



RECOMMENDATIONS 

S C R E E N I N G  

T H E  C O M M I S S I O N  O F  C H R O N I C  ILLNESS I N  T H E  UNITED 

States, in 1957, defined screening as 'the presumptive 
identification of unrecogised disease. . . by the application of 
tests, examinations or other procedures which can be ap- 
plied rapidly' (4). Presumptive is the key word, because a 
screening test, unless specific for the disease in question, is 
not diagnostic. It only divides the population into those who 
are test-positive, and who are likely to have the disease in 
question, and those who are test-negative, and probably 
without it. Those with positive tests require to be further 
assessed by a series of diagnostic investigations from which a 
conclusion about the presence or absence of the disease can 
be reached. Those who are test-negative should not require 
to be further investigated. The ability of a screening test to 
define those with a disease is expressed by its sensitivity, and 
to exclude those without the disease, its specificity. 

Programmes of screening initially concentrated on the 
detection, prevention, and control of communicable dis- 
eases; recently again emphasised by the screening of blood 
donors, haemophiliacs, and pregnant women for antibodies 
to human immunodeficiency virus (AIDS). Such diseases still 
may pose, from time to time, an important health problem, 
but programmes of screening now also have great relevance 
for the detection of chronic disease. Then the objective is to 
discover its presence at an earlier stage when treatment is 
more effective and can prevent what otherwise would be 
incapactitating or mortal (5). 

The performance of routine checks in select groups of 
persons, health profiles, is not relevant to this discussion, 
which concerns itself only with the screening of a population 

1 



2 RECOMMENDATIONS 

of 'normal' asymptomatic persons for the detection of 
occult disease-in this instance, breast cancer. 

R E M I T  A N D  C O N C L U S I O N S  

The terms of reference of the Working Group were: 

(i) To consider the information now available on breast 
cancer screening by mammography; the extent to which this 
suggests necessary changes in U.K. policy on the provision 
of mammographic facilities and the screening of symptom- 
less women; and 

(ii) To suggest a range of policy options and assess the 
benefits and costs associated with them; and set out the 
service planning, manpower, and financial and other impli- 
cations of implementing such options (3). 

The principles which required to be met to justify screening 
for any disease had been formulated for the World Health 
Organisation by Wilson and Jungner in 1968 (6) and raised 
the following questions concerning breast cancer in the 
U.K.: 

(i) It is an important health problem? 

(ii) Is the natural history of the disease well understood 
and is there an early pre-clinical phase during which the 
disease can be recognised by a suitable test? 

(iii) Is a suitable test available and, if so, is it acceptable to 
the general population, knowing that it must be applied not 
once, but at defined intervals? 

(iv) Does treatment of breast cancer during its pre-clinical 
detectable phase, compared to treatment when it is sympto- 
matic, prolong life? 

(v) Can adequate facilities be provided for the diagnosis 
and treatment of those abnormalities detected in those who 
are test-positive? 

(vi) Does the cost, in terms of expenditure of resources 
and potential physical and psychological harm justify the 
benefit provided? 

In their Report, the Working Group concluded that these 
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questions had been answered in the affirmative, and re- 
commended that there was need for a change of policy 
on the provision of mammographic facilities in the U.K. 
Further, they were convinced that the introduction of a 
programme of screening well women by mammography was 
justified as a national need. Their recommendations were 
fully supported by Government, which decided that they 
should be implemented by the National Health Service; and 
this is now well under way. 

B A C K G R O U N D  

The Working Group had little difficulty in appreciating that 
breast cancer posed a formidable health problem in western 
women. It  was recognised also that treatment of the disease at 
the time a woman presented symptomatically with a breast 
mass failed in the majority to provide long-term control. It 
was apparent that our understanding of the natural history of 
breast cancer had greatly increased over the past few decades; 
that by the time invasive breast cancer had become sympto- 
matic it was most likely already to be a systemic and, by 
current methods of treatment, an incurable disease; but that 
there was an early pre-clinical stage during which such 
dissemination was less likely. Critical was evidence that the 
disease could be detected at this pre-clinical stage by mammo- 
graphic imaging of the breast, and that when treated at this 
stage outlook was improved. When mammographic screen- 
ing had been applied on a population basis, as in Sweden, 
mortality from the disease had been substantially reduced. 

This critical evidence was provided by two large random- 
ised controlled trials in which mammographic (in one plus 
clinical) examination had been offered on a random basis to 
large numbers of women. Non-invited women were controls 
('7-8). Further, there were two reports of case-control 
studies from cities into which screening by mammography 
had been introduced some years previously (9,lO). In 
women who had died from breast cancer, the history of 
having never been screen exceeded that of age-matched 
healthy controls. The results of all four studies \\,ere consis- 
tent with a conclusion that mammographic screening was 
'good news' (Table 1). 



TABLE 1.  Crilical evidence available to Working Group 

Date Last 
Inwiled 1st Melhod Published Mortality 

Population Screen of Screen Report Reduction 

CONTROLLED RANDOMISED TRIALS 
Health Insurance Plan 62,000 1963-66 Clinical and 1982 30% (10 yr) 
(New York) 40-64 yr 2-view marnrn~~graphy 
Two-<:ounties 163,000 1977-81 Single-oblique 1985 30% (9 yr) 
(Sweden) 40-74 yr mammography 

CASE-CONTROL STU1)IBS 
Nijnlegcn 30,000 1975-82 Single-oblique 1984 50% 
(Netherlands) 35-64 yr mammogxaphy 
Utrecllt 20,500 1974-77 Clirli~al anti 1984 70% 
(Netherlands) 50-64 yr 2-vicw mammography 

Only the Nijmegen data failed (barely) to reacll significant level\. 
For HIP study, final results available from report of meeting. 
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Costs, in terms of all resource, were considered. It was 
appreciated that the introduction of mass population 
screening by mammography was expensive; although not 
excessively so compared to other established health needs. 
But, its priority within the health care system was not a 
matter we were asked to consider, nor, indeed, could we 
have done so. The ultimate decision was that of Govern- 
ment. 

I M P L E M E N T A T I O N  

The Working Group's recommendations were not to intro- 
duce screening mammography on a 'free-service' basis, but 
to establish a comprehensive service for screening. The 
target population was five million women aged 50-64 years 
who would personally be invited to attend for a single 
oblique-view radiography of each breast each three years. 
Steps had to be taken not only to provide the necessary 
facilities for mammography, but to identify those women 
who were to be offered screening, to arrange the best form 
of invitation, to interpret the mammograms, and to notify 
the results. But even this was but the first stage. Back-up 
facilities had to be provided for the evaluation, by diagnostic 
tests, of those abnormalities detected on the screening 
mammogram; also for the biopsy of those lesions suspicious 
for cancer, and finally for their treatment. All of this 
required the institution of organisational and management 
services, which were largely new. The screening process, as 
envisaged by the Working Group, is shown in Figure 1. 

Basic Screen 
It was recommended that the basic mammographic screen 
should be performed either in a static screening unit within 
an urban community or  for rural populations in a custom- 
built mobile unit, both equipped with dedicated nlammogra- 
phy units. Each unit would serve the needs of approximately 
1 0,000 women in the target population each year, this 
taking account of a likely response rate of 70 per  cent, the 
need to screen a few self-referred women over the age of 64 
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STAGE I 

I BASIC I 
SCREEN 

ASSESSMENT OF 
ABNORMALITY 1 

STAGE II 
possibly 

BIOPSY 0 
STAGE 111 

STAGE IP 

1. The screening process (3). 

years, and in about 10 per cent to arrange for additional 
views on account of unsatisfactory or inconclusive films. The 
identification and invitation of women in the target popula- 
tion was an essential first step, which required an accurate 
and updated population register and encouragement to 
attend. Failure of response, from whatever cause, clearly 
mitigated against the success of a screening programme, as 
was only too evident from the results of screening by cervical 
cytology. 

A basic screen can only separate out those women rvho are 
test-positive (with a mammographic abnormality) from those 
who were test-negative (and without an abnormality). A 
small proportion of women would have inadequate films. 
The standard of mammography and of interpretation of the 
films was critical to the success of the programme. It was 
recommended that guidelines were established to ensure 
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that the taking, processing, and reading of films were kept 
under strict scrutiny. So also had the dose of radiation to be 
monitored. Recommendations for training of radiographic 
and radiological staff were of prime concern. 

The decision to recommend single-view mammography as 
the basic screening method was based on the results of the 
trials carried out in Sweden and in the Netherlands. From 
their experience, it was reasonable to expect that not more 
than 10 per cent of women would be recalled for additional 
views; which would best be taken in the screening unit. 

Assessment 
The next stage in the screening process was the assessment 
by diagnostic tests of those abnormalities that were detected 
on the basic screening mammogram, the end-point being a 
decision on the need for a surgical biopsy. Abnormalities 
that indicated a positive test were of two main types: those 
which were discrete (opacity, area of altered architecture, 
cluster of micro-calcifications) and those which produced 
diffuse change (asymmetric increase in density, scattered 
micro-calcifications). Any alteration in appearance on suc- 
cessive mammograms also required evaluation. 

The diagnostic methods which were required included 
clinical (physical) examination of the breasts; sophisticated 
mammography (e.g. magnification views to study the con- 
tour of an opacity or the size and shape of calcifications); 
ultrasonography (to determine if an opacity was solid or 
cystic); and fine-needle aspiration cytology (to aspirate a cyst 
or,  if the lesion was solid, to obtain a specimen for cytology). 
In  those countries with independent mammography clinics 
(as in the private sector in Britain), women in whom a 
mammographic abnormality was detected were referred to 
their family practitioner, to a radiologist or to a surgeon for 
further investigation; and this was an option which a general 
practitioner in the U.K. might wish to exert. However, the 
Working Group, noting the multi-disciplinary nature of 
these investigations, recommended that it mrould be better 
that a multi-disciplinary team consisting of radiologist, clini- 
cian (surgeon), and cytologist should develop the necessary 
expertise and experience to perform this function. Not only 
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would this approach limit the number of women requiring 
biopsy, but it ~ lou ld  facilitate monitoring of the assessment 
procedure. As this team would be hospital-based, they would 
also be available for the assessment of similar abnormalities 
detected in symptomatic women attending hospital out- 
patient clinics. 

In general this alternative was preferred, largely due to 
the wish of the family doctors that their patients be assessed 
by an expert team. Experience has supported this view, 
particularly in the light of the development of stereotactic 
radiological methods by which a needle can be guided 
accurately into a non-palpable lesion for cytological sampl- 
ing. This technique, properly applied, can replace the need 
for biopsy of many benign lesions (1 1-13). 

Biopsy 
The third stage in the screening process was the biopsy. This 
implies the removal of tissue for diagnostic purposes; but 
with high quality assesment, this third stage could become, 
in many women, management rather than diagnosis. This 
was particularly important for the patient with cancer, in 
whom positive cytology could avoid the need for two oper- 
ations, one of which was diagnostic, the other therapeutic. 

If a mammographic abnormality was palpable and benign 
or if the diagnosis was in doubt, its excision with a cuff of 
surrounding breast tissue MJas a simple procedure, most 
conveniently performed under local anaesthesia as a day- 
case. For the removal of an impalpable lesion, some form of 
localisation procedure was required, and this required radi- 
ological as well as surgical skills. Some surgeons preferred 
the use of a marker wire, which was both visible on x-ray and 
to the eye of the surgeon (14). Others preferred to inject a 
radio-opaque or  visible dye, e.g., a suspension of carbon 
particle or mixture of contrast medium and methylene blue 
(15). In either case, the introduction of the marker was a 
radiological responsibility. 

But it was the surgeon's responsibility to ensure that the 
radiological lesion has been removed. For this he required 
immediate radiology of the specimen, most conveniently 
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performed in dedicated equipment in the operating suite. 
The surgeon was also responsible for ensuring that the 
pathologist received the specimen fresh, so that it could be 
sliced and each slice x-rayed to define the lesion requiring 
detailed attention. A histochemical assay for oestrogen 
receptor could also be performed. Immediate fixation of the 
specimen or hasty interpretation by rapid-section tech- 
niques had no part to play in a well-organised programme of 
screening (1 6-1 9). 

Treatment 
The Working Group believed that, if the assessment and 
biopsy stages of the screening process were well conducted, 
the patient should expect expert advice about treatment. A 
woman whose cancer was detected through screening would 
hope to avoid mastectomy, and she must be informed if 
there are alternatives that can safely be offered. Difficulty 
could arise in the management of the small screen-detected 
cancers, particularly those that were non-invasive and for 
which treatment policies were not clearly defined. Frankness 
and encouragement to participate in controlled randomised 
trials was the best way to proceed. 

Numbers 
It was relevant to know the likely proportion of women 
coming through each stage of the screening process. Those 
figures given in Table 2 and Figure 2 were 'best guesses' 
from experience in Sweden, Edinburgh, and Guildford. It 
was important that the skills of trained personnel were used 
economically and to the best advantage, not only for women 
generated by the screening service but also those referred 
from symptomatic diagnostic clinics. This was why the 
development of skilled teams for the diagnosis and treat- 
ment of breast disease, irrespective of the source of referred 
women, was considered to be a desirable development. 
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TABLE 2. Estimated annual number of women undergoing differ- 
ent stages of the screening process (7-1 0 )  

Represented is a population of 471,000 women served by one basic 
screening unit capable of performing mammography on 12,000 women 
each year (3). 

Women to be invited each year 
Accept invitation (70%) 
Self-referrals (> 64 yr) 
(Repeat films) 
(Total screens) 
Referred for assessment (10%) 
Referred for biopsy (1.5%) 
Breast cancer detected (0.55%) 

2. Proportion of women expected to attend each stage of the 
screening procedure. 

~Yurnber of Women 

13,716 

::::: ) 10,800 
1,200 

12,000 
1,080 

162 
5 9 

single view 

1 initial I 

refer surgeon 

cancer 
0.5% 

normal 

normal 

normal 

normal 



DISSENT 

T H E  A C C E P T A N C E  BY G O V E R N M E N T  O F  THE R E C O M M E N D -  

ations of the Working Group and their decision to imple- 
ment these without delay was ~ielcomed by many people, not 
least by women's movements. Nor was Britain alone; 
Sweden, the Netherlands, Finland, Canada, and now New 
Zealand are also now in the process of introducing a service 
for mammographic screening into their health-care system. 
However, there have been a few dissenters who, although in 
a minority, doubtless represent a body of opinion of which 
account must be taken (20-30). And, as their comments are 
seized on avidly by the press, they can but discourage women 
from participating in the screening programme. In which 
event it is doomed to fail. 

The current programme of advertising screening mam- 
mography in the United States within a free-enterprise 
health-care system may be seen to be commercially orien- 
tated; but it reflects a positive attitude of a nation towards 
health, which, regretfully, we do not yet sustain, despite the 
many opportunities freely provided by our health service. 

The areas of dissent expressed by those who oppose the 
introduction of screening can be summarised as follo~vs: 

1. Breast cancer is a disease for which there is no  effective 
treatment. There is no guarantee that its detection at an 
earlier stage will improve the outlook for an individual 
woman. Yet, this is what screening purports to offer. 

2. Mammography is not a suitable test. Its sensitivity for 
the detection of pre-clinical breast cancer is inadequate 
(cases are missed); its specificity is poor (there are many 
false-positive tests); and the predictive value of a positive 
diagnosis for the diagnosis of cancer is low, requiring some 
women to have unnecessary investigations or even surgery 

11 
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with their adverse psychological effects. Through radiation 
exposure, mammography can induce cancer and may cause 
loss of more lives than are saved. 

3. The conclusions of the Working Group were prema- 
ture. They acted with undue urgency and haste, and should 
have awaited the results of the U.K. Trial of Early Detection 
of Breast Cancer (TEDBC) and the Edinburgh randomised 
trial. These trials, with that reported from Malmo, do not 
now show a statistically signficant benefit, and this cannot be 
ignored. Insufficient attention was paid to the very small 
gain in breast cancer mortality and its lack of effect on 
mortality due to all causes. 

4. Detailed recommendations were inappropriate. Basic 
screening should use two-view not single-view mammogra- 
phy, and there should be double-reading of the films; the 
interval between screens would be two not three years; 
younger women should have been offered some form of 
screening. 

5. The programme was expensive and the money used to 
fund it would better have been spent either in improving 
diagnostic services or health education or to support basic 
science, leading to true prevention or effective treatment of 
the disease. 

6. Screening should be selective, and confined to high- 
risk groups. 

In the chapters that follow, the facts that bear on these 
various areas of dissent will be presented, not with any 
intention of reaching a conclusion on their validity, but to 
allow the reader to consider the evidence and make up their 
own mind on what he or she would now recommend. It is of 
particular importance that it is women who should decide 
what they want to see achieved; for breast cancer is a disease 
which predominently affects the female sex. Men only rarely 
are affected. 



BIOLOGY OF BREAST CANCER 

O R I G I N  

BREAST CANCER STARTS I N  THE TERMINAL -DUCT LOBULAR 

units of the female breast that form the primary secreting 
units. They are composed of tiny terminal ductules with 
dilated sac-like ends (the acini or alveoli) embedded in fine 
connective tissue (Fig. 3). Readily visible on microscopy, the 
lobules are themselves embedded in the coarse connective 
tissue and fat that make up the supporting stroma of the 
breast and give it its characteristic shape (31-3). A system of 
ducts convey the breast fluid to the exterior. Ductules 
draining the lobules join with others to form larger ducts, 
which coalesce as they run towards the nipple, to form some 
6-10 main lactiferous ducts that open onto its surface. Once 

and acini 

3. Terminal duct-lobular unit of the breast. 

13 
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outside the lobules, the ductules and ducts are clothed by a 
layer of elastic tissue which maintains their shape. Should 
this degenerate, the ducts dilate and become filled with 
dried-up secretions-the condition of duct ectasia seen in 
the ageing breast. With the exception of a small portion of 
the laciferous ducts close to the nipple, the ducts are lined 
throughout their length with epithelial cells of secreting and 
absorptive type. In the resting breast these form and absorb 
a watery fluid, which is rich in electrolytes, steroid hor- 
mones, and immunoglobulins (34-7). Only during preg- 
nancy does the breast lobule fully develop and secrete milk. 
At other times breast fluid can be obtained only by applying 
suction to the nipple, a method that has been used to study 
its composition in health and disease. 

A second layer of cells surrounds the epithelium. These 
are the myo-epithelial cells, which are contractile, with 
processes intermingling between the epithelial cells. They 
are under hormonal control, and during lactation are stimu- 
lated by pituitary hormones released by the suckling reflex, 
compressing the ductal system to drive the milk towards the 
nipple. They also may be concerned with maintaining the 
intensity of the basement membrane. 

It is now believed that breast cancer starts in the epithel- 
ium that lines the ductules and acini within the breast lobule 
(32-3). The presence of actively functioning lobules is 
regarded as a necessary pre-requisite for the development of 
the disease. Breast lobules normally involute following the 
menopause, but can regularly be found in breasts involved 
by cancer, even in post-menopausal women (38). 

Hyperplasia of the lobular epithelium is the earliest sign 
of proliferative change. The epithelial cells lining the termi- 
nal ductules and acini enlarge, become more numerous and 
several layers thick. This change does not necessarily pro- 
gress; but in some women the epithelial hyperplasia becomes 
excessive and the cells develop abnormal features with an 
irregular pattern of growth. This stage is termed 'atypical 
hyperplasia'. Although this change only rarely will proceed 
to malignancy, it would appear to be a step in that direction. 
However, first the cells must become 'transformed' to 
acquire the properties of unrestrained division and growth 
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that characterise malignant cells. This is a fundamental 
change of genetic constitution. 

Once transformation to malignant phenotype has oc- 
curred, the stage is set for the development of a non- 
invasive or 'in-situ' cancer. By definition, such malignant 
cells cannot invade or penetrate the basement membrane 
that maintains the integrity of the epithelial layer. Nor can 
they gain access to the capillary network of the lymphatic 
or  venous systems. They are confined to the breast lobule 
growing only into the lumen of its hollow structures. For 
invasion to occur, a second series of fundamental changes 
are believed to be necessary, these allowing the expression 
of proteins that can 'unstick' neighbouring cells, degrade 
the extracellular matrix (basement membrane) and pro- 
mote migration (39-41). 

When endowed with invasive properties, the malignant 
cells can penetrate normal tissue barriers, to infiltrate into 
the surrounding breast tissues and to gain access to lympha- 
tic and venous channels. Once within these channels, they 
are carried with lymph or blood to be deposited in regional 
lymph nodes, liver, lungs, brain, bone marrow, and other 
sites. 

At this stage these clumps of cells are but micro-metas- 
tases; but potentially they are the fore-runners of gross 
metastatic deposits of tumour which eventually cause clini- 
cal relapse of disease and death. It is not known whether 
these disseminated cells immediately start to replicate in 
their new metastatic sites, or whether they may lie dor- 
mant for periods of time. What is clear is that clinical 
relapse may be delayed for many years, a fact which in 
earlier times gave false assurance concerning the curability 
of the disease. 

As oft stated by Brinkley and Haybittle, following report- 
ing the results of their long-term follow-up study, 'breast 
cancer is a disease which disseminates early, but recurs late' 
(42). It is this 'new biology' of breast cancer that has led to 
the present emphasis on the role of systemic therapy for 
invasive disease, and to recognition of the prime objective of 
screening: the detection of the disease at a stage before 
dissemination has occurred. 
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A D I F F U S E  D I S E A S E  

From this somewhat simplistic account of the step-by-step 
process leading to the development of invasive breast can- 
cer, it would appear that it is the potential endpoint of a 
diffuse hyperplastic change in the breast. And, although 
hyperplasia only infrequently leads to cancer, it does seem to 
be permissive-a necessary step-in its later development. 
It has long been recognised that in breasts that contain 
invasive cancer, areas of epithelial hyperplasia that may be 
atypical are frequently found, as are areas of in situ malig- 
nant change (43-4). As indicated in the title of a recent 
study from Guildford, in which whole breast sections indi- 
cated that 71 per cent of 127 invasive cancers had associated 
carcinoma-in-situ, 'invasive breast cancer is but the tip of the 
iceberg' (45). 

The frequency of these changes in normal breasts can be 
ascertained only by the detailed study of breasts, removed 
post-mortem, from women who have died without evidence 
of symptomatic breast disease. Few such studies are avail- 
able; most include sparse information on the relationship of 
proliferation of the breast epithelium to cancer (46-7). 

In a recent study from Denmark, in which the breasts of 
11 0 young women dying from accidental o r  other medico- 
legal causes were cut into 5 mm slices which were then 
examined by x-ray and by microscopy (involving over 60,000 
separate blocks of tissue), foci of occult malignancy were 
reported in 22 of which 20 (18 per cent) were non-invasive. 
In all but one woman with cancer (a lobular carcinoma-in- 
situ) there was concomitant atypical hyperplasia of the 
ductal epithelium, a change that was recorded in 29 of all 
11 0 women (48) (Table 3). By contrast, the number of occult 
cancers reported from a study of 519 similar autopsy 
specimens in New Mexico, in which radiologically suspicious 
areas in 5 mm slices of breast were sectioned, was only 11 (6 
invasive and 5 in-situ) (49). It  should be noted that post- 
mortem material may have artefacts which make interpreta- 
tion difficult. 

Estimates of the frequency of hyperplastic epithelial 
change have also been made from examination of specimens 
of tissue surgically removed from the breasts of women with 
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TABLE 3. Incidence of atypical hyperplasia and in situ and 
invasive cancer 

Number (%) with 
Number Atypical ,Umber (%) with Cancer 

Age of Women hyperplasia alone In situ Znvasive 

20-29 23 1 0 - 
30-39 36 2 3 (8%) - 
40-49 3 3 4 13 (39%) - 
50-59 18 1 4 (22%) 2 (11%) 

TOTAL 110 8 (7%) 20 (18%) 2 (2%) 
- - - -- 

Incidence of atypical hyperplasia and zn sztu and invasive cancer in the 
breasts of 110 women examined following accidental death. Four of 
nineteen non-invasive cancers were of lobular type; 21 of 22 breasts 
involved by cancer also had atypical hyperplasia (48). 

benign disease. The most exhaustive study is that of Page 
and his colleagues from Nashville, Tennessee, who reported 
on 10,366 biopsies from women aged over 20 years (50). 
The incidence o f  epithelial hyperplasia and atypia is given in 
Table 4. 

All women in this series have been followed u p  to deter- 
mine the relevance of these changes, believed to be a marker 
of instability of the epithelium (51), to the later development 
of symptomatic cancer. For those with hyperplasia of mild, 
moderate or severe degree, this approximated twice that of 
women with normal epithelium; when the hyperplasia was 
atypical, the relative risk was 5.3. A history of cancer in a first- 

TABLE 4. Frequency of diagnosis of prolijerative disease and 
carcinoma in situ 

Histology ,\'umber % 

Benign specimens 
non-proliferative lesions 722 1 68.5 
proliferative lesions without atypia 2768 26.2 
atypical hyperplasia 377 3.6 

Carcinoma-zn situ 176 1.7 

Frequency of diagnosis of proliferative disease and carcinoma zn sttu in 
10,542 women having a biopsy for suspected benign breast disease. 
Invasive cancers are excluded. (50). SOURCE: hTew England Journal of 
iMedtczne, with permission. 
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degree relative markedly increased the relative risk associated 
with atypical hyperplasia to X 11.0. It must be noted that 
these risks are relative to those with normal epithelium; they 
cannot be construed as actual risk of developing breast 
cancer compared to the general population. 

It has been known for many years that invasive breast 
cancer can be multi-focal. One of the earliest observations 
was made in 1891 by Harold Stiles in Edinburgh, many years 
before the classic description by Qualheim and Gall and 
studies that Helen Stewart carried out in Cardiff (52-4). 

So also is non-invasive cancer described as multi-focal 
(32-3). In Edinburgh, Anderson recently combined radiol- 
ogy and microscopy to ascertain the incidence of multi-focal 
deposits in 100 breasts removed for cancers detected by 
screening. Additional and separate deposits of tumour were 
found in 34 per cent of 83 invasive and 30 per cent of 17 
non-invasive cancers. Although most frequent in the sector 
of the breast containing the dominant tumour, deposits 
were also identified in other quadrants (multi-centric) (55). 

The changes that lead to breast cancer apparently affect 
both breasts. A woman with cancer of one breast is at 
greater risk of a cancer in the contra-lateral breast than is a 
normal woman; and in any woman treated for breast cancer, 
careful follow-up of the opposite breast, with regular mam- 
mography, is essential. When a generous biopsy has been 
taken of the opposite breast at the time of treating an 
invasive breast cancer, malignant changes have been re- 
ported in from 7.5 to 18.0 per cent (56-8). 

It does appear that the epithelial abnormality that leads to 
invasive breast cancer is diffuse, and likely to be evidence of 
an abnormal stimulus affecting both breasts (e.g., of hormo- 
nal origin). Using a monoclonal antibody prepared against a 
membrane-enriched fraction of breast cancer cells, which 
showed differential re-activity between benign and malig- 
nant lesions, Onuchi and his colleagues found that atypical 
hyperplasia as well as in situ cancers demonstrated signifi- 
cantly higher reactivity than benign lesions; further evidence 
to support a gradation of change from hyperplasia to 
malignancy (59). Other markers of proliferative activity are 
being explored (60). 
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N O N - I N V A S I V E  BREAST C A N C E R  

It  is important to appreciate at this stage that there are two 
types of non-invasive cancer (61-2). One is lobular carci- 
noma in situ (LCIS), a rare disease (only 1000 cases are 
described in the world literature) diagnosed only by histo- 
pathology. There are no clinical or mammographic features, 
so that a finding of LCIS in a biopsy specimen is fortuitous. 
Even when a tissue biopsy found to contain LCIS is indi- 
cated by a mammographic abnormality (e.g., micro-calcifica- 
tions), this is invariably due to a separate and benign cause. 
LCIS is identified only in pre-menopausal women, usually 
40-47 years of age. Histologically, one or two breast lobules 
are packed with uniform but frankly malignant cells, which 
spread along the ductules. Evidence of coincidental invasion 
is rare and lymph-node metastases have been described in 
less than 2 per cent of all cases. 

The other form of carcinoma in situ, ductal (DCIS), is not 
only a histopathological but also a clinical and mammogra- 
phic entity. Before the availability of mammography it was 
diagnosed on clinical grounds following the appearance of a 
breast mass (75 per cent) or a bloody discharge from the 
nipple. Now the most common method of diagnosis is by 
mammography, either performed as a routine in the symp- 
tomatic clinic o r  on mammographic screening. Mammogra- 
phic signs include distortion of the breast arcl.iitecture, an 
asymmetrical increase in density, and micro-calcifications, 
either of linear and branching intraductal type o r  of clusters 
of fine punctate granules, which may be localised or  diffuse. 

Histologically DCIS may be: (i) solid, in which the lumen 
of the ductule is packed with malignant cells, which if they 
necrose in the centre (so that 'worms' of white tissue can be 
expressed from the specimen) is termed a carcinoma of 
comdeo type; and (ii) cribiform or macropapillary, in which 
small cells grow either in a lace-like pattern into the duct 
lumen (cribiform or sieve-like) or as delicate fronds (micro- 
papillary). DCIS is more likely to have areas of micro- 
invasion (particularly when large in size) and lymph node 
metastases are more common (5 per cent) than in LCIS, 
which most now consider to be but a marker of instability of 
the lobular epithelium. 
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The incidence of carcinoma in situ is increased in those 
women who attend for screening. In the large Breast Cancer 
Detection Demonstration Project in the USA, 614 (17 per 
cent) of 3548 cancers detected by screening were of this 
type (63). Similar incidences have been reported from other 
programmes. 

As the discovery of an in situ cancer leads to its removal, 
either by mastectomy or local excision, the natural history of 
untreated disease is unknown. From follow-up studies of 
patients treated by local excision, it is clear that a breast that 
has been involved by non-invasive cancer is at increased risk 
from the later development of invasive disease. This is 
important when considering treatment (see page 180). 

A T H R E S H O L D  

It is an essential principle of screening for any disease that 
there is anearly stage that can be detectedby the screeningtest, 
and that treatment of the disease at that early stage confers 
greater benefit than if delayeduntil the disease is symptomatic. 
For breast cancer this is the stage before dissemination has 
occurred to form micro-metastases. True non-invasive breast 
cancer is at such a stage; and although a small proportion of 
non-invasive cancers have evidence of dissemination to the 
axillary nodes, this is believed to be due to undetected foci of 
micro-invasive cancer within the tumour. This occurrence is 
more common, if not limited to, those with non-invasive 
tumours of clinically detectable size (64). 

Even if undetected, the timespan of an in situ cancer is 
likely to be long, and its early detection will have little 
immediate effect on mortality. The immediate success of 
screening is more dependent upon whether there is an early 
stage of invasive cancer, during which dissemination is 
unlikely to have occurred. Studies supporting this concept 
have concentrated on the size of the primary tumour, which 
has been related either to the presence of axillary node 
metastases at the time of surgical treatment or to the 
development of clinical metastatic disease on  long-term 
follow-up. 
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In 1971 Gallagher and Martin, from the M. D. Anderson 
Hospital in Houston, reported a classic study of the mam- 
mographic and histopathological findings in 209 breasts 
removed by radical mastectomy for the treatment of invasive 
cancer (65). The objective of the study was to determine 
factors that might improve the accuracy of mammography. 
But they were also concerned to know whether there was an 
upper limit of radiological size at which local treatments 
might still be curative, as indicated by the frequency of 
metastases in the axillary nodes. When the volume of the 
tumour mass was 0-1 25 ml or less (equivalent to a maximum 
diameter of 0.5 cm), the incidence of nodal metastases did 
not exceed 10 per cent. They applied the term 'minimal' to 
those cancers that were non-invasive, or if invasive were of 
0.5 cm or  less in size, predicting that they rt~ould prove to 
have an uncommonly good prognosis. 

This prediction proved to be correct. In a retrospective 
follow-up of 415 women with such 'minimal' tumours, 
conducted in four centres, relapse-free survival over a 
median time of five years (1-26 yrs) was 97 per cent (66). As 
a result of the findings of the large Breast Cancer Detection 
Demonstration Project (BCDDP) in the United States, this 
definition of 'minimal' cancer was extended to include not 
only non-invasive cancers but invasive cancers of 1 cm in 
diameter or less (67). In the most recent report of the 
BCDDP, by this definition, 893 of 3548 (25 per cent) screen- 
detected cases were 'minimal' (63). Axillary lymph node 
metastases were identified in only 9 per cent and survikal 
rates at five years exceeded 95 per cent. 

A recent analysis of 24,740 women with breast cancer 
included in the Surveillance, Epidemiology and End Results 
(SEER) programme of the National Cancer Institute has 
confirmed these relationships (68). As the size of the pri- 
mary tumour increased, so also did the incidence and extent 
of axillary node involvement, while five-year survival de- 
clined (Fig. 4). A multi-variate analjsis indicated that size 
and axillary node status were independent and additive 
variables, size having greatest relevance in node-positive 
patients. Of the 24,750 women, 1335 had tumours less than 
1 cm in size. Their five-year survival was on average over 95 
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per cent. Also identified in this study was a small subset of 
small tumours (82 in number) which showed unusual aggres- 
sion; a finding of relevance to the appearance of clinically 
detectable cancers soon after a negative screen: so-called 
interval cases. 

The state of involvement of the axillary nodes is only one 
indicator of prognosis. Women without node involvement 
may still have rapidly progressing disseminated disease; 
those with metastases may still survive for many years. In one 
long-term follow-up study, at least 21 of 81 20-year survi- 
vors had involved axillary nodes at the time of primary local 
treatment (69). 

4. Relationship of tumoiir size to node involvement in 24,740 women 
with primary breast cancer (68). 
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SOURCE: Carter et al, 1989: Cancer: J. B. Lippincott Co., with permission. 
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That the significant relationship between size and node 
status is retained in cases detected by screening has been 
confirmed in the Swedish Two-Countries study (70) 
(Fig. 5). 

In the study reported by Kolsciesny and Tubiana, the 
index used to determine whether dissemination had taken 
place at the time of primary treatment was the development 
of clinical metastatic disease during follow-up to 25 years 
(71-2). Their series included 2648 women with breast 
cancer in whom clinical measurement of tumour size were 
made at primary treatment and related to later proof 
dissemination. The distribution was linear (Fig. 6). The 
median volume at which 50 per cent of tumour had dissemi- 
nated was 23.6 ml (equivalent to a diameter of 3.56 cm). The 
larger the turnour, the shorter the time interval between 
initial treatment and relapse. When the volume of the 
tumour mass was 1 ml or less (diameter 1 cm), the likelihood 
of dissemination did not exceed 20 per cent. 

5. Relationship of tumour diameter to the histology of the axillary 
lymph nodes in screen-detected and symptomatic cancers (70). 
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6. Relationship between tumour diameter at primary treatment and 
the subsequent development of metastatic disease (71). SOURCE: I\: 

International Conference on Senology, with permission. 

Within each size of tumour there was a great variation in 
the likelihood of dissemination, confirming the importance 
of factors other than size in determining the natural history 
of the disease. These include its degree of differentiation, as 
assessed by a number of techniques, ranging through simple 
histopathology, nuclear and cell grade, thymidine-labelling 
index, cytometric analysis of DNA content to expression of 
tumour-derived products. For example, tumours of well- 
differentiated type (cribiform, tubular, lobular), of low 
grade, which are diploid, have a long S-phase, express 
oestrogen-receptor protein or cathepsin-C (P52) or do not 
express epidermal growth factor receptor, have a more 
favourable prognosis than those ~rhich by these indices are 
poorly differentiated (73-81). The expression of liuman 
oncogenes, for example c-erb B2 and c-myc in the primary 
tumour is also now being related to prognosis, and may 
provide a useful guide to appropriate therapy, particularly 
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in those patients in whom nodes are free from involvement, 
and the aggressiveness of the disease therefore unknown 
(78-81). Studies investigating these factors in screen-de- 
tected cancers are now in progress. 

These various findings suggest that the natural history of 
invasive breast cancer is one of steady progression from a 
relatively non-aggressive tumour of small size. A 1.0 cm 
tumour, however, contains one billion cells, which with 
estimated doubling times of human breast cancers of 2-5 
months would take 5-1 5 years to replicate from a single cell, 
assuming that its growth was exponential. Therefore, there 
must be a long period of time during which the tumour is 
biologically present yet not detectable as a clinical mass. 

Tumours of 1 cm in size are palpable on clinical examina- 
tion only if superficially placed in the breast. But contained 
within the pre-clinical growth phase of a cancer is a period 
when it can be detected by a suitable screening test-the 
pre-clinical detectable phase or, as termed by Walter and 
Day, the 'sojourn time'. The point at which a screening test 
detects the cancer divides this sojourn time into delay time 
and lead time. For a good test lead time will exceed that of 
delay (Fig. '7) (82). 

7.  Model to illustrate the principle of screen-detection of cancer 
during its 'sojourn' phase. 
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A H E A L T H  PROBLEM 

T H E  R E P O R T  O F  T H E  W O R K I N G  G R O U P  I N D I C A T E D  T H A T  

each year in the United Kingdom there were approximately 
24,000 new cases of breast cancer and 15,000 deaths from 
the disease. This figure has not changed (83). During their 
lifetime, 6 per cent of our female population rvill develop 
the disease. There are some 150,000 living women in the 
U.K. who have been treated for breast cancer, of whom one 
dies each 30 minutes. In the United States one woman dies 
from breast cancer each 13 minutes. From USA it is 
reported that during the 10 years of the Vietnam war there 
were 57,000 deaths from combat, while 330,000 women 
died from breast cancer at home (84). And there are reports 
from all developed countries that the incidence of the 
disease is rising, particularly in younger women, even when 
the impact of earlier diagnosis and better cancer registration 
are taken into account (85-8). Were breast cancer a commu- 
nicable or an acute disease, an epidemic would be declared. 
Yet, unlike communicable diseases of the past, it is not even 
registrable by law. 

There is a marked variation in the incidence and mortality 
of breast cancer between countries, and this is further 
discussed in Chapter 9. Suffice it to say that, for age- 
adjusted mortality rates, England and Wales is still top of the 
league (Fig. 8) (89). 

The risk of presenting with symptomatic breast cancer 
increases with age. Rare before the age of 25, its incidence 
increases up to the time of the menopause. Following a 
slight downward trend during the menopausal years [the 
menopausal hook of Clemmenson (go)] its incidence again 
continues to rise with advancing years, although at a 

2 6 
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9. Age specific incidence (1982) and mortality rate (1985) rates for 
breast cancer in UK (3). 

reduced rate (Fig. 9). It has greatest prevalence at the age of 
55 years. 

Breast cancer accounts for 20 per cent of all cancer 
deaths. But, because of variations in the age distribution of 
different cancers, the proportion of deaths from breast 
cancer to those to all causes varies by age (Fig. 10). 

This proportion is greatest between the ages of 44 and 50 
years, following which it steadily declines. For this reason, 
reduction in the number of deaths from breast cancer in 
older women cannot be expected to cause a sign$cant 
reduction in all-cause mortality. 

A N  I N C U R A B L E  D I S E A S E ?  

The curability of breast cancer can be defined in a number 
of ways (91). 
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proportion breast cancer 
to all causes 

10. Deaths in females: UK 1985 (3). 

Mortality Rates 
Firstly, the gap between cumulative annual incidence and 
death rates is taken by some to indicate a 'cured' group (in 
this country, of around 35 per cent) who do not die from 
their disease (Fig. 9). But this is not necessarily so. In U.K., 
cancer incidence is based on non-compulsory notification of 
clinical cases to Cancer Registries, which also receive copies 
of death certificates in their area that include mention of 
cancer. Although inaccuracies do occur, those for cancer of 
the breast, which is easily diagnosed, are believed to be 
relatively small. 

Mortality rates are based on death certification with the 
Office of Population Censuses and Surveys (OPCS) in 
England and the Central Registry Office (CRO) in Scotland 
and North Ireland. A death is encoded as being due to breast 
cancer only if this is recorded in Part I of the certificate as the 
primary underlying cause of death. Overt signs of breast 
cancer, which are present at death but not believed to be its 
direct cause, are recorded in Part I1 of the certificate. But this 
does not contribute to published mortality statistics. 
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The errors that exist between the recorded primary cause 
of death, as recorded on the death certificate, and that 
discovered at post-mortem examination are known o~~era l l  
to be in the order of 20 to 40 per cent (92-94). However the 
error for death due to breast cancer is much smaller, and in 
one study reported to be 6 per cent (95). 

A recent detailed study of the validity of death certifica- 
tion in breast cancer cases has been reported from Cam- 
bridge (96). This was of 193 deaths in women known to have 
breast cancer in whom the entries on death certificates were 
compared with clinical, cancer registration, and post-mor- 
tem records. The under-estimate in certifying breast cancer 
as the primary or underlying case of death was only 4 per 
cent. However, the error in recording breast cancer as a 
xeconday cause was much greater, Thus there was no entry 
of 'breast cancer' on the death certificate of 2 1 of 58 women 
known, from their clinical records, to have overt signs of the 
disease at death. It was concluded that the difference 
between national statistics for registration and deaths from 
breast cancer represented a considerable over-estimate of 
women who remain free from symptoms of breast cancer 
before dying, apparently but not certainly from some other 
cause, and cannot be regarded as indicating a group who 
have been cured of their disease. 

Definitions of Cure 
Life is a personal matter, and most people would regard 
freedom from relapse of breast cancer for the remainder of 
their lifetime following its treatment as 'cure'. This defini- 
tion of 'personal cure' does not consider the possibility that 
the disease is present in asymptomatic form. The woman 
who, following treatment of her breast cancer, dies in a car 
accident on her way home from hospital is, by this defini- 
tion, cured. 

A second definition is 'clinical cure', which implies com- 
plete eradication of the disease. This is the desirable end- 
point of treatment; but success can be measured only by a 
complete pathological search for asymptomatic deposits of 
disease on death, which is not practicable. 
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The third definition of cure is 'statistical'. As described by 
Marion Russell, 'We may speak of cure of a disease when 
there remains a group of disease-free survivors, probably a 
decade or  two after treatment, whose annual death rate 
from all causes is similar to that of a normal population 
group of similar sex and age distribution.' (97) 

The determination of such a cured group requires long- 
term follow-up studies of women treated for breast cancer 
by local means alone. A number of such studies have now 
been reported, several from Britain, including the classic 
study from East Anglia of Brinkley and Haybittle (69,98) 
(Fig. 1 1). These investigators initially believed that there was 
a small sub-group of women, representing 20 per cent of 
those treated, whose annual death rate, after periods varying 
from 15 to 25 years, was no greater than that of age- 
matched normal controls, and who therefore could be 
regarded as being statistically 'cured'. However, extension 
of the period of follow-up to over 30 years indicated that the 
ratio of observed to expected deaths continues to exceed 

11. Long-term survival of 704 patients with breast cancer treated by 
local surgery or radiotherapy (98). 
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1:O. Detailed studies of the cause of death have confirmed 
an excess mortality from metastatic disease. Similar studies 
from other countries are confirmatory, including one from 
Sweden in which, in young women, excess mortality from 
breast cancer has persisted for 40 years (99-103). 

These results confirm that symptomatic invasive breast 
cancer is most often a systemic disease that cannot be cured 
by local treatment alone. But, some women will not experi- 
ence further problems during their lifetime. In  Brinkley and 
Haybittle's series this proportion was only 26 per cent. 

T H E  P R O B L E M  

To understand the problem of invasive breast cancer it is 
necessary to understand the disease as it has presented to 
surgeons in our hospitals over the past century. But also to 
appreciate how a false premise could lead to faulty manage- 
ment, with concentration on radical local ablative therapy as 
the best means of cure. Although there were some who did 
not accept that the theory underlying this approach repre- 
sented the truth. 

The new biology of the disease-which emphasises early 
dissemination-described in Chapter 1 allows only two 
approaches to improving what is a daunting situation. Firstly 
to recognise, as stated by Geoffrey Keynes, that 'the invaders 
are bound to gain the upper hand in the end unless they are 
repelled by systemic treatment'; and secondly that detection 
before such invasion has occurred offers the only serious 
hope of control. One needs only to look at the unchanged 
mortality from the disease during the past 50 years to 
recognise that something must be done (Fig. 12); which is 
why the screening of normal women by mammography is 
now being implemented in many countries. 

Clinical Presentation 
Typically, invasive breast cancer forms a mass of tumour 
tissue in the female breast that is hard and irregular and is 
integrated into the surrounding breast tissue. I t  distorts the 
breast, first noticed by a flattening of its normal smooth 
contour when this is put on stretch by raising the arms, but 
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12. Breast cancer mortality: England and Wales, 1951-85 (83). 
SOURCE: CRC Factsheet, 1988: Cancer Research Campaign. 

later by obvious asymmetry. Distortion and contraction of 
the supporting fibrous bands lead to tethering of the skin 
over the tumour, and that of the ducts to asymmetrical 
retraction of the nipple. 

If the cancer is superficially placed, the skin becomes 
adherent to it and cannot be moved freely over the breast 
mass. If deep in the breast, it may become attached to the 
fascia that lies on the pectoral muscles or  to the muscles 
themselves, interfering with free movement of the breast on 
the chest wall. The lymph nodes in the axilla may be palpably 
enlarged, but only 70 per cent of the palpable nodes contain 
deposits of metastatic tumour. The remainder show only 
benign re-active change. Conversely, metastases are present 
in 30 per cent of nodes that are not palpable. 

These typical features are well illustrated on a diagnostic 
mammogram, which in the majority of cases will confirm the 
diagnosis. There is a dense opacity of irregular shape, often 
containing central clumps of calcifications. Its border is 
spiculated, due to columns of cancer cells and reactionary 
fibrous tissue projecting circumferentially into the sur- 
rounding breast tissue. 

Secondary mammographic features include asymmetry of 
the breast, distortion of the trabeculae, prominence of the 
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ductal system, increased vascularity and thickening of the 
overlying skin. On fine-needle aspiration, cancer is most 
commonly hard and gritty and the apsirate contains clumps 
of obviously malignant cells. 

These are the signs of an established cancer, but one that 
is still regarded as operable. Should it not be diagnosed at 
this stage, but continue to increase in size, it may invade the 
skin, forming a plaque of firm tumour tissue that may 
ulcerate, or, having penetrated the skin, project from its 
surface as a fungating growth. Invasion of the lymphatics in 
the skin gives rise to skin oedema and satellite nodules; 
invasion of the skin capillaries to redness-the so called 
'inflammatory cancer'. 

Should the tumour extend deeply to penetrate the muscle 
it will become fixed to the chest wall with erosion of ribs. 
Lymph nodes in the axilla become larger and, owing to 
extension of tumour, fixed to one another and surrounding 
structures. Extension of lymph-node involvement to the 
neck and to the internal mammary nodes also occurs. 

But, for most patients advancing local disease is not the 
most fearful clinical problem. This is the systemic spread of 
the disease, which, as has been indicated, occurs early, 
although clinical relapse may be long delayed. Common sites 
for metastases are the bone marrow, lungs, liver, brain, and 
pleural and peritoneal cavities; but no site is exempt. 
Deposits of tumour cause the upsets of function, which 
eventually lead to organ failure and death. Symptoms can be 
severe-breathlessness from deposits in the lung or pleura, 
pain from those in bone, headache, and neurological deficits 
from those in brain or spinal column-coupled with general 
debility from visceral metastases. 

On microscopic examination of an invasive cancer the 
pattern is one of disorder. Groups of large irregular and 
obviously malignant cells infiltrate a fibrous stroma with 
variable attempts to form granular or tubular structures. 
There is increased formation of collagen, streaks of elastica 
and infiltrate of lymphocytes. Within the breast there may be 
evidence of lymphatic or ductal invasion. This is the typical 
ductal cancer of no special type that accounts for 70 to 80 
per cent of cancers. 
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The remaining 20 to 30 per cent of invasive cancers form 
a number of specialised types. Most common is the lobular, 
typified by the regular pattern of its small cells, and believed 
to be the invasive form of lobular carcinoma in situ. Other 
are the medullary cancer, a well circumscribed tumour with 
sheets of undifferentiated cells and prominent lymphocytic 
infiltration; mucoid cancer, in which cancer cells appear to 
float in a lake of mucinous material; tubular cancer, with 
small irregular tubules infiltrating into a dense fibrous 
stroma; and cribiform cancer, in which cyst-like spaces are 
lined by a honeycomb arrangement of the cells. These 
differentiated forms of cancer are not to be disregarded for 
two reasons: When compared to the nondescript ductal 
cancer, they have a disproportionately good prognosis; and 
there is some evidence that they may be more commor, ir, 
screen-detected cases (73,104-5). 

Staging 
It was the need to aid the clinician in the planning of 
treatment, to give some indication of prognosis, to evaluate 
the results of treatment and to facilitate exchange of infor- 
mation that prompted the Union Internationale Contre 
Cancre to take steps in 1953 to introduce an international 
system for classifying breast and other cancers, based on 
that developed in Villejuif, France, by Pierre Denoix. The 
T N M  system is now accepted throughout the world as 
standard. TNM stands for Tumour, Nodes, and Metastases, 
each of which is classified according to extent of involke- 
ment. T defines the local extent of a breast tumour by its size 
and the presence or absence of involvement of neighbour- 
ing tissues; N whether axillary and other regional lymph 
nodes are infiltrated by metastases or not; and M whether 
distant metastases are present or not. Assessment of extent 
is by careful clinical measurements and, wherever possible, 
by histological confirmation. 

From TNM categories the stage of the disease is deter- 
mined. In general, Stage I disease is a small tumour limited 
to the breast; Stage I1 either a tumour of larger size (>2  cm) 
or  one associated with axillary node involvement; Stage 111 
locally advanced disease involving skin or chest wall; and 
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Stage IV that which clinically has disseminated to sites 
outside the local area. 

Revisions of the TNM staging have taken place regularly, 
the most recent in 1987. The 1987 classification has now 
been internationally agreed by both the International Union 
against Cancer and the American Joint Committee on 
Cancer. There are some differences in detail between the 
1978 IUCC classification (as has been used in the Swedish 
trials and is summarised in Table 5) and the revised version. 
For example the distinction whereby axillary nodes were 
classified on clinical grounds as being likely involved or not 
has been abandoned. Large tumours (>5 cm) without 
evidence of skin or chest wall involvement-the so-called 
'operable stage 111' have been downstaged to stage I1 while 
involvement of silpraclavicular nodes has been upstaged by 
from I11 to IV and therefore regarded as evidence of 
disseminated disease. These changes do not affect compari- 
sons between trials, in which the 1978 classification has 
generally been used (1 06-8). 

TABLE 5. Summary table of TNM clinical classiJication of breast 
cancer from 1978 classz$cation) as used i n  screening trials. In 
pathological TNM, size is as measured on the gross specimen and 

node involvement by histological examination 

Stage T N M 

I 0-2 cm (TI) Not palpable (No) None (>lo) 

I1 Over 2-5 cm (Tz) Palpable axillary (N1) None (Mo) 

I11 Over 5 cm (T3) Axillan fixed to each None (Mo) 
other or  to adjacent 
tissues (N2) 

Infiltrating skin Other regional None (510) 
or  chest wall (T4) nodes (N3) 

IV Any Any Distant meta- 
stases (MI) 

I t  should be noted that classification by stage (I-IV) as 
shown in Table 5 is by clinical findings; and that contrary to 
what is done by some, pathological findings contribute to 
pTNM category only. 
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13. Breast cancer in England and Wales: effect of stage on CRC 
Factsheet, 1988: Cancer Research Campaign prognosis (83). 

The influence of stage on prognosis is shown in Figure 13 
(83). 

Radical Local Treatment: A False Premise 
The surgical treatment for breast cancer 'took of f  late last 
century. Prior to the introduction of anaesthesia and of 
antisepsis, only operations of necessity (e.g., for the removal 
of ulcerating and fungating breast disease) were attempted. 
Often, as vividly portrayed by John Brown in T a b  and His 
Friends', with fatal results. There was then no expectation of 
cure (1 09). 

With the development of painless and safe surgery, oper- 
ations could be designed on anatomical and pathological 
principles and have clear objectives. For breast cancer these 
were eradication of the visible and palpable tumour in the 
breast and axilla. The first such 'radical' operation was 
probably performed by Lister in Glasgow, just two months 
after he had first used his 'carbolic treatment' for a clean 
surgical (as opposed to a traumatic or infected) wound. The 
patient was his sister, Isabella Pim. She recovered quickly 
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and without complication, and was well for three years 
before she died from a 'tumour in the liver', no doubt 
metastatic in origin (1 10). 

Similar operations were soon practised by others in 
Europe; but on account of the late stage of the disease, local 
relapse of disease was common. This high recurrence rate, 
seen on a tour of European clinics, prompted Halsted to 
design the 'radical mastectomy' which still bears his name 
(although the more commonly used technique was that of 
Meyer) (1 11-2). Although this operation, which removed 
the muscles clothing the chest wall, is not now practised in 
Britain, there are surgeons world-wide who continue to use 
it, believing that they have nothing better to offer. 

I t  seems that Halsted's main objective was to achieve local 
control of what we would regard as advanced local disease. 
Mistakenly, he came to believe that he was also achieving 
cure: for he wrote 'If three years had passed without 
detecting either local recurrence or symptoms of internal 
disease, one could feel sure that cure had been achieved.' By 
convention this three-year period was later extended to five, 
which, considering the natural history of the disease, was 
equally irrelevant. Belief in the efficacy of local therapy was 
further consolidated by Sampson Handley, who belittled the 
spread of breast cancer by embolisation of lymphatic and 
blood streams (1 13). He believed that breast cancer spread 
by a wavelike permeation of columns of cells along the 
lymphatic pathways towards the regional lymph nodes. Only 
when they were breached did 'secondary spread' to viscera 
occur. This erroneous belief, coupled with suggestions 
stemming from Virchow's work that the regional lymph 
nodes 'filtered out' embolised cells, established breast can- 
cer as a loco-regional disease, best cured by radical local 
therapy (114). The scope of the radical operation was 
extended, by supra-radical operations-removing lymph 
nodes in the neck and from within the chest-and even 
amputating the whole forequarter, and by the introduction 
of radical post-operative radiotherapy to 'sterilise' the re- 
gion of residual cancer cells. 

It has taken almost a century to prove that both theory 
and practice were wrong. Firstly by experimental e~idence 
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of the primary role of embolisation, both by the lymphatics 
and bloodstream in the spread of cancer; and secondly by 
the results of a large number of controlled randomised trials 
indicating that such extensions of treatment did not improve 
the rate of cure. A recent overview of trials of postoperative 
radiotherapy has indicated that, in the long term, radiother- 
apy (of the type then given) may even do harm (1 15-1 7). 

The Unorthodox 
Not all surgeons or  radiologists accepted the logic of radical 
surgery. In London, Patey doubted the necessity of resect- 
ing the chest-wall muscles, and his 'modified radical' oper- 
ation is now7 accepted surgical practice when removal of the 
breast and axillary lymph nodes is indicated (118). In 
Edinburgh, McWhirter believed it illogical to treat the 
axillary nodes surgically and other nodal areas by irradia- 
tion, and asked surgeons to limit their operation to removal 
of the breast alone (so-called 'simple' mastectomy), allowing 
him to irradiate the 'primary field' of lymphatic spread en 
block (119). In Cardiff we were concerned to spare the 
morbidity of radiotherapy to those not requiring 'it, and 
introduced 'sampling' of the lower axillary lymph nodes as a 
means of selecting those patients in whom mastectomy by 
itself was adequate treatment (120). 

But the big step had already been taken. In 1920, 
Geoffrey (later Sir Geoffrey) Keynes was 'entrusted' by his 
professor, George Gask, to carry out a 'clinical trial of 
treating breast cancer with intense irradiation', at that time 
with radium. Observing 'astonishingly good results' in 50 
patients with inoperable disease, he extended his treatment, 
combined with local removal of the tumour, to operable 
cases; and by 1936 reported that the results did not differ 
from those of the radical operation (121-3). 

Keynes suggested that radical surgery was both illogical 
and mutilating, and that systematic, not radical, treatment 
gave the only hope of cure. Others followed his example and 
discarded radical surgery (1 1 0), action now fully vindicated 
by the results of several controlled randomised trials that 
have indicated that local excision of the tumour followed by 
radiotherapy is, at any rate for the treatment of small 
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tumours, a viable alternative to mastectomy (124-6). This 
change of emphasis on the extent of primary treatment did 
not improve survival, but was a remarkable advance in 
understanding the objectives of treating the disease. The 
objective of local treatment is to achieve local control, which 
does not require multilating surgery. 

Psychosexual Morbidity 
During this period of change, great advances also were 
being made in our understanding of the psychiatric morbi- 
dity of treatment for breast cancer. 

The pioneering studies of Tina Morris, Greer and Ma- 
guire indicated that following mastectomy one in five 

develop anxiety or depression of moderate or severe 
degree (127-8). Tense and on edge, they had difficulty in 
dealing with day-to-day problems, some even afraid to leave 
home on their own. Everything became an effort, they lost 
interest in work and family, slept and ate badly, and lost 
their sexual desire. 

It  was initially believed that these effects were due to loss 
of the breast; and there is no doubt that mastectomy has its 
own psychosexual morbidity. This can be offset by recon- 
structing the breast mound, a procedure that we now offer 
at the time of primary surgery to all patients requiring a 
mastectomy (129). But it is not only the mastectomy which 
causes morbidity; similar effects can follow treatment with 
preservation of the breast (1 30). Other factors come to bear, 
including fear of the disease, lack of confidence in their 
doctor, guilt that faulty personality or lifestyle has caused 
the cancer, withdrawal of support by husbands and friends. 

Certain women are more prone to react adversely: Those 
failing to adapt to the presence of the disease, who are 
divorced or unhappily married, have low self-esteem or 
previous psychiatric problems are more at risk. 

It  is as a result of this new knowledge that we have seen 
the development of counselling, by trained health profes- 
sionals, of women with breast cancer. It  is easier for a 
woman to express her fears and worries to another woman, 
who is less hierarchical than her surgeon and is prepared to 
listen. In many centres, including Edinburgh, the nurse 
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counsellor is an indispensable member of the therapeutic 
team. Early recognition of those women who are destined to 
develop severe psychiatric problems with reference for 
appropriate treatment is an important preventive role. 

O N E  S O L U T I O N  

, Systemic Treatment 
As invasive breast cancer is potentially a systemic disease, 
effective treatment for micro-metastatic spread is one way to 
improve rates of cure. 

For Palliation. Systemic treatment for breast cancer by 
removal of the ovaries was introduced in 1895 for the 
control of recurrent disease following mastectomy by Ge- 
orge (later Sir George) Beatson, then in Glasgow. His 
observation of remission of disease was the first direct 
evidence of a relationship between the ovarian hormones 
oestrogen and progesterone and cancer of the breast (131). 
Interestingly, the first evidence that these hormones regu- 
lated normal breast development was also made by a sur- 
geon, Percival (later Sir Percival) Pott, in 1'7'75 (132). 

Recognition that the beneficial effect of oophorectomy on 
advanced disease was limited to pre-menopausal women led 
to the later introduction of removal of the adrenal and 
removal or  destruction of the pituitary glands (133-6). 

We now know that the effect of these operations is to 
deprive the tumour of oestrogen, either in the young woman 
by removing their main source (the ovaries), o r  for those 
past the menopause by removing or inhibiting the source of 
the precursor steroids that are utilised by liver, muscle, and 
fat for the synthesis of oestrogens (the adrenals) (1 37). It is 
also now well established that it is only, but not all of, those 
tumours that express a high-affinity binding protein for 
oestrogen (the oestrogen receptor) that are sensitive to 
oestrogen deprivation. 

During this period of endocrine surgery, pharmacological 
agents capable of antagonising the effects of oestrogen were 
also being used for the palliation of advanced disease 
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(1 38-40). The agents then available, androgens or synthetic 
oestrogens, were given in high dose and caused serious side 
effects. Knowledge of the mechanism of oestrogen synthesis 
and action has stimulated the development of non-toxic yet 
potent agents which have now ended the era of endocrine 
surgery. These include the gonadotrophin-releasing hor- 
mone analogues (e.g., goserelin), which cause a profound 
inhibition of ovarian function; the aromatase inhibitors 
(e.g., aminoglutethimide and 4-hydroxyandrostenedione), 
which inhibits the enzymes responsible for the peripheral 
synthesis of oestrogens; and tamoxifen, which binds to the 
oestrogen receptor to form an ineffective complex. The 
discovery of the biological effects of tamoxifen by Harper 
and Walpole in 1966 was a huge step forward in the therapy 
of breast cancer (141). Tamoxifen, with its absence of side 
effects, is now first-line treatment world-wide for relapsed 
disease. 

The other form of systemic treatment that is available is 
cytotoxic chemotherapy, which can achieve rapid regression 
of locally advanced and disseminated disease. Because of 
this rapid effect, chemotherapy is used preferentially for the 
management of life-threatening conditions, e.g., impending 
organ failure from liver or pulmonary o r  bone-marrow 
metastases. But, otherwise, in the U.K. chemotherapy is 
generally reserved for those not responding to tamoxifen. 

As an Adjuvant. Systemic therapy for advanced disease is not 
given with expectations of cure. Systemic therapy for early 
disease has, as its objective, the elimination of micro- 
metastatic disease. Insufficient time has elapsed to know 
whether this objective can be achieved; but there is no doubt 
that the administration of systemic therapy, as part of the 
primary treatment of invasive breast cancer, does prolong 
life. This evidence has come from a series of controlled 
randomised trials in which systemic treatment has been given 
as an 'adjuvant' to local treatment, usually mastectomy. 

The first such trial, was of suppression of ovarian func- 
tion, this by radiation. It was initiated in 1953 by Ralston 
Paterson in Manchester (142). More recent studies have 
concentrated on the effects of tamoxifen and of chemo- 
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therapy; and there is now unequivocal evidence that both 
give benefit. This comes from the report of the Early Breast 
Cancer Trialists Co-operative Group, which, under the 
leadership of Richard Peto in Oxford, carried out an 
overview analysis of the mortality results of all randomised 
trials, world-wide, of adjuvant tamoxifen and chemotherapy; 
these included over 30,000 women (143). 

There were 28 trials of tamoxifen including 16,000 
women. Its administration over a period of one to two years 
led to a highly significant reduction in annual mortality of 
16 k 3 per cent overall, which in women of 50 years of age or 
more was 20 +- 3 per cent. Although in absolute terms the 
increase in five-year cumulative survival was only from 68 to 
7'3 per cent, this effect was highly significant (Fig. 14). 

There were 31 trials of chemotherapy including 9069 
women. Again, a significant reduction in overall annual 
mortality was observed (1 4 -t 4 per cent). This effect w7as more 

14. Result of overview of randomised trials of tamoxifen as adjuvant 
therapy in 8142 women over 49 years of age (143). SOURCE: New 

England Journal of Medzcine, with permission. 
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15. Result of overview of randomised trials of chemotherapy as 
adjuvant treatment in 1692 women under 50 years of age (143). 

SOURCE: New England Journal of Medicine, tvith permission. 

prominent in young women (less than 50 years) and when 
combinations of chemotherapeutic agents were used. In 
absolute terms this amounted to a significant increase in five- 
year cumulative survival from 64 to 73 per cent (Fig. 15). 

In the trials of tamoxifen the drug was given only for one 
to two years. In that which we reported from the Scottish 
Cancer Trials Office, tamoxifen was given, in the immediate 
treatment arm, for five years (144). A significant overall 
reduction in mortality was again observed, which in a subset 
of patients, separately randomised, all of whom have re- 
ceived tamoxifen for five years, has proved to be substantial. 
When one considers that not all tumours are sensitive to 
tamoxifen, the effect in those which are may be great. 

There are still many questions to be answered about the 
role of primary endocrine therapy and chemotherapy in the 
management of invasive breast cancer, and these are being 
actively explored in many centres. To imply, even at the 
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present state of knowledge, that it does not constitute an 
advance is nonsensical, for it has opened up the potential for 
cure of what, to date, has been an incurable disease. 

A N O T H E R  S O L U T I O N  

The alternative solution to 'repelling the invading cells' by 
systemic treatment is to remove the primary tumour before 
dissemination has occurred. For this, it must be detected 
while it is sojourning in its pre-clinical detectable phase. 
From the information presented in Chapter 3, it is apparent 
that this must be when the tumour is non-invasive or, if 
invasive small, not palpable and without axillary node meta- 
stases. This approach depends on whether there is such a 
method available. This will be discussed in the next chapter. 
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K N O W L E D G E  T H A T  T H E  P R I M E  O B J E C T I V E  O F  S U C C E S S F U L  

screening is to detect breast cancer at its pre-clinical stage, 
i.e., before it has become detectable by clinical examination, 
clarifies the requirements for a suitable test. Physical exami- 
nation, whether by breast self-examination (BSE) or routine 
clinical (physical) examination of the breasts by a doctor or  
nurse, may detect cancer at an earlier stage than that 
noticed accidentally in the shower or bath, but it still can 
only detect a tumour that is palpable. It is the nonpalpable 
tumour that one seeks to discover, which at this time can be 
achieved reliably only by soft-tissue imaging of the breast by 
mammography. 

E V O L U T I O N  O F  MAMMOGRAPHY 

Following the discovery of x-ray imaging by Roentgen in 
1895, it could be expected that soft-tissue imaging of the 
breast would soon be explored. It was a German pathologist, 
Salomon, who in 191 3 first imaged the breast, this to enable 
him to study the pattern of spread in mastectomy specimens. 
Correlating radiological and pathological features, he recog- 
nised that 'small black spots' were a feature of cancer 
(subsequently shown by Leborgne to be calcifications) and 
also that imaging had potential value in recognising occult 
cancer (145-7). Following the first world war, attempts were 
being made to x-ray the breast in the living. Probably the 
first radiological picture of a breast was published by 
Kleinschmidt in a textbook of radiology in 1927 (147). In 
1929 Warren, from Rochester, New York State, reported 
the first large series of mammograms in 11 9 women, 58 with 
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cancer (148). He took antero-lateral stereoscopic films of 
both breasts with the patient's arm above her head, a 
position that he had found to display the breast while 
imaging the thoracic aorta! His radiological studies of post- 
mortem and pathological material enabled him to define 
criteria by which a pre-operative diagnosis could be made in 
54 of 58 cancers. 

Others in South America and Europe were also exploring 
the potential of this technique but, although a number of 
papers were published in the 1930s, interest in the proce- 
dure waned. According to Egan, this was due to a failure to 
grasp the principles of the techniques and the lack of a co- 
ordinated effort to conduct well-designed studies. However, 
there were pioneers-Gros in France, Gershon-Cohen and 
Egan in the United States, and Leborgne in South 
America-whose careful studies correlating clinical, radiol- 
ogical, and pathological findings eventually put mammogra- 
phy on a sound basis (147,149-54). 

While it is difficult to unravel their independent contribu- 
tions, there is no doubt that the technological developments 
leading to modern high-quality mammography stem from 
Gros and Egan. A new technology was required, the essen- 
tials being to provide a system that allowed radiological 
visualisation of the smallest structures within the breast with 
a resolution of one-tenth that normally regarded as the 
minimum (0.05 mm). The need to contrast the fibrous and 
glandular components of the breast and to detect the 
smallest micro-calcifications demanded a particular spec- 
trum of x-ray photons of low kV, which in 1960 Gros 
reported could better be generated by a molydenurn rather 
than tungsten anode. This gave optimum conditions for 
imaging the thin and fatty breast, and is now standard on all 
dedicated mammography units. The size and composition of 
the breast scatters the x-ray photons, which blurs the image; 
but this can be reduced by vigorous compression of the 
breast so that it is spread out as an even 'slice', some 4.5 cm 
thick, onto the x-ray plate. In developing the first dedicated 
mammography unit with the Compagnie Generale L'Electri- 
que (CGR-senography), Gros incorporated a compression 
device that is independent from the x-ray tube, and this also 
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now is standard (155). It is the need for compression that 
makes mammography uncomfortable and even painful for 
some women, but its role of separating the tissues of the 
breast and preventing movement is essential for good mam- 
mography. 

The requirements for modern film-screen mammography 
are well documented (156-61) (Table 6). The resolution to 
detect the smallest micro-calcifications is achieved by a tube 
with a small focal spot that is fixed at a distance of about 45 
cm from the breast. The image-recording system must be 
highly sensitive and have a large density range. The fine- 
grain industrial film of high silver content, which initially 
was used, had the correct characteristics, but, because 
exposure time was long, the radiation dose mias high and the 
cost excessive. Films of low silver content were developed 
with a single coating of emulsion, which when used with 
high-intensity screens gave satisfactory results with a greatly 
reduced dose. These screens, manufactured of rare earths, 
convert x-ray to light photons which expose the film. To 
ensure intimate contact between screen and film, they are 
packed in a sealed black polythene envelope from which the 
air has been excluded. 

TABLE 6. Requirements for modern mammog~aphy (1 6 1 )  

IMAGE CONTRAST 
Anode material: radiation spectrum 
Filtration 
Scatter: size and composition of breast 
Characteristics of film-screen 
Processing: development 

IMAGE SHARPNESS 
Size focal spot 
Magnification: focus : object-film distance 
Resolution of image-recording system 

NOISE 
Grain of film 
X-ray quantum 'mottle' 
Str-ucture-intensifying screens 
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It is necessary to process the films under carefully con- 
trolled conditions of temperature, composition and deple- 
tion state of the developing fluid and of time. Dedicated 
processors are now available. Good viewing conditions, 
automatic roll-on film cabinets and magnification aids are 
essential aids. 

While modern units give mammograms of excellent qual- 
ity in the fatty breast, the examination of the dense breast 
can still cause problems. However, because of the low 
radiation dose required with modern film-screen systems, it 
is possible to use fine fibre-spaced grids that further reduce 
scatter and improve contrast. Many radiologists now use 
grid films routinely for all screening mammograms; increas- 
ingly of moving (reciprocating) type (162). 

Magnification of a normal-sized image on the film can be 
achieved by a magnifying glass or electronic equipment. For 
finer discrimination it is much better to magnify the initial 
image by increasing the distance between the breast and the 
film (163). Modern machines with a very small focal spot and 
adjustable breast-film distance produce excellent magnifica- 
tion views. These are essential for the closer study of small 
lesions. 

Initially, two standard projections, medio-lateral and 
cranio-caudal, were employed, to which was added an 
axillary view to demonstrate the axillary tail and axillary 
nodes. The medio-lateral oblique projection was seldom 
used, until Lundgren reported that, as it contained a greater 
proportion of the breast tissue than either the lateral or  
craniocaudal views, it might be used as a sole screening test 
(164-6). And in Sweden, in Nijmegen, in Holland, and now 
in U.K. this was put into practice; although not without 
misgiving from some. 

There were also pioneers in Britain who were exploring 
and developing the new technology, without whose efforts 
the U.K. trial of breast screening could not have taken place 
(167-1 76). However, one should note that, in 1985 half of 
the 219 Health Districts and Boards in U.K. were without 
any mammographic facilities, while many others had equip- 
ment that was regarded as obsolete (3). 
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R A D I A T I O N  R I S K  

A serious disadvantage of the early techniques for mammo- 
graphy was that, although good images could be produced, 
the dose of radiation to the breast was excessive, and might 
be 20-30 mGy (2-3 rads) for each exposure. In the HIP 
study, using the Egan technique, the skin dose averaged 77 
mGy ('7.7 rad) per examination (177). This was due to the 
need to compensate the low kV of the x-ray photon beam 
with the relative insensitivity of the fine-grain industrial film, 
resulting in a long exposure time. 

In 1976, much concern was being aired at the potential 
risk of mammography in causing cancer (20). This was ' 

justified; as indicated above, the dose of radiation given in a 
'complete' mammographic examination (which included re- 
peat films) could extend to many rads. 

At the time of concern there was good evidence that 
radiation was a risk factor for breast cancer in humans. But 
this involved exposure of the breast to higher doses of 
radiation than mammography, even in these early days. That 
which was received for irradiation of the breast therapeuti- 
cally, from multiple fluoroscopic examinations for tubercu- 
losis or  from an atomic exposure, was substantial (178-81). 
For example that given to 28 surviving schoolgirls who were 
14-15 years of age at the time of the atomic explosion in 
Hiroshima, six of whom have developed breast cancer varied 
between 1-5 and 6.0 Gy. Their relative risk of the disease, 
compared to age matched controls, was 23.1 (12.9-42.2) 
(182). 

These reports indicated that the susceptability to breast 
cancer risk from irradiation was greatest when less than 20 
years of age, following which it steadily declines. A recent 
report from Israel indicates that a small dose of 16 mGy 
(1-6 rads) to the breast of young (5-9 years) girls signifi- 
cantly increases their risk of later development of breast 
cancer (183). But after the menopause the risk appears to be 
small. A long latent period also occurred between exposure 
to radiation and the development of a cancer, mostly 10 to 
15 years, with a minimum latent period of 5 to 10 years. Risk 
was limited to females. 
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At high levels of radiation, the relationship between dose 
and effect was linear. To determine whether there was a risk 
associated with the range of doses then used for mammogra- 
phy, it was necessary to extrapolate the dose-effect curve 
and also to consider the results of animal experiments; 
justification for which depended upon whether the linear 
relationship between dose and effect was maintained at low 
levels of radiation and if there was a threshold below which 
radiation was harmless. On the assumption that cancer arose 
from a single transformed cell, a linear-quadratic model was 
developed, from which lifetime risk from low doses of 
radiation could be calculated. This suggests that if two 
million women over the age of 50 were to receive a low-dose 
single-view mammogram (mean breast dose 1.5 mGy), there 
would be, after a latent period of 10 years, one excess cancer 
per year. Compared to an incidence of breast cancer at age 
60 that approaches 2000 per million women, this risk is of 
no consequence. 

But risk is not only determined by dose. The quality of the 
radiations, fractionation, exposure time, sensitisation, and 
host factors are relevant. With the development of low-dose 

16. Radiation dose received by breast related to 
later risk of breast cancer (180). 
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mammography the risk is reduced to insignificant propor- 
tions, provided high standards of quality are maintained. 

Measurement of the dose of radiation delivered by mam- 
mography is usually of that received by the skin from which 
an absorbed dose to breast tissue is calculated. This is often 
referred to as the mid-breast or  average dose. It is the 
average dose to the glandular tissue of the breast which is 
relevant to radiation risk. This would appear to be satisfacto- 
rily low (184-6) (Table 7). But continual monitoring of the 
dose of radiation delivered on mammography is an essential 
precaution. 

TABLE 7 .  Dose of radiation to each breast for two-view 
mammography in the Canadian National trial (1 86) .  

Mammography unit Film Dose (mGy) 

CGR 
seno-1 
500 T 
Fx 

Elscint 
mam-1 

Philips 
Picker 
Siemens 

MRF 31 (Du Pont) 1.9-2.6 
OM (Kodak) 1.2-2.0 
OM 1.8-2.0 

OM-1 1.3 
MRF 31 1.7 
NMB (Kodak) 2.0 
OM 1.3-1.8 

SOURCE: Can. J. Pub. Hlth., with permission. 

XEROMAMMOGRAPHY 

This alternative method of imaging the breast with x-ray 
photons uses an electrostatic receptor instead of film (187). 
This consists of a plate of selenium which carries a positive 
charge. When exposed to x-ray photons the particles of 
selenium lose their charge in proportion to the amount of 
radiation received. A latent image is produced which corre- 
sponds to the pattern of absorption of the photon beams as 
they pass through the breast. 

This image is 'developed' by spraying negatively charged 
particles of blue talc onto the plate. These heap up particu- 
larly where photons have been absorbed by dense breast 
tissue, forming a stronger image against the lighter back- 
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ground of the areas of complete discharge. It is this heaping- 
up  effect that enhances the edges of areas of contrasting x- 
ray photon absorption within the breast (e.g., calcifications). 
The 'developed' image is copied onto paper as a permanent 
record. 

Xeromammography uses standard x-ray equipment with a 
tungsten anode. The dose of radiation required to discharge 
the plate is higher than for film-screen combinations, and is 
in the order of (1-2 rad) 10-20 mGy per exposure. Revers- 
ing the charge so that the image is converted to the negative 
mode reduces the dose, but not to the levels now possible 
with modern film screen combinations. A liquid toner has 
now been developed which improves film quality and re- 
duces dose. 

Although initially the preferred technique in Ctrecht, 
xeromammography is not used for any- national screening 
programmes. 

WHAT D O E S  THE R A D I O L O G I S T  S E E ?  

Once the breasts are fully developed they remain symmetri- 
cal in most women. This symmetry is not only of shape, but 
of the glandular structures. A mammogram of one breast is 
the mirror image of the contralateral breast; a fact of great 
convenience to those who have to read some 70 pairs of 
films in one hour. Right and left films of the same projection 
are mounted side-by-side on the viewing screen; one the 
mirror image of the other. 

First the radiologist must decide if the examination is of 
satisfactory quality, this including not only density and 
contrast but also whether the whole of the breast has been 
included on the film. It is the deep aspect of the breasts that 
is liable to be excluded on the film, particularly inferiorly in 
the breasts of thin women. 

Secondly, he must determine whether symmetry is main- 
tained, looking in turn at the skin, the subcutaneous fat, the 
glandular structures, ducts, fibrous septa and vasculature. 
The glandular tissue is normally orientated towards the 
nipple; the fibrous ligaments traverse the fat. Ill-defined and 
diffuse asymmetry may be due to overlapping glandular 
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tissues, but this can readily be ascertained by a second view. 
When medio-lateral oblique mammography is the sole 
method of screening, the investigation of such 'composite' 
shadows is the most common reason for requesting a cranio- 
caudal view. 

Thirdly, the radiologist will look for abnormalities caused 
by focal lesions. These are a localised distortion of the breast 
tissue, a small opacity, a cluster of calcifications, or diffuse 
calcifications throughout a segment of the breast. These he 
will wish to investigate further by additional films and 
magnification views. Calcifications are usually present in 
normal breasts; most characteristically benign. The smooth 
round calcifications of lobular origin, the 'blobs' of calcifica- 
tion within a fibroadenoma, the crescent-shaped calcifica- 
tions in the wall of a cyst or the casts of ducts in duct ectasia 
are typical and do not require further investigation. Those 
that may be associated with malignancy are micro-calcifica- 
tions, which may be linear or branching within a duct, or  
discrete clusters of small, irregular, jagged, sharp, and 
punctate granules. They are obviously polymorphic. A line 
drawn around the periphery of the calcifications reveals an 
irregular shape-described variably as trapezoid, rectangu- 
lar, bottle-shaped, propellor and kite-the long axis of 
which lies in the direction of the nipple (161). 

Punctate micro-calcifications extending diffusely through 
a segment of the breast may also be a sign of cancer. 

It was initially considered that micro-calcifications were 
specific for malignancy; this is not so. But one-half of all 
occult cancers present as micro-calcifications. The number 
of micro-calcifications present is the most helpful diagnostic 
guide. In general, less than five does not raise a suspicion of 
cancer. With malignant calcifications, the more one looks at 
the film the greater is the number one sees. They come out 
from the dark (188-92). 

E V A L U A T I O N  

In considering the suitability of any investigative test, it is 
necessary to define its effectiveness in detecting the disease 
in question. For screening mammography, this is the identi- 
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fication of those with breast cancer. Three standard mea- 
sures are used: sensitivity, specificity, and predictive palue, 
all of which have been applied to mammographic screening 
(1 93-4). 

It must be emphasised that one cannot extrapolate data 
on the accuracy of mammography as a diagnostic test to the 
screening situation. In the diagnostic symptomatic clinic, 
mammography is complementary to knowledge of the pres- 
ence or absence of a breast mass, its clinical characteristics, 
and the results of fine-needle aspiration and cytology; it is of 
value in guiding the diagnostic process and is interpreted in 
relatively relaxed circumstances. Not so with screening 
mammography, the interpretation of which is carried out 
with no other knowledge than the appearance on the film. 
Screening mammography has one objective: to determine 
whether the films are normal (test-negative), abnormal (test- 
positive), or are insufficient to allow a decision, which is ~vh) 
concentrated effort and precise decisions are of the essence. 
In U.K. the Pritchard Committee recommended that radiol- 
ogists participating in screening should read the films of 
6000 cases per year (195). 

Sensitivity 
The sensitivity of screening mammography defines the pro- 
portion of women who have a cancer of the breast in whom a 
positive test has been recorded. To calculate sensitivity, one 
requires to know the number of women who are test-positive 
(a) and also those who are falsely test-negative (c), so that the 
total number of breast cancer cases can be calculated (aSc)  
(Table 8). This number (c) can be determined n~ith precision 
only if all women with a negative test are fully investigated 
for the presence or  absence of breast cancer, which ideally 
would include complete histopathological examination of 
both breasts. This is an impossible mandate, and one cannot 
estimate sensitivity with precision. 

For this reason, the number of cancers that 'surface' 
spontaneously during a defined period after a negative 
screening test (conventionally 1 year) are taken to represent 
the number missed by the screening test. The denominator 
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TABLE 8 .  Sensitivity, specqicity and predictive value 

True Disease State 

Breast Cancer Healthy (Breast 
Present Cancer Absent) 

Positive a 
Screening test 

Negative c 

positive test in those with cancer 
Sensitivity = - 

a + c all who have cancer 1 
negative test in healthy 

Specificity = - 
all who are healthy 1 

positive test indicative of cancer 
Positive predictive value = - 

all who have a positive test 1 
a = true positive 
b = false positive 

c = false negative 
d = true negative 

of the sensitivity equation is then the number of test-positive 
cases plus these so-called 'interval' cases. This conventional 
method of defining sensitivity has great disadvantages. 

Specificity 
The specificity of a screening test defines the likelihood that 
a positive test is recorded in a person without the disease. It 
is represented by the proportion of all women who do not 
have breast cancer in the population which is screened who 
are test-negative, i.e., who have a normal mammogram. The 
reciprocal of specificity is the false-positive rate. 

As all women with positive mammograms are further 
investigated by diagnostic tests, the number of false-positive 
mammograms (b) is known. As on a first screen the preva- 
lence of breast cancer in the population ~vill not exceed 6 
cases per 1000 (0.6 per cent), the number of women without 
breast cancer (b + d) approximates the total population 
screened. The definition of specificity is more accurate than 
that of sensitivity. 
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The 'Trade-off' 
Sensitivity and specificity are inversely related and have to be 
'traded off against each other. This relationship depends on 
the threshold which the radiologist applies when deciding 
the need for further investigation of an abnormality on the 
screening mammogram. Should his/her threshold of suspi- 
cion be set high so that he does not miss cancer, the test will 
have high sensitivity, but a large number of normal women 
will be brought back needlessly, so the specificity rvill be lorv. 
Conversely, if he/she sets the threshold of suspicion to 
ensure that few normal women are recalled (high specifi- 
city), he/she will miss more cancers and the test therefore 
will have low sensitivity. 

These values reflect the efficiency of the test. An ideal test 
would have 100 per cent sensitivity and specificity, so that all 
positive tests would include, and all negative tests exclude, 
breast cancer. But, as seen from the figures available to the 
working party, this is not an ideal world (Table 9). 

TABLE 9, Mean and range of sensitivities and speciJicities 
available to working group (3 )  

Sensitivity (%) Specz$czty (%) 

1st Later 1st Later 
Round  round^ Round Rounds 

Clinical only 4 7 62 (50-78) 94 - 

Clinical 
f mammography 91 (81-96) 79 (69-91) 93 (87-97) 97 (94-99) 

Mammography only 86 (78-94) 78 (77-78) 97 (96-97) 99 (97-99) 

The relationship between sensitivity and specificity can be 
represented by calculating relative operating characteristic 
(ROC) curves (196) (Fig. 17). In the medical setting, relative 
operating characteristics are subjectively determined symp- 
toms, signs and laboratory values, which are used to make a 
diagnosis that leads to treatment. They are termed relative 
because the weight of the level of diagnostic criteria-or 
thresholds of suspicion-vary. Rombach and his colIeagues 
in Nijmegen have applied the ROC theory to mammogra- 
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17. Hypothetical ROC curves to illustrate the principle of 'trade-off 
of sensitivity and specificity. 

phic screening, and have constructed ROC curves relating 
sensitivity and specificity to different thresholds of decision- 
making, based on data from 50,102 successive examinations 
in 14,400 women. They suggest that they may be used to 
determine optimal values for new screening programmes. 
By necessity there is a large grey area between a normal and 
abnormal mammogram with which the radiologist has to 
contend, and this makes the definition of 'optimal' difficult. 

Predictive Value 
The sensitivity and specificity of a screening test are 
measures of its validity. A third variable is the predictive 
value. The positive predictive value represents the propor- 
tion of those with a positive test who, on further investiga- 
tion, are shown to have breast cancer. This is calculated by 
dividing the number of women with a positive test (a) 
subsequently proven to have breast cancer by the total 
number who are test positive (aSb): (Table 8). 

The positive predictive value not only reflects the sensi- 
tivity and specificity of the test but the prevalence of the 
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disease in the population which is screened. This depen- 
dence on prevalence increases as the prevalence decreases. 
Thus the larger the proportion of healthy lvomen, the 
greater is the number of false positive tests and the larger 
the denominator in the equation. Methods of taking preva- 
lence into account are available (197-8). 

It follows therefore that positive predictive value is not a 
measure of the validity of the screening test but that the 
frame of reference is the whole screening programme. As 
the prevalence of breast cancer in the population is lo~v so 
also will be the predictive value of a positive test. 

Despite this principle positive predictive value is applied 
in a number of reports as a measure of the efficiency of the 
test itself. As the majority of abnormalities detected on 
mammography have a benign cause, 'positive predictive 
value', used in this way, is dependent on the qualit) of the 
mammography and its radiological interpretation. 

The predictive value of a negative test cannot be calcu- 
lated-and in any case is of little interest. 

The relationship between sensitivity, specificity and pre- 
dictive value is demonstrated in Figure 18. 

Alternative Methods of Calculating Sensitivity 
It has been indicated that the conventional method of 
defining sensitivity is to regard those cases that 'surface' 
within 12 months of a negative screen as representing those 
that have been 'missed' by the screening mammogram. This 
can only be an approximation, for some are missed on 
account of faulty reading; some are 'new' cancers that, 
because of their fast growth rate and aggressiveness, have a 
very short pre-clinical phase and truly were not detected at 
the screen. There are also those that, although missed on the 
initial screen, are so slow growing that they are not likely to 
surface within 12 months, and would not be regarded as 
interval cases. 

As the number of interval cancers depends upon the 
prevalence of the disease in the population, it is better to 
express interval cancers as a rate or the expected incidence 
(proportional interval rate), which in a controlled trial is that 
of the control population (82). Other methods of calculating 
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18. Model of estimates of efficiency. Sensitivity and specificity are 
applied to populations: predictive value to the test. 

sensitivity of breast cancer screening programmes, based on 
prevalence and incidence rates have been proposed, and will 
be further discussed in Chapter 8 (199). 

A L T E R N A T I V E S  

Alternative methods of detecting breast cancer in its pre- 
clinical phase have been actively pursued. These include 
thermography, microwave densitometry, light transillumina- 
tion, ultrasonography, computerised axial tomography (CT) 
and magnetic resonance imaging (MRI) (200). To date none 
of these have approached the sensitivity of mammography 
for the detection of the non-palpable lesion. Regretfully, 
even in Britain, some of these (for example, 'light-scanning') 
are being applied indiscriminately to the so-called 'screen- 
ing' of young women, despite clear evidence of their lack of 
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value (201-2). The indiscriminate use of unproven metho- 
dology by those ill-equipped to understand validity is quite 
unethical. 

The role of regular clinical examination of the breast by a 
skilled examiner, either alone or in combination writ11 mam- 
mography, is still controversial. There is no evidence that 
periodic clinical examination of the breasts on a population 
basis reduces mortality from breast cancer. Nor is there such 
evidence on the role of breast self-examination. But both are 
good habits, which health-aware women adopt. They are 
considered further in Chapter 8. 
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I N  D E F I N I N G  C R I T E R I A  T O  D E T E R M I N E  T H E  A P P R O P R I A T E -  

ness of screening for a disease, the U.S. Preventive Services 
Task Force and Canadian Task Force on the Periodic Health 
Examination classified three grades of supportive evidence 
(203). Grade I was that derived from at least one properly 
controlled randomised trial; Grade I1 from either (i) well- 
designed controlled trials without randomisation, (ii) cohort 
or case-control analytical studies, or (iii) multiple time-series 
studies with or without intervention; Grade I11 the opinions 
of repected authorities, descriptive studies, or  reports of 
expert committees. All three grades of evidence are avail- 
able for breast screening. 

Obviously the most satisfactory evidence is that comparing 
the mortality of breast cancer in two populations of women, 
one of whom has been invited to be screened, the other not. 
The two populations can be selected in a number of ways: the 
same population before and after the introduction of the 
screening programme; two different neighbouring popula- 
tions one offered screening, the other not; or  random 
allocation of women within one large population to form a 
study group (invited to be screened) and a control group. 
Clearly the thirdmethod is the ideal. The alternative method to 
test the efficacy of screening is the case-control study, in which 
a history of having been 'ever' or 'never' screened in women 
dying from breast cancer (the cases) is compared with that of 
healthy living women (the controls). Such studies are carried 
out in populations into which, some time previously, pro- 
grammes of screening have been introduced (204). 

EVALUATION 

The detection of breast cancer earlier in its natural history 

62 
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has three effects. Firstly there is a shift of stage, towards 
more tumours being non-invasive, smaller in size and to 
have a reduced incidence of axillary node metastases. Sec- 
ondly, the survival time of those with breast cancer is 
prolonged, and thirdly, the mortality from breast cancer in 
the population of women who have been screened is re- 
duced. However, only the third can be taken as evidence of 
success. Three biases affect the first two: lead-time, length, 
and selection bias (1 93-4). 

Lead-Time Bias 
Successful screening advances the time at which breast 
cancer is diagnosed, pulling this back into its sojourn phase. 
The disease must present at an earlier stage than when 
symptomatic (Fig. 7) .  

Survival is measured from the date of diagnosis to death, a 
time that automatically has been lengthened by earlier 
diagnosis, even if the date of death remains the same. The 
time by which the diagnosis is advanced by screening is the 
'lead-time', the duration of which reflects the efficiency of 
the test. Various mathematical models can be used to 
estimate this (see Chapter 7). 

Length Bias 
A second bias is the length bias. Breast cancers vary greatly 
in their rate of growth, this affecting not only their clinical 
course but also the time they 'sojourn' in the pre-clinical 
phase. An episode of screening is likely to detect a dispro- 
portionate proportion of slow-growing tumours, automati- 
cally reducing the distribution of stage and increasing case- 
survival times (Fig. 19). 

Selection Bias 
It  is known that women who accept an invitation to be 
screened are more likely to be health-aware than those who 
refuse to participate. They have higher educational attain- 
ment and better socio-economic status. All-cause mortality is 
influenced by social status and it is suggested also that 
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19. Length bias: horizontal lines represent different durations of 
sojourn time, vertical line an episode of screening. 

mortality from breast cancer may be lower in the better-off; 
women attending for screening being likely to survive longer 
than those who refuse to participate. Evidence to support 
this suggestion has come from two recent studies in USA 
relating breast cancer mortality to socia-economic factors 
(205-6). 

Elimination of Bias 
These biases can be eliminated by comparing the mortality 
from breast cancer in the whole of the population of 
women invited to participate in a screening programme 
with control women who have not. By measuring the mor- 
tality against person-years of risk from date of entry to the 
study and not of diagnosis, one eliminates lead-time bias; 
by including all breast cancers in the study population (and 
not just those detected by screening), one eliminates 
length-bias; and by considering all women (both screened 
and unscreened) in the control group, one eliminates selec- 
tion bias. As case-control studies consider only those 



women who have taken up the offer of screening, they are 
prone to selection bias, and over-estimate the effect of 
making screening available to a population a proportion of 
which will not wish to accept. 

Critical Evidence 
At the time the Working Group made its recommendations, 
the critical evidence in support stemmed from the results of 
two controlled randomised trials carried out in New York 
and Sweden and two case-control studies from Holland 
(7-10). They all indicated that the mortality from breast 
cancer could be reduced significantly by periodic mammo- 
graphy (Table 1). Since then, the final report of the New 
York study has been published, the results of the Swedish 
trial have been updated, and a further three case-control 
studies reported, all of which support the original conclu- 
sion (1 77,207-2 10). However, there are also reports of 
other trials, with less convincing results. These are the 
randomised trial in Malmo, Sweden, the U.K. Trial of Early 
Detection of Breast Cancer (TEDBC) and, as an integral part 
of the study, the Edinburgh randomised trial (21 1-3). 

In this chapter the design of each of these trials (and three 
ongoing trials in Sweden and Canada) is described in detail, 
and relevant results summarised. For in the next chapter we 
will consider how they compare. Mention is also made of two 
studies-the population screening programme in Gavle- 
borg, Sweden (1 52,154), and the large Breast Cancer Detec- 
tion Demonstration Project in the United States (208,209) 
-to complete a report of large screening projects. These 
have been summarised in Table 10. 

U .S .  STUDY:HEALTH I N S U R A N C E  P L A N  ( H I P )  

Considering the general lack of interest in the use of 
mammography, the initiation of the HIP trial in December 
1963, by Shapiro and colleagues in the National Cancer 
Institute, was remarkable (214). Its objective was to deter- 
mine whether, by detecting breast cancer at an earlier stage 
by periodic breast screening using physical examination and 
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mammography, one could alter its natural history and 
reduce its mortality. 

Experience from clinical practice and from a few indivi- 
dual programmes of screening gave some expectation of 
benefit. There was increasing acceptance that mammogra- 
phy could detect breast cancer when still occult, and a multi- 
centre study had demonstrated that the technique devel- 
oped by Egan was accurate and reproducible (2 15). 

Organisation 
Under the leadership of Michael Shimkin, director of the 
biometry branch at the National Cancer Institute, a site was 
sought for conducting a trial. That chosen was greater New 
York, where a prepaid comprehensive medical care plan 
with about 700,000 members in 31 affiliated groups was in 
operation. This was the Health Insurance Plan. It was 
equipped with a computerised record system; it had previ- 
ously participated in epidemiological and other research 
studies; and it had, in one of its groups, an enthusiastic 
radiologist, Philip Strax, who had adapted Egan's technique 
for screening purposes. 

Following a pilot study that demonstrated that a project 
of this magnitude could be conducted successfully, the 
controlled randomised trial was launched in December 
1963. Tm~enty-three medical groups were chosen, these 
containing 80,300 women of 40-64 years of age. They were 
stratified into five-year age cohorts, within which every nth 
woman was allocated for an invitation to be screened (study 
group) and each n +  1 woman as a control (control group). 
Study and control pairs were randomly listed in sequence 
for the initial invitation to be screened, the date of entry to 
the trial for both study and control women being that of the 
initial invitation. This date was adhered to, even if an invited 
women had failed to keep her appointment. Active steps 
were taken to encourage women in the study group to 
attend for screening. Only 42 per cent of women replied to 
their original invitation. Those who did not received a 
further letter, and if still non-responsive were contacted by 
telephone. Women who failed to keep an appointment were 
also telephoned. It was estimated that without such active 
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encouragement only 45 to 50 per cent of the study group 
would have attended for screening. As it was, 20,200 
women, 67 per cent of the study group, had an initial 
screen, recruitment for which ended in June 1986. Those 
not participating in the initial screen were not contacted 
further. 

Comparability between study (30,130) and control 
(30,165) groups was assessed by sampling each population, 
and, in the case of the study group, participants and 
'refusers'. Study and control women were closely compar- 
able other than a lower proportion in the study population 
reporting ever to have had a lump in the breast (Appendix 1, 
p. 194.) 

Screening 
Screening was by a clinical examination (performed by a 
clinician) and two-view film mammography (medio-lateral 
and cranio-caudal), using the Egan technique of low kv, high 
m.amp-sec exposures and non-screened industrial film (M 
type). Radiation dose was high: on average 77 mGy (7.7 rad) 
to the skin, and 20 mGy (2 rad) to the mid-breast. All films 
were read independently by two of the three project radiolo- 
gists, differences being resolved by the third. A 10 per cent 
sample of all films were reviewed by Egan for quality and 
interpretation. 

Clinical and radiological findings were separately re- 
corded, but combined to determine whether the examina- 
tion was negative; a biopsy or aspiration was recommended; 
or the woman should be re-examined in 6 months. Those in 
whom biopsy or aspiration was advised were referred to 
their group surgeon. Identification of breast biopsies, and 
cancers diagnosed, were made from HIP records and hospi- 
tal insurance claims and verified from hospital charts and 
pathological reports. Deaths were identified by intensive 
follow-up of all breast cancer cases, personal communi- 
cation with family physician and next of kin, and from death 
certificates. At 5, 10, and 15 years, mail surveys of all study 
and control cases not known to have breast cancer o r  to have 
died were carried out; a tracer organisation was used to 
track down changes of name or address. Finally, arrange- 
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ments were made to access the cancer registry of the New 
York State Department of Health and the National Death 
Index of the National Cancer For Health Statistics to match 
samples of project and central records. 

Thus there is confidence of a very high level of identifica- 
tion of cancers diagnosed within the first 10 years after entry 
to the study, and of deaths in these women over an 18-year 
period. No identifiable breast cancer case was lost to follow- 
up for mortality. To counter inaccuracies in death certifica- 
tion, an extensive verification procedure was used, with 
review of all questionable causes of death. Breast cancer 
deaths were defined as those that were attributable to breast 
cancer as the underlying cause. 

Results 
These are reported in a series of recent papers (7,177,216). 
The response to an invitation to be screened was not great: 
67 per cent of women attended. But only 25 per cent of 
those participating missed more than one screen. In all, 40 
per cent of the invited population attended all four screen- 
ing sessions. 

The immediate effect was the detection of an increased 
number of cancers in the study compared to the control 
population. But by five years after entry to the study (18 
months after screening ended) the number of breast cancers 
in the study and control groups was almost equal, and at 10 
years identical (Fig. 20). Within five years 304 cancers had 
been detected in the study population and 295 in the controls 
(Appendix 2, p. 194). As clinical and mammographic findings 
had been assessed separately, it was possible to determine the 
effect of both. Had clinical examination not been included, 
45 per cent of cancer detected during the first five years of 
the study would have been missed (Appendix 3, p. 195). 

The stage distribution of cancers were retrospectively 
classified from hospital records. Compared to controls, 
tumours in the study population were smaller with reduced 
lymph-node involvement. There was a greater incidence of 
in situ disease (Appendix 4, p. 195). In 69 per cent of cases 
tumour size had been accurately measured and was less than 
2 cm in 40 per cent of all breast cancers detected in the 
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20. Cumulative numbers of cancers detected in study and control 
populations in HIP trial. Catch-up is at 5-6 years after entry for 4 
annual episodes of screening (1 77). SOCRCE: Johns Hopkins University 

Press, with permission. 

study population and 30 per cent of controls. In a subset of 
cases in which five nodes were available for histological 
examination, 19 per cent of study and 34 per cent of control 
cancers had four or more nodes involved. This difference 
in the stage of cancers in study and control populations 
were present at all ages, but less marked in women under 
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21. Survival of women with breast cancer diagnosed within 5 years of 
entry to HIP trial from date of diagnosis (177) (adjusted for lead 

time). SOURCE: Johns Hopkins University Press, with permission. 

50 years of age. Distribution by stage is given in Appendix 5, 
p. 195. 

As might be expected, the cumulative survival rates of 
women whose breast cancer was diagnosed in the study 
population during the first five years of the trial were more 
favourable than those of controls, particularly those diag- 
nosed by screening (Fig. 21). In screen-detected cases, one 
year of lead-time was deducted from the duration of survi- 
val. Greatest long-term benefit was observed in those whose 
cancers were detected at incident screens. 

Annual mortality statistics available for 18 years of follow- 
up indicate that at 10 years there were 30 per cent fewer 
deaths from breast cancer in the study than control popula- 
tion, a difference that persisted at 23 per cent to 18 years 
(Table 11; Fig. 22). This reduction in mortality emerged 
four years after screening started and did not start to 
decrease until year seven. A second statistic, person-years of 
life lost (PHYLL), which takes account of both the numbers 
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TABLE 1 1 .  Deaths from breast cancer at 5-1 8 years among 
women with breast cancer diagnosed within Jive years of entry to 

trial ( 1  77)  
Breast Cancer Deaths (number) 

Number 
Population of Cases 5 Years I 0  Years 18 Yeam 

Study 307 3 9 95 126 

Control 30 1 63 133 163 

% Difference - 38.1 28.6 22.7 

95% Confidence 
Intervals - 8.9-59.5 7.4-45.5 2.7-39.0 

Differences are significant on formal testing. For 879 cancers diag- 
nosed within seven years of entry (after catch-up point), 10- and 18-year 
mortality differences were 29.3 and 23.7%. SOURCE: Johns Hopkins 

University Press, with permission. 

22. Cumulative mortality from breast cancer in study and control 
populations in HIP trial. Cases within 5 years of entry from date of 

diagnosis (1 77). 
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and timing of death, was also calculated. Differences of 
similar magnitude were observed (Table 12). In 1977, the 
results of the trial were validated by an expert committee 
(168) and more recently by the performance of additional 
analyses for which the original statistical tapes were made 
available (2 1 7-8). 

TABLE 12. Person-years of l$e lost (PYLL) from breast cancer 
deaths at 5-18 years amongst women whose breast cancer was 
diagnosed within Jive years of entry. PYLL takes account of both 

number and timing of deaths ( 1  77) 

Population 

PYLL bears) 

5 Years 10 Years 18 Years 

Study 
Control 
% Difference 

SOURCE: Johns Hopkins University Press, with permission. 

Additional Analyses 
In the original analysis of the data, mortality was expressed 
as rates proportional to the population at risk from the time 
of entry to the study, this serving as the denominator. On 
the grounds that it is mortality from breast cancer that is 
under scrutiny, and that one first has to contract a disease 
before dying from it, these further analyses have been 
restricted to those women whose breast cancer was diag- 
nosed at the time when screening could expect to be 
effective. To eliminate lead-time bias, case-fatality has been 
measured from date of entry to the study, not date of 
diagnosis. To achieve comparability between study and 
control groups, account was taken of the likelihood that 
during the initial period of screening, those with slow- 
growing cancers would be diagnosed to a greater extent 
than those with aggressive disease (lead-time bias). This was 
achieved by considering all breast cancer cases diagnosed in 
study and control populations from entry to the study to the 
'catch-up point' at which the cumulative number of cases in 
the controls equalled those in the study population. In one 
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23. Cumulative probability of survival from breast cancer diagnosed 
within 5 years from time of entry to HIP trial: calculated from date of 

entry into trial (217). 

study this was taken at between five and six, in the other 
seven years. 

Both these analyses, which allow statistical evaluation by 
Fisher exact and log-rank tests, have confirmed that a 
mortality reduction has occurred that, in the words of one 
author, is 'beyond doubt' (Fig. 23), with even, in some, 
'elimination of the risk of mortality' (2 17). 

The Prorok model underlying these analyses was used by 
Shapiro himself to calculate probabilities of death at 18 
years (Table 13). The results are in keeping with the findings 
of the other two analyses. 

Mortality rates from causes other than breast cancer were 
classified by age of entry and by cause of death. They were 
identical in study and control populations, providing further 
evidence of the comparability of the populations as well as 
indicating that deaths due to breast cancer had not been lost 
(Appendix 6, p. 196). 
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TABLE 13. Probability of death from breast cancer amongst women 
diagnosed within five years of entry, determined from date of entry 

to trial (1 77) 

Population 

Mean % Probability + Standard Error 

10 Years 18 Years 

Study 
Control 

% Difference 

SOURCE: Johns Hopkins University Press, with permission. 

S W E D I S H  TRIALS 

Two-Counties 
Under the auspices of the National Board of Health and 
Welfare, a controlled randomised trial of screening by single 
medio-lateral view mammography was initiated by Tabar and 
his colleagues in two counties of Sweden, Kopparberg in the 
midwest (starting October 1977), and Ostergotland in the 
southeast (starting May 1978). Enrolled were 162,89 1 
women aged 40 years or more (8,207). 

To preserve homogeneity of study and control popula- 
tions, the population to be invited was stratified into 19 
blocks according to area of residence, 7 in Kopparberg and 
12 in Ostergotland. To ensure that few women had moved 
from the district or had developed breast cancer between 
the tirnes of allocation and invitation to be screened, and 
that women in a given block would be called at the same 
time, study and control women within individual blocks were 
identified 2-3 weeks before screening started from the 
Swedish central population register, which is updated each 
month. In Kopparberg, each block was divided into three 
groups for randomisation, two being allocated to the study 
population for an invitation to be screened and one as 
controls. In Ostergotland, the blocks were equally random- 
ised. The date of entry for both study and control women 
was the date of randomisation. 

Invitation was by personal letter, which was sent to all 
women for the first two screening rounds. As women over 74 
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years of age responded poorly (50 per cent to first, 30 percent 
to second screen), they were not invited to subsequent rounds; 
nor have they been included in the analysis of results. 

Screening was by single medio-lateral oblique mammo- 
gram of each breast. Radiation dose to skin was 5.7 mGy 
(0.57 rad) and absorbed 1.1 mGy (0.1 1 rad). For women of 
40-49 years of age, the average interval between the first 
and second screen was 24 months; for those of 50 years or 
more 33 months. The interval for subsequent screens was 
22-24 months. 

Films were read by project radiologists. Were there suspi- 
cion of an abnormality, the woman was recalled for a 
complete three-view mammographic examination; only if 
suspicion remained was she further investigated by clinical 
examination, fine-needle aspiration and cytology. Radiolo- 
gists were responsible for the assessment procedure, with 
reference to a surgeon only if biopsy was indicated. 

In Sweden, nationwide cancer registration permits identi- 
fication of breast cancer cases, including those who have 
moved residence to other counties. Deaths were identified 
through the National Bureau of Statistics, and included all 
cases in which breast cancer was certified as the primary or a 
contributing cause. However, a death was classified as being 
due to breast cancer only after full review of clinical and 
pathological records, as detailed in the appendix to a recent 
report (207). 

Results. The first report of the results, to December 1984, has 
been updated on two occasions, the most recent for a mean 
follow-up of 7.9 years, this to December 1986 in Kopparberg 
and to December 1987 in Ostergotland. Notable is compli- 
ance: 89 per cent of women aged 40-4'7 years attending the 
first and, of them, 83 per cent the second screen 
(207,219-20). As in the HIP study, an excess of breast 
cancers was detected in the early years of the study (preva- 
lence screen 5.56 per 1000 women screened), twice as many 
cancers as in the HIP first screen (Appendix 7, p. 196.) Unlike 
the HIP study, the 'catch-up point' has not yet been reached. 
The number of breast cancers detected in the study popula- 
tion has remained consistently higher than in the controls. 
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There has been a marked shift to cancers of a more 
favourable stage in the study population (Appendix 8, p. 
197). This has been apparent particularly by the detection in 
the study group of invasive cancers of smaller size and 
reduced axillary node involvement compared to controls, a 
finding confirmed by a detailed pathological study of cases 
in Kopparberg that also has shown that tumours are of a 
more favourable histological grade (22 1-2). Compared to 
other studies, the proportion of in situ cancers is low (8 per 
cent in study population). 

To assess the effect of screening on stage, Tabar has 
introduced the cumulative incidence of 'stage I1 and more 
advanced cases' as assessed by IUCC TNM 1978 criteria 
(page 36). Pathological staging of tumour size and of 
lymph-node status was used, so that represented are tu- 
mours greater than 2 cm in size, all node-positive cases and 

24. Cumulative rates of stage I1 and more advanced cancers in 
Two-Counties trial (264). 

rate / 

/- - control 
.* ' e----e study 

years after randomisation 
Tabar etal, 1986 
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all that are locally or systemically clinically advanced (200). 
These have been reported both as numbers and rates. The 
rates for study and control populations are shown in Figure 
24. There was an initial excess in the study population, 
presumably due to the 'mopping-up' effect of the prevalent 
screen; but this rate crossed over with the control popula- 
tion at two years, and overall was significantly reduced at 
3 1 per cent. 

There have been three analyses of mortality, now covering 
an average follow-up of 7.9 years (207). For the most recent, 
a small number of cases of breast cancer diagnosed between 
randomisation and initial screen and also of women who 
have left Sweden have been excluded. Full details of the 
method of classifying deaths have been reported. Mortality 
was expressed by Poisson log-linear modelling using person- 
years of risk as the offset. Significance was tested by devi- 
ance chi-squared statistics adjusted for age at randomisation 
and county of residence. 

The numbers of breast cancer deaths and the relative risk 
of death from breast cancer in study and control groups are 
given in Table 14. There has been a steady increase in the 
reduction of mortality in each county, which has now 
reached significance in both. The combined mortality reduc- 
tion of 31 per cent, first reported in 1984, has been . 
maintained. Analysis by age group revealed significant dif- 
ferences only for those over 50 years of age (Table 15). A 
reduction in mortality from breast cancer in the study group 

TABLE 14. Relative risk of death from breast cancer i n  study and 
control populations in last three years of reported follow-up (207) 

No. of Breast 
Cancer Deaths Relative Risk of Death 

Year Study Control (95% conjidence limits) (%) 

1984 87  8 6  (125) 0.68 (0.50-0.93) 0.01 
1985 124 119 (171) 0.71 (0.54-0.92) 0.009 
1986 150 167 (225) 0.70 (0.55-0.87) 0.001 

Significant differences were not affected by adjustment for age and 
county. Numbers of deaths in control population have been adjusted in 
parentheses to take account of 2 : 1 randomisation in Kopparberg. 
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became apparent at about four years after the start of 
screening, and has persisted at 30 per cent for eight years 
(Fig. 25). 

TABLE 15. Relative risk of death from breast cancer in study and 
control populations according to age (2 0 '7) 

No. of Breast 
Cancer Deaths Relative Risk of Death 

Age Study Control (95% conjidence limits) (%) 

Numbers of deaths in control population have been adjusted in 
parentheses to take account of 2 : 1 randomisation in Kopparberg. 

25. Cumulative mortality rates in Two-Counties trial (264). 
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Overall, one death has been saved each year for each 9600 
women invited to be screened. Among women aged 50-74 
years during the four- to nine-year period when screening 
was exerting its effect, one death was saved each year per 
4000 invited women, or one death per 1400 mammogra- 
phies, per 13.5 biopsies and per 7.4 cases of breast cancer 
detected. These are not insignificant benefits. 

All-cause mortality did not differ significantly between 
study and control groups, the slight excess of deaths in the 
controls being eliminated by adjustment for age and county 
of residence. Among those with breast cancer there was an 
excess of deaths from intercurrent disease in study as 
compared to control populations, but when adjusted for 
person-years at risk this difference was, to quote, 'quite 
emphatically non-significant.' (Appendix 9, p. 197.) 

Screening of the control population started in 1985. 
During the trial, it was estimated that 13 per cent of controls 
had at least one mammogram (223). 

Malmo 
A controlled randomised trial was initiated in the Swedish 
town of Malmo by Andersson and colleagues in October 
1976 (211,223). Women aged 40-70 years of age were 
identified from the city population register and divided into 
25 birth-year cohorts, within which they were randomised to 
study (invited for screening) or control populations. Invita- 
tion was by personal letter, the date of entry being defined 
as the date of invitation. Women who refused the first 
invitation were invited to subsequent screens only if they 
lived in Malmo. 

Screening was by film-screen mammography. Two views 
(medio-lateral oblique and cranio-caudal) were used for the 
first two rounds; thereafter one or two views, depending 
upon the mammographic density of the breast. 

The first round of screening was complete by September 
1978. Further screens were planned at intervals of between 
18 and 24 months. All participants had completed five 
rounds and most six by the end of the trial on 31 December 
1986. The mean duration of follow-up in each group was 
8.8 years. 
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In Malmo there is one general hospital where a specialist 
team treats, by standard protocols of management, almost 
all breast cancers in the city. Those in whom biopsy was 
indicated were referred to that team, which treated over 98 
per cent of the patients with breast cancer in both study and 
control groups. The remaining 2 per cent of cases were 
identified through the National Cancer Registry. The num- 
ber and causes of death were identified from national 
statistics and included women who had left Sweden. 

Deaths were verified by an 'end-point committee' of an 
oncologist and pathologist, who, following a full review of 
clinical, pathological, and post-mortem findings, indepen- 
dently determined the cause of death. A third member was 
available to resolve disagreements. Seventy-six per cent of 
recorded breast cancer deaths in both study and control 
populations had post-mortem examinations performed; a 
remarkable rate compared to that in the U.K. (85). Verifica- 
tion of the cause of death was stringent, only 129 of 193 
certified deaths from breast cancer (63 study, 66 control) 
being accepted as due to that cause. 

Results. Compliance was less than in the Two-Counties 
Study, 74 per cent of women attending the first and 70 per 
cent subsequent screens. An excess of breast cancers was 
again detected in the first screening round, this persisting 
until the end of the study (588 study, 477 control) (Appen- 
dix 10, p. 198). More non-invasive cancers were detected in 
study than control populations (16 vs 11 per cent) and the 
cumulative rate of Stage I1 and more advanced cancers 
(presumably as defined by Tabar) followed the Two-Coun- 
ties pattern, the cross-over point being at three years (Fig. 
26; Appendix 11, p. 198). Breast cancers detected in the 
study population were of smaller mean size (1.0 vs 1.9 cm). 

Despite this shift in stage, there was no significant reduc- 
tion in breast cancer mortality in the study population. In 
fact, it exceeded that of controls during the first six years of 
the trial (Table 16). These excess deaths occurred in women 
less than 55 years of age (29 per cent more in study cases). 
For older women, the trend was reversed, 21 per cent fewer 
women in the study group dying of breast cancer. If deaths 
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26. Cumulative rates of stage I1 and more advanced cancers in 
Malmo trial (2 11). 

are considered only after six years (1983-86) there was a 30 
per cent reduction of mortality in the study population, 
which on a preliminary analysis reached 42 per cent in year 
seven (Fig. 27). It is notable that 51 of the 63 breast cancer 
deaths in the study group did not occur in screen-detected 
cases. 

The numbers of death from all causes in the study 
population equalled those of controls; death certification 

TABLE 16. Relative risk of death from breast cancer in study and 
control populations after mean follow-up of 8.8 years (2 1 1 )  

No. of Breast 
Cancer Deaths Relative Risk of Deaths 

Age Cyr) Study Control (95% confidence limits) (%I 

(55 2 8 2 2 1.29 (0.74-2.25) 0.3 
2 5 5  3 5 44 0.79 (0.51-1.24) 0.4 

Total 63 6 6 0.96 (0.68-1.35) - 
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27. Cumulative mortality rates in Malmo trial (21 1). 

was based on post-mortem findings in 58 per cent and 57 
per cent of cases, respectively, and specific causes of death 
were similar (Appendix 12, p. 199). 

A confounding influence in the Malmo trial was the policy 
of free access to breast screening, then on offer in that city. 
Survey of a random sample of 500 women in the control 
population revealed that 24 per cent had at least one 
mammogram (35 per cent in those 45-49 years of age). 
Twenty per cent of cancers in the control population were 
detected by mammography; 11 per cent were non-invasive. 
Women in the study population, even when participating in 
the trial, also had access to mammography between screens. 
This may explain the high incidence of interval cancers in 
the study population (24 per cent of all cancers diagnosed) 
and of non-invasive cancer in interval cases (26 per cent). 

Stockholm 
In March 1981, 60,261 women aged 40-64 years of age, 
living in south-east Stockholm, were individually random- 
ised, two-thirds for inclusion in a study population who were 



SWEDISH TRIALS 8 5 

invited to be screened, one-third as controls. Randomisation 
was by birth date, women born between days 1-10 and 
21-31 of the month forming the study population, and 
those between days 11-20 the controls. There were 40,318 
and 19,943 women in these two populations. Invitation was 
by personal letter; screening by single oblique mammo- 
graphy (224-6). 

Two rounds of screening at an interval of two years were 
planned, following which the control population were to be 
screened. 

All screening mammograms were performed in a single 
unit and interpreted by an experienced radiologist. Abnor- 
malities detected on the initial mammogram were first 
evaluated by conventional 3-view mammography, which if 
suspicion remained was followed by clinical examination and 
fine-needle aspiration cytology, using stereotaxic localisa- 
tion for all non-palpable lesions. 

The two rounds of screening were complete by October 
1985; the control population has now also been screened 
(1986-7). 

Attendance rates have exceeded 80 per cent in both first 
and second screens with little variation between age 
groups. Numbers of cancers detected and stage are given 
in Appendix 13, p. 199. The rate of breast cancers in the 
study population rose sharply during the two rounds of 
screening and has remained higher than in the controls. At 
five years the cumulative rate exceeded that of controls by 
44 per cent (Fig. 28). The numbers of Stage I1 and more 
advanced cancers (presumably determined pathologically) 
showed the expected shift to a more favourable stage with a 
cross-over point at 3.5 years. In the study population 29 
per cent of cancers detected at first screen were of this type 
(Fig. 28). 

It is pointed out by the Stockholm group that the early 
excess of 'advanced' cancers in the study population ob- 
served in all Swedish studies is partly due to the 'hiding' of 
these cases among the unscreened controls. The screening 
of the control population has allowed an estimate of the 
'hidden' numbers; when this was added to the incidence of 
'advanced' cases in the control population, the difference 
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28. Cumulative rates of stage I1 and more advanced cancers in 
Stockholm trial. Third rate includes 'hidden' cases in control popula- 
tion (225). SOURCE: Frisell et al, 1989: Breast Cancer Research and 

Treatment. Klumar Academic Publishers, with permission. 

between study and control populations was significant after 
four years. 

The proportion of women in the control group who had a 
mammogram prior to their official screen is not stated; but 
25-30 per cent of the study population had had a mammo- 
gram within the three years previous to their invitation. No 
mortality figures are yet available. 

G6teborg Trial 
A controlled randomised trial was started in the city of 
Goteborg in December 1982. It included all women aged 
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50-59 years, who were invited for screening by two-view 
mammography every 18 months (22'7). There are approxi- 
mately 22,000 women in the study and 30,000 in the control 
populations. 

Assessment is by standard Swedish procedure: a first-stage 
extension of screening by supplementary mammography 
followed, if suspicion remained, by clinical examination and 
fine-needle aspiration stereotactic localisation for the impal- 
pable lesion. 

No published reports of the results of this trial are yet 
available in English other than in abstract. Compliance has 
been high: 88 per cent of women aged 50-9 years attending 
the first round, 76 per cent the second. Interval cancer rates 
are low (0.02 per 100 women per year), indicating high 
sensitivity (208) (209). 

U . K .  TRIALS 

TEDBC 
In the 1970s in U.K. a few pilot studies of screening for 
breast cancer had been reported, and four centres had been 
designated to determine the feasibility of mammographic 
screening of the population (228). The need to evaluate 
breast cancer screening within the National Health Service 
was recognised; and a Working Group, under the chairman- 
ship of Sir Richard Doll, knowing that the option to repeat 
the HIP trial had been excluded, planned a coniparative 
study of the mortality of breast cancer in health districts 
offered different services for the diagnosis and early detec- 
tion of breast cancer. It was further decided that this study 
should consider the effect not only of screening by mammo- 
graphy and clinical examination, but also of instruction in 
breast self-examination (BSE). The study was named the 
Trial of Early Detection of Breast Cancer (TEDBC). 

Following a request for submissions, four health districts 
were chosen, two as screening disticts (Edinburgh and 
Guildford) and two for BSE. Four comparison districts were 
identified as controls: Dundee, Oxford, Southmead and 
Stoke-on-Trent. In  the screening districts, registers were 
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compiled for all women of 45-64 years of age from the lists 
of general practitioners, including those who would reach 
the lower age during the seven years of the project. Invita- 
tion was by personal letter, its date being the date of entry 
into the study. In comparison districts, all women were given 
the same date of entry, midway through the two years of 
recruitment for the screening centres (Table 17). 

TABLE 17. Centres selected for trial of early detection of breast 
cancer (TEDBC): Screening and comparison districts (21 2) 

Number of Women Follow-Up 
in  Initial Mean Year/firoman 

Population to December 31 1986 

SCREENING CENTRES 
Edinburgh 23,194 6.2 
Guildford 22,647 6.5 

COMPARISON DISTRICTS 
Dundee 22,626 
Oxford 31,474 
Southmead 24,693 

6.8 

Stoke 48,324 

Breast self-examination districts, Huddersfield and Nottingham, not 
included. 

Between 1979 and 1981, 45,841 women were invited to 
attend for screening, with 127,117 listed women of similar 
age in the comparison districts. Those refusing the initial 
invitation to be screened were not further invited. 

The programme of screening lasted seven years. This 
consisted of a clinical examination annually, with mammo- 
graphy in years one, three, five and seven. Details of 
screening in Edinburgh and Guildford varied only slightly. 
In Edinburgh the initial mammographic screen was by two 
views, medio-lateral oblique and cranio-caudal; subsequent 
screens by a single oblique view. In Guildford a single 
oblique view was used for all screens. Agfa medichrome film 
with intensifying screens was used in both centres. The dose 
of radiation to the midplane of the breast was 2 mGy (0.2 
rad) (228-30). 
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Breast cancers diagnosed were identified from registers of 
histopathological findings of all benign and malignant biop- 
sies maintained by trial pathologists. Methods of treatment 
are recorded and the status of all women with a diagnosis of 
breast cancer checked each year. The records of all women 
have been 'flagged' in the NHS central registries in South- 
port and Edinburgh to identify those leaving their districts. 

For the initial analysis of mortality, deaths in the study and 
comparison districts were compiled from central registers of 
deaths (OPCS in London and GRO in Edinburgh). Only 
those in which breast cancer has been certified as the 
primary cause (part I of the certificate) have been consi- 
dered as breast cancer deaths. It was intended for later 
reports to verify all deaths by a case-note search, but this was 
not done for the first analysis, which was to 31 December 
1986 or seven years from date of entry, whichever was the 
earlier (2 1 2). 

Results. The response to the initial round of screening was 
low (60 per cent in Edinburgh, '70 per cent in Guildford); 
for the fifth round it was 53 per cent and 65 per cent. 
However, despite doubts on the quality of mammography, 
detection rates on prevalent screen were, by comparison 
with other studies, reasonable (5.5 in Edinburgh, 4.8 in 
Guildford) (Appendix 14, p. 200). In all, 748 breast cancers 
were detected in the study population and 1472 in the 
comparison districts. Rates in the two screening centres over 
the follow-up period of 5-7 years was 2.57 per 1000 
women-years compared to 1.70 in the comparison districts. 
Apparently the 'catch-up point' has not yet been reached. 

No significant reduction in mortality has emerged be- 
tween the study and comparison districts. When stratified 
for age at death and duration in the trial, the mortality from 
breast cancer in the two screening districts combined was 
reduced only by only 14 per cent. 

As it was uncertain u~hether, in the absence of screening, 
the mortality of all eight districts would be the same, a 
second analysis was carried out in which data on the 
mortality from breast cancer during the nine years before 
the trial started was used to calculate a standardised mortal- 
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ity ratio for each district, which could be applied as a 
correction factor. This increased the mortality reduction to 
20 per cent, also not reaching significant levels (Table 18). 

TABLE 18. Observed differences i n  mortality from breast cancer 
between screening and comparison centres (unadjusted and ad- 

justed for pre-trial mortality rates) (2 12) 

Relative Risk 
of Death 

Screening Comparison (95% conjdence 
Centres Distrzcts limits) (%) 

Unadjusted 102 362 (129) 0.86 (0.69-1.08) 0.23 

Adjusted - - 0.80 (0.64-1.01) 0.06 

Deaths in comparison districts have been adjusted for population 
differences (by a factor of 2.8) in parentheses. 

A difference in mortality emerged only after the fifth year 
of screening. For years six-seven, a reduction of 46 per cent 
was observed, and this was significant at the 1 per cent level 
All-cause mortality rates are not reported (Table 19; Fig. 29). 

TABLE 19. Observed differences in mortality from breast cancer 
according to year of follow-up, adjusted for pre-trial mortality 

rates (2 12) 

Relative Risk 
Deaths from Breast Cancer of Death 

Since Screening Comparison (95% conjdence 
Ently Centres Districts limits) @) 

1-3 29 68 (24) 1.10 (0.71-1.71) N S  

4-5 45 119 (43) 0.97 (0.68-1.38) N S  

6-7 2 8 177 (63) 0.54 (0.36-0.81) (0.01 

Deaths in comparison districts have been adjusted for population 
differences (by a factor of 2.8) in parentheses. 

Edinburgh 
Edinburgh was one of four centres initially designated to 
test the feasibility of screening for breast cancer for the 
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29. Cumulative mortality rates in TEDBC (212). 

National Health Service. On the initiative of Professor Eric 
Samuel a custom-built screening unit was built on the 
grounds of a community health centre, and, with the co- 
operation of a group of 11 general practitioners, 5321 
women of 45-69 years of age were invited to attend for 
clinical examination and mammography; 82 per cent did 
(231). As, unlike the other clinics testing feasibility, that in 
Edinburgh did not provide access to self-referred women, it 
was eligible to participate in TEDBC, and was selected as 
one of two screening centres, the other being Guildford. 

Immediately discussions were initiated to examine the 
possibility that Edinburgh might extend its responsibility to 
TEDBC by conducting a controlled randomised trial within 
the city, and this was supported by the Cancer Research 
Campaign and by the Chief Scientist's Office of the Scottish 
Home and Health Department (232). All but three of the 
348 general practitioners in the city agreed to co-operate. At 
that time, an extensive campaign of health education for 
women had started in Edinburgh, this including instruction 
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in breast self-examination. Thus the objective of the Edin- 
burgh trial was to determine the value of clinical examina- 
tion and mammography in reducing the mortality of breast 
cancer in well-informed women; a euphemism when one 
considers that 35 per cent of women in the control group 
were to present with locally advanced cancer! 

For a number of reasons it was considered better were all 
women from one practice to belong either to study or control 
populations. Randomisation was therefore between practices 
and not individual women. Age-sex registers were drawn up 
for all women aged 38 to 64 years in 85 practices, which, once 
indexed, were stratified for size and randomised. For the 
screening practices the eligibility of each woman for screening 
was checked (a previous diagnosis of breast cancer or having 
moved out of the district excluded), and personal invitations 
were issued, the date of entry to the trial for survey purposes 
being the date of that invitation. For control practices, the date 
of entry to the study was the same for all women in each 
practice, being the date on which it was indexed and 
randomised. Eligibility, as for the study population, was 
subsequently checked and ineligible women excluded. 

The procedure for screening was that for TEDBC. Clini- 
cal examinaton was by doctors or nurses. Two mammo- 
graphic views (medio-lateral oblique and cranio-caudal) 
were taken at the first screen; thereafter, single view. The 
average skin dose for two exposures was 6 mGy (0.6 rad) to 
each breast, but this has since been reduced. 

Films were read by trained clinic doctors with review by 
two radiologists who also read a 5 per cent sample of all 
films. Suspicion on either clinical or  mammographic 
grounds led to recall for further examination and review at 
the screening clinic, following which those in whom biopsy 
was considered advisable were seen with a specialist surgeon. 
All clinic staff regularly attended a symptomatic breast clinic 
for continued training. 

For the identification of breast cancer, a pathology regis- 
ter of all benign and malignant biopsies was set up in liaison 
with the local cancer registry. Deaths were notified from the 
General Registry Office in Edinburgh and follow-up of all 
breast cancer cases carried out. The records of both study 
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and control populations were 'flagged' in the NHS central 
registry. It was intended to verify all breast cancer deaths 
from hospital records, but, for the purposes of the first 
report, these have been defined as those in which breast 
cancer has been recorded on the death certificate as a 
primary or secondary (i.e., underlying or contributory) 
cause. However, it was confirmed that a diagnosis of breast 
cancer had been made after the entry date. 

Results. Sixty-one per cent of the study population attended 
for their initial examination; 53 per cent for their third 
(213). Over the seven years of the study there were 395 
women with breast cancer detected in the study population 
and 268 amongst controls (Appendix 15, p. 201). Cancer 
detection rate was highest at initial screen (6.15 per 1000), 
thereafter varying between 1.0 and 3.0 per 1000 person- 
years, depending on whether the screen was by clinical-only 
or clinical-plus mammography. Rates for controls were 1.9. 

The stage of the disease was assessed by UICC clinical 
stage, and in those of stages I and I1 by pathological size and 
by node status. There was a shift towards a greater propor- 
tion of in situ disease (10 per cent in study population; 17 
per cent in prevalence screen and 2-6 per cent in controls) 
and a reduction in the proportion of women with locally 
advanced and disseminated disease (16 per cent versus 35 
per cent) (Appendix 16, p. 201). When only those with 
tumours of clinical stages I and I1 were considered, the 
tumours in the control group were smaller and, where node 
status was known, less likely to be associated with involved 
nodes (Appendix 17, p. 202). However, calculation of stage 
as in the Two-Counties study (stage I1 plus more advanced) 
revealed a pattern very different from that in Sweden, there 
being no divergence between study and control populations 
(Fig. 30). This is believed to be due to a greater proportion 
of node-positive cases even in those with small tumours. 

The distribution of cancer stage according to method of 
detection is shown in Appendix 18, p. 203. The advanced 
stage of the disease in non-attenders is notable 

There were 68 breast cancer deaths in the study group 
and 76 in the controls, mortality rates of 4.0 and 5.0, 
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30. Cumulative rates of stage I1 and more advanced cancers in 
Edinburgh trial (2 13). 
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respectively. The difference in mortality of 16 per cent (age- 
adjusted 17 per cent) was not significant. In those over 50 
years of age, however, it reached 20 per cent (Table 20; Fig. 
31). 

TABLE 20. Relatiue risk of death from breast cancer in study and 
control populations (2 13) 

1 2 3 4  5 6 7  1 2 3 4 5 6 7  
years from entry years from entry 

TABAR CRITERIA 45 

LO- 

35-  

30- 
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Mortality 

U I C C I l I & E  

, , I l l , ,  

Relative Risk of Death 
(95% conjidence limits) 

Adjusted for age 0.83 (0.58-1.18) 

Adjusted for socio-economic status 0.81 (0.55-1.18) 

Over 50 yrs of age (not adjusted 
for socio-economic status) 0.80 (0.54-1.1 7) 

There were, respectively, 68 and 76 deaths accountable to women 
diagnosed since entry date, mortality rates per 10,000 women-years of 
4.31 and 5.14. None of the differences reached significance. 
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As a study of a 20 per cent sample of women for 
comparability between practices had revealed significant 
and related differences between all-cause mortality and 
socio-economic status, a second analysis was carried out in 
which a correction factor was applied for this variable. This 
increased the reduction in mortality to 19 per cent; again, 
not significant. The effect of socio-economic status on all- 
cause mortality was mainly due to an increase in cardio- 
vascular deaths (Appendix 19, p. 204). 

It is not surprising that the results of the Edinburgh trial 
are almost identical to those of TEDBC. Only the control 
population and the method of accounting for deaths from 
breast cancer differed. Although breast cancer deaths in- 
cluded those in which the death certificate indicated breast 
cancer as a primary or secondary cause, they were not 
verified from clinical records. The difference in all-cause 
mortality between study and control populations is a matter 
for concern. This is further discussed in Chapter 7. 

CANADIAN TRIAL 
In January 1980, a controlled randomised trial was insti- 
tuted in Canada (233-4). It had two objectives: first, to 



96 THE EVIDENCE 

determine if annual screening by clinical examination and 
mammography reduced the mortality from breast cancer in 
women aged 40 through 49 years; and second, whether in 
older women (50-59 years), the addition of mammography 
to annual clinical examination conferred benefit. Five an- 
nual screening examinations were planned, women being 
invited to participate by public advertisement, radio, TV, 
and the press. 

Unlike other trials, women were allocated to study and 
control groups only after they had attended the screening 
clinic and given their consent. As it was considered unjustifi- 
able not to offer some form of screening to all who had 
volunteered, all women had an initial clinical examination, 
irrespective of their subsequent allocation, as soon as they 
had signed the consent form. They were also taught breast 
self-examination. Therefore the trial will compare, in those 
aged 40-49 years, annual clinical and mammographic exam- 
ination with an initial clinical examination, and in those over 
50 annual clinical examination alone or clinical examination 
plus mammography. As there is no invited population, no 
response rates will be available. 

By March 1985 the fifteen centres involved had recruited 
88,968 women for the trial. Clinical examination was mostly 
performed by nurses, but in some centres by doctors. Two- 
view film-screen mammography was used, the average dose 
to each breast being 1.1-2.2 mGy (0.1 1-0.22 rads) per 
examination. Those in whom abnormalities were detected 
are referred to their personal physician. 

Reports on factors influencing recruitment and on the 
sensitivity of screening have appeared, but as yet not on 
cancer detection rates, staging or mortality (186,235-6). 

C A S E - C O N T R O L  S T U D I E S  

Case-control studies have been reported from two centres in 
the Netherlands and one in Italy. In two centres additional 
case-control studies were performed so that information is 
available from five separate analyses. All have shown an 
advantage in terms of mortality from breast cancer in 
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women who have accepted an invitation for screening by 
mammography on at least one occasion. But, because of 
selection bias, the mortality advantage is an overestimate. 

Nijmegen 
On 1 January 1975, mammographic screening was intro- 
duced into the Dutch town of Nijmegen (populatio~~ 
150,000). In the first screening round all women born 
between 1910 and 1939 (aged 35-64) received a personal 
invitation, subsequently extended to all women born before 
1944 (9). 

Screening was by single-view mammography, initially me- 
dio-lateral, but since 1981, medio-lateral oblique. The inter- 
val between screens, which were carried out in a municipal 
health centre, was 24 months. 

Films were processed immediately, and examined by the 
radiographer. If quality was poor or if there was a suspicion 
of an abnormality, a second view was taken. All mammo- 
grams were read the following day by the project radiologist. 
Should he decide that further investigations were required, 
the woman was referred through her general practitioner to 
one of two hospitals in Nijmegen, where a diagnostic team 
of radiologists, surgeon and pathologist decided on further 
action. 

A report of the results of six screening rounds has 
recently been published in which compliance, detection 
rates and sensitivity are detailed (237). 

The existence of this programme has allowed the perform- 
ance of two case-control studies. The first was based on 46 
deaths from breast cancer between 1975-8 1, identified by 
death certification and verified as having been diagnosed since 
the commencement of screening. For each five-year age 
group, five living controls matched by birth year were selected 
at random from statistical records. The screening history of 
both groups were ascertained, and the relative risk of dying 
from breast cancer in ever- and never-screened women 
calculated. This was equivalent to a reduction of mortality 
from breast cancer in screened woman of 52 per cent. 

As a check on selection bias, the underlying incidence and 
mortality of breast cancer in unscreened women was com- 
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pared with those in the neighbouring town of Arnheim, 
where no screening had taken place, and which before 19'74 
had identical rates to those in Nijmegen. They were still 
exactly as expected. 

In the second study, reported in 1985, 16 additional 
deaths from breast cancer were included (208). A new group 
of control women was selected, five for each case, and it was 
confirmed that the date of diagnosis of the case was after 
their first screening invitation. The relative risk of dying 
from breast cancer in those who had never been screened 
was identical to that in the previous study. Given that two- 
thirds of women could be expected to attend for screening, 
this represented a 33 per cent reduction in deaths from 
breast cancer in the population overall. Successive screens 
further reduced the relative risk of death from breast 
cancer; no reduction was observed in those under 50 years 
of age (Table 2 1). 

TABLE 21. Relative risk of death from breast cancer i n  ever- 
versus never-screened women i n  Nijmegen (second study) (208) 

Age at First Number of 
Invitation fir) Cases Relative Risk of death 

35-49 
50-64 
65 + 
All 

There were 62 cases and 310 controls. Except for age group 35-49, 
ratios are significant (from Verbeek et al., 189). 

Utrecht 
In 1974, as part of the Diagnostisck Mammacarcinoom 
(DOM) project, screening by clinical examination and mam- 
mography (initially xeromammography) Tvas introduced into 
the city of Utrecht. Women of 50 to 64 years of age (20,555) 
were invited to attend for screening on five occasions, at an 
interval of 12, 18, 24 and 48 months. Seventy-two per cent 
attended the first screen; 42 per cent the fifth screen. As a 
cancer registry had been opened in the city the previous 
year, all cases of breast cancer diagnosed in the city could be 
monitored. 
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Subsequently, the project was extended to include youn- 
ger women, and, at the time of the most recent report, over 
55,000 women over 40 years of age have been screened at 
least once. Response and breast cancer detection rates, the 
distribution of stage of the disease on detection, and esti- 
mates of the efficiency of screening have been reported in 
detail (238-9). 

In 1984 a report of a case-control study was published 
(10). Through the Central Bureau of Statistics, 56 deaths 
from breast cancer during the period 1973-1981 were 
identified in women born between 19 1 1 and 1925, of which 
46 were verified from hospital records. For each case, three 
age-matched control women were selected at random from 
local authority lists and the relative risk of dying from breast 
cancer in ever- and never-screened women were calculated. 
This was equivalent to a significant reduction in mortality of 
70 per cent (Table 22). Significant differences were ob- 
served only for women over 50 years of age. 

TABLE 22. Relative risk of death from breast cancer in  
ever-versus never-screened women in  LTtrecht (1 0) 

Relative Risk of Death 
Age at Invitation ilge at 

for Screen Diagnosis 

50-54 
55-59 
60-64 
All 

There were 46 cases and 138 controls. 

Florence 
Two case-control studies have recently been reported from 
Florence in Italy (209-10). In 1970 mammographic screen- 
ing was introduced to 25 surrounding rural communities 
and personal invitations sent to 24,813 women of 40-70 
years of age to attend a mobile screening unit. Screening was 
by two-view mammography, repeated at an interval of 2.5 
years. Sixty per cent of invited women participated. 
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Between 197'7 and 1984, 153 deaths were certified as due 
to breast cancer, of which 57 were eligible for inclusion in 
the study on account of age and date of diagnosis. For each 
case, five living women matched for date of birth were 
randomly selected from the residential lists of the same 
municipality. The relative risk of death from breast cancer in 
ever- versus never-screened women was significantly re- 
duced, indicating a reduction in mortality of 40 per cent in 
screened women. With successive screens the risk was fur- 
ther reduced, but there was no mortality reduction in 
women under 50 years of age. 

A second case-control study has recently been carried out 
in which the history of having ever or never attended for 
screening has been compared in 103 women dying of breast 
cancer between 1977-87 and 5 15 living age-matched con- 
trols. The findings confirm those of the initial study (Table 
23). For women over 50 years of age with at least one 
screening test in the previous 24 years the reduction of risk 
was 50% (0.49: (0.25-0.95)) 

TABLE 23. Relative risk of death in ever-versus never-screened 
women in rural ~lorence" adjusted for confounding variables 

(2 10) 

Number Number of Screening Rounds Ever-versus never- 
of Cases I +  2 +  screened 

40-49 28 0.51 (0.18-1.42) 1.18 (0.31-4.47) 0.63 (0.24-1.64) 

50 f 75 0.62 (0.32-1.19) 0.40 (0.19-0.82) 0.51 (0.24-0.89) 
Total 103 0.53 (0.33-0.85) 

O T H E R  S T U D I E S  

Although not controlled trials, mention should be made of 
two other studies: the first population trial of single and 
medio-lateral oblique-view mammography as the sole 
method of screening, in Sweden; and the huge Breast 
Cancer Detection Demonstration Project in the United 
States. 



OTHER STUDIES 10 1 

Gavleborg 
Single oblique-view mammography was first introduced by 
Lundgren and Jakobsson for breast screening on a popula- 
tion basis in the Swedish town of Sandviken, in the county of 
Gavleborg. In March 1974, 6845 women were invited to 
attend a mobile unit; films being processed centrally and 
read the following day. A suspicious finding led to complete 
three-view mammography, and if suspicion still remained to 
reference to a breast unit. In 1975 the programme was 
extended throughout the county so that, by the end of 1979, 
all uromen over 39 years of age had been invited, of which 
63,9 1 8 had been examined, 25,304 twice. 

Reports of this experience with recall and detection rates, 
distribution of stage, and interval cancer rates provided 
evidence that this method of screening in expert hands was 
both acceptable and efficient, and led to the detection of 
a high proportion of invasive cancers when still small. 
I t  provided a 'gold standard' for successful mammographic 
screening by single-view mammography (1 64-6,240). 

BCDDP 
In 1973, the benefits shown in the HIP study inspired the 
American Cancer Society, in association with the National 
Cancer Institute, to initiate a large demonstration project to 
determine the feasibility of introducing mammographic 
screening on a nationwide basis. This was named the Breast 
Cancer Detection Demonstration Project (BCDDP). By 
1975, 29 centres were functioning in 27 locations widely 
distributed throughout the United States. Each enrolled 
some 10,000 women for annual screening by clinical exami- 
nation and mammography, and initially thermography, over 
five years. Recruitment tvas by compiling lists of eligible 
women who were to be personally contacted by volunteers 
and, as a group, through announcements on radio, televi- 
sion and the press. All women who attended were taught 
breast self-examination (BSE) and were to be followed up 
for five years after screening ended. Those in whom an 
abnormality was detected were referred to their personal 
physician. 
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Initially women of 35-74 years of age were eligible for full 
screening, but in later years mammography was restricted to 
those of 50 years of age and over. By September 1981 there 
were screening documents available on 283,222 women, 
over half of whom had attended all five screens. Almost 
4500 breast cancers were diagnosed in 4200 women; there 
were 24,000 benign biopsies; and a further 9000 women 
had been referred for an opinion that they did not seek. 

Women with cancer have been traced through to 1986. 
Two major reports have been published, one in 1982, the 
other in 1987 (63,241). The most recent report includes 
4485 breast cancers in 4257 women, of which 3548 were 
detected on screening, half at the first screen; 744 were 
interval cancers, 142 within one year of a negative screen. 

Most striking was the improved detection by mammogra- 
phy compared to the HIP study. Only 257 of 3437 cancers 
(7 per cent) would have been missed had a physical examina- 
tion not been performed (Appendix 20, p. 204). There was a 
high incidence of i n  situ cancer ( 1  7 per cent) and of invasive 
cancers less than 1 cm in size (8 per cent). Axillary lymph 
node involvement in these cases was low (1.9 and 14-3 per 
cent) (Appendix 21, p. 204). 

To assess survival, comparisons were made between 2934 
invasive cancers detected in BCDDP and 46,849 cases 
included in the National Cancer Institute's Surveillance, 
Epidemiology, and End Results (SEER) programme. A 
correction for lead-time of one year was applied to screen- 
detected cases. A marked survival advantage was reported at 
five and eight years of follow-up (Table 24). Stage by stage, 

TABLE 24. Cumulative relative su~v iva l  ~a te s  for invasive breast 
cancers for BCDDP cases detected through screens and for cases i n  

white females in the SEER programme (63) 

Survzval Rates (96) 

Abrnber of Cancers 5 yr 8 yr 

BCDDP 

SEER 

SOURCE: American Cancer Societ), with permission. 
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survival rates were similar (Appendix 22, p. 205). It is the 
larger proportion of small and node negative cancers in 
BCDDP which has improved overall survival (for example of 
(2 cm tumours 30 v 11 per cent of total). 

In 1988 annual cumulative incidence and mortality rates 
of breast cancer in 55,053 white women aged 35-74 years of 
age on entry to the project was calculated, using total 
population at risk as the denominator (242). Data from the 
SEER programme was used to determine expected rates. 
For the first nine years of entry the cumulative incidence was 
1.34 times that expected. For 3585 women with breast 
cancer diagnosed within five years of entry, cumulative 
mortality was reduced, over that expected, by 20 per cent 
less. Case-fatality (without lead-time adjustment) was re- 
duced by 50 per cent in cases detected by screening. 

But those enrolling in BCDDP were a very select group of 
women; 88 per cent were white, 79 per cent married, 20 per 
cent had a previous mammogram, and 93 per cent a 
previous breast examination by their physician. 
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I N  T H E  LAST C H A P T E R ,  T H E  VARIOUS T R I A L S  HAVE B E E N  

described in considerable detail so that the reader can be 
assured of their validity. In Table 25 and 26 the main 
findings are listed for comparison. Most notable are the 
differences in breast cancer mortality between the five 
controlled trials and four case-control studies. This is not 
surprising, for, as already pointed out, a case-control study 
compares screened, not-invited-to-be-screened and non- 
screened women and is strongly biased by only well-moti- 
vated and health-aware women attending. 

Although the reductions in mortality observed in Malmo 
and in U.K. did not reach statistical significance, the change 
in each trial is in the same direction. Had screening no 
effect, the observed changes in mortality would be distri- 
buted equally on either side of the 'null' line (Fig. 32). It  is 
important to recognise that many of these trials included 
women under 50 years of age, in whom a significant benefit 
of screening has not yet been demonstrated. When only 
women of 50 years or more are considered, the reduction in 
mortality is greater. 

There can be no doubt that screening by mammography 
benefits women who develop breast cancer. But, the reasons 
for these variable results require to be explored. These h a ~ e  
been summarised as (i) weakness in trial design leading to 
artifactual bias, (ii) poor compliance, (iii) inefficient screen- 
ing (212). 

T R I A L  W E A K N E S S E S  
Design 
When designing any experiment one cannot forecast unex- 
pected events which may introduce bias. Studies involving 
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tens of thousands of women would be expected to be free 
from such artefacts, but this is not necessarily so. 

A trial may have insufficient power to give a statistically 
valid answer to the question asked. The power of a trial 
depends upon having a sufficiently large number of end- 
points for comparison: In trials of screening for breast 
cancer, the endpoint is the number of deaths from breast 
cancer. This, in turn, depends on the number of cases of 
breast cancer diagnosed in trial and control populations, 
which reflects compliance and the sensitivity of the test 
(243). 

In the HIP trial, where breast cancer deaths have been 
followed for 18 years, significant differences in mortality 
were observed within five years of entry to the trial. This also 
was the case in the Two-Counties trial; but not so with either 
Malmo or  Edinburgh. The power of both these trials has 
been questioned (213,244). 

TABLE 2 7. All-cause mortality in controlled randomised trials 
(177,207,211,213) 

Deaths from All Causes 

Study (%) Control (5%) 

Health Insurance Plan 73.7 75.4 
Two-Counties 71.4 70.9 
Malmo 8.42 8.54 
Edinburgh 80.7 109.8 

Rates per 10,000 women-years (Malmo percentage). 

The purpose of random allocation is to ensure that study 
and control groups are comparable. This can be tested by 
surveying social and demographic features in samples of the 
two populations. This was done in the HIP study. Concor- 
dance was excellent (Appendix 1, p. 194). Study and control 
populations can also be compared by estimates of mortality 
from all causes other than breast cancer. In  the HIP trial, 
this was identical up to ten years from entry dates. There is 
also good agreement of all-cause mortality between study 
and control populations in the Swedish trials (Table 27). 
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But not in those from Britain. The TEDBC was not a 
randomised trial and it could not be assumed that mortality 
rates in each of the six different health districts urould be the 
same. A standardised mortality ratio noted on the mortality 
in each district during the ten years before the start of the 
comparative study was applied to each. This altered the 
expected mortality in the two screening districts by 4 and 9 
per cent and in the comparison districts from 0 to 16 per 
cent. 

As in the Edinburgh controlled randomised trials, mortal- 
ity from all causes differed between study and control 
populations, it is far from certain that the standardised 
mortality ratio applied to Edinburgh, which was based on pre- 
screening mortality rates for the whole city, is valid (213). 

In Edinburgh, randomisation of the populations was not 
individual, but by cluster, the general practice to which a 
woman belonged being the unit randomised. Individual 
randomisation was not practicable, as no adequate lists were 
available, either at health board or general practice level, to 
use as a sampling frame (245). As all the women in one 
practice would belong to the same population within the 
trial, randomisation by practice was also more acceptable to 
the general practitioners concerned. Practices were strati- 
fied before randomisation, but only for size. 

Early on in the study it was appreciated that the socio- 
economic status of women in different practices affected 
attendance. It was well known that socio-economic status 
affected mortality from all causes, and a survey of 78 
participating practices by Alexander and her colleagues had 
shown that mortality rates differed considerably between 
practices (246-7). In a 20 per cent random sample of 
women of age 46-64 socio-economic status was also deter- 
mined using post-codes to identify enumeration district for 
the 1981 census, from which car ownership, room occu- 
pancy, and social class of the head of the household were 
extracted. Standardised mortality ratios for individual prac- 
tices correlated highly with these variables (Table 28). 

The extent to which these differences might affect com- 
parisons of mortality between the study and control popula- 
tions in the Edinburgh trial was subsequently determined 
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TABLE 28. Mortality rates in general practices allocated to 
screening and control populations by socio-economic category 

(247) 

Mortality/1000 Woman- Years 
All-Cause Cardiovascular Disease 

Socio-Economic General Practices General Practices 
Category Screening Control Screening Control 

Highest 5.99 7.85 2.14 3.18 
Medium 7.97 8.84 3.03 3.14 
Lowest 9.12 10.04 3.67 4.34 

(245). Mortality from all causes in the controls exceeded 
that of the study population by 20 per cent, this being due 
predominately to deaths from cardiovascular disease. When 
stratified by age these differences were highly significant. By 
applying a factor to correct for socio-economic status be- 
tween practices, this difference in mortality, although still 
present, became insignificant. This method of adjustment 
was subsequently used in the Edinburgh screening trial, but 
differences in all-cause mortality between study and control 
populations were still evident. This can only be regarded as a 
serious confounding factor. 

In the U.K. trials it can safely be assumed that screening 
mammography was rare in the control populations. In the 
HIP trial also mammography was 'extremely infrequent' in 
the controls (1 37). In the Two-Counties trial 1 3  per cent of 
control women had at least one mammogram, which will 
have reduced its effectiveness; but not to the extent to which 
free access to mammography could have influenced the 
results of the Malmo trial. Almost one-quarter of women (35 
per cent of 40-49 year olds) in a sample of the control 
population had at least one mammogram. A similar figure 
can be assumed in Stockholm: 25-30 per cent of the invited 
population had a mammogram within the previous three 
years of entering the trial. 

Selection bias has a profound effect on the results of a 
case-control study. Women accepting an offer of screening 
such as in BCDDP and the Canadian national trial centres 
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were shown to be generally well educated and health aware. 
But it should not affect those of controlled trials in which an 
analysis of mortality is based on all deaths in the invited 
study population, irrespective of whether women attend for 
screening. 

However, it can affect the proportion of women who 
accept the invitation to be screened. In the HIP trial, those 
who refused or were reluctant participants of screening 
were less health aware than those who promptly accepted 
their first invitation. They also had higher socio-economic 
and educational status (1 77). 

This effect can be assessed by comparing breast cancer 
incidence and mortality and also all-cause mortality in those 
who accepted or refused an invitation for screening. This 
information is not generally available; but in the HIP study 
the incidence of breast cancer in the 'refused' group was, 
compared to the control population, low, while survival was 
more favourable. All-cause mortality, excluding breast can- 
cer, was higher in the 'refused' group. This finding was 
taken by some to represent an under-reporting of breast 
cancer deaths, but, as the excess of deaths was due to cardiac 
and respiratory disease, this is unlikely (Table 29). Further, 
the total number of cases of breast cancer in study and 
control populations were equal at 10 years, and mortality 
from all causes other than breast cancer were identical. 

TABLE 29. Comparison of a1 1-cause mortality, breast cancer 
detection rate and 10-year case survival i n  women attending for 

and refusing screening i n  HIP trial (1 7 7 )  

Study Population 

Screened Refused Controls 

All cause mortality 56.8 93.0 68.9 
(excluding breast cancer) 
per 10,000 woman-years 

Breast cancer detection 2.26 1.61 1.95 
within 5 years of entry 
(per 1000 woman-years) 

10-Year case survival 64.4 49.4 46.4 

SOURCE: Johns Hopkins University Press, with permission. 
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In the Two-Counties trial the incidence of breast cancer in 
the group who did not attend was higher than in controls, 
and the disease was more advanced. The suggestion that 
there was an increased mortality from intercurrent disease 
in women with breast cancer in the study population has not 
been supported by a detailed analysis of the causes of death. 

It has been said that, because all-cause mortality has not 
been reduced in any of the populations offered screening, 
screening for breast cancer has no purpose; a criticism 
which was directed particularly at the Swedish study. 

But, as has been pointed out by Tabar and his colleagues, 
in the age group invited to be screened in Sweden, breast 
cancer accounts only for 7 per cent of all deaths. A 30 per 
cent reduction in mortality from breast cancer, therefore 
would lead only to a 2 per cent reduction in mortality 
overall. Further, up to an average of 8 years of follow up, 
deaths from breast cancer diagnosed since the start of the 
trial are only one half those expected in the general popula- 
tion; so that the expected effect on all-cause mortality is only 
1 per cent Tabar pointed out that very few public health or  
therapeutic measures in western countries could be expected 
to show a significant effect on all cause mortality: an 
outright ban on smoking might be the one example! (207). 

Response 
In the U.K. TEDBC, 51 per cent of the deaths in the study 
populations occurred in the 28 per cent of women who did 
not attend for screening: in the Two-Counties trial, respec- 
tive figures were 30 and 10 per cent. In  Table 25 the 
proportion of women 'stabilising' for screening in the 
invited populations are compared. Edinburgh is bottom of 
the league. Attendance rate is a key issue in determining the 
success of a programme. Only those women who attend for 
screening can hope to derive benefit from it. 

One reason for non-response is listing under a wrong 
address. Although in an Edinburgh study this only ac- 
counted for 3 per cent of non-attenders, this was of a 
practice where lists were known to be more accurate than 
average. In the Edinburgh trial overall it approximated 5 
per cent (232). 
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The number of women who promptly accepted a first 
invitation to be screened in the HIP study was only 42 per 
cent. Special steps were required to encourage another 25 
per cent to attend. In most programmes a second invitation 
has been sent some months after a non-response to the first; 
but thereafter women not attending ('refusers') do not 
receive further invitations. The positive promotion of 
screening may increase attendance, but even in the U.S.A., 
where mammographic screening is strongly promoted, only 
17 per cent of 50,000 women surveyed in 1987 had a 
mammogram during the previous 12 months. Sixteen per 
cent had never heard of mammography (248). 

The reasons for non-compliance have been addressed. In 
the HIP study, a detailed examination of demographic 
characteristics of a sample of 'refusers' indicated that they 
were older, had lower educational attainment, were less likely 
to be Jewish, to have married or borne children or  to have 
previously reported a lump in the breast than attenders. 
Their attitude towards preventive health measures was indif- 
ferent. Women who did not require extra efforts to accept 
the invitation and those who regularly attended the whole 
HIP programme had high socio-economic and educational 
attainment. But no such personal characteristic marked more 
than half the women who attended all four examinations. 

In Britain, studies to determine whether attendance at a 
breast screening clinic is a problem of 'administration or 
attitudes' (249-50) have revealed that similar factors apply. 
Women of low socio-economic status, who are poorly edu- 
cated and who are frightful of the outcome of screening are 
less likely to attend, as are those who are unmarried, 
separated, or  divorced. But for many (60 per cent in one 
sample) the dominant reason for non-attendance was based 
on practical issues: away on holiday, work or family commit- 
ments, o r  simply lack of interest, regarding screening as 
irrelevant. Many just 'could not be bothered' to attend. 

A critical factor influencing attendance is a woman's 
previous health behaviour. In Edinburgh, Roberts and her 
colleagues wished that the randomised trial should be car- 
ried out within a well-informed population. A survey by 
interview of 810 women, selected randomly from popula- 
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TABLE 30. Examples of knowledge about breast cancer i n  Scottish 
women (25 1) 

About Breast Cancer % Yes Answers 

Can cause symptoms other than lump 

Accounts for 1 : 10 of all lumps 

Trauma may be a cause 

Cannot or only sometimes can be detected at 
at early stage 

Surgery is only treatment 

Self-examination practised 

regularly 

Cure more likely if 'caught' early 

tion registers in Aberdeen and Edinburgh, revealed that the 
level of knowledge concerning the nature of breast cancer 
was poor (Table 30) (251). Only 2 per cent of women 
recognised skin dimpling as a symptom of breast cancer; and 
45 per cent that there was any treatment for the disease 
other than surgery. Although 87 per cent had heard of 
breast self-examination, only 57 per cent practised it, 19 per 
cent on a regular basis. Young women (39-49), those of 
better 'social class' and those with a history of a previous 
breast problem were more knowledgeable. The majority (87 
per cent) understood that early diagnosis increases the 
chance of cure, but only 42 per cent believed it possible to 
detect the disease in its early stages. These are dreadful 

TABLE 3 1. Attendance in  Edinburgh according to age and socio- 
economic status (highest and lowest of six categories) (2 13) 

% Attendzng Annual Screenc 

1st 2nd 3 i d  

Age 45-49 63.8 56.8 55.9 
60-64 56.5 47.7 47.6 

Socio-economic status 
Highest 67.3 61.5 59.6 
Lowest 53.9 47.2 45.0 

All women 61.3 54.6 53.1 
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statistics. Older women were less likely to attend, either for 
their initial screen, or more-so for repeat screens. Age and 
socio-economic status were important determinants of at- 
tendance in the Edinburgh programme. (Table 31). 

A campaign of health education, funded by the Cancer 
Research Campaign, coincided with the start of screening 
(252-3). It consisted of a standard talk with slides, and a 
leaflet. Key messages were aimed to reassure (Table 32). The 
advantages of early detection were stressed, including that 
of avoiding mastectomy; self-examination was encouraged 
and taught. Recruitment was through industrial medical 
officers, personnel managers, and church, social and politi- 
cal organisations, with some low-key publicity. 'Health 
shops' were opened temporarily to provide information on 
woman's health in several parts of the city, one of which, in a 
central location, remained open for 16 months. Over a 12- 
month period 12,000 women attended talks, and 70,000 
leaflets were distributed. Contact of some type was made 
with 25 per cent of women in Edinburgh. 

TABLE 32. Key messages in  Edinburgh education campaign 
(252) 

a Nine of ten breast lumps are harmless 

a Risk of breast cancer increases with age-very rare in young women 

a Early diagnosis leads to increased chance of cure 

Women can help themselves by self-examination 

a If breasts change, see a doctor 

Evaluation of the campaign was by questionnaire and by a 
further interview to assess knowledge about breast cancer in 
randomly selected women in Aberdeen and Edinburgh. 
When adjusted for age and socio-economic status, this 
demonstrated a small but significant improvement in gen- 
eral knowledge about the breast and in the techniques of 
breast examination in the Edinburgh sample. But, despite 
the delivery of leaflets to all women in the control popula- 
tion of the screening trial, the incidence of locally advanced 
disease was unchanged (254). 

Maureen Roberts suggested that in Britain an intensive 
campaign of health education, backed up by self-referral 
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diagnostic clinics, should take precedence over breast 
screening (29). No one can deny the importance of righting 
an appalling situation; but the introduction of screening 
should strengthen this objective, increasing awareness of the 
importance of early diagnosis and also of the need for high- 
quality diagnostic services. To deny the potential effective- 
ness of the only method proven to reduce the mortality from 
breast cancer could but weaken the importance of these 
other measures in the eyes of our female population. As 
indicated by Jocelyn Chamberlain, we 'cannot throw out the 
baby with the bath water!' (255) 

It  is salutory to consider that less than 10 per cent of 
women were motivated to attend BCDDP and the Canadian 
national trial screening centres on the advice of their 
physician. It is the responsibility of all health professionals 
to become aware of why women are being screened and, if 
they accept the potential for benefit, to encourage women to 
attend. This encouragement should start in the doctor's 
surgery. In practices participating in the pilot study for the 
Edinburgh programme, examination of the breasts was 
regularly practised; 82 per cent responded promptly to an 
invitation to be screened. 

Efficiency 
The only correct measure of efficiency of a screening 
programme for breast cancer is mortality. Comparisons of 
mortality as an endpoint are possible only within structured 
controlled trials or, to a lesser extent, case-control studies; 
and this takes years. Alternative methods to measure the 
efficiency of ongoing programmes are a necessary part of 
quality control. 

Those used to evaluate mammography as a diagnostic 
method have already been referred to: sensitivity, specificity, 
and predictive value. Sensitivity: how often a mammogram 
yields a positive result when breast cancer is present; specifi- 
city: how often the mammogram is negative when breast 
cancer is not present; and positive predictive value: the 
frequency with which a positive test indicates the diagnosis 
of the disease. 
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Sensitivity. As indicated on page 55, the calculation of 
sensitivity conventionally uses the number of interval can- 
cers that emerge during the 12 months following a negative 
screen to represent 'missed' cases, and these are added to 
the number of positive tests to provide a denominator for 
the sensitivity equation. Although the usual interval is 12  
months, some have preferred 24 months, which obviously 
lowers sensitivity (220). In  an attempt to define interval 
cancers more logically, Shapiro and colleagues counted as 
interval cases not only those surfacing within 12 months of a 
negative screen, but also those which at their first annual re- 
screen were locally advanced. In programmes of biennial 
screening the total numbers of interval cancers diagnosed 
between screens are used to determine sensitivity. In  Edin- 

TABLE 3 3. Comparison of sensitivities of screening Programmes 
(17'7, 229, 237, 225, 220, 213, 166) 

Number of Cancers 
Detected on Interval Sensztivity 
screening 5% 

PREVALENCE SCREEN: 12 MONTH INTERVAL CASES 
H I P  55 12 
Gavleborg 172 10 
Nijmegen 5 2 4 
Edinburgh 9 2 8 
Guildford 9 3 6 

PREVALENCE SCREEN: 24 MONTH INTERVAL CASES 
Gavleborg 172 3 3 
Stockholm 124 64 
Nijmegen 52 14 
Edinburgh 9 2 4 0 

PROGRAMME 
Two-Counties 797 261 

(7 yr) 
Stockholm 217 102 

(5 yr) 
Nijmegen 203 6 7 

(14 yr) 
Edinburgh 201 8 0 

(7 yr) 
Guildford 186 7 7 
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burgh and Guildford mammography was a biennial event, so 
that those cases detected on the clinical-only intervening 
screen can be regarded as 'interval' to allow comparisons 
with other programmes. The sensitivity of the whole pro- 
gramme can also be calculated in this way. Comparative 
figures for these various estimates of sensitivity are given in 
Table 33. They indicate the difficulty of comparisons based 
on interval cases; but suggest that, compared to Nijmegen 
and the Two-counties studies, the efficiency of the British 
programme was in doubt. 

Interval cancers include not only 'misses' but also highly 
aggressive cases which 'surface' within a few months of a 
truly negative screen. 

To correct for this, the initial screening mammograms of 
interval cases can be reviewed, to determine with hindsight 
whether the lesion was detectable at that time, and therefore 
a true 'miss'. This was done in Malmo, where three of six 
interval cases surfacing within six months had demonstrable 
abnormalities on their screening mammogram, two of which 
were regarded as true false-negatives. On  this basis, the 
sensitivity of the first screen in the Malmo trial was 94 per 
cent (204). 

A similar method has been used to determine sensitivity in 
the Canadian trial. The screening mammograms of those 
cases detected by clinical examination alone at the initial 
screen, those emerging spontaneously as interval cases over 
the next 24 months, and those detected clinically at the first 
annual re-screen were reviewed and apportioned as true 
misses or true interval cases. The overall sensitivity of the 
first screen, calculated on this basis, was reported to average 
$5 per cent. In  the 15 centres involved it varied from as low 
as 57 to a high of 100 per cent (236). 

But, as Day constantly states, the calculation of sensitivity 
from the numbers of interval cancers is an uncertain exer- 
cise. Not that a comparison of interval cases is not helpful; 
but they must be expressed as a rate, proportional to the 
expected incidence of breast cancer in the absence of 
screening. This rate can be determined in the Two-Counties 
and Edinburgh trials from the control populations so that a 
comparison can be made. In the Two-Counties trial the 
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proportional incidence of interval cancers was 19 per cent in 
the first and 32 per cent in the second 12 months after a 
negative screen. In Edinburgh, even when those cases 
detected at the first annual clinical screen were discounted, 
the corresponding rates were 28 per cent and 36 per cent; a 
very unfavourable comparison. 

A simple mathematical method of calculating sensitivity 
from prevalence and incidence rates related to expected 
incidence has been devised by Day (183). The rate of 
detection of cancers in the screened population at first 
screen (prevalence rate) by itself gives a guide as to the 
efficiency of screening; but this depends not only OE the 
efficiency of screening, but on the prevalence of breast 
cancer in the population that is screened. This rate also is 
therefore better expressed as a proportion of the expected 
incidence rate. 

These different methods of calculating sensitivity have 
been applied to the HIP trial. That of the whole pro- 
gramme, based on 12-month interval cases was 73.7 per 
cent. If, following a negative first screen, those with non- 
localised disease detected at their first annual re-screen 
were included as interval cases, sensitivity ~vas reduced to 
72-4 per cent. If node positive cases at re-screen were 
included, sensitivity was correspondingly lower. Sensitivity 
calculated on the assumptions that the difference between 
the detection rate at annual re-screens and the underlying 
incidence rate represented missed cases was higher, at 76.1 
per cent; while that calculated from application of the 
exponential model was 80 per cent! Sensitivity is a variable 
parameter. 

Specz$city. Different methods of calculating specificity have 
also been applied. Most commonly this is derived from the 
number of screens having a false positive recommendation 
for investigation. Over the whole course of the HIP pro- 
gramme this amounted to 6.1 per cent, giving a specificity of 
93-9 per cent. Similar figures have been reported from 
other programmes. 

The problem of false-positive interpretation of a screen- 
ing mammogram is considered in Chapter 9. 
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Lead-time. Ideally one wishes to know the time by which the 
diagnosis has been advanced by screening. Following an 
episode of screening there is a period of 'escape' when the 
incidence of breast cancer in those with a negative screen 
falls below that expected in the absence of screening. Cases 
then gradually start to emerge at periods of time pro- 
portional to their agressiveness; first the rapidly growing 
turnours, then those of moderate growth, and finally the 
slow-growing non-aggressive tumour. The distribution of 
these emerging cases mirrors the pool of cases that is 
sojourning during their pre-clinical detectable phase, so that 
mathematical analysis of the rates of incident cases can be 
used to calculate the time by which diagnosis has been 
advanced by screening and its distribution. Shapiro and his 
colleagues used both parametric and non-parametric equa- 
tions based on this 'escape' model to estimate lead-time in 
the HIP study, which is reported to vary between from one 
to over two years. 

A second method used to calculate lead-time in the HIP 
project was to compare, in women developing breast cancer 
in study and control populations, the times between date of 
entry to the trial and that of diagnosis up to the 'catch-up' 
point when the total number of cases in each population 
were about equal. Two such calculations were performed, 
one including cases diagnosed to 71, the other to 77 
months. The average time of advancement of diagnosis in 
the study group was 10.4 months (1 77). 

Models. Since screening started, statisticians have used 
mathematical models to ascertain the benefits and costs 
(e.g., risk of radiation cancers) of mammographic and 
clinical screening. Prior to reports of the HIP study, these 
were based on comparative data (e.g., between BCDDP and 
the SEER programme), but there was no way by which they 
could be validated. The availability of the results of the first 
randomised controlled trial (HIP study) presented an 
opportunity to validate mathematical models, which statisti- 
cians were not slow to take up. The various models that have 
been used have been reviewed by Prorok (256). Any attempt 
to describe or  to compare them is beyond my competence; 
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but the general conclusions, as summarised by Prorok, are 
(i) that annual screening by mammography and physical 
examination reduces mortality from breast cancer by from 
10 to 40 per cent; (ii) that the radiation risk of mammo- 
graphy is relatively small at low doses, particularly if life 
expectancy is used as a measure of benefit; (iii) that the 
screening of women of less than 50 years of age requires 
further study; (iv) that annual physical examination alone 
cannot realise a significant percentage of the gain realised by 
its combination with mammography; (v) that breast self- 
examination may have significant potential to reduce mor- 
tality; and (vi) that the use of two-stage screening strategies 
should be explored. 

These conclusions, based on calculations from models to 
estimate benefit from the HIP trial MJere important, but the 
availability of reports of further controlled randomised 
trials have redirected efforts into using models to determine 
the efficiency of screening and to predict the optimum 
frequency. As has been mentioned earlier in this chapter, 
models that take account of the distribution of cancers in 
the pre-clinical detectable phase (sojourn time) have been 
developed. Thus, from the rates of cancers emerging after a 
negative screen related to the proportion of cases detected 
on the prevalent screen, one can calculate the distribution 
of tumours in their sojourn phase and derive the length and 
distribution of the lead-time and the sensitivity of the 
screening test. The methods used to perform these calcula- 
tions have been fully described by Day and Walters (82, 
257-260), who have applied them to compare the efficiency 
of HIP, the Two-Counties trial, and the population screen- 
ing project in Malmo. The results indicate that screening in 
Sweden and in Utrecht has improved characteristics com- 
pared to (HIP. Appendix table 23, p. 206). 

Stage Distribution. Mortality and sensitivity are only trvo of 
the measures that can be applied to assess the efficiency of 
screening. Another is the distribution of the stage of the 
disease. There is no doubt that mammographic screening, if 
effective, will discover the disease at an earlier stage, and it is 
now well documented that such cancers as are detected by 
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TABLE 34. Stage II and more advanced cancers reported i n  
controlled trials for H.I.P. Two-Counties and Edinburgh data 

pathological 'staging' is given (1 77, 21 1 ,  21 3, 219, 225) 
Stage II and Advanced 

Trzal Total Percent 
Cancers Number Percent Invaszve 

H.I.P. 
Study 
Control 

TWO-COUNTIES 
Study 
Control 

MALMO 
Study 
Control 

STOCKHOLM 
Study 
Control 

EDINBURGH 
Study 
Control 

screening are more likely to be non-invasive, o r  if invasive to 
be of smaller size and to have a lower frequency of involve- 
ment of the axillary lymph nodes. 

Comparisons of stage distribution are fraught with error, 
particularly when, as in several reported studies, they are 
based on retrospective analyses of hospital records, which 
are notoriously inaccurate. The classification of stages or the 
methods used may not be defined. It may not be clear 
whether tumour size has been measured by clinical, mam- 
mographic, or  pathological measurements, whether a diag- 
nosis of i n  situ disease has been validated by a review panel 
(and in the HIP study discordance was reported), or whether 
lobular carcinoma in  situ (which is not relevant) was ex- 
cluded. 

To rationalise on the use of staging and allow comparisons 
of the efficiency of screening projects, Tabar and his col- 
leagues proposed that the incidence of in  situ disease should 
largely be disregarded. As non-invasive cancers do not 
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surface as invasive disease for many years, their detection 
cannot contribute immediately to any reduction in mortal- 
ity. It was believed that the reduction in mortality in the 
Two-Counties trial was dependent upon the detection of 
invasive cancers when still small and non-disseminated. 
Success in their detection was therefore monitored by the 
cumulative rates of stage I1 and more advanced cancers. 
These were assessed on the basis of the 1978 UICC system 

33. Comparison of cumulative rates of stage I1 and more advanced 
cancers in Swedish and Edinburgh trials (from Table 34). 

HIP MALMO TWO- 
COUNTIES 

STOCKHOLM EDiNBURGH 

of staging, using pathological criteria to measure tumour 
size and axillary lymph node status. 'Advanced' tumours 
were those over 2 cm in size; those that were node-positive, 
irrespective of size; and those that were locally advanced or 
disseminated. 

Consideration of cumulative rates indicated an initial 
excess of advanced cases in the study population. At trvo 
years this crossed over with that in the controls and then 
diverged in favour of the study group. The cross-over effect 
preceded that of mortality by two years. The cumulative 
rates reported in the Malmo trial have a similar pattern, as 
do those from Stockholm (when not corrected for 'hidden' 
cases in the control population), but those from Edinburgh 
are radically different, suggesting that the efficiency in 
detecting early disease has been poor compared to Swedish 
studies (see Figs 24, 26, 28, 30,  33).  
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While for comparative purposes it is more satisfactory to 
express the numbers of node positive and advanced cancers 
as the rates per 100,000 women, they are also reported as 
the proportion of cancers diagnosed. In Table 34 a compari- 
son of such proportions has been made. Edinburgh would 
appear to compare badly with Swedish centres. Not that 
screening failed to have an effect: for as was shown in 
Appendix table 16 the incidence of stage I11 and IV 
(advanced) disease was markedly reduced. But it is the 
detection of the small invasive cancer at a node-negative 
stage which is critical for success. An estimate of the 
proportion of such cases based on pathological data in the 
Two-Counties and Edinburgh trials is given in Table 35: again 
to the disadvantage of the Edinburgh programme. 

TABLE 35. Comparison of proportion of invasive cancers which 
are under 2 cm in size and node negative on pathological 
assessment. For Edinburgh data only those tumours in which size 

and node status are known are included ( 2  13, 2 19) 

2 cm node negative 
Invaszue 
Cancers Number % 

TWO-COUNTIES 
Study 1191 686 57.6 
Control 745 273 36.7 

EDINBURGH 
Study 333 134 40.2 
Control 239 5 0 20.9 

Although the detection of breast cancer at an in-situ stage 
may only prove beneficial after many years, this cannot be 
disregarded. 

The proportion of in situ disease reported infive studies is 
given in Table 36. With the exception of the Malmo trial, in 
which a substantial proportion of the control population had 
a screening mammogram, this is clearly increased in those 
offered screening. In some programmes of screening in U.K. 
the proportion of in situ cancers now exceeds 20 per cent. 

It has been suggested by Day that the relative deficit of 
cancers of 'advanced' type can be used to monitor the early 
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success of a screening programme. The distribution of these 
stages of cancer emerging after a negative screen will reflect 
the number left undetected in their sojourn phase (248). 
This requires an estimate of their proportional incidence in 
the screened population following a negative screen to that 
in the absence of screening, and this can be made available 
from unscreened controls. 

It is proposed to use this method of monitoring as an early 
indicator of effect in one of the controlled randomised trials 
that are now being initiated in Britain, that comparing 
different lengths of intervals between screens, and also to 
determine the efficiency of current new programmes of 
population screening. 

C O N C L U S I O N S  

It is difficult to draw any firm conclusions from these 
comparisons. If the Two-Counties trial is regarded as repre- 
senting the ideal situation for mammographic screening- 
with high compliance, excellent mammography and dedi- 
cated investigation of abnormal findings-one can only 
explain the inferior results of the U.K. programmes on the 
basis of poor compliance or poor screening, or both. In 
Malmo, screening was of a high standard, but the high 
incidence of mamography of the control population and the 
low power of the trial are confounding factors. If there is 
any doubt about the HIP study, it is why the results are so 
good, particularly when compared to the Two-Counties 
trial. But it should be noted that the performance of 
mammography in 13 per cent of the control population in 
Sweden may have diluted the full effect. The response rate 
in HIP was not high, and by modern standards the quality of 
mammography was poor. Only 55 per cent of screen- 
detected cancers were visualised; and Egan, who reviewed a 
10 per cent sample of all mammograms, regarded the 
quality to be 'inferior'. On the other hand, clinical examina- 
tion was performed by trained physician and, from personal 
observation in one centre, was meticulous. 
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It  has been suggested that a substantial selection bias may 
have affected the results, this from the unusually 1o.c~ 
incidence of breast cancer in those refusing screening. But, 
as indicated above, this is not likely to have represented an 
under-reporting of breast cancer deaths. Further, consider- 
able effort has gone into validating the comparability of 
study and control populations. 

The British results are disappointing. But, at the start of 
the trials in Britain, we were criticised that the standards 
of mammography were not comparable to those in 
Sweden; a position now hopefully reversed. According to 
Lundgren, unlike their British counterparts, Swedish 
women are strongly motivated towards health, have confi- 
dence in their health-care system, and rarely present to a 
doctor with other than early cancer of the breast (261). 
The ratio between breast cancer mortality and incidence 
in Sweden is reported to have decreased from 60 per cent 
in 1960 to 36 per cent in 1982-84. The corresponding 
figure for Britain is 60 per cent. Sweden has no 'class 
system', which regretfully we are unable to abolish, little 
poverty, and the attitude of the population to instructions 
'from above' is compliant. Population registers are efficient 
and complete. Lundgren suggests that in Britain, 'poverty 
. . . ignorance, alienation, suspicion-combined with the 
slightly paranoic civil attitude may well be responsible for a 
largely ill-founded lack of confidence in medicine . . . the 
high rate of advanced cancer, the strikingly high breast 
cancer death r a t e . .  . and the low compliance in screen- 
ing. . . ', a round condemnation of our system of health (not 
sickness) care. 

It has been reported that only 9 per cent of women in 
Norway and 11 per cent in the USA have locally advanced 
disease when breast cancer is first diagnosed. Similar figures 
are reported in the control population in Malmo (Table 37). 
In  the Edinburgh control population this was 35 per cent, 
little different from that reported a decade ago (262). 

Further, as has been pointed out by Barbara Thomas, the 
mortality from breast cancer in the Malmo control popula- 
tion was lower than that of our screened groups (263). The 
message is clear. 
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TABLE 37. Contrasting stages i n  Sweden and other countries. 
Edinburgh and Malmo are for control populations i n  screening 

trials: percentages of invasive cancers (2 1 1 ,  2 1 3, 2 2 7, 2 73) 

1960-70 
Gavleberg 
Goteborg 

1975-85 
Havana 
Dublin 
Edinburgh 
Malmo 
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I N  T H E I R  R E P O R T  T H E  WORKING GROUP STRESSED THAT 

their recommendations regarding the age of the target 
population, the type of basic screening (whether single- or 
two-view mammography) and the interval between screens 
were to be regarded as initial, and that with experience 
modifications might be required. There was uncertainty as 
to the role of breast self-examination and whether this 
should be actively promoted. These four factors will now be 
considered. 

A G E  
The recommended age of the target population to be 
screened in the U.K. was 50-64 years. The upper age limit 
reflected the fall-off in response rates in older women that 
has been observed in all except the Goteborg study. Re- 
sponse for six rounds of screening in Nijmegen are given in 

TABLE 38. Attendance of invited women at screening clinic in 
Nijmegen (2  3 7) 

% Attending 2-Year Screens 

Age 64 I 2 3 4 5 6 

(50 86.9 77.3 72.0 68.9 67.4 66.7 
40-64 82.7 69.4 61.2 56.9 52.3 50.1 
65+ - 39.5 26.6 20.3 14.4 11.6 

SOURCE: International Journal of Cancer, Wiley-Liss Inc., with permission. 

Table 38. But it was recommended that women of 65 years 
and over who wished to have a screening mammogram 
should have free access to an NHS screening clinic. 

The recommendation not to start mammographic screen- 
ing until the age of 50 years was based on lack of evidence of 
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34. Comparison of results of trials and case-control studies in women 
of 35-50 years. Note contrast with Figure 32. For data consult 

Appendix table 24. 

REDUCED INCREASED 

H I P  

Two-Coun ties . 
Malmo 0 
Utrecht 

Nijrnegen - - 

I I I I I 
0.0 0.5 1.0 1 .5  2 .O 

relative r isk 

Florence - 

benefit in younger women. In neither the HIP nor the Two- 
Counties study was there a significant reduction in mortality 
in this age group; this has been confirmed in the Malmo trial 
and also by age-specific analyses of the case-control studies 
(Fig. 34) (Appendix 24, p. 207). It was believed that this was 
due to two factors: a relative lack of sensitivity of mammo- 
graphy in younger women with more glandular breasts, and 
too long an interval between screens. In the HIP study, 
mammography visualised only 33 per cent of cancers in 
women aged 40-49 compared to 58 per cent in older 
women; and the calculated lead-time for diagnosis for those 
40-44 years was 15.8 compared to 25.2 months for those 
50-59 years. In  the Two-Counties study, the proportional 
interval cancer rates within 24 and 48 months of a negative 
screen were, at 38 and 68 per cent, much greater than in 
older women (13 and 29 per cent) (Fig. 35 (1 3 1)). 

A recent analysis of the Nijmegen screening data, using 
mathematical modelling, suggests that the sensitivity of 
mammography in this age group is in the order of 85 per 

I 



AGE 

age group 40 - 49 years 

Ole 

breast '"1 
cancer 

incidence- "1 
control 60 

group 

t i m e  f rom previous screening ( m t h s )  

Tabar e t a \ .  1987 

3 5 .  Proportional rates of interval cancers following a negative screen 
in women of 40-49 years of age in the Two-Counties trial (264). 

cent, and that the high rate of interval cases is most likely 
due to tumours spending less time in the sojourn (pre- 
clinical detectable) phase (265). 

In the HIP trial a reduction in mortality did emerge in 
women under the age of 50 years at eight years after entry 
and has persisted for the full 18 years of follorv-up (Fig. 36). 
But, owing to the small numbers of women under 50 years, 
the statistical analysis had insufficient power to indicate 
significance either way. Other investigators have con- 
structed case-fatality tables from date of entry to the study 
(not date of diagnosis) for all cases of breast cancer in study 
and control populations diagnosed to a 'catch-up' point of 6 
to 7 years. They doubt that there is a threshold at age 50 
years for the observed reduction in mortality (218,266). In 
the most recent study, a significant mortality reduction of 24 
per cent (3-41 per cent), emerged nine years after entry in 
younger women (Fig. 37). 

Corroborative evidence has come from BCDDP, in which, 
even after adjustment for lead-time, women of 40-49 years 
whose breast cancers were screen-detected had improved 
survival compared to historical controls. In this age group 
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Shapiro et al , l988  

36. Cumulative mortality from breast cancer for cases within 5 years 
of entry of different ages (177). 

SOURCE: Johns Hopkins University Press, with permission. 

85.4 per cent of cancers were detected by mammography 
(63). 

In  the U.S. a baseline screening mammogram is now 
recommended for women at 40 years of age, this to be 
repeated annually; in Sweden, also, screening starts at that 
age. But there are objectors. In an analysis of the potential 
health and economic benefits of mammography, as an 
addition to clinical examination in women of 40-49 years, 
Eddy et al. have concluded that mammography should be 
made available only to those who 'understand the limits of 
its benefits, . . . its risks, and who are willing to pay its costs'; 
an opinion that has been violently opposed by Tabar 
(267-70). 

Existing data cannot resolve this critical question. The 
Canadian national trial, which is addressing it, lacks power 
and considers only a select group of women. In the 'Two- 
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37. Survival rates from date of entry into trial for women aged (a) 
40-49 and (b) 50-64 years of age with breast cancer diagnosed within 

6 years of entry (266). 
SOURCE: J. Nat Cancer Inst, with permission. 

Counties' of Sweden, women of 40-49 years are being 
randomised for immediate screening or for screening start- 
ing at age 50; and a similar trial is reported to be in progress 
in Gothenberg. But in view of the low incidence of breast 
cancer in this age group, and its relatively low mortality, 
larger numbers are required than are available in either 
study. 
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To provide a definite answer to this outstanding problem, 
a national U.K. study has been set up by the Breast Screen- 
ing Research Subcommittee (BSRS) of the U.K. Co-ordinat- 
ing Committee for Cancer Research (UKCCCR), in which a 
cohort of 195,000 women aged 40-41 years will be allocated 
randomly to study or control groups in a ratio of 2: l  for 7 
years. Women in the study group will attend existing screen- 
ing clinics for annual screening by clinical examination and 
mammography until the age of 50 years, at rvhich time both 
study and control populations will join the national screen- 
ing service. Mortality from breast cancer is the endpoint of 
the trial. This is a large and costly study, and one that we are 
uniquely able to perform. And it is critical that it should be 
done; for there is no other way by which the role of 
mammography for screening young women can be deter- 
mined with certainty (271-2). 

S I N G L E - V I E W  M A M M O G R A P H Y  

The decision to recommend medio-lateral oblique mammo- 
graphy of each breast as the sole screening procedure in the 
U.K. was based on Swedish and Dutch experience. Single- 
oblique-view mammography was the only screening method 
used in the Two-Counties and Stockholm randomised trials, 
and in the population screening programme in Nijmegen 
(273). In Malmo, Goteborg, Utrecht, and Florence, two- 
view mammography was preferred, which Tabar now sup- 
ports. 

British radiologists have been critical of the recommenda- 
tion that single-oblique-view mammography alone should be 
used in the U.K. screening service, at least for the initial 
(prevalence) screen. In Edinburgh (but not in Guildford), 
oblique plus cranio-caudal films had been taken at the 
prevalence screen. A retrospective review of pre~alence 
screen films in Edinburgh indicated that reading two views 
detected more cancers than oblique alone, but  onl) by 4 per 
cent. In 100 consecutive cases of cancer detected in 
screened women, the 'miss rate' on single-oblique compared 
to two-view mammography was 6 per cent (274). 
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TABLE 39. Comparison of detection of cancer on different mam- 
mographic views in 491 patients with breast cancer (275) 

Detection i n  
491 Patients 

lMammographic Projection(s) No. @) 

Medio-lateral oblique alone 440 89.6 
Oblique plus cranio-caudal 463 94.3 
All three views 467 95.1 

From Andersson et al.. 260. 

There are now a number of reports of retrospective 
comparisons of the accuracy of single-oblique versus 
oblique-plus-craniocaudal mammography, and in one also 
a third medio-lateral view. These indicate that cancer 
detection rates may be less by up to 5% compared to two- 
views. But even two-views will miss cancers compared to 
three views (275-80). In Malmo, the 'miss rate' of cancers 
on the oblique view alone was 10 per cent; however, 6 per 
cent of cancers were also missed on two (oblique and 
craniocaudal) compared to 5 per cent on all three views 
(Table 39) (275). 

40. Results of study of single- versus two-view mammo- 
in 167 patients with cancer and 174 healthy controls 

(276) 
Cancer Patients Normal Women 

Oblique Oblique+ Oblzque Oblzque+ 
View Cranzo- View Cmnio- 
Only caudal Only caudal 

Interpreted as 
abnormal 90% 84% 39% 12% 

Recommendation for 
additional view 23% 4% 32% 5% 

Recommendation for 
biopsy 6 7% 80% 7% 7% 

Three radiologists interpreted each case. 
SOURCE: Radiological Society of North America, with permission. 
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Recall rates must also be considered. In a study reported 
from North America, three experienced radiologists inter- 
preted a random selection of films in 169 women with 
cancer and 194 health controls, reading first the single- 
oblique view and six months later both oblique and cranio- 
caudal (276). Reliance on the single view would have missed 
only a small number of cancers, but would have increased 
greatly recall and biopsy rates (Table 40). But this study 
was in no way representative of screening. Not only were 
young women of 28 years of age and over included, but 
the radiologists were asked to make recommendations for 

TABLE 41. Retrospective study of interpretation of single medio- 
lateral oblique and two-view mammography by the same 

radiologist i n  2500 consecutive women (277) 

h'umber (%) W'omen 

Oblique Oblique+ 
View Only Craniocaudal 

Interpreted as abnormal 642 (25.7) 179 (7.2) 

Generated biopsy 76 (3.0) 83 (3.3) 

Generated diagnosis of cancer 25 (1.0) 27 (1.8) 
- -- 

SOURCE: American J. Roentgenology, with permission. 

biopsy on the single view alone, which is quite contrary to 
screening procedure. 

The study of Sickles is taken to be more representative of 
screening requirements and has been widely quoted as 
supporting two-view screening mammography (277). Single- 
oblique and subsequently oblique-plus-craniocaudal views 
of the screening mammograms of 2500 asymptomatic 
women were separately reported. Reading the oblique view 
alone generated a suspicion of an abnormality three-and-a- 
half times more frequently than when two views were 
available; these most commonly being due to composite 
(overlapping) breast shadows or calcifications (Table 4 1). On 
seven occasions an abnormality seen only on  the craniocau- 
dal view generated a biopsy that in two women uncovered an 
impalpable cancer; a miss rate for the diagnosis of cancer of 
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8 per cent (0.8 per 1000 women examined). It  should be 
noted that five separate radiologists participated in this 
study, that women of young age were again included, and 
that this group have reported the screening of 15 women a 
day as 'large-scale operation' (278). This is very different 
from the real-life situation of population screening, where 
one radiologist is expected to regularly read the films 
of some 70-80 women from one day's screening. One 
cannot compare 'screening mammography' as practised in 
the U.S. with the screening services now being set up in 
Europe. 

None of these studies represent 'real-life' screening, in 
which a decision for action (i.e., to recall or not for review) 
has to be made. Experience in the U.K. now suggests that 
not more than 6 per cent of women will be recalled 
following a single-view mammographic screen, a situation 
closer to Swedish figures ( ( 5  per cent) than those suggested 
by these retrospective studies. But we do not know the truth, 
which can be determined only by a controlled randomised 
trial in which women invited to be screened are randomly 
allocated either for single-oblique or two-view mammogra- 
phy, on each of which a decision must be made. Strict 
monitoring of recall, cancer detection and interval (missed) 
cancer rates and cost is necessary. 

In the U.K. such a study has been planned under the 
auspices of the BSRS (271). This will include 70,000 women 
(2'70). By using two radiological assessors at each screening 
centre, it is intended to compare not only the rates of recall 
and cancer detection in different women having one or the 
other form of mammography, but also to compare these in 
the same women, dependent upon which of the two radiolo- 
gists' recommendation had been acted upon. A pilot study 
to test feasibility has now started. 

Meantime, single-view mammography remains the rec- 
ommended basic screening method in the U.K. Exceptions 
may be necessary in outlying rural communities, where 
recall for additional mammographic views can cause difficul- 
ties; although this does not appear to have been so in 
Gavleborg. In Sweden the National Board of Health and 
Welfare recommended single-oblique-view mammograph) 
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for women over 50 years of age, but that two-view mammo- 
graphy was necessary for screening women of less than 50. 
But age is another question. And, clearly, the ultimate 
choice of single versus two-view screening mammography 
will depend on the results of the U.K. trial. 

Two-view mammography costs more than the single- 
view-in Clarke and Fraser's survey about 20 per cent 
more-but this does not take into account a reduction in 
numbers requiring to be recalled (281). Although, from the 
figures from Swedish centres, this does not appear to be a 
major issue (Table 51). 

The role of double-reading of mammograms is another 
question which requires to be addressed. 

F R E Q U E N C Y  O F  S C R E E N I N G  

The recommendation that mammographic screening should 
be repeated at intervals of three years was based on the 
results of the Two-Counties study, which had shown a 
significant reduction in mortality from breast cancer in 
women of 50-64 years screened by single oblique-view 
mammography each 33 months. Screening at an interval of 
three years was also in practise in Gavleborg. But there are 
no direct comparisons of the effect of different intervals of 
screening on breast cancer mortality. 

As already indicated, a guide to the efficiency of screening 
is the number of interval cancers that surface follo~ving a 
negative screen, expressed as the proportion of the ex- 
pected incidence of cancer without screening. Proportional 
interval cancer rates for women aged 50-69 years in the 
Two-Counties study climbed rapidly between the second and 
third year after the initial screen, suggesting that the interval 
of three years was too long (264). Current recommendations 
in Sweden favour 24 months (Fig. 38). 

Attempts to determine the optimum frequency of screen- 
ing from mathematical modelling also have been made. But 
to know for certain which of the possible intervals between 
screens is most cost-effective, a direct comparison of differ- 
ent intervals is required. 
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38. Proportional rates of interval cancers following a negative screen 
in women of 50-69 years of age in the Two-Counties trial (264). 

This is being conducted in the third controlled random- 
ised trial planned in the U.K. by BSRS (257). It  is intended 
that 130,000 women invited to attend the national service 
for screening will be randomised for attendance at three- 
year or  one-year intervals in a ratio of 2: 1. The end point of 
the trial is mortality, but an interim analysis will be con- 
ducted on the basis of tumour size, node status and grade of 
malignancy of the cancers detected in study and control 
groups, which will be used to forecast likely mortality 
effects. This trial, which will be conducted in five screening 
centres, has entered its pilot phase. 

BREAST S E L F - E X A M I N A T I O N  ( B S E )  

Regular clinical examination of the breasts by a physician is 
more commonly practised in the United States than in the 
U.K. This was normal practice in over 93 per cent of a 
sample of the 280,000 women who participated in BCDDP. 
Regular breast examination by doctors or nurses was in- 
cluded in the HIP and TEDBC trials and DOM (Utrecht) 
programme, but there are no data from which its effect in 
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reducing mortality from breast cancer, either alone 01- as an 
addition to mammography, can be assessed. This is being 
addressed in older women (>50 years) in the Canadian 
national trial. 

In Tampere, Finland, 20,644 women aged 41-60 years 
were invited for a clinical examination of the breasts. 617 
were believed to have an abnormality, for which all but 2 
returned for further investigations. Twenty-seven had can- 
cer. Compared to mammographic detection the prevalence 
rate of 1.3 cancers per 1000 women examined is low. So also 
is the positive predictive value of a detectable abnormality, 
only one in twenty-three proving to be cancer (282). The 
detection rates for cancer at clinical and clinical plus mam- 
mographic screens in the Edinburgh programme also indi- 
cate the lower sensitivity of clinical examination (Fig. 39). 

Despite the opinions of some (283), it would appear 
that when screening mammography is of high quality, the 
addition of a clinical examination has little to offer in 

39. Cancer detection rates in the Edinburgh trial comparing clinical 
plus mammography and clinical only screens (2 13). 
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terms of the detection of additional cancers. In the HIP 
trial, in which clinical examination and mammography 
were both performed annually, 45 per cent of cancers 
detected through screening ~rould have been missed had 
clinical examination not been performed. Ten years later 
in BCDDP, in which the pattern of screening was similar, 
the contribution of clinical examination in detecting addi- 
tional cancers was small. Only 257 to 3437 (7 per cent) of 
screen-detected cancers were detected by clinical examina- 
tion alone (63). In Edinburgh and Guildford also, clinical 
examination did not add greatly to the diagnostic yield 
from mammography. In the prevalence screen in Edin- 
burgh the two modalities (mammography and clinical ex- 
amination) were independently assessed; without clinical 
examination, only 4 per cent of cancers would have been 
missed (214): in Guildford the corresponding figure was 9 
per cent. (263) And this w7as at a time when mammo- 
graphy in Edinburgh was thought to be relatively insensi- 
tive. 

The small contribution which clinical examination makes 
to the detection of cancer in addition to modern mammo- 
graphy must not be construed as indicating that the major- 
ity of mammographically detected cancers are impalpable. 
Regretfully, the opposite is the case. In the prevalence 
screen in Edinburgh 74 per cent of cancers detected by 
screening were clinically palpable. It is for this reason that 
a clinical examination should be included early in the 
review procedure for assessing mammographic abnormali- 
ties, and why examination of the breasts should be an 
essential part of the medical examination of any woman 
who consults her doctor for any reason. This is far from 
being routine in Britain. 

It has been recognised for many years in hospital practice 
that most cases of breast cancer come to light because the 
woman herself discovers a lump in her breast. And it is 
obvious that a woman who examines her own breasts 
regularly is more likely to become conversant with their 
texture and structure than an occasional medical examiner. 
All with experience of breast disease have been consulted by 
women who have detected a tiny 'rice-grain' or 'match-head' 
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TABLE 42. Overview of six studies in  which practice of breast self- 
examination was related to the size and state of the axilla?y nodes 

of breast cancer (288) 

Axillary iVodes 
Tumour Size (2 cm Not Involved 

Total No. Total No. % L\Tegative 
Women % (2 cm Women Nodes 

Practised BSE 2137 43.6 2852 60.9 

Did not practise 
BSE 2260 33.6 2713 50.3 

Odds ratio 0.56 (0.38-0.81) 0.66 (0.59-0.74) 
Percent - 0.03 

nodule lying superficially in the breast that subsequent 
investigations have revealed to be a cancer. Haagensen went 
as far as to suggest that ' . . . from the point of view of the 
greatest possible gain in early diagnosis, teaching a woman 
how to examine their own breasts is more important than 
teaching the technique of breast examination & physicians' 
(284). 

While there would not appear to be any argument against 
breast self-examination (BSE) as good practise, its promo- 
tion on a population basis as a method of reducing mortality 
from breast cancer is much less certain. For its value must be 
equated against the risk of anxiety caused by repeatedly 
'looking for cancer' or of having unnecessary investigations, 
the potential morbidity of a surgical biopsy, o r  the dangers 
of false re-assurance. The pros and cons of BSE have been 
extensively reviewed (285-7). 

In an attempt to assess the value of BSE, a series of studies 
have been conducted in which the stage of cancers detected 
by women practising BSE has been used as an index of 
benefit. A meta-analysis of 12 such studies, including 8 1 18 
women, has been reported in which the variable assessed was 
the state of the axillary nodes, i.e., whether disease-free or  
involved (288). This was determined either indirectly by 
clinical examination or directly by histopathology of excised 
nodes. In those women who had practised BSE before their 
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breast cancer was diagnosed, the likelihood of having in- 
volved nodes was significantly reduced. Tumour size fol- 
lowed the same pattern, being smaller in those M J ~ O  regularly 
practised BSE (Table 42). 

A British study, not included in the meta-analysis, was 
reported by Mant and colleagues from Oxford, in which the 
relationship between the teaching and practise of BSE and 
the stage of breast cancer on diagnosis was examined in 61 6 
women aged 15-59 years (289). They also reported that 
those who were taught and practised BSE had smaller 
tumours and a reduced incidence of axillary node involve- 
ment (Table 43). 

A problem with all such studies is that the stage of the 
cancer has been determined retrospectively from hospital 
records, which are notoriously inaccurate. They are also 
confounded by the variabiIity of the methods used to 
determine stage and their inherent errors. This is well 
exemplified in the Oxford report by lack of information on 
pathological lymph-node status. It is hoped that more 
accurate information can come from the prospective com- 
parative study now being conducted as part of TEDBC and 
the controlled randomised trial of BSE being carried out in 
200,000 factory workers in Leningrad (290). 

TABLE 43. Clinical size and axillarv node status (where known 
from histological report) i n  61 6 won& related to practise of breast 

self-examination (289) 

Clinical Size Histological Confirmation 
of Turnour or Node Status 

Number of Size <2 cm hrumber of Nodes Not 
Women (%) Women Inuolued 

Not done 294 33.2 214 36.9 
Done but not 

taught 9 6 34.4 68 44.1 

Done and taught 
<monthly 8 2 43.6 54 46.3 

Monthly or 
more often 144 45.3 9 3 30.5 

From Mant et al., 271. 
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TABLE 44. Tumour  size and histolopical node status in  751 
L 2  

cancers emerging i n  women offered intruction i n  breast sey- 
examination compared to a consecutive series of 751 historical 

controls (293) 

Charactertsttcs of Cancer 
Number ATumber 

In sztu and ( 2  cm 351 46.7 281 37.4 

Node negative 2 319 42.5 250 33.3 

Grade I 109 14.5 70 9.3 

Differences reached significant levels when stratified by Sottingham 
prognostic index, their prognosis is more favourable (from Locker et al .) .  

In the intervention districts in TEDBC (Huddersfield and 
Nottingham) not offering active clinical and mammographic 
screening over 70,000 women aged 45-64 (22,484 in Hud- 
dersfield, 49,573 in Nottingham) MJere invited to attend for 
formal instruction in BSE. For those who detected abnor- 
malities, self-referral clinicals were set up  where clinical 
examination and mammography were performed. In Not- 
tingham the study has been extended to women of 40-64 in 
a second district, so that between 1979 and 1986 a cohort of 
89,010 women have been enrolled in the study group in that 
city (291-2). 

Response to a personal invitation to attend was moderate: 
30 per cent in Huddersfield and 42 per cent in Nottingham. 
The stage distribution of cancers detected in those women 
who attended in Huddersfield was little different from those 
who did not. But in Nottingham, compared to historical 
controls, there was a reduction in the stage of 751 cases of 
breast cancer diagnosed in the study population compared 
to historical controls. However, this has not yet been 
reflected in a mortality advantage compared to TEDBC 
comparison districts (Table 44; Fig. 40). 

From Nottingham a case-control study has recently been 
reported in which 201 women dying from breast cancer 
between the time of receiving their invitation and December 
1987 have been age-matched with three healthy controls 
who also had been sent an invitation for BSE education 
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40. Cumulative mortality rates in TEDBC: for BSE and comparison 
districts (21 2). 

(293). Women diagnosed as having breast cancer within 3 
months of their invitation to be screened were subsequently 
excluded leaving 43 premenopausal and 137 postmenopau- 
sal cases with 540 controls, in whom a history of having 
attended or not attended for education could be compared. 

In postmenopausal (but not premenopausal) women the 
relative risk of dying was significantly reduced by attending 
for education (0.66 (0.45-0.97)). 

No difference in survival of study versus historical con- 
trols was noted, but within the study group those attending 
for BSE education had significantly improved survival. Pos- 
sibly another example only of the strength of bias due to the 
self-selection of highly motivated and health aware women. 

An examination of the effect of BSE and routine physi- 
cian examination on breast cancer mortality mTas reported by 
Greenwald and colleagues. They interviewed 293 women 
with breast cancer to determine the method of detection of 
their tumour, the stage of which had been recorded. The 
distribution of stage in those whose cancers were detected 
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by BSE implied an expected reduction in mortality of 
around 20 per cent (294). 

The practical question that requires to be answered is 
whether the role of BSE in population screening requires to 
be formally examined, either as a sole method of 'screening' 
in young women or as an adjunct to the national screening 
programme. The large population study in Finland (295) 
lacks a control population; and it would appear that only 
TEDBC and the controlled randomised trial in Leningrad 
will provide an answer. But whatever the outcome, it must 
be appreciated that the positive predictive value for a 
diagnosis of cancer of self-referral on account of finding an 
abnormality is low. And BSE can never meet the primary 
objective of screening, which is to detect breast cancer 
during its sojourn (pre-clinical-detectable) phase. 

Acceptance to an invitation to attend a BSE class is not as 
good as that to a screening clinic, partly on  account of 
dislike of group compared to individual activities, but also 
from belief that active screening is more 'medical' and more 
likely to be effective (296-7). 



QUESTIONS OF MORBIDITY 
AND COST 

RISKS A N D  BENEFITS  

O N E  C R I T I C  H A S  S U G G E S T E D  T H A T  W O M E N  A R E  B E I N G  

hookwinked in being offered benefit that cannot be de- 
livered. For those whose breast cancers are detected on 
screening, there is no guarantee that treatment will cure or 
that survival will be prolonged. 

As stressed by Miller, in his discussion of the ethics, risks, 
and benefits of screening, one cannot imply that every 
screenee will derive benefit; some are bound to be disad- 
vantaged (298). There is potential anxiety, and also risks of 
false re-assurance in those screened. But this may happen 
irrespective of population screening, particularly in those 
countries where routine medical checks, which include 
mammography, are accepted as the norm. Attendance may 
not be without risk. One of Miller's screenees, travelling to a 
screening clinic from an outlying district in Canada, was 
killed in a plane crash! 

One would expect, as a result of the earlier detection of 
cancer through screening, that treatment would be less 
arduous and morbid. But this is not necessarily so. Many 
surgeons still prefer to recommend mastectomy for in situ 
disease, and there is a real danger that borderline lesions may 
be unnecessarily treated radically due to the over-diagnosis of 
pre-malignant or malignant change. It is also said that 
treatment which does not prolong life, by advancing the time 
of diagnosis, increases the duration of morbidity. 

This is a situation where the risks for some may outweigh 
the benefits for others, a difficult equation to solve. Yet it 
has been solved in other situations, for example, organ 
transplantation from living donors. 
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Benefits must also be considered. Most important is an 
improved life-span, which if the disease is treated early, 
should be symptom-free. Mortality from breast cancer in 
Utrecht, where screening started in 1973, has shown a 
marked reduction compared to other Dutch cities without a 
screening service (299,300). So also has that in Nijmegen 
fallen compared to Arnheim, which before screening 
started, had identical mortality rates (300). The mortality 
from breast cancer in Sweden has steadily fallen over the 
past decade (301) (Fig. 41). 

Less radical treatment is another possible benefit, and, 
although some surgeons still prefer to use radical treatment 
for early disease, this is not the general pattern. In Scotland, 
mastectomy is now performed only in a minority of patients 
for those with tumours less than 4 cm in size (302). 

In Gavleborg County, Sweden, where up to 1974 the 
incidence of locally advanced and disseminated breast can- 
cer (stages I11 and IV) was similar to that now recorded in 

41. Comparison of breast cancer mortality in the city of Utrecht 
(where screening was introduced in 1974) with other urban areas in 

Netherlands. M'omen born 191 1-1925 (299). 
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the control population in Edinburgh, there has been a 
steady decline in the number of such cases. Seventy-four per 
cent of newly diagnosed breast cancers are now of stage I, 
i.e., less than 2 cm in size and without-involved axillary 
lymph-nodes. The policy of treatment has changed to one of 
local excision of a segment of the breast alone without post- 
operative radiation of systemic therapy. Outlays on  screen- 
ing are now retrieved by reduced treatment costs. Relapse 
rates are not high: 11 per cent of 160 patients at four years 
follow-up. It is hoped that these women will also be spared 
the hazards of advanced disease with its diminished quality 
of life (261). 

In Edinburgh, a comparison of the treatment of breast 
cancer in screen-detected and control women has indicated 
that in the former conservation of the breast is more 
practicable. But, as will be discussed, a particular problem 
arises in the management of in situ cancer (see below) (Table 
45). 

TABLE 45. Surgical treatment of operable (Stages I and II) 
invasive cancer at Longmore Breast Unit, Edinburgh (2 13) 

Treated by Consewat ion  

Screen-Detected Controls 
287 Cases 129 Cases 

Almost all cases detected by screening and 57% of cases in the control 
population were referred to that unit for treatment. This was indepen- 
dent of the source of referral. Since 1982, breast conservation therapy 
has been considered for all tumours up to 4 cm in size. 

And to many women knowledge of a negative 'screen' is 
reassuring. 

If benefits are to outweigh risks, risks must be minimised. 
The quality of screening must be high. This includes every 
step in the screening process-from the original listing of 
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women in the target population to the follow-up of the 
patient with cancer after treatment. The need for close 
monitoring of all aspects of screening was stressed by the 
Working Group, which saw considerable advantage in asking 
central authorities to advise health departments on the 
introduction of breast cancer screening programmes, to 
monitor effectiveness and efficiency and to keep progress 
under review. This has been done, and a series of guidelines 
for all aspects of screening have been drawn up  by expert 
working parties and are being implemented (1 95,303-7). 
Further, an extensive programme of education has been 
implemented including the regular issue, with the support 
of the Cancer Research Campaign, of Network, a newsletter 
produced by Muir Gray and his editorial team that is 
circulated to all those concerned with screening. Monitoring 
and evaluation systems based on mathematical models have 
also been proposed by Day and his colleagues (260). 

A description of details of propositions for the assurance 
of quality is beyond the scope of this monograph; but it is 
reassuring that they reflect the endeavour of the health 
departments to get it right. For screening of poor quality is 
worse than no screening. 

Quality depends on people, and it is also reassuring that 
throughout U.K. radiologists, pathologists, surgeons and 
community medicine specialists are together seizing the 
opportunity not only to provide a model service, but also to 
use it as a valuable source of new knowledge. 

P S Y C H O L O G I C A L  E F F E C T S  

The psychosexual morbidity that can follow a diagnosis of 
breast cancer has already been referred to (page 40). There 
is concern that breast cancer screening by itself may have 
undesirable psychological or psychiatric effects, which may 
disadvantage those who participate. But, until now, this has 
been.largely a matter of opinion. Facts from two recent 
British studies suggest that it is an unwarranted fear. 

To assess psychiatric morbidity of women attending the 
Edinburgh Breast Screening Clinic, Dean and her  colleagues 
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invited a random sample of 151 women to complete a 30- 
item General Health Questionnaire ( G H Q  while waiting to 
be screened and again six months after screening (308). The 
GHQ is an instrument that is widely used to test for 
psychiatric disability, particularly anxiety and depression 
(309). Women also were asked to allow a trained researcher 
to interview them in their home six months after being 
screened. She enquired about their attitudes to screening, to 
breast cancer and to BSE, and assessed mental state with a 
psychiatric assessment schedule. A successful interview was 
achieved in 132 women. Controls, matched for age, marital 
status, social class and employment, factors which are knorvn 
to affect psychiatric morbidity and could cause bias, were 
randomly selected from the normal population. They also 
were invited for interview: 11 7 matched pairs were available 
for analysis. 

An additional sample of 158 women attending the screen- 
ing clinic during a one-week period were also invited to 
complete the GHQ before being screened and by post six 
months after attendance. Data were complete for 139. 

Of the 11 7 pairs interviewed, the prevalence of a psychia- 
tric disorder among the screened population did not differ 
from that in their matched partners, Nor did the type of 
'case', whether depressive or anxious, vary bet~veen the t~vo 
groups (Table 46). 

TABLE 46. Estimated prevalence of psychiatric disorder among 
interviewed women (308) 

RDC Dzagnoszs Screenzng Sample Comrnunzt~l Sample 
Nature of Dzso~der 11 17 women) (1 17 women) 

Major depressive 7 
Minor depressive 6 
Generalised anxiety 4 
Panic 1 

TOTAL 18 

Comparison screening and community samples 
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TABLE 47. General Health Questionnaire 'case rate' i n  269 
women in interview and postal samples before and 6 months after 

screening (3 0 8) 

Number of Women 

Before 6 Months 
Screening After 

'Cases' before not after screening 2 0 - 
'Cases' after not before screening - 2 1 
'Cases' on both occasions 2 6 2 6 

TOTAL 46 4 7 

Mean symptom scores were 1.766 and 2.048, respectively; difference 
not significant. 

The information obtained from the interview was used to  
determine a 'cut-off point' for a psychiatric disorder on the 
GHQ of these same women. There were 28 cases before and 
28 six months after screening. This same cut-off point was 
then applied to the GHQs of the second, 'postal', sample; 18 
were cases before and 19 six months after screening. 
Although different women were classified as 'cases' before 
or after screening, no significant differences were found 
(Table 47). 

TABLE 48. General Health Questionnaire scores of 5 or more i n  
women attending screening clinic, at initial uisit and 3 months 

later (3 10) 

96 Prevalence of 
GHQ Score of 5 i- 

At Tzme 3 ,l/lonths 
of Review Later 

Screened: no abnormality detected 24.0 19.2 
Recalled for review: no cancer 30.1 18.8 
Symptomatic: no cancer 35.7 31.0 
New diagnosis breast cancer 35.1 45.9 
Previous breast cancer 21.4 21.4 

The only significant difference between groups on initial attendance at 
the relevant clinic was that between routine screening and those sympto- 
matic but without cancer. At 3 months, significant differences were 
observed for symptomatic benign and cancer patients. 
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Women in whom an abnormality was detected on their 
screening mammogram, and as a result had to return to the 
clinic, were not included in the Edinburgh study. They were 
the subject of that carried out in Guildford. For this, five 
consecutive attenders for screening each week and five 
consecutive attenders at the review clinic (these being 
women recalled for further assessment) were invited, on 
attendance, to complete a 28-item GHQ designed to test for 
anxiety and depression of recent onset. Three months later 
the same women were again asked to complete the question- 
naire. Women referred to a hospital out-patient clinic with 
breast symptoms were similarly assessed (310). 

In total, 733 of 774 invited women completed both 
questionnaires. They fell into five groups: 

1. Screened and no abnormality detected 
2. Recalled for review but considered, after further inves- 

tigation, to be normal 
3. Symptomatic women in whom the diagnosis was of 

benign disease 
4. Women, either symptomatic or on review from screen- 

ing, who were newly diagnosed to have breast cancer 
5.  Women with a previous history of breast cancer. 

TABLE 49. Distribution of scores zn subgroups before and 3 
months after screenzng (3 1 0) 

Gloup I Gloup 2 Gloup 3 Gloup 4 G>ot~f~ 5 
(no 293) (no 271) (r70 134) (no 38) (no 14) 

Somatic symptoms 
before 
3 months after 

Anxiety 
before 
3 months after 

Social dysfunction 
before 
3 months after 

Depression 
before 
3 months after 

Group 1 are in the middle of the range expected for conlrnunit\-bated samples. 
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The prevalence of psychiatric morbidity in these five 
groups is given in Table 48, and the breakdown into anxiety, 
depression, social dysfunction, and somatic symptoms in 
Table 49. 

The scores for psychiatric morbidity were in the middle of 
the range expected from other community-based studies of 
women in this age group. There was no evidence of excess 
morbidity in women attending for screening; confirming the 
Edinburgh results. Women who attended the review clinic 
on account of a screen-detected abnormality did have 
significantly greater anxiety, but not more so than that 
experienced by symptomatic women attending the hospital 
out-patient clinic. Nor did it last; the score returned to 
'normal' levels at three months. 

In  only one group did significant and lasting anxiety cause 
psychiatric morbidity-those with a diagnosis of breast 
cancer. 

At interview women were asked how best anxiety might be 
minimised. Shortening of periods of waiting and good 
communication were regarded as paramount. 

These two studies provide strong evidence that participa- 
tion in a screening programme does not lead to any sus- 
tained increase in psychiatric morbidity. Fear that the 
anxiety provoked by screening outweighs its benefits are 
groundless. Not that women are not anxious. In the Edin- 
burgh study 30 per cent admitted to anxiety on receiving the 
invitation and 20 per cent on being examined, particularly 
by mammography. But this is not of morbid proportions; 86 
per cent found the experience reassuring. And even being 
recalled for further tests provoked no greater anxiety than 
attending a doctor's surgery (3 1 1-2). 

The value of nurse counsellors in a symptomatic clinic has 
already been referred to. So also have they a critical 
supportive role in screening. 
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TABLE 50. Work scheme for screening i n  Stockholm trial with 
actual numbers of women involved (225) 

iVumber of W o m e n  (96) 
1st Screen 2 n d  Screen 

Number of participants 32,555 (100) 30,765 (100) 

Recalled for 3-view 
mammography 1,655 (5.1) 989 (3.2) 

Recalled for clinical exam 
and other investigations 482 (1.5) 246 (0.8) 

Biopsy performed 207 (0.6) 122 (0.4) 
Histology cancer 128 (0.4) 95 (0.3) 
Histology benign 79 (0.2) 27 (0.09) 

Similar proportions are described in Gavleborg, Two-Counties trial, 
Malmo and Goteborg. 
SOURCE: Breast Cancer Research & Treatment. Klomar Academic 

Publishers, with permission. 

BASIC S C R E E N I N G  A N D  R E C A L L  

In the U.K. women are nowT being screened in static and 
mobile screening units, each examining 12,000 women a 
year. The poor predictive value of a basic screening mammo- 
gram has been a cause for concern. Even at most, only two 
or three out of each ten women with a detectable abnormal- 
ity on their basic single-view screen will prove to have 
cancer. In the BCDDP, this was the case in one out of each 
ten women with an abnormality on screening with two-view 
mammography and clinical examination. 

Before condemning screening on account of the potential 
anxiety which a false-positive test may cause, it must be 
realised that a woman who visits her doctor with a lump in 
her breast and who is referred to a hospital out-patient 
department is equally anxious. And even a smaller propor- 
tion (1 in 10) prove to be cancer. According to the survey of 
Edinburgh and Aberdeen women, this fact was known to 
only one-third of women. The psychiatric morbidities caused 
by attending a screening review clinic and a hospital out- 
patient department are identical; fears of psychological 
stress from screening have been overstated. 
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But, it is essential to the success of a screening service that 
the number of women who are brought back for assessment 
is kept as low as possible. This depends upon the quality of 
the radiography and the experience and confidence of the 
radiologist. In Stockholm, the percentage of women who are 
recalled after a single view for additional mammography is 
5% and for full examination just over 1% (225) (Table 50, 
Table 51). 

The quality of screening mammography is critical to the 
success of the whole programme. A proportion of films may 
not be of suitable standard for interpretation. In our 
feasibility study with a mobile screening unit, 3 per cent of 
6008 women were recalled owing to unsatisfactory films. 
Most were due to dense breasts, a problem now reduced by 
the use of grid-films. Only in 77 women was a poor film 
alone the reason for recall, and then faulty packing of 
the film was mainly responsible (313). Poor radiography 
accounted only for eight failures. The College of Radiogra- 
phers has insisted that radiographers responsible for screen- 
ing mammography should have attended an approved 
course and be accredited; and that performance indicators 
should be applied to ensure that quality is maintained. 

The quality of interpretation of the initial screening 
mammogram is also critical. This initial interpretation is not 
diagnostic; the radiologist only decides whether a set of films 
are normal, abnormal, or not interpretable. Training 
courses have been set up in five approved centres, and the 
Royal College of Radiology has taken an active interest in 
both initial and continued programmes of education for 
screening radiologists. The proportion of 'false-negative' 
tests due to faulty interpretation can be determined by 
reviewing the original screening mammograms of interval 
cases, as has been done in Malmo and in Canada. The rate of 
'true misses' in Canada was less than two per 1000 sets of 
films (186). 

Realisation for the need of quality prompted the Radia- 
tion Advisory Committee to invite a group of experts to 
recommend standards for the performance of mammo- 
graphy, to provide guidelines for testing available systems, 
and to advise how best quality might be monitored. The 
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Pritchard report, which has been widely circulated, provides 
comprehensive advice on all aspects of screening mammo- 
graphy, including the evaluation of equipment, the perform- 
ance of the screening process, and the identification of 
deficiencies (1 95). Of major importance is their recommen- 
dation that in each region a Quality Assurance Manager 
should be appointed and that a reference centre should act 
as a focus for the 'development, monitoring and review of a 
programme of quality assurance'. Managers would maintain 
links with the five training centres and the central evaluation 
unit. The guidelines for quality in the Pritchard report are 
exacting, and imply a degree of monitoring and supervision 
not usually encountered in the NHS. But, high quality can 
be achieved only if their proposals for continued assessment 
of all aspects of the mammographic screen are accepted as 
necessary constraints on the freedom of those concerned. 

Modern high-quality mammography is the only test avail- 
able for the detection of breast cancer at an early stage. 
Provided the requirements for quality are met, it is difficult 
to understand those who would not wish to utilise the 
benefits it can bring, particularly when questions of real 
concern, such as the benefits and costs of single- versus two- 
view type mammography and the optimal interval for 
screening, are also being addressed. 

ASSESSMENT A N D  B I O P S Y  R A T E S  

An important principle of screening is that facilities for the 
investigation and treatment of screen-detected abnormali- 
ties are adequate. The Working Group was conscious that if 
the number of surgical biopsies were to be kept to a 
minimum, the assessment of screen-detected abnormalities 
had to be exact. A surgical biopsy of the breast may be 
regarded as a minor procedure by the surgeon; but even 
minor surgery is a major event for the patient. I t  can cause 
physical morbidity and by distorting the breast may com- 
promise the interpretation of subsequent mammograms. A 
biopsy, particularly for a non-palpable lesion is also expen- 
sive; in the Edinburgh analysis, the cost of a localisation 
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biopsy which involves a general anaesthetic and hospital stay 
was f 250 (1983 prices) (281). 

The assessment of an abnormality seen on a single-view 
mammogram may require additional mammograms includ- 
ing magnification views, clinical examination, ultrasonogra- 
phy, fine-needle aspiration (FNA) and FNA cytology. For 
the non-palpable lesion this includes stereotactic radiologi- 
cal guidance. The performance of these tests requires the 
skills of different specialists-clinical, radiological, cytologi- 
cal. The Working Group recommended the establishment of 
multidisciplinary 'assessment teams', each of which would 
serve the needs of up to 2-3 basic screening units. This view 
was endorsed by committees advising the Health Depart- 
ment, and such formal assessment is being implemented. 

In Sweden, the first step in the assessment of patients with 
mammographic abnormality is 'complete mammography', 
which is an extension of the basic screening process. The 
woman is seen by a clinician only if the radiologist is 
convinced that the abnormality, suspected on  the single- 
oblique view screening mammogram is still present. The 
Working Group believed that a similar pattern would evolve 
in the U.K., and that a number of women would be recalled 
only for an additional cranio-caudal view, fuller assessment 
being reserved for those in whom an abnormality was 
confirmed (or those with symptoms). But it has become 
apparent that, in wJomen requiring additional .i iews, the 
radiologist is likely to wish magnification films and often an 
ultrasonogram: and that a clinical examination is desirable. 

Our decision to perform a clinical examination early in 
the assessment procedure was based on experience that 
three-quarters of mammographically detected abnormalities 
were palpable. Further investigation of a palpable lump by 
FNA cytology, as in a symptomatic woman referred to a 
breast clinic, allows an unequivocal diagnosis in 95 per cent 
of patients, and avoids the need for sophisticated imaging. 

These investigations belong more to assessment than to 
screening and increasingly are being carried out at a first- 
stage (lo-tech) review clinic. This is best held outside the 
hospital in the screening clinic, where women can be coun- 
selled as necessary. This pattern has been adopted in Edin- 
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burgh, where the central clinic services two mobile units and 
is equipped with a sophisticated mammographic unit. 
Women with an abnormality detected on their initial screen 
or who have symptoms are invited to return (or if initially 
screened in a mobile unit to attend) the central screening 
clinic, where their additional x-rays are taken and a clinic 
doctor or radiologist examines their breasts and they can be 
seen by a nurse-counsellor. There is no need for a surgeon 
to be involved at this stage. But as a surgeon must have an 
opportunity to examine a suspected cancer before it is 
needled (which distorts clinical features), only cystic lesions 
confirmed by ultrasound are aspirated at first-stage assess- 
ment. 

Should the radiologist suspect a cancer, the woman 
proceeds to the second-stage (hi-tec) assessment, u~hich in 
Edinburgh is carried out in a dedicated breast unit. This 
involves a review of the mammographic and clinical findings 
with a surgeon, and the performance of FNA-cytology, 
which in the non-palpable lesion requires stereotactic guid- 
ance. The surgeon, radiologist and cytologist then can 
decide in consultation whether a biopsy is indicated. This 
system has many advantages. At the first-stage assessment at 
the screening clinic, the majority of women recalled for 
review can immediately be assured all is well, and so avoid 
the psychiatric morbidity of attending a hospital clinic; the 
skills of surgeon and cytologists are more economically used, 
for they need consult only those who require their services; a 
firm diagnosis can be made in many patients, in whom 
surgery becomes a question of management rather than 
diagnosis; and the patient can be appropriately counselled. 
Cytological aspirates are prepared under safe conditions for 
the handling of human tissues. The 'hi-tec team' is also 
available to provide a service for the symptomatic hospital 
clinic. 

The value of a formal assessment procedure was shown by 
a study of 437 localisation biopsies for non-palpable lesions 
carried out in Edinburgh in 304 women referred from the 
screening clinic (with its formal multi-disciplinary assess- 
ment procedure) and 130 from the hospital breast clinic 
(where the decision for biopsy was made by the surgeon on 
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TABLE 51. Comparison of findings in patients referred for the 
screening clinic (where assessment was formalised) and from 
hospital out-patient clinic (where no formal assessment was used) 

(3 14) 
Source of Referral 

Symptomatic 
Screening Out-Patient 

Clinic Clznic 

Number 304 130 

*ge 55.2 rt 7.1 49.6 t 9.4 

Malignant histology 108 (35.5%) 17 (13.1%) 

Benign : malignant 1.8 to 1 6.6 to 1 

the report of the mammogram) (3 14). Biopsy rates and the 
ratio of benign to malignant histology confirm the higher 
efficiency of the formal team approach. This study was 
carried out before guided FNA-cytology was available. From 
Italy it is reported that the introduction of stereotactic FNA 
decreased the ratio of benign to malignant biopsies from 1.7 
to 1 to 0-5 to 1 (315). 

Stereotactic FNA cytology in the non-palpable lesion has 
many advantages. Should a diagnosis of cancer be co- 
nfirmed, a biopsy is no longer appropriate. The further 
management of the patient, including the operation, is for 
cancer. Before stereotactic FNA cytology was introduced a 
diagnostic operation incompletely removed half of all non- 
palpable cancers, necessitating the unpleasantness and risk 
of a second operation (1 8). 

Cytology is now also being used to confirm that an 
abnormality believed radiologically to be benign is such, 
allowing it to be observed rather than removed. The safety 
of this procedure has been demonstrated in a report from 
Stockholm, in which 2005 women with non-palpable mam- 
mographic abnormalities without either mammographic or 
cytological suspicion of malignancy were observed for a 
period of 2-6 years. In only one had breast cancer been 
missed. 
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TABLE 52. Rates of biopsies (per 1000 women) and benign:malig- 
nant ratios reported in screening trials (21 3, 227, 229, 2 19, 

225, 207) 

Prevalence Screen Inczdence Screen 
Age bears) rate b:m ratzo rate b:m ratzo 

TWO-COUNTIES 
50-69 14.0 1 .O 4.6 0.3 

STOCKHOLM 
40-64 6.0 0.5 4.0 0.3 

GOTEBORG 
40-49 6.3 1.0 4.1 1.2 
50-59 16.4 0.6 5.9 1.1 

NIJMEGEN 
35-49 7.8 2.3 5.2 1.9 
50-64 11.0 1.0 6.4 0.4 

EDINBURGH 
45-64 16.6 2.7 6.1 1.8 

GUILDFORD 
45-64 15.6 1.8 3.7 0.5 

From Italy it is reported that the introduction of stereo- 
taxic FNA decreased the ratio of benign to malignant 
biopsies from 1.7 to 1 to 0-5 to 1 (315). 

The success of assessment in discriminating between 
benign and malignant lesions can be monitored by the rate 
TABLE 53. Comparison biopsy rates (per 1000 women) and 
benign:malignant ratios in USA and hTijmegen over similar 

periods o f  screening (1 77, 63, 237) 

Biopsies over programme 

Age Or) Screens ?-ate b:m ratio 

HIP 
40-64 4 annual 32.1 3.9 

BCDDP 
35-74 5 annual 99.6 5.7 
NIJMEGEN 
35-49 2 biennial 12.3 1.7 
50-64 16.2 0.8 
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of biopsies and the ratio of benign to malignant lesions on 
histological examination. Sweden and Holland provide the 
standard, but British rates are reasonable. In the U.S., 
where every mammographic abnormality is excised, the 
reported ratios are disturbing (Tables 52,53). The results of 
six rounds of screening in Nijmegen indicate that positive 
predictive values of referral for the assessment of a mammo- 
graphic abnormality and for biopsies increase with each 

TABLE 54. Predictive value if referral generated bql a mammo~ 
graphic biopsy for diagnosis of cancer in Nzj'megen programme of 

screening (2 3 7 )  

Percent positive for cancer 
24-month of mammographzc abnormalztzes of bzopszes 

screens referred for znvestzgatzon 
< 50 yr 50-64 yr < 5 0  yr  50-64 jr 

1 20.5 38.0 29.6 51.0 
2 21.3 49.3 34.0 69.4 
3 27.1 45.5 34.2 62.5 
4 22.2 51.0 31.6 71.4 
5 43.2 64.8 59.3 87.5 
6 64.3 36.5 85.7 96.7 

SOURCE: International Journal of Cancer. Wilep-Liss, ~ i t h  permission. 

TABLE 55. Relationship age to benign:malignant 
ratio of biopsies generated by screening in 

BCDDP (241) 

Benign/hIal zgnant 
Ratio 

From Baker, 241. 
SOURCE: American Cancer Society, with permission. 
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screening round (Table 54). According to Hendriks, predic- 
tive values for referral of 30 per cent in the first and 70 per 
cent in subsequent rounds should be attainable in a success- 
ful programme; a figure contrasting with that of 8 per cent 
for mammographic screening in the first round of the 
Canadian trial (3 16, 3 1 7). Excess biopsies are commoner in 
the young (Table 55).  

Different methods of assessing mammographic abnormal- 
ities are used in different screening districts. These are 
discussed in the Breast Screening publication on Organising 
Assessment, which has been widely circulated (305). But 
irrespective of the system, assessment teams must be expert 
and experienced. Therefore, they must be limited in num- 
ber. 

The performance of the biopsy and its interpretation also 
requires a team approach. This team is likely to be the same 
as the assessment team. The performance and interpretation 
of biopsies by surgeons and pathologists inexperienced in 
the techniques are to be discouraged. This is particularly so 
for the non-palpable lesion, when radiologist, surgeon, and 
pathologist must work closely together. The insertion of a 
localising device by a radiologist remote from the operating 
suite is not ideal practise. Nor is a lack of close liaison 
between surgeon and pathologist. Conditions for the imme- 
diate preparation and dispatch of the specimen must be met. 
The pathologist cannot be expected to make a quick diagno- 
sis. In the preparation of tissues he requires to use radiologi- 
cal and subgross techniques; the microscopic interpretation 
of borderline lesions requires experience and wisdom (1 9). 

Review sessions, at which the pathologist discusses his 
findings with radiological and surgical members of the 
screening team, are critical to the quality of this complex 
exercise, and are held regularly in well-organised pro- 
grammes. 

The interpretation of in situ cancers and atypical hyper- 
plastic lesions requires particular care. A system of review, 
with a panel of experts, is nationally available to ensure 
uniformity for the borderline lesion. 

The Royal Colleges of Pathologists and of Surgeons have 
issued guidelines for the requirements of screening services. 
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Reviews of the role of pathologists and surgeons have 
recently been published (303-4,307). The removal and 
interpretation of screen-detected abnormalities is not a 
responsibility to be undertaken occasionally, and it is regret- 
ful that some clinicians do not accept this. 

T R E A T M E N T  

Concern is expressed that screen-detected cancers may be 
over-treated. But in a well-organised programme, the oppo- 
site is the case. In Gavleborg, local excision of a segment of 
the breast alone is practised for small ((2 cm) invasive 
tumours. A controlled randomised trial is under way in 
Sweden in which stage I tumours are being treated either by 
'sector resection' alone or with radiotherapy. The prelimi- 
nary results are promising; but longer follow-up is required 
to confirm the safety of the more conservative approach. 
Over-diagnosis of borderline lesions is another concern; but 
in the U.K. this is guarded against by pathological review 
(3 18). 

The problem of treating in situ disease has already been 
referred to. Its incidence has increased dramatically since 
the introduction of mammographic screening, so that it now 
accounts for 15 per cent of all screen-detected cancers. For 
lobular carcinoma in situ (LCIS), there is no logic in other 
than adopting a conservative approach. It is a histopatholo- 
gical entity, a marker of unstable breast epithelium rather 
than of malignancy. The risk of invasive cancer is small and 
long delayed. Bilateral mastectomy is only exceptionally 
performed; a trial of long-term tamoxifen therapy is under 
way in Europe. 

Ductal carcinoma in situ (DCIS) is frankly malignant and if 
left untreated will develop into invasive cancer in at least 30 
per cent of involved breasts within three to ten years. There 
is also the risk that foci of micro-invasion may be present, 
associated in a small percentage (2 per cent) with axillary 
lymph-node metastases. Multi-focal deposits of tumour are 
common, and reported to be present in 30 per cent of 
mastectomy specimens (319). It is on account of these risks 
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that some surgeons still prefer mastectomy as the treatment 
of choice, knowing that it achieves cure. But most now 
suggest this to be unnecessarily radical (302-3). 

The risk of relying on local excision to treat DCIS has 
recently been assessed in a report of 115 mastectomy 
specimens removed after an area of DCIS has been excised. 
Provided local excision was regarded as adequate and the 
margins of the specimen were clear of tumour, residual 
invasive disease in the mastectomy specimen was found only 
when the extent of DCIS exceeded 45 mm. In 60 patients 
with disease of 25 mm or less in diameter, only one had 
residual foci of invasive cancer-and this was follo~ving an 
incomplete excision (64). 

The size of DCIS detected by mammography is much 
smaller than that which previously became clinically appar- 
ent by a mass or nipple discharge. Not that mammographi- 
cally detected DCIS is free from recurrence. In a series of 80 
cases treated by local excision alone, this proved to be 10 
per cent at 48 (1-136) months; but only half were invasive 
(63). 

A detailed radiological-pathological study has recently 
been reported from Holland on 82 mastectomy specimens 
removed for the treatment of DCIS (47 screen-detected). 
There were 50 cases of so-called comedo DCIS and 32 of 
cribriform or micropapillary type. Notable was that in the 
latter the size of the tumour exceeded that suspected from 
the mammographic appearances and commonly extended 
over more than one quadrant, such spread being contingu- 
ous rather than as a result of multifocal disease. 

The type of calcification on the mammogram-linear and 
branching 'casts' of ducts or coarse granules-in comedo 
DCIS was distinct from the clusters of fine granular calci- 
fications found in cribriform and micropapillary disease, 
forming a useful guide to the surgeon as to the need for an 
extensive resection (320). 

In Europe local excision is now the preferred treatment 
for DCIS, provided the margins of the excised tissue are not 
involved (321). But there is concern about the incidence of 
local recurrence and uncertainty as to the role of radiation 
therapy (322-6). Some information is available from a 
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subset of the NSABP trial in the U.S. and from a retrospec- 
tive European study, which suggests that radiotherapy may 
be protective, but the numbers are small (32 7-8). Random- 
ised trials in progress in Europe (EORTC) and the U.S. are 
addressing this question by comparing local excision with 
local excision and radiotherapy, but, because of the favour- 
able outcome of in situ cancer (329), large numbers are 
required (19). In the U.K., the Breast Cancer Trials Co- 
ordinating Subcommittee (BCTCS) of UKCCR has initiated 
a study in screen-detected DCIS. This trial is testing not only 
the effect, following local excision, of post-operatiye radia- 
tion, but also of long-term tamoxifen therapy in a 2 x 2 
factorial design, which will answer both questions in one 
cohort of patients (330). 

Some have proposed that those cancers which emerge 
after a negative screen (interval cancers) have a particularly 
bad prognosis and therefore require more aggressive treat- 
ment. But in a comparison of 94 interval cancers and 179 
cancers diagnosed independently of screening in the control 
population during the same time period, reported from 
Sweden, no difference in outlook was obvious (331). In the 
HIP trial case fatality rates of interval cases were also similar 
to those of the controls. (Fig. 42). 

SELECTIVE S C R E E N I N G  

Factors of Risk 
The cost-effectiveness of screening for breast cancer could 
be greatly enhanced were it to be confined to those at risk 
from the disease. There is an extensive literature on factors 
affecting risk (31 2-15). These have been defined mainly by 
retrospective studies in which their presence in women with 
breast cancer is compared with that of controls. Controls are 
either hospital patients without breast cancer or healthy 
women in neighbouring communities (332-6). 

Sex and Reproduction. Breast cancer is a disease of females. 
Functioning ovaries are necessary for its initiation, both in 
experimental animals and in wJomen. Surgical removal of the 
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42. Proportion of 94 interval and 178 control cancers surviving in the 
Two-Counties trial (331). 
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ovaries, if performed before the age of 40 years, reduces the 
incidence of breast cancer by half (33'7). 

The duration of a woman's active reproductive life is 
related to her risk of developing breast cancer. Early men- 
arche, (before the age of 15 years) and late menopause, 
(after 50 years of age) are associated with a modest but 
signifiant increase of breast cancer risk in later life. Some 
consider that it is the time of the start of regular ovulatory 
menstrual cycles and the total number of functional cycles 
that a woman experiences which are relevant. 

The human ovary secretes oestrogens and progesterone 
during the menstrual cycle. Oestrogen was once believed to 
be the only promoting agent, but there is increasing evi- 
dence that progesterone is also implicated. The administra- 
tion of exogeneous oestrogens alone-for example, as 
hormone-replacement therapy after the menopause or dur- 
ing a pregnancy (once used to prevent miscarriage)-only 
increases risk slightly (338-9). The effect of oestrogen (and 
progesterone) may be age-related. There is increasing evi- 
dence that oestrogen-containing contraceptive pills, when 

...----- ---  1 - -  

I I I 1 I I 1 
0 10 20 30 LO 50 60 70 

mon ths  

Holmberg et a1,1986 



168 QUESTIONS O F  MORBIDITY AND COST 

taken early in life, are associated with an increased incidence 
of breast cancer, at least in young women (340). 

A large case-control study carried out in 11 geographical 
areas in Britain has now indicated that for young women 
who develop breast cancer before the age of 36 years, there 
is a highly significant trend in risk with duration of pill usage 
(341). The authors tentatively suggest that 20 per cent of 
breast cancers in this age group may be pill-related. Fortu- 
nately, breast cancer at so young an age is not common. 

Married compared to single women enjoy protection 
against breast cancer. So also do those rvho bear children, 
particularly in early life. A unique international study car- 
ried out by McMahon and colleagues in seven geographical 
areas showed that it was the age at which a woman had her 
first pregnancy that was the critical factor (342). A woman 
whose first child was born before the age of 20 years has 
one-third to one-half of the risk of developing breast cancer 
compared to one having her first child when over 35 (343). 
There is a cross-over effect: nulliparous women have a risk 
intermediate to these two extremes (Fig. 5 5 ) .  

The protective effect of a pregnancy only occurs with full- 
term deliveries, even if still-born. There is evidence that 
abortions during the first three months of pregnancy may 
aggravate risk, but this has not been supported in a recent 
Swedish study (344). 

Race and Environment. Breast cancer is a disease of Jvestern 
women and is strongly age-related. There are wide variations 
in incidence and mortality between countries (Fig. 9) (345). 
Sex-related and reproductive factors influence risk within 
any one country, but they do not account fully for interna- 
tional variations. 

These differences are not genetically determined. Mig- 
rants from low-incidence to high-incidence countries take 
on the incidence of their new host; but only after a genera- 
tion: exposure to the new environment must be at an early 
age (346) (Fig. 56). Of the possible environmental factors 
concerned, diet takes precedence (347'). Obesity is associ- 
ated with an increased incidence of breast cancer in postme- 
nopausal women; and a relationship between the intake of 
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dietary fat and breast cancer incidence and mortality and 
prognosis has been described (348-9) (Fig. 57). And there is 
new evidence implicating high-density lipoproteins with 
breast cancer risk (351). So also with alcohol (350). 

But these factors may only be markers of increasing 
affluence, and are not necessarily cause-related. Fat cannot 
be separated from calories or body weight, which influences 
also the date of menarche. In those countries with low fat 
intake, children are small and therefore menstruate late. 
But, as indicated on page 184, there are new data implicat- 
ing oestrogens as a related factor. 

The aetiology of breast cancer in pre-menopausal and post- 
menopausal women may differ. That in olderwomen may be of 
environmental origin (352); a belief supported by the increas- 
ing incidence of breast cancer in post-menopausal women in 
Japan, coincidental with its westernisation (Fig. 58). 

As has already been indicated radiation during childhood 
may also be an environmental factor of importance. From a 
recent follow-up report of children in Israel who were 
treated by scalp irradiation, it is apparent that a relatively 
small dose of radiation (1 6 mGy 1 a 6  rad) to the breast during 
its development (age 5-9) increases the risk of cancer in 
later life (183). 

Genetic Factors. There is strong evidence that genetic factors 
may be associated with breast cancer. The disease is more 
common in those with an affected first-degree relative 
(mother or sister). But, as the en~ironment during child- 
hood is the same, this is not necessarily a genetic effect. Not 
so for those with affected paternal relatives or for those ~vho 
belong to those rare families in which the disease, frequently 
bilateral, appears in dominant fashion and affects 50 per 
cent of young female members. 

The potential for investigating these families by modern 
molecular genetic techniques is great, and such studies are 
under way in several centres in Britain, including Edinburgh 
(353). 

Hormonal Profiles. It was hoped that the availability of assays 
for cirulating hormones, particularly oestrogens, would 



170 QUESTIONS OF  MORBIDITY AND COST 

unravel the cause of these various relationships, whether 
within or between populations. Unfortunately, this has not 
yet proven to be the case (354). 

Many problems affect such studies. Sampling is one; 
blood sampling is invasive, urine collections are difficult to 
monitor. Salivary sampling is non-invasive and has recently 
been used in an international comparative study, but metho- 
dology for hormonal assays are restricted (355). Circulating 
hormone levels may vary from second to second, and are 
influenced by medication and stress. Further, the relation- 
ship between circulating hormonal levels and those within 
the breast is quite obscure. Breast fluid is rich in precursor 
steroids of adrenocortical origin, which can be synthesised 
to oestrogen by breast fat and by the tumour. Local concen- 
trations may bear little relationship to those in the circulat- 
ing plasma. 

The results of these studies tend to confuse rather than 
clarify issues of risk; although, on balance, they do support 
the importance of oestrogens and other steroid hormones as 
permissive agents. Without oestrogen (and probably pro- 
gesterone) one does not get breast cancer, and excess is 
probably bad (332). 

Benign Disease. A history of benign breast disease, particu- 
larly when requiring a biopsy, is more frequent in women 
with breast cancer than normal controls. Epithelial proli- 
feration is believed to be the main risk factor; this indicating 
early instability. 

In 1976, Wolfe reported that the parenchymal pattern of 
the breast on xeromammography, was related to subsequent 
risk of breast cancer (356). Breasts with prominent ducts 
and dense 'dysplasia' were more at risk. His findings were 
not universally accepted, partly on account of the difficulty 
in detecting small cancers in mammograms with these 
characteristics. Several studies have shown a relationship 
between mammographic patterns and risk factors; for 
example, family history and age at first pregnancy. And it 
may be that they relate to cancer risk; but not to the extent 
initially reported by Wolfe (357-9). 

More important risk factors are tabulated (Table 56) 
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(360). Two points of importance are (i) that relative risk 
relates only to that compared to the control population in 
the study concerned and not to the population in general; 
(ii) that those factors described as 'risk factors' are not 
causative; many are but markers of another agent yet to be 
defined. 

Application to Screening. Risk factors have been used to 
determine whether selective screening of a high-risk group is 
practical. For this purpose, only those factors elicited on 
simple enquiry are relevant. Although mammographic pat- 
terns and even estimates of urinary steroids have been 
included in some studies. A study in Guernsey, in which 
specimens of urine were collected from 5000 healthy 
women to relate to risk of developing breast cancer, was at 
its time (1961) unique (361). But, attention has been fo- 
cused mainly on those factors related to reproduction (age 
at menarche, menopause, and first pregnancy), family his- 
tory, and a history of benign breast disease, which can 
readily be defined by enquiry. 

Before risk factors can be applied, it must be confirmed 
that they are 'active' discriminants of breast cancer in the 
population to be screened. In the HIP study, all 20,000 
women attending for their first screen were surveyed 
(340-1). In other screening projects, case-control studies 
have been performed to compare the prevalence of risk 
factors in cases of cancer and matched healthy controls. 
Relative risk is calculated by linear or multivariate analysis, 
which allows the identification of factors which best can 
discriminate between cases (breast cancer) and controls 
(362-7). 

Having defined risk factors of relevance, their prevalence, 
individually and in combination, is tested in patients with 
cancer and healthy women, either by simple addition of the 
most significant factors or by logistic regression. This fur- 
ther analysis is best done on a separate population from 
which the discriminant has been calculated, but in most 
studies subsets of the original populations have been used. 

A study carried out by Alexander and her colleagues in 
Edinburgh is representative (368). From the screening 
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clinic, 186 cases of breast cancer detected by screening or 
presenting within 12 months of a negative screen were 
identified, for each of which four controls matched for age 
and time of screening were randomly selected. These were 
women who had attended for screening within 12 months of 
the case but who had npt developed breast cancer. Fifteen 
separate factors known to be associated with risk were 
examined by multivariate analysis, of which four proved 
significant: age at menarche, family history, previous benign 
breast disease and (barely) age at first pregnancy. To these 
was later added menopausal (versus other menstrual) status. 
The prevalence of the four most readily determined (family 
history, benign breast disease, menopausal status and first 
full-term pregnancy) in a subset of 98 women whose cancer 
was detected at their first screen was then compared with that 
in the invited and screened healthy population from which 
women in the study had been selected. The best discriminant, 
using all four factors was present in 56 per cent of those with 
cancer and 48 per cent of the healthy population. 

The results of other studies give little grounds for opti- 
mism (Table 57). A screening programme designed to miss 
20 per cent of the detectable breast cancers is not likely to 
find favour, unless it can be confined to a small proportion 
(less than 20 per cent) of the population. 

TABLE 57. The application of risk factor analyses to selective 
screening (282,36 1-8) 

Discrzmznant for Cancer (%) 

Number of Factors Women wzth Healthy 
in Analysis Cancer Poflulatzon 

Guernsey 5 8 2 5 5 
New York  5 3 3 54 
Finland 20 and 4 84 6 5 
Italy 15 and 4 74-97 5 1 
Holland 6 6 3 3 7 
Scotland 4 48 5 6 
Canada 12 85 40 

For a suitable test, one should be able t o  define 80% o f  cancer cases in 
20% o f  the  population. Italian and Canadian studies included symptoms 
as a risk factor ( f r o m  340-347). 
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The results of a recent Canadian study associated with the 
national screening programme, in which logistic regression 
was used to examine the prevalence of 12 risk factors in 
women with breast cancer and healthy women, are reported 
to be more optimistic. When symptoms were included, this 
analysis allowed the detection of 85 per cases in 40-50 per 
cent of the population (367). But, as Tabar has pointed out, 
studies that utilise women who have attended for screening 
are subject to selection bias (369). Further, the inclusion of 
women with symptoms is misleading, as all symptomatic 
women attending for screening must be recalled for review. 

Risk factor analyses have also been used to determine 
whether the type or frequency of screening can be modified 
in those in different categories of risk. In particular, these 
have been aimed at determining whether the addition of 
mammography to clinical examination can be omitted. But 
this is not relevant to current European programmes in 
which mammography alone is the screening method. 

Risk factors have not been found to differentiate between 
those with screen-detected and interval cancers. There is 
some evidence to support the hypothesis that during the 
menopause the growth rate of breast cancers may be more 
rapid and that screening should be more frequent at that 
time (370-71). An interesting, but unconfirmed report 
suggested that women might be selected on account of their 
psychological make-up (372). But, in general, the determina- 
tion of the need for screening by risk factor analysis is 'not 
on' (373). 

A different approach has been reported recently in which 
an attempt has been made to categorise risk on  an individual 
basis. This was from a large case-control study including 
2852 white women whose breast cancers were detected in 
BCDDP and 3136 controls. As in other studies, the main 
factors to emerge were age, year of menarche, age at first 
live birth, number of previous breast biopsies, and a history 
of breast cancer in first-degree relatives (374). Relative risks 
for each of these factors alone and in combination were 
calculated and used to construct a table from which an 
individual woman can determine her probable risk of devel- 
oping breast cancer at 1 0, 20, and 30 years. It  would then be 
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up  to her to decide what action she would wish to take. As 
pointed out in an accompanying editorial, oral contracep- 
tives and oestrogen and alcohol use, which are avoidable 
hazards, should be included in a future analysis, which will1 
require larger numbers if valid guidance on individual risk is 
to be given (375). And it is important to remember that 75 
per cent of women who develop breast cancer may not have 
any of these recognisable risk factors; and therefore cannot 
assess their likelihood of developing the disease by these 
parameters (363). 

COST 

The economics of screening are beyond the scope of this 
monograph. At the time the Working Group reported, there 
were few studies of the cost of screening asymptomatic 
women for breast cancer; and these related to the costs of 
screening mammography rather than those of population 
mammographic screening. Only one was from Britain (376). 
However, a study was ongoing in Edinburgh by Clarke and 
Fraser (281) and a second had started in Guildford, from 
both of which preliminary figures were available. The Work- 
ing Group included an economist, now Director of the 
Scottish Health Services Economic Unit in Aberdeen, who 
conducted an economic appraisal based on Edinburgh costs 
and mortality reduction on nine years of follow-up in the 
Two-Counties trial in Sweden, supplemented for long-term 
mortality projections by data from HIP. Her analysis was 
based on life-years gained, which were also adjusted for 
quality (QALYS) . 

In calculating the costs of the screening in Edinburgh, 
Clarke and Fraser did not only consider the basic screen 
(which in the U.K. costs, to the NHS, about &15), but also 
the additional costs of initial assessment. Such costs as those 
incurred by women in travelling to the clinic and losing time 
off work were included. So also were gains from production 
during the additional life-years experienced by those whose 
cancers were detected by screening. The additional costs of 
biopsy and treatment compared to those presenting sympto- 
matically in the absence of screening and potential savings as 
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a result of reduced treatment costs were not included. 
Discounting at 5 per cent to compensate for costs and 
benefits occurring in different time periods was applied. 

Assuming an acceptance rate of 70 per cent, the cost of 
establishing a national service for screening by single-view 
mammography at an interval of three years approximated 
$3000 per life-year gained, which, when adjusted for qual- 

TABLE 58.  Comparison of costs per quality-adjusted l f e  years 
(QALY) gained from various health-care procedures (3)  

Procedure Cost 1983-84 

Pacemaker implantation for Atrioventricular 
heart block 

Hip replacement 
Coronary artery bypass graft (CABG) for main 

vessel disease 
Kidney transplantation 

BREAST CANCER SCREENING 
Heart transplantation 
CABG for moderate angina with OLC vessel 

disease 
Hospital haemodialysis 

From ref 3. 

ity, was 23500. This spanned the costs to the NHS of kidney 
and liver transplantation, both of which now are included as 
a necessary part of the delivery of national health care 
(Table 58).  Screening for breast cancer was considerably less 
expensive than hospital haemodialysis. 

Since that time an interim final report has been submitted 
by Fraser and Clarke that supports their original figures. 
When one considers that screening by single-view mammo- 
graphy with attendance, if necessary, at a review clinic costs 
less than $15, one cannot deny that the British system of 
health care can deliver good value for money! 

In the Netherlands, screening for breast cancer has also 
started on a national level. Basic screening units, both static 
and mobile, serve each region. Administration is regional; 
but evaluation of the screening programme is a national 
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responsibility. A very detailed report of costs of a number of 
alternative programmes has been produced. This includes 
estimates of all costs and savings connected with assessment, 
treatment, and treatment for advanced disease. The alterna- 
tive recommended as the 'best buy' is screening, by single 
oblique-view mammography, between the ages of 50 and 70 
at an interval of two years. Costs in terms of life-years gained 
cannot be compared with those estimated in the U.K., as 
there is no parity-conversion system for health service costs, 
but it was concluded that, compared to other health costs, 
screening for breast cancer was cost-effective (377). Further 
it has been estimated that one third of the cost of a national 
programme will be earned back by savings in other health 
sectors (378). A national programme of screening is under 
way in Sweden (378-9). Some preliminary figures on cost 
have been reported but, again, these are not comparable. 

It must be emphasised that the estimated costs of screen- 
ing must include all the costs and savings incurred by a 
comprehensive screening service and not only the provision 
of screening mammography. The objective of population 
screening for breast cancer is to make this full-screening 
process available to all women in the target population, so 
that the definition and invitation of the women is the 
starting expenditure, while the follow-up of the patient with 
cancer is the last. Some are concerned that there may be a 
large additional workload on the hospital service. In  a study 
of two regions in Sweden, in one of which only population 
screening was in force, screening of 90 per cent of two- 
thirds of women over 40 resulted in a twofold increase in in- 
patient operations for breast cancer; this in women over 50 
years of age. Notable was the great increase in women over 
70 years (Fig. 43). But there has been no increase in the 
number of operations for benign breast disease, confirming 
the excellence of the assessment procedure (380-1). 

The importance of compliance cannot be over-estimated. 
In the Dutch assessment of costs and efficiency of screening, 
increasing attendance rates is the most efficient way to 
increase life-years gained at lowest cost. 

Some have suggested that the money required to institute 
mammographic screening in the U.K. would better ha~le 
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43. Annual number of operations in Kopparberg and Uppsala 
counties in Sweden (a) for benign disease (b) for cancer. Only 

Kopparberg had a screening programme in operation (380). 
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been spent on other health-care needs, o r  even for the 
support of scientific research. But this argument is spurious. 

There could be no guarantee that the money found by 
government to support screening would have been available 
for other health-care or scientific needs. Screening for breast 
cancer is not cheap, but for those women whose cancer is 
detected at a pre-clinical stage it must be good value. It is 
regretful that response rates do not reflect greater confidence 
by the public in this addition to their health-care system. 



WHERE NOW? 

T R E A T M E N T  

T H E  P A S T  F E W  D E C A D E S  H A V E  S E E N  E N O R M O U S  A D V A N C E S  

in the treatment of some forms of cancer. Lymphomas, 
leukaemia, ovarian and testicular cancer are now curable 
diseases, while, through the availability of cervical cytology-, 
mortality from cancer of the cervix has decreased (382). 
None of these advances are cheap. Accurate staging by 
modern methods of imaging, aggressive chemotherapy and 
bone marrow transplantation have added to health service 
costs; but no one denies that they are worthwhile. 

But for the other more common solid tumours, affecting 
the lungs, gastro-intestinal tract and female breast, mortality 
remains largely unchanged. 

Breast cancer is moderately sensitive to available chemo- 
therapeutic drugs. The current trend of treating locally 
advanced disease primarily by systemic therapy has unco- 
vered the potential of multiple-drug regimens to rapidly 
shrink large tumours (383). The synthesis, by recombinant 
technology, of factors that nornlally stinlulate the bone 
marrow has provided a method of combatting the depletion 
of white blood cells, which made dose-intensive regimens of 
chemotherapy hazardous (384-5). And autologous bone 
marrow transplantation is also available to reconstitute the 
depleted marrow. 

To date such intensive chemotherapy has been used only 
to treat locally advanced and disseminated disease. But it is 
now being considered for earlier stages, even for disease 
regarded as amenable to primary surgical treatment. 
Whether the micrometastatic deposits of tumour which are 
the cause of breast cancer mortality will be eliminated is yet 
a matter for conjecture. And, on account of the slow- 

179 



180 WHERE NOW? 

growing nature of the disease, this may take many years to 
prove; which is why it is essential that such treatment is given 
only within the context of meticulously controlled trials. 

A method to monitor the growth of these small tumour 
deposits could help rationalise therapy; and the application 
of immunohistochemical techniques to detect malignant 
cells in aspirates of bone marrow is being pursued (386). 
Detection by imaging using positron-emission tomography 
(PET scanning) or selective labelling of the tumour using 
monoclonal antibodies is also under active investigation 
(387-8). 

Targetted chemotherapy, by encapsulation in liposomes 
or liposomal membranes, by attachment to a chemical 
substrate (ligand) that binds to a specific cell receptor, or 
attachment to an antibody to a specific antigenic protein cell 
constituent, is opening the way to selective therapy. This 
may be used not only for the carriage and delivery of cell 
toxins, but to carry radioisotopes into the cell, which then 
can deliver high-dose radiation selectively to the tumour 
(389-93). 

The 'recruitment' of quiescent tumour cells into an active 
phase, by oestrogen stimulation, when they are responsive to 
chemotherapy is a method now being put to practical use in 
breast cancer treatment (394-6). 

But breast cancer is not only sensitive to chemotherapy. 
About 60 per cent of tumours share with cancers of the 
prostate and endometrium a reliance on sex hormones, 
deprivation of which leads to suppression of growth. The 
antioestrogen tamoxifen and other endocrine-suppressing 
agents have long been used for the control of advanced 
disease; and there are now many trials supporting a benefi- 
cial role for tamoxifen in early disease (397). Unlike chemo- 
therapy, tamoxifen is relatively non-toxic and free from side 
effects, and compliance for taking the drug is good. In a 
report of a recent U.S. trial, only 4 per cent of women 
discontinued its use over a period of five years (398). 

The fundamental problem of anti-oestrogen therapy is 
that only a proportion of breast cancers will be influenced 
beneficially. To give tamoxifen to all patients with primary 
invasive breast cancer may be therapeutically simple; but it is 
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wasteful and may deny a non-responsive patient the poten- 
tial benefit of chemotherapy. It was hoped that assays for 
oestrogen-receptor protein in the primary tumour would 
have given guidance to which patients would benefit, but 
this is uncertain. Women with tumours containing high 
concentrations of receptor would appear to be more likely 
to have prolongation of disease-free survival; but this may 
still occur in those with low or even absent receptor (397). 
Nor does oestrogen receptor activity relate to the response 
to chemotherapy (399). 

The first step in the orthodox treatment of invasive breast 
cancer of operable stage is to remove the primary tumour, 
following which the patient may receive 'adjuvant' systemic 
therapy. As the only measurable disease is no longer pre- 
sent, there is no means by which the response to systemic 
treatment can be assessed-a situation not generally ac- 
cepted in modern therapeutics. The wish to select appropri- 
ate systemic therapy for women with large (over 4 cm) 
tumours mrhich, although still operable, have a poor outlook 
prompted us to reverse this orthodox procedure. Initial 
treatment was by anti-oestrogens; to which the response was 
assessed before further treatment was considered. Those 
not responding to this simple hormonal treatment were 
given chemotherapy for three months; only then was local 
treatment by mastectomy carried out (400). 

In this study, the concentration of oestrogen receptor 
protein in the primary tumour proved to be a good discrirni- 
nant of response to anti-oestrogens. Tumours with lo~v levels 
did not benefit, so that anti-oestrogens are now given only to 
those with receptor-rich tumours (401). Those with recep- 
tor-poor tumours and those which, although receptor-rich, 
had tumours that did not respond to hormonal treatment 
received aggressive chemotherapy. The majority have re- 
sponded. 

This reversal of orthodox treatment, by which the local 
treatment has become the 'adjuvant' to systemic treatment, 
is logical. Currently its value is being compared to 'ortho- 
dox' treatment by mastectomy followed by tamoxifen in a 
controlled randomised trial. 

But this approach does not lessen the importance of 
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defining those tumour factors including gene expression 
that may determine outlook and give guidance for appro- 
priate therapy (402-3). Molecular science is being applied to 
the investigation of the nature of resistance of breast cancer 
cells to therapeutic agents, which could in time become a 
reversible phenomenon (404-6). 

The identification of those factors which influence the 
growth of the tumour and its ability to extend is opening the 
way to the development of new therapeutic agents which 
inhibit normal responses. Some of these are already being 
tested in the clinic (407-8). And new understanding of the 
mechanism of the immune reaction against foreign cells has 
stimulated novel methods of attack, using such agents as 
interleukin-2 and immunologically competent killer cells 
(409). 

PREVENTION 
The ideal solution to the problem of breast cancer is to 
determine its cause. For then, true prevention could be 
within reach. Unless, as with lung cancer, the means of 
prevention involves the discarding of a pleasurable, and to 
some addictive, habit. 

As indicated above, the geographic variations in the 
incidence of the disease and the behaviour of migrants 
suggest an environmental cause; and there is evidence that 
human breast secretions may contain mutagenic substances 
(41 0). But the application of suction to the nipple withdraws 
fluid which will have been stagnating in the largest ducts and 
which may be quite unrepresentative of lobular secretion. 

We are now living through an enormous explosion in 
knowledge of the genetic constitution of breast cancer cells. 
At present, eight separate mutational anomalies have been 
detected; and a loss of genetic constituents has been ob- 
served in five separate chromosomes, some of which have 
been identified in Edinburgh (404,411-4). Of greatest 
interest are the deletions of fragments of DNA that occur 
close to those sequences that are known to be promoters of 
growth. The latter comprise the family of oncogenes, which 
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normally are believed to be kept in check by neighbouring 
genes so that they lie dormant as 'proto-oncogenes'. 

Studies of the initiation of tumour development in mice 
provide strong evidence that these changes may contribute 
to the initiation and progression of human breast cancer. So 
also may they indicate metastasising potential and prognosis 
(41 5) .  Thus the amplification of a specific gene may indicate 
a 'bad tumour'. But there are pitfalls in such simplistic use of 
complex technology. 

Specific use of definable changes in the constitution of 
genetic material is being put, in Edinburgh and elsewhere, 
to the exploration of those families in which breast cancer 
behaves as an autosomal dominant disease. Such breast 
cancers are characterised by an early age of onset, bilateral- 
ity, 'vertical' transmission from mother to daughter. They 
also are reported to have impaired survival compared to 
sporadic forms. The genetic study of these families is in 
progress. This involves 'linkage analysis', by which a marker 
gene close to that assumed to be associated with the disease 
can be identified and used to trace related inherited charac- 
teristics within the family. If the gene responsible for 
inherited breast cancer can be identified, it may become 
possible to 'tag' those members of the family likely to 
develop the disease (331). 

Role of Oestrogens 
Because of its known role in the genesis of human breast 
cancer, attention has focussed on the actions of oestrogen 
on normal and malignant breast cells. The model used to 
elucidate its effects at a molecular level is the in vitro culture 
of both hormone-dependent and -independent human 
breast cancer cell lines. Cell cultures are uninfluenced by 
other oestrogen-mediated effects in the intact host; and also 
allow the identification of such factors as may be 'secreted' 
into the culture medium following oestrogen stimulation. By 
implanting cultured cells into immune-deprived mice, the 
hormone sensitivity of the resulting tumour in vivo can also 
be tested (41 6-9). 

As a result of such studies, it is now well established that 
the action of oestrogen is mediated through the expression 
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of growth factors which act in autocrine (its own cell) and 
paracrine (neighbouring cells) fashion. The genes respon- 
sible for some of these effects have been identified, and 
hormone dependence can be altered by the insertion into a 
cell of a foreign gene which stimulates cellular proliferation 
in the absence of oestrogen (419). Understanding of the 
nature of the hormone dependence of human breast cancer 
cannot long be delayed. 

Plans for Prevention 
It has been suggested that deprivation of oestrogen may be 
one means of preventing breast cancer, and discussions have 
been taking place to determine whether this is a justifiable 
approach. Two methods of intervention are being consi- 
dered: antioestrogen therapy and reduction in dietary fat. 

Anti-Oestrogen Therapy. In 1986 Cuzick and his colleagues, 
on reviewing the evidence implicating oestrogen as a causal 
agent in human breast cancer, suggested that continuous 
tamoxifen administration should be explored in those at risk 
from the disease (420). In rats this anti-oestrogen had been 
shown to prevent carcinogen-induced breast cancer (421). It 
was proposed that women with three of five risk factors 
related to age at first pregnancy, family history, previous 
benign disease, mammographic type and serum sex-hor- 
mone-binding globulin (which had been shown to be low in 
those at risk) might form a volunteer group who would be 
prepared to be allocated randomly to receive tamoxifen. 

Discussions concentrated on the potential risks of long- 
term anti-oestrogen therapy: bone demineralisation, 
changes in serum lipoproteins, thrombosis, coronary heart 
disease. Tamoxifen also has some oestrogen-agonist effects 
which could increase the risk of cancer of the endometrium 
and liver, the latter having been reported in experimental 
animals (422-3). The report of an increased incidence of 
endometrial cancer in women given tamoxifen as adjuvant 
therapy in Stockholm was worrying; but this has not been 
confirmed in the long-term follow-up of the Scottish trial, in 
which tamoxifen had been given for five years (424-5). Nor 
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is there any evidence that tamoxifen is tumorigenic to the 
endometrium in experimental animals (426). These various 
aspects of tamoxifen therapy were recently addressed in a 
workshop in Wisconsin where a study of the effect of 
tamoxifen in normal women is in progress (423). 

A feasibility study was initiated by Powles and his col- 
leagues in London in 1986. Between 1986 and 1988, 200 
women of 35-65 years of age with at least one first-degree 
relative with breast cancer gave consent to be randomised to 
receive tamoxifen 20 mg or an inactive placebo tablet daily 
for three years (428-9). Women were carefully screened for 
a breast abnormality before entry. Monitoring was by serum 
oestradiol, sex-hormone-binding globulin, the clotting fac- 
tors fibrogen and antithrombin-I11 and fasting lipoprotein 
profiles. Bone mass was measured by single-photon absorp- 
tiometry of the forearm. 

The only acute toxicity observed was a significant increase 
in the incidence of mild hot flushes in those receiving 
tamoxifen, but 85 per cent of women in both groups 
continued to take their tablets over 12 months. No long- 
term adverse effects have so far been recorded. Rather the 
reverse: lowering of the ratio of fibrinogen to antithrombin- 
I11 and of the low-density lipoprotein fraction of cholesterol 
is favourable for the avoidance of thrombotic and cardiac 
disease. This finding may account for the lowered incidence 
of non-cancer deaths in the Scottish and NATO tamoxifen 
trials (144,430). 

Large adjuvant tamoxifen trials also offer an opportunity 
to assess the complications of long-term tamoxifen therapy, 
at any rate in women with breast cancer. They have also 
allowed monitoring of second tumours in the contra-lateral 
breast, and so provide evidence for a protective effect. 
Breast cancer is prone to bilaterality, the incidence of a 
second 'primary' tumour in the opposite breast being, in a 
recent British study, 0.8 per cent per annum (431). It has 
been reported that the incidence of second tumours in those 
given adjuvant tamoxifen is halved, but this evidence must 
be taken with some caution (432). Not only has no differ- 
ence emerged in the Scottish trial, in which fol1ou~-up was 
meticulous, but the definition of a contralateral primary 
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tumour in the reported studies is unclear (Table 59). A 
contralateral breast tumour may be metastatic and not a 
second primary; a possibility guarded against in the Scottish 
trial by accepting as primary tumours only those which were 
without evidence of recurrent disease elsewhere within a 
period of 12  months (144,433). 

Novel anti-oestrogens which, unlike tamoxifen, have no 
oestrogenic action are under development (434). 

Ovarian Ablation. Reversible and temporary ablation of 
ovarian function by gonadotrophin-releasing hormone 
(GnRH) agonists has been proposed as an alternative 
method of reducing hormonal stimulation of the breast by 
Pike and his colleagues (435). Noting that oral contracep- 
tives have a protective effect on cancer of the ovary and 
endometrium but increase breast cancer risk, they have 
suggested that while unopposed oestrogen is a risk factor for 
endometrial cancer (as is clear from the effect of exogenous 
oestrogen administration), it is not so for cancer of the 
breast. They suggest that the evidence that oestrogen alone 
increases breast cancer risk is sparse and that it is the 
combination of oestrogen and progesterone that is impor- 
tant. Support for this hypothesis comes from studies of 
epithelial cell turnover in the resting human breast, such as 
those reported from Edinburgh, which indicate that the 
greatest proliferative activity occurs during the follicular 
phase of the menstrual cycle when both oestrogen and 
progesterone are being secreted (436). On  this basis, delay- 
ing the onset of regular ovulatory cycles ought to protect 
against the disease in the same way as does surgical oopho- 
rectomy early in life. 

A reversible medical oophorectomy can be achieved by 
desensitising the pituitary to the normal pulsatile stimula- 
tion of gonadotrophin-releasing hormone (GnRH) by the 
administration of pharmacological doses of synthetic agonist 
analogues. Pike proposes that this method of delaying 
ovulatory cycles should be considered the lack of oestrogen 
being compensated for by oestrogen-replacement therapy 
for 21 of each 28 days. He does not believe that, by itself, 
this would increase breast cancer risk and suggests that this 
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combination would provide effective contraception, without 
the dangers of the pill. It would reduce the incidence of 
cancer of the breast by half, and that of the ovaries by two- 
thirds. The increased risk of endometrial cancer might be 
prevented by the addition of progesterone at such planned 
intervals as would not enhance the risk of breast cancer. This 
is an attractive proposition, and one which in young women 
is more logical than the administration of tamoxifen. 

Diet. An alternative approach to reducing oestrogen secre- 
tion is by dietary intervention. This possibility has gained 
support from a recent study reported by the Women's 
Health Trial Study Group in the 1J.S. In 73 post-menopausal 
women, aged 45-69 years, not taking exogenous oestrogen, 
serum hormones were measured before and after reduction 
of their fat intake from 40 per cent of total kilocalories to 20 
per cent over a period of 10-22 weeks. Plasma concentra- 
tions of total and of weakly bound oestradiol were reduced 
by 17 per cent. Data obtained from a case-control study, 
which we had carried out in Edinburgh in association with 
the Tenovus Institute in Cardiff, was used to estimate the 
reduction of risk which a 17 per cent reduction in circulat- 
ing oestradiol would achieve. In this study oestradiol and 
other steroid hormone levels had been estimated at 15- 
minute intervals over a 6-to 8-hour period. This was four- to 
fivefold; an amount which the authors consider sufficient to 
explain international differences of the disease (437-8). 
Dietary regulation of oestrogen levels may well yet be 
feasible. 

Risk Factors Again 
If interventional studies are to be carried out, it will be 
necessary to define those women to be incli~ded on account 
of an increased risk from the disease. It has already been 
pointed out that combinations of those risk factors, which 
can readily be obtained on enquiry, do not allow good 
discrimination between those at risk and those not. New 
systems of computer modelling may help, but what is 
required is a new marker of risk that can easily be applied to 
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normal women. The transformation of normal breast epi- 
thelium through hyperplasia to malignancy is a series of 
events which will be better understood in time. And, per- 
haps like cervical cancer, a cytological specimen taken by 
suction applied to the nipple or by fine-needle aspiration 
will provide an answer to the degree of risk that a woman is 
carrying; although, even then the only certain form of 
intervention required to counter it is unlikely to be accept- 
able to many. 

MAMMOGRAPHY AND S C R E E N I N G  

Where do these considerations leave the future of screening 
by mammography. Hopefully not at the top of the list; for 
mammography is not a good screening test (439). It is not 
simple and quick to administer, easy to interpret, or  cheap. 
It is reasonably reliable, but its validity depends upon the 
skill of the observer. Acceptability is in doubt. But it does 
not cause risk, either of serious psychological problems or of 
radiation-induced effects. 

But mammography is all we are likely to have for some 
time to come. For even if more sensitive methods of imaging 
are developed, they are not likely to be applicable for 
population screening. Efforts to improve sensitivity by bet- 
ter equipment and more sensitive film-screen combinations 
are bound to continue; and this has particular importance 
for those under 50 years of age. Research into methods to 
facilitate interpretation, for example, by digitalisation of the 
film image or  of the image recording system, is also being 
pursued (440). So also are improved methods of assessment, 
which allow a firm diagnosis to be reached quickly. But these 
cannot resolve a primary problem, which is the definition of 
those women who require to be regularly screened and 
those in whom perhaps one or two screens during their 
lifetime will suffice. 

Admittedly it is a relatively small number of u70men who 
have benefitted from current programmes-a fact seized 
upon by those who are opposed. But it is only those who 
have breast cancer who can benefit: and for them there is no 
other measure of equal proven value. 
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But if population screening is to work well, women must 
attend. The  low^ response rates already reported from 
some centres must be a cause for concern (441). Errors of 
address accounted for 5-25 per cent of non-attenders; no 
doubt disinterest and lack of awareness for the rest. The 
Chief Medical Officer has drawn attention to the intent 
that the system 'be organised as part of primary care in 
which the woman's general practitioner, with nursing sup- 
port, had an essential role in inviting the women to come 
forward and counselling them at every stage as necessary' 
(442). The general practitioner has a large responsibility 
to fulfill; for the British public still adheres to the tra- 
ditional 'whatever you say, doctor' approach, and will look 
to their doctor, and other health professionals, to give 
guidance. Which they can do only if they are certain not 
only that screening is beneficial, but that the quality of the 
service is beyond reproach. And this requires the commit- 
ment and enthusiasm of all those people of many differing 
skills who are responsible for each stage of the screening 
process. 

A recent survey of 1029 general practitioners in USA 
revealed a change of attitude over the past 5 years. In 1984 
only 41 per cent advised women to follow the guidelines of 
the American Cancer Society for mammographic screening: 
by 1989 72 per cent did so. A similar change of attitude in 
this country is a necessary prerequisite of successful screen- 
ing (443). 

But it also requires that women in the U.K. become 
increasingly aware of the importance of facing up  to breast 
cancer as a disease, becoming knowledgeable about its 
management, and appreciating that it is in their hands that 
action must lie. In the U.S. very positive steps are being 
taken to bring the attention of Congress to the increasing 
public outrage over the thousands of lives lost through this 
disease (444). Included is a request for a mandate for 
coverage for screening mammograms, under a new bill, 
which nowr bears the name of Rose Kushner, a proponent of 
all breast cancer issues until her recent death from breast 
cancer. It is from women such as her that leadership is 
required to ensure that here also there is constant pressure 
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on the need to determine how breast cancer can be con- 
quered. 

Evidence has been presented to indicate that screening 
mammography can prolong life to a greater extent than any 
other change in the management of breast cancer. To 
dispense with it, without having something better to put in 
its place, would be a brave decision. 



TABLE 60. Controlled randomised trials under way i n  U.K. nalional breast cancer screening service 

Question Study Population Control Pof)ulation $ 
z 

How screen? 2-vicw oblique+ craniocaudal Single-oblique marnmogaphy M 
mammography 

How often? Repeat screcns at 1 ycar Repeat screens at 3 years =? 
At what age? 40-41 yr, annual screening until 47, 40-41 yr, no screening until age 50, 

then national progranlmc thcn national programme 2 .I1 

IIow treat i n  silu cancer? 120cal excision+ tamoxifen Local cxcision +- radiation f tamoxifcn 



E P I L O G U E  

In his Haddow Memorial Lecture, the Chief Medical Offi- 
cer, Sir Donald Acheson, reviewing progress in implement- 
ing breast screening within the NHS, concluded: 'We have 
made a good start on a great adventure' (441). 

A recent report in the British Medical Journal indicates 
that this is so. In England and Wales, 30 of 77 screening 
centres covering 190 Health Authorities, some with mobile 
units, had already accumulated sufficient data for analysis. 
Of 164,000 women invited to be screened, 67.5 per cent 
had responded, ranging from 38 to 83 per cent. Recalled for 
assessment were 8238 (7.4 per cent); 1410 (1.3 per cent) 
had a surgical biopsy with a yield of 733 cancers: a malig- 
nant:benign ratio of 1 :1. The rate of cancer detection was 
6.6 per 1000 (413). 

These figures indicate that breast cancer screening within 
the NHS can work; for which much credit must be given to 
those responsible for its implementation. And to those who 
have done so much to see that information and training go 
hand in hand with monitoring and evaluation. 

But we have also made a good start to a great experiment, 
this by the support of the Health Departments, the Medical 
Research Council, the Cancer Research Campaign and the 
Imperial Cancer Research Fund, which has allowed a unique 
series of controlled trials to be embedded within the na- 
tional screening service (Table 60). These will resolve some 
very important issues. The comprehensiveness of this joint 
service and research programme is unparalleled in any other 
country. And we all have a national responsibility to see that 
its objectives are achieved. 

It is my hope that this Queen Elizabeth, the Queen 
Mother, monograph may help to realise this responsibility 
by bringing to the notice of doubters the need to use this 
and every other means at our disposal continuously to fight 
this dread disease. 



A P P E N D I X  TABLES 

APPENDIX 1. Some characteristics of samples of study and control 
populations entering during 1964 ( 1  77) 

Study Percent Control 

Age (yr): 
40-50 
50-60 
60-64 

Jewish 
College education 
Ever married 
Ever pregnant 
At or past menopause 
Previous breast lump 

SOURCE: Johns Hopkins University Press, with permission 
[also for Tables 2, 3, 4, 5, 61. 

APPENDIX 2. Rates of detection of breast cancer (per 1000person- 
years) d u r i n g j v e  years from entty to the trial ( 1  7'7) 

Number of Cases Rate 

STUDY POPULATION 
Screped 

Detected on screening 
Prevalence screen 
Incidence screen 

Interval cancers 
Refused screening 
TOTAL 

CONTROL POPULATION 

For prevalence screen, rate is per 1000 persons. 
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APPENDIX 3. The method of detection of 132 histologicallj 
conjrmed breast cancers diagnosed as a result of screening ( 1  77)  

Method of Detection Number of Women Percent 

Mammography only 
Clinical examination only 
Both modalities 

APPENDIX 4. Proportions of in situ and proven (histological) 
axillary node-negative cancers in study and control populations 

(1 77) 
-- 

Percent 
I n  sztu -Vegatzve 

Number of Cases Cancer Kodes 

STUDY POPULATION 
Detected on screening 132 19.7 70.5 
Not detected on screening 172 7.6 45.9 
TOTAL 304 12.8 56.6 

CONTROL POPULATION 305 8.1 46.1 

APPENDIX 5.  'Stage' of cancers diagnosed within jive years of 
entry i n  study and control populations (1 $7) 

Study Populatzon Controls 
Stage 304 Cases 295 Caces 

'Operable' tumour, 
no node in\ olvement 56.3 45.8 

'Operable' tumour, 
nodes involved 

Skin or chest wall 
involvement 

Distant metastases 4.3 2.4 

hxillary nodes staged by histology (unknown in 3.9 and 4.7%, 
respectively). 

Staging b j  unique classification. 
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APPENDIX 6. All-cause mortality (excluding breast cancer) i n  
study and control population during the first 1 0  years after entry 

per 10,000 person-years ( 1  77) 
Population 

Study Control 

Malignant disease 
(respiratory) 

Circulatory disease 
(ischemic heart disease) 

Respiratory and digestive disease 

All others 

Unknown 

TOTAL 

APPENDIX 7. Rates of detection of invasive cancer per 1000 
person-years in Two-counties trial (207) 

Number of Cases Rate 

STUDY POPULATION 
Screened 

Detected on screening 
Prevalence screen 
Incidence screen 

Intenal cancers 
Refused screening 

Total 

CONTROL POPULATION 

For prevalence screen rate per 1000 persons. 
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APPENDIX 8. Stage of 1295 breast cancers diagnosed in the study 
population and 768 i n  controls (2 1 9 )  

% of All (Inwaszwe) Cancers 

Stage Study Control 

In  situ cancer 8.4 3.0 

Tumour (2 cm, no node involvement 53.0 35.6 
(Stage I) (57.6) (36.6) 

Tumour >2 cm, or nodes involved 35.5 59.0 
or clinically advanced (38.6) (60.8) 
(Stages 11-IV) 

Nodes involved and/or 24.6 37.2 
disseminated disease (26.8) (38.2) 
(Stages I1 and IV) 

TNM (1978) classification with pathological size and axillary node 
status. Lobular carcinoma-in situ was discounted. Percentages are of all 
cancers with those of invasive cancer in parentheses. 

SOURCE: International Union Against Cancer, with permission. 

APPENDIX 9. Analysis of mortality from causes other t han  and 
inc luding  breast cancer adjusted for county and age  (207) 

Mortality From 
Relative Risk of Death 
(95% conjdence lzmits) (96) 

All cancers except 
breast cancer 1.00 (0.96-1.04) 0.9 

All cancers including 
breast cancer 0.99 (0.95-1.03) 0.5 

Other cancers amongst 
breast cancer cases 1.06 (0-75-1-49) 0.7 

Differences on analysis of unadjusted mortality were similar. 
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APPENDIX 10. Numbem of cases detected i n  Malmo trial ( 2  1 1 )  

STUDY POPULATION 
Screened 581 

Detected on screening 374 
prevalence screen - 
incidence screen - 

Interval cancers 100 
Refused screening 107 

CONTROL POPULATION 497 

APPENDIX 1 1. Stage of 5 79 breast cancers diagnosed i n  the study 
population and 443 i n  controls (21 1 )  

% of All (and Invasive) Cancers 

Stage Study Control 

In situ cancer 16.0 11.3 

Tumour (2 cm, no node 51.1 (60.9) 36.6 (41.2) 
involvement (Stage I) 

Tumour >2  cm, or  nodes involved 32.8 (39.1) 58.8 (52.1) 
or  clinically advanced 
(Stages 11-IV) 

TNhf (1978) classification (presumably b) pathological size and node 
status but not stated). Lobular carcinoma-zn sztu (LCIS) may habe been 
included. Percentages are of all cancers with those of invasive cancer in 
parentheses. 
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APPENDIX 12. Causes of death i n  study and control populations 
during seven years from start of trial. Overall mortality was not 

signiJicantly dqferent between the two groups (21 1 )  

% of Population Dead 

Study Control 
(21,088) (21,295) 

Malignant tumours 3.35 3.49 

Cardiovascular disease 3.42 3.18 
Respiratory and 

gastrointestinal disease 

Suicide/injuries unknown 

Others 

Total 

APPENDIX 13. Number of cases detected i n  Stockholm trial 
(corrected for size of populations) (225) 

Study Population Number of Cases 

Screened 
Detected by screening 

prevalence screen 
incidence screen 

Interval cancers 
Refused screening 

Total 

CONTROL POPULATION 



APPENDIX 1 4. Cancers diagnosed in screening centres during the first 5- 7 years of study (2  1 2)  

Edinburgh Guildford Total 
Number Rule Number Rate Number Rate 

Prevalence screen 
% 

78 5.5 78 4.8 156 5-2 +d M 
Incidence screens (clinical only) 51 1-4 44 1.2 95- 1.3 5 

u 
Incidence screens 

(clinical +mammography) 95 3-0 141 3.6 236 3.3 
52 
4 

Interval cancers 47 - 68 - 115 - 

Non-attenders 89 1.7* 5 7 1 -7* 146 1.7* 
& 
t' 
M 

TOTAL 360 - 388 - 748 2-57 m 

Rates are per 1000 women and per 1000 women-years (*). Cumulative diagnosis rate for comparison centres is 
1 -70*. 
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APPENDIX 15. Numbers of cancers detected in  the Edinburgh trial 
(2 13) 

Study Population 

Screened 
Detected on screening 

prevalence screen 
incidence screen 

Interval cancers (total) 

Refused screening 

Total 
CONTROL POPULATION 

1Vumber of Cases Rate 

APPENDIX 1 6. Clinical staging by UICC classijication (1 9 78) of 
395 breast cancers diagnosed in  the study and 268 i n  the control 

populations ( 2  13) 

Stage 

% of All Cancers Detected 

Study Control 

In situ cancer (Stage 0) 10.1 2.6 

t 2  cm, no palpable nodes (Stage I) 31.9 (35.5) 13.1 (13.4) 
>2 cm or palpable nodes (Stage 11) 41.8 (46.5) 47.8 (49.0) 
> 5  cm, involving skin or chest wall, 

fixed nodes (Stage 111) 12.7 29.9 

Distance metastases (Stage IV) 3.3 4.9 
Not known 0.3 (0.3) 1.9 (1.9) 

Figures in parentheses are percent of invasive cancers (355 and 261 in 
study and control populations). 
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APPENDIX 17. Size and node status of cases of Stage I and 11 
cancer i n  study population determined histopathologically ( 2 7 9  
with size and 265 with lymph-node status known)  compared to 

control ( 1 5 2  and 1 2 9 )  (213) 

5 1 0  mm Node Negative 

STUDY 
Detected by screening 27.2 74.7 
Interval (all) 9.3 60.0 
Non-attenders 7.3 48.6 
Total 21.5 69.1 

CONTROL 13.8 60.5 

Expressed as % of size and node status known in each category. 



APPENDIX 18. Clinical staging by UICC cla5~iicalion of cancers zn lrial accordzng to participatzon. 
Percenl of invasive cancer5 i~ i n  parenth~ses (21 3 )  

% o j  All Cancers Detected 

No. In Situ I II  111 and IV NK 

STUDY POPU1.ATION 
Detected by screening 243 14-4 42.0 (49.0) 40.3 (47.1) 3.3 (3.9) - 

All interval cascs 6 0 5-0 25-0 (26.3) 53.3 (56.1) 15.0 (15.8) 2-0 (1.8) 
Nomattender5 92 2-2 9-8 (1  0.0) 38-0 (38.9) 50.0 (51.1) - 

Total 395 10.1 31.9 (35.5) 41 -8 (46.5) 15.9 (17.7) 0.3 (0-3) 

CONTROI. POPU1,ATlON 268 2.6 13.1 (1 3.4) 47.8 (49-0) 34-7 (35.6) 1.9 (1.9) 
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APPENDIX 19. All-cause mortality in study and control popula- 
tions by primary registered causes of death during seven years of 

follow-up from date of entry per 10,000 women-years 

Populatton 

Study Control 

Cardiovascular disease 29.2 42.1 
Lung cancer 9.1 10.4 
Gastrointestinal cancer 8.8 9.4 
Geniro-urinary and lymphatic cancer 6.1 6.7 
Breast cancer 4.3 5.1 
Other causes and unknown 33.2 27.1 

All causes 80.7 100.8 

The differences in all-cause and cardiovascular mortality are significant, 
even when adjusted for age and socio-economic status of general practice 

(P. B. Donnan, personal communication). 

APPENDIX 20. The method of detection of histologically conjirmed 
breast cancers diagnosed as a result of screening in  BCDDP (63)  

Method of Detection Number of Women @) 

Mammography only 1375 40.0 

Clinical examination only 257 7.5 

Both modalities 1805 52.5 

SOURCE: American Cancer Society, with permission. 
[also Appendix Tables 21 and 221. 

APPENDIX 2 1. Characteristics of 3548 breast cancers detected by 
screening in BCDDP (63)  

Number Number known (%) 

Of all 
i n  situ cancer 

Of invasive size known 
< I  cm 279 2809 9.9 

Of invasive stage known 
Stage I 880 33.2 

I1 1083 2653 40.8 
I11 690 26.0 

Of invasive nodes known 
node-negative 1750 2281 76.8 
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APPENDIX 22.  Cumulative relative su~wiva l  rates for invasive 
breast cancer i n  cases detected by screening and white females i n  

the SEER programme (63) 

Survival 
No. of Rate (96) 
Cases 5 y r  8 y r  

Survival 
No. of Rate (%) 
Cases 5 y r  8 y r  

Node Negative 
<2 cm 880 94 90 
2-5 cm 51 1 89 80 
5+ cm 182 86 80 

Node Positive 
(2 cm 171 84 74 
2-4.9 cm 219 72 66 
5+ cm 76 64 56 

Available comparisons included from Seideman et al. (64). 
SOURCE: American Cancer Society, with permission. 
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APPENDIX 24. Available information on age differential in 
fezation to mortality from breast cancer in trials 

Relatzve Rzsk of Death 

Age 4 0 - ( 5 5  Years Range .4ge 40->55 Years Range 

HIP 40-49 23.5% reduction 50-59 31.1% reduction 
Two-Counties 40-49 0.92 (0.52-1.60) 50-59 0.60 (0.40-0.90) 

Malmo 45-54 1.29 (0.74-2.23) 53-70 0.79 (0.51-1.24) 

Edinburgh 45-50 3.18 v 3.25 50-64 0.80 (0.54-1.17) 

Nijmegen 35-49 1.23 (0.31-4.81) 50-64 0.26 (0.10-0.67) 

Utrecht 50-54 0.82 (-) 55-64 0.31 (-) 

Florence 40-49 0.63 (0.24-1.64) 50-70 0.51 (0.29-0.89) 

Number of rounds variable (Florence data after 1 and 2 rounds). 
Relative risk of death between study (or screened) and controls (or non- 
screened). 
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