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Preface 

Why a Handbook on breast cancer screening? 
The scientific process of acquiring infor-
mation about the efficacy of breast 
cancer screening was initiated in 1963, 
when Sam Shapiro and coworkers intro-
duced the Health Insurance Plan study 
(Shapiro etal., 1988a) in New York, USA, 
the first randomized controlled trial of the 
effect of mammography and clinical 
breast examination in reducing mortality 
from breast cancer. This study opened 
the era of randomized controlled trials for 
evaluation of screening techniques. 
Cancer screening techniques used 
before that, such as the Papanicolau 
(Pap) smear, never underwent proper 
evaluation in randomized trials before 
their introduction as a means for popula-
tion screening. 

Randomized controlled trials have 
been criticized many times as expensive 
and slow to provide results. The Breast 
Cancer Detection Demonstration Project 
(Baker, 1982) in the USA was initiated to 
provide data on the efficacy of breast 
cancer screening rapidly, and the first 
results appeared in 1979, 3 years before 
publication of the results of the Health 
Insurance Plan study. Three more studies 
- in MalmO, Sweden (Andersson et al., 
1988), Edinburgh, Scotland (Roberts et 
al., 1990) and in two Swedish counties 
(Tabár et al., 1985) - were initiated 
13-14 years after the beginning of the 
Health Insurance Plan study, and 
another three studies were initiated in 
1980-82, in Canada (Miller et al., 
1 992a,b) and in Stockholm (Frisell et al.,  

1986) and Goteborg, Sweden (Bjurstam 
etal., 1997). Thus, a number of random-
ized controlled trials, initiated in five 
different countries over a 20-year period, 
provide the basis for evidence in the field 
of mammographic screening. 

Mammography was first officially 
introduced in a population-wide, 
organized screening programme in 
Iceland and in several districts in 
Sweden in 1987. The Netherlands and 
several regions of Canada followed in 
1988, and Finland in 1989. In 1988, the 
American Cancer Society and the 
Preventive Services Task Force estab-
lished policies in favour of screening for 
breast cancer in the USA (US Preventive 
Task Force, 1996). In contrast to the poli-
cies in other countries, that in the USA 
emphasized a triple approach, involving 
breast self-examination, clinical breast 
examination and mammography. The 
Europe Against Cancer programme 
simultaneously initiated a series of pilot 
screening programmes in several 
countries in Europe (Commission of the 
European Communities, 1996) in order 
to develop expertise in planning and 
running high-quality population-based 
screening programmes before their 
incorporation into national policy. In the 
early 1990s, national screening 
programmes were initiated in Australia 
and the United Kingdom, and these were 
followed by organized programmes in 
several states of the USA, in Israel and, 
later, in France. Germany and 

Switzerland were among the last 
western countries to join the international 
trend, with plans to introduce national 
screening at the beginning of the twenty-
first century. 

Experience in large-scale mammo-
graphic screening by the mid-1 990s, and 
the availability of data on more recent 
follow-up from the trials, led to discussion 
about the value of mammographic 
screening for women under the age of 
50. Even on the basis of the same scien-
tific evidence, few countries have estab-
lished the same breast cancer screening 
policy. The policies differ with respect to 
the target age group to be screened, the 
frequency of screening, the number of 
mammographic views to be taken and 
the screening modalities. In Japan, the 
policy was based on clinical breast 
examination until recently, when it was 
decided to add mammography. 

In spite of the vast amount of 
information available from several 
randomized trials, some doubt has 
recently been cast on the value of breast 
cancer screening in reducing mortality 
from breast cancer (Gotzsche & Olsen, 
2000; Olsen & Gotzsche, 2001). In this 
volume, the relevant published studies 
are thoroughly reassessed, together with 
the newest data, either recently 
published or in press, according to the 
procedures and guidelines followed in 
the Handbooks (see pp.  223) 



Chapter 1 

Breast Cancer and Screening 

The world-wide burden of 
breast cancer 

Of the 10 million new cases of invasive 
cancer world-wide each year in males 
and females combined, 10% arise in the 
breast, which makes it the second most 
common site of malignant neoplasms 
after the lung (Parkin, 2001). In 2000, 
breast cancer accounted for 22% of all 
new cancers in women, making it by far 
the most common cancer in females 
(Figure 1). In high-income countries, the 
proportion rises to 27%, more than twice 
as common as any other cancer in 
women. In 2000, cancer of the breast 
was also the commonest tumour among 
women in low-income regions, with 
470 000 new cases per year, whereas 
invasive cervical cancer had been the 
leading cancer during the previous two 
decades. More than half of the 1.05 mil-
lion cases occur in high-income coun-
tries in North America and western 
Europe and in Australia and New 
Zealand (Figure 2), where an average of 
6% of women develop invasive breast 
cancer before the age of 75. Incidence 
rates of a similar magnitude are 
observed in Argentina and Uruguay. The 
risk for breast cancer is low in the low-
income regions of sub-Saharan Africa 
and Southern and Eastern Asia, includ-
ing Japan, where the probability of devel-
oping breast cancer by the age of 75 is 
one-third that of other high-income coun-
tries. The rates are intermediate else-
where. Japan is the only affluent country 
where in 2000 the incidence rate was 
low. 

Clear increases in the incidence of 
and mortality from breast cancer were 

High-income regions 

Breast  

Cervix uteri 91 

Colon & rectum 292 

Lung 175 

Stomach 125 

Ovary 91 

Corpus uteri 114 

Liver 34 

Oesophagus 16 

Non-Hodgkin lymphoma 66 

60 	 40 20 

Low-income regions 

471 

11111 	379 

154 

142 

1 	193 

101 

75 

132 

117 

55 
ASR/100,000 

0 	 20 	 40 

Figure 1 The 10 commonest sites of cancer in women world-wide, with incidence rates for 
2000. World age-standardized rates per 100 000 population and total numbers of cases 
(thousands) 
From Ferlay et aI. (2001) 

• Breast cancers accounted for 22% of all cancers in women 
worldwide (1 million new cases) in 2000. 

• The incidence of breast cancer in women in high-income countries 
in 2000 was at least twice that of any other cancer in women, and 
was similar to the incidence of cancer of the cervix in low-income 
countries (see Figure 1). 

• More than half the breast cancers that occurred throughout the 
world in 2000 were estimated to have been in high-income countries 
(see Figure 2). 
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Figure 2 Estimated age-standardized incidence rates of breast cancer world-wide in 2000 
From Ferlay et al. (2001). 
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Figure 3 Trends in age-standardized incidence rates of breast cancer among women in selected 
populations. 
From Doll et a/. (1966, 1970); Waterhouse etal. (1976, 1982, 1987), Parkin etal. (1992, 1997); 
http://www.depdb.iarc.fr/who/menu.htm  

observed until the early 1980s in both graphy and improvements in prognosis 
high- and low-income countries (Figure 

	
in high-income countries altered the 

3). The subsequent advent of mammo-  reported rates of both incidence and 

mortality, masking trends in the underly-
ing risk for the disease. The risk contin-
ues to increase in eastern Europe and 
Latin America (Figure 3), as seen mainly 
from trends in mortality, and in some 
urban populations of Asia, as indicated 
by population-based incidence rates in, 
e.g., Japan, Singapore, Shanghai and 
Hong Kong (China) and Mumbai (India). 

Around 1990, the incidence of breast 
cancer varied eightfold world-wide, indi-
cating large differences in the distribution 
of the underlying causes (Parkin et al., 
1997). Studies of geographical variation, 
time trends and populations migrating 
from low- to high-risk areas (Geddes et 
al., 1993; Ziegler etal., 1993; Kliewer & 
Smith, 1995) suggest an important role 
of environmental factors in the etiology of 
the disease. Low parity, late age at first 
pregnancy, early menarche and late 
menopause are all factors that are con-
sistently associated with an increased 
risk for breast cancer. Trends towards 
lower reproductive rates in western pop-
ulations therefore explain part of the 
observed increase and may predict simi-
lar increases in populations where the 
reproduction rates are declining (Lopez-
Carrillo etal., 1997; dos Santos Silva & 
Beral, 1997; Gao et al., 2000). As for 
most epithelial tumours, the risk for the 
disease increases steadily with age 
(Figure 4A). 

Substantial improvements in survival 
have been recorded in western countries 
since the late 1970s (Adami et aI., 1989; 
Chu et al., 1996; Quinn et al., 1998), and 
an increasing number of women live with 
the consequences of the disease and its 
treatment. In the USA, survivors of 
breast cancer were estimated to 
constitute 1.5% of the female population 
(Hewitt et aI., 1999), which is about 
10 times the annual incidence. The mor-
tality rate, which had been increasing 
until the 1980s, levelled off or declined in 
several high-risk countries (Hermon & 
Beral, 1996; La Vecchia et a/., 1998; 
Howe et al., 2001; Figures 4E, 4C, 4D). 
Despite these positive achievements, 
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southern and middle Asia, the Middle 
East and northern Africa and less than 
25% of all deaths in sub-Saharan Africa 
(Figure 5). 

Breast cancer biology, 
pathology and natural history 
as related to screening 

Widespread use of mammographic 
screening has altered the range of 
benign lesions that are removed surgi-
cally and the patterns of neoplastic 
disease. In particular, the frequency of 
ductal carcinoma in situ (DCIS) has risen 
dramatically, leading to debate on clinical 
management and the meaning of small 
in-situ lesions. 

While the ultimate goal of breast 
cancer screening is to reduce mortality 
from the disease, the immediate goal is to 
detect cancers before they become 
clinically evident, as noted earlier in this 
chapter. At the same time, detecting 
cancer (or its precursors) before they 
present clinically raises a risk of 
excess diagnosis and treatment (see 
Chapter 5). 

Breast cancer is probably a hetero-
geneous group of diseases with more 
than one natural history. The view 
that cancer progresses inexorably from 
atypia to carcinoma in situ, invasive 

Normal breast structure 
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cancer and metastasis may not hold 
(Buerger et al., 1999, 2001). It is 
accepted that benign disease associated 
with ductal and lobular epithelial pro-
liferation and hyperplasia, especially with 
atypia, confers an increased risk for 
developing breast cancer, and these 
lesions may form part of a spectrum of 
neoplastic breast disease or an interface 
between some benign and malignant 
breast conditions. However, these 
lesions may not be the explanation or the 
basis for development of all forms of 
breast cancer. 

As screening mammography and 
other techniques, in contrast to  

symptoms, allow earlier detection 
of abnormalities, it has become 
increasingly important to know more 
about the risk for progression of the var-
ious lesions identified. Understanding 
the progression rates is crucial for 
answering questions relevant to 
screening programmes, including how 
such abnormalities should be treated 
and how intensively they should be 
sought. 

This section reviews what is known 
about the progression of breast cancer at 
three points in the disease course: 
benign disease, in-situ cancer and 
invasive cancer. 



: 	.. - 

Barriers to understanding of 
early cancers 
At the outset, it is important to empha-
size that there are two barriers to better 
understanding of progression. First, the 
nomenclature used for the microscopic 
appearance of lesions has been 
inconsistent, making comparisons 
across studies and time difficult. 
Secondly, there is concern about 
the reproducibility of pathological obser-
vations in early forms of breast cancer, 
some of which may reflect the problem 
of nomenclature and some the 
diagnostic threshold of a pathologist. In 
both cases, variation in diagnosis can 
confuse assessment of the risks for 
progression. 

Most of the long-term data on 
progression of in-situ cancers and their 
precursors refer to lesions that 
presented clinically (e.g. a mass or 
nipple discharge) and not to those 
currently detected mammographically. 
Because disease detected at screening 
is asymptomatic and the tumours are 
generally smaller than those detected 
clinically, early detection could influence 
natural history. Thus, the progression 
rates reported here may be overesti-
mates of the natural history of those 
detected by mammography. 

Benign breast disease 
Significance in breast screening 
Many benign conditions can be seen 
mammographically, but those that lead 
to surgical biopsy are of particular 
concern. Woman may be recalled for 
assessment after primary mammo-
graphic screening because of benign 
disease or involutional changes, which 
can be seen mammographically as ill-
defined masses (fibroadenoma and 
cysts), parenchymal deformity (radial 
scar, sclerosing adenosis) and calcifica-
tion. A variety of benign calcified lesions 
are seen (Table 1; Spencer et al., 1994). 
The commonest abnormalities leading to 
benign surgical biopsy are non-comedo-
type suspect calcification (29%) (Figure 
6), a poorly defined mass (21%), 
architectural distortion (19%) and a 
well-defined mass (18%) (Spencer et al., 
1994) (Figure 7) (American College 
of Radiology, 1995; Liberman et al., 
1997). 

The positive predictive value for 
malignancy by type of mammographic 
abnormality is shown in Table 2 (Burrell 
et al., 1996). The sensitivity of mam-
mography in cancer detection must be 
high, but it is also important to achieve 
high diagnostic specificity to avoid 
morbidity associated with unnecessary 
surgical biopsy. The aim of assessments 
after screening should be both accurate  

diagnosis of breast cancer with prompt 
referral for treatment and accurate 
diagnosis of benign and involutional 
changes, if possible without surgical 
biopsy. 

Association with an increased risk 
for breast cancer 
Many studies have shown an increased 
risk for cancer among patients with usual 
epithelial 	hyperplasia, 	which 	is 
1.5-2.0 times greater than that of a ref-
erence population, and a 2.5-4-fold 
increase in risk for patients with atypical 
ductal hyperplasia (Dupont & Page, 
1985; Dupont etal., 1993; Marshall etal., 
1997) (Figure 8). Atypical lobular 
hyperplasia increases the relative risk by 
four to five times (Page et al., 1991; 
Marshall et al., 1997). Other forms of 
benign breast disease, such as 
sclerosing adenosis, fibroadenoma and 
papillary apocrine change, appear not to 
alter the risk or to be associated with a 
1.5-2-fold increase (Jensen et al., 1989; 
Dupont et al., 1994). The invasive 
cancers occurring after diagnosis of 
these types of epithelial proliferation 
occur at roughly equal frequency in the 
ipsilateral and contralateral breast. 
All these epithelial proliferative lesions 
may be found coincidentally in a lesion 
found as a result of breast screening. 

Figure 6 Punctate calcification identified at 
mammographic screening. The resulting biopsy 
revealed benign stromal calcification 

Figure 7 A benign radial scar which has a stel-
late configuration similar to some forms of 
breast carcinoma and can produce a parenchy-
mal deformity mimicking carcinoma mammo-
graphically 

Figure 8 An example of atypical ductal hyper-
plasia with a single duct space, part of which 
contains uniform, small-cell epithelial prolifera-
tion 
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Lesion 	 (%) 

Fibrocystic change 33 

Fibroadenoma 18 

Stromal calcification 15 

Fibroadenomatoid hyperplasia 15 

Involutional change 11 

Sclerosing adenosis 7 

Duct ectasia 4 

Apocrine change 4 

Blunt duct adenosis 3 

Mucocoele 2 

Vascular 1 

Fat necrosis 1 

Radiation change 0.6 

Foreign body reaction 0.6 

From Spencer et al. (1994) 

Carcinoma in situ 
Definition 
Two non-invasive forms of breast 
carcinoma in situ are recognized: DCIS 
and lobular carcinoma in situ (LOIS). 
Each arises from its respective epithelial 
cell population in the lobule or duct of the 
normal breast. However, the neoplastic 
cell population is confined within the 
parenchymal site of origin, and the cells 
do not infiltrate beyond the limiting 
basement membrane. DOIS may har-
bour calcifications that make it mammo-
graphically apparent, but LOIS rarely 
gives rise to mammographic abnormali-
ties (Goldschmidt & Victor, 1996). 

Association of LCIS with invasive 
carcinoma 
Lobular neoplasia includes LOIS and 
atypical lobular hyperplasia and is 
typically found incidentally in other 
benign and malignant breast lesions on 
histological examination (Figure 9). The 
relative risk for subsequent development 
of invasive carcinoma among patients 

Abnormality PPV (%) 

Microcalcifications 

All 45 

Comedo 83 

Non-comedo 35 

Masses 

Spiculate 	 94 

Ill defined 	 54 

Well defined 	 4 

Parenchymal deformity 	37 

Density with calcification 	44 

From Burrell etal. (1996) 

with lobular neoplasia ranges from 
4- (atypical lobular hyperplasia) to about 
10-fold in women with LOIS (Page etal., 
1991; Dupont etal., 1993; Marshall et al., 
1997), higher risks being associated with 
more extensive lesions (Page et al., 
1991; Fisher etal., 1996). The invasive 
cancers seen after diagnosis of lobular 
neoplasia occur at roughly equal fre-
quency in the ipsilateral and contralateral 
breast. Management of lobular neoplasia 
has evolved (Gump, 1993; Schnitt & 
Morrow, 1999) with better understanding 
of the disease. The current consensus is 
that both LOIS and atypical lobular 
hyperplasia are risk factors for 
subsequent development of invasive 
carcinoma in either breast. The value of 
routine mastectomy with or without 
contralateral breast biopsy has been 
questioned, and the majority of patients 
are managed by careful follow-up (Gump 
et al., 1998). 

Pathological classification of ductal 
carcinoma in situ (DUS) 
The classification of DOIS is evolving, 
and several groups have described 
systems for subdividing the lesions. The 

traditional classification, which is based 
on both architectural growth pattern and 
cytological 	features, 	is 	poorly 
reproducible, with up to 30% of cases in 
multicentre trials requiring reclassifica-
tion (van Dongen etal., 1992a). The lack 
of agreement among pathologists may 
be due largely to the architectural 
heterogeneity of DOIS. There is less het-
erogeneity in nuclear grade characteris-
tics, and most of the contemporary histo-
logical classification systems are based 
on a three-tier grading or differentiation 
system with nuclear grade (National 
Coordinating Group for Breast Screening 
Pathology, 1995; Sneige et al., 1998), 
grade and polarity (Holland et al., 1994) 
or grade in the presence or absence of 
necrosis (Poller et al., 1994: Silverstein 
et al., 1995). Silverstein and colleagues 
have been particularly innovative in 
using histological grade, lesion size and 
distance of the excision margin in making 
a prognostic index (Silverstein et al., 
1996), and this has shown significant 
predictive power for local recurrence. 

Although many of the histological 
classification systems appear to have 

Figure 9 An example of lobular carcinoma in 
situ, showing filling of a distention of the acini 
of a breast lobule by a uniform population of 
epithelial cells. There are no associated fea-
tures, such as calcification, inflammation or 
fibrosis, which would allow mammographic 
detection, and LOIS is typically a chance find-
ing in breast biopsies resulting from breast 
screening. 
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Figure 10 Mammograms and histological photomicrographs of typical examples of low- and high-
grade DOIS. A Mammogram showing fine punctate calcification corresponding to the calcifica-

tions seen in secondary luminal spaces in the example of low-grade DOIS seen in B. The mam-
mogram in C shows an extensive area of coarse calcification arising in luminal necrotic debris 
formed in the centre of ducts involved by high-grade DOIS, illustrated in D. 

Breast cancer and screening 

been predictive, questions remain about 
diagnostic reproducibility among pathol-
ogists (Douglas-Jones et al., 1996; Scott 
et al., 1997; Badve et al., 1998; Sneige 
et al., 1998). Pathologists appear to have 
little difficulty in separating the entities at 
either end of the spectrum: problems of 
concordance of classification are 
generally found in the middle group and 
its boundaries and also at the boundary 
between low-grade DCIS and atypical 
ductal hyperplasia (Rosai, 1991; Schnitt 
et al., 1992; Sloane et al., 1994, 1999). 
Three recent consensus meetings came 
to similar conclusions and recommended 
that, until better data on clinical rele-
vance and agreement among patholo-
gists emerge, the morphological features 
present in DOIS and their nuclear grade 
should be recorded (Recht et al., 1994, 
Australia—New Zealand Breast Cancer 
Trials Group, 1996; Consensus 
Conference Committee, 1997). Nuclear 
grade should be assigned according to 
internationally accepted guidelines 
(Commission of the European Commu-
nities, 1996; Tavassoli & Stratton, 2002). 

Calcification can be seen in both high-
and low-grade DCIS (Figure 10) (Elston 
& Ellis, 1998; Evans et al., 1994a; 
Tavassoli & Stratton, 2002). The mam-
mographic calcification found in 
high-grade DCIS is more predictive of 
malignancy and generally more obvious, 
often showing coarse rod and branching 
shapes (Burrell et al., 1996). This profile 
of subtypes of screen-detected DCIS 
suggests that radiologists might be able 
to distinguish subtypes of DCIS with 
different risks of progression to high-
grade invasive disease (Evans et al., 
1994a). 

Association of DCIS with invasive 
carcinoma 
For ethical reasons, there are limited 
data on the natural history of untreated 
DCIS. The available studies are from the 
1930s to 1950s and relate to sympto-
matic, extensive, high-grade comedo 
DCIS. At that time, DCIS was rare in  

clinical practice, and patients typically 
presented with a mass lesion, nipple 
discharge or Paget disease of the nipple. 
This form of DOIS was defined at the 
time as aggressive. One very small 
but widely quoted series showed a 75% 
rate of progression to invasive disease, 
with a mean time to progression of 4 
years (Dean & Geshchicter, 1938). 
This type of experience led to the pre-
vailing effective use of mastectomy as 
the treatment of choice for symptomatic 
DCIS. 

More recent studies reflect the oppo-
site end of the spectrum of DCIS and are 
based on lesions originally classified as 
benign. Virtually all are examples of low-
grade DOIS. In the studies with the 
longest follow-up, about 40% progressed 
to invasive disease after 30 years. In 
contrast to epithelial hyperplasia, atypi-
cal hyperplasia and LCIS, invasive  

tumours tend to occur in the same quad-
rant of the breast as the intitial lesion 
(Page et al., 1995). 

Evidence from studies of recurrence 
after breast-conserving surgery for DCIS 
indicates that about 50% of recurrences 
are as invasive cancer and that high-
grade DCIS and DCIS with necrosis 
represent a biologically aggressive sub-
set of DCIS with higher rates of invasive 
and in-situ recurrence than low-grade 
DCIS lesions without necrosis (Solin et 
al., 1993; Silverstein et al., 1995, 1996; 
Fisher et al., 1999). One large 
randomized trial (Bijker et al., 2001a) 
showed that margin status is the most 
important factor in the success of breast-
conserving therapy for DCIS. In this trial, 
the risk for subsequent development of 
distant metastasis after invasive local 
recurrence was significantly higher in 
patients with poorly differentiated DOIS 
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than in those with well-differentiated 
DCIS. Analysis of recurrences in this trial 
also showed that most primary DCIS 
lesions and their local recurrences were 
similar histologically or in marker expres-
sion, suggesting that local recurrence 
usually reflects outgrowth of residual 
DOIS; progression of well-differentiated 
DOIS to poorly differentiated DOIS or 
grade Ill invasive carcinoma is unusual 
(Bijker etal., 2001 b). 

Invasive lesions with an extensive 
intraductal component also show a pre-
disposition to local recurrence after 
breast-conserving therapy (van Dongen 
et aI., 1989). The grade of DOIS associ-
ated with invasive cancers has been 
shown to correlate with both disease-
free interval and survival (Lampejo et al., 
1994). Strong associations also exist 
between the grade of invasive cancer 
and the grade of coexisting DCIS. High-
grade DCIS is associated with high-
grade invasive cancer and low-grade 
DCIS with low-grade invasive cancer 
(Lampejo etal., 1994; Douglas-Jones et 
al., 1996; Cadman etal., 1997). An asso-
ciation between grade 3 invasive cancer 
and poorly differentiated DCIS is seen 
whatever the grading system used 
(Douglas-Jones et al., 1996). 

Genetic changes seen in in-situ 
carcinoma and atypical ductal and 
lobular hyperplasia 
Molecular genetic studies of low-grade 
DOIS and atypical ductal hyperplasia 
with loss of heterozygosity techniques 
have demonstrated similar genetic 
lesions, providing, in informative cases, 
confirmatory evidence that these lesions 
are clonai and therefore fulfil the basic 
criterion of neoplastic transformation 
(Lakhani etal., 1995). In addition, it has 
been shown that in-situ and invasive ele-
ments of breast cancers have identical 
molecular alterations, implying that they 
are stages in the same pathway 
(Stratton etal., 1995). These findings are 
consistent with the observation that the 
two components have similar morpho- 

logical characteristics (Lampejo et al., 
1994) and are also consistent with the 
hypothesis that low-grade in-situ cancer 
gives rise to low-grade invasive carci-
noma and high-grade in-situ cancer to 
high-grade 	invasive 	carcinoma. 
Evidence from a study in two counties in 
Sweden (see Chapter 4) gave rise to an 
alternative hypothesis: that tumours 
progress from low to high grade, as the 
proportion of high-grade tumours 
increases with tumour size (Tabár et al., 
1992). 

Recent studies, and particularly 
those in which comparative genomic 
hybridization was used to investigate 
DOIS, prompted the proposal of a hypo-
thetical model for the pathogenesis of 
DOIS in which genetic lesions are asso-
ciated with particular morphological sub-
types (Buerger et al., 1999). Different 
morphological classes of DCIS have 
specific genetic changes that are not 
shared by other types. In particular, low-
grade and high-grade DOIS appear to 
be distinct, separate entities, on the 
basis of morphology, phenotype and 
molecular genetics. Well-differentiated 
DOIS is associated with loss of 16q and 
17p, while tumeurs of intermediate and 
high grades often have losses of signifi-
cantly more allelic chromosomal arms, 
frequently including ip, lq, 6q, 9p, lip, 
llq, 13q and 17q (Fujii et al., 1996). 
High-grade DOIS in particular is associ-
ated with gains at 17q but also at llq 
and 13q (Ohuaqui et al., 1997). 
Intermediate-grade DOIS appears to 
have a combination of lesions, which 
show 16q loss but gains at other chro-
mosomes, particularly iq; some cases 
show gain at 11q13q but lack the gain at 
17q12 which is a feature of high-grade 
DOIS (Buerger et al., 1999). Similarly, 
atypical lobular hyperplasia and LOIS 
show the same genetic mutations, with 
loss of material from 16p, 16q, 17p and 
22q and gain at 6q (Lu et al., 1998). 
Interestingly, although low-grade DOIS 
and atypical ductal hyperplasia have no 
molecular genetic similarity to high- 

grade DOIS, they have similarities to 
LOIS and atypical lobular hyperplasia. 
These observations challenge the exist-
ing assumptions that lobular and ductal 
lesions are distinct and that DOIS is a 
homogeneous disease. They also raise 
the possibility that future molecular 
markers will provide better discrimination 
among morphologically similar cells. 

Implications for screening 
Breast screening detects a wide spec-
trum of breast cancer, ranging from 
microfocal low-grade DOIS to large high-
grade invasive cancer (Cowan et al., 
1991; Klemi et al., 1992; Rajakariar & 
Walker, 1995). It has been proposed that 
detecting in-situ cancer, particularly high-
grade DOIS, would prevent the develop-
ment of high-grade invasive cancer 
(Lampejo etal., 1994; Evans et al., 1997, 
2001a,b). It is well recognized that many 
low-grade, special invasive cancers are 
identified at screening (Cowan et al., 
1991; Klemi et al., 1992; Porter et al., 
1999) (Figure 11). Such tumours have an 
excellent prognosis but may be so indo-
lent that they would never have pre-
sented clinically or have threatened the 

i r, 
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Figure 11 A well-differentiated invasive ade-
nocarcinoma of the breast of tubular type. The 
tumour cells are arranged in rounded or elon-
gated glandular or tubular structures with a 
central luminal space which closely mimics the 
normal breast terminal duct or lobule. An asso-
ciated stromal fibrous reaction produces the 
typical stellate mammographic appearance 
that allows detection of these tumeurs by 
screening. 
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life of the patients. It has been proposed 
alternatively that a proportion of these 
low-grade invasive tumours might de-dif-
ferentiate over time into more aggres-
sive, less well-differentiated tumours 
(Tabár et al., 1999), although this was 
not found in another screening pro-
gramme (Hakama et al., 1995). 
Identification and removal of such can-
cers when they are at a low grade would 
avoid such progression. Detection of 
high-grade invasive cancers when they 
are small is clearly a means by which 
screening could reduce breast cancer 
mortality. In support of this possibility, it 
was shown in the two-county trial in 
Sweden that histological grade 3 inva-
sive cancers detected when less than 10 
mm have an excellent prognosis (Tabár 
et al., 1999), while it is widely recognized 
that large high-grade invasive cancers 
have a poor prognosis. 

Ductal carcinomas of no specific 
type have time-dependent prognostic 
factors (i.e. size and lymph node stage) 
that are, in general, moderately good, 
suggesting that their detection at 
screening is effective. However, lobular 
cancers and lobular mixed cancers are 
larger and more frequently extended to 
lymph nodes at the time of mammo-
graphic detection; thus, identification of 
cancers with a lobular component by 
breast screening is not likely to be 
beneficial. This appears to be a 
consequence of the subtle mammo-
graphic features of lobular carcinoma, 
which are more commonly seen on only 
one mammographic view and less 
frequently contain calcification than duc-
tal carcinomas not otherwise specified 
(NOS) (Cornford et al., 1995). 

The same group examined the value 
of detecting DOIS at mammographic 
screening and showed that identification 
of high-risk types of calcification allows 
diagnosis of otherwise occult, co-
existing, small grade 3 invasive carcino-
mas associated with calcific high-grade 
DCIS (Evans et al., 1997). In addition, 
comparison in their series of the biologi- 

cal characteristics of DCIS detected at 
screening with symptomatic DCIS 
lesions showed a higher proportion of 
adverse characteristics in those detected 
at screening. The most likely explanation 
for these findings is suggested by a 
comparison of the radiological findings of 
different DOIS sub-types. High-grade 
DOIS more frequently showed abnormal 
mammographic features than low-grade 
DOIS. The granular and punctate 
calcifications seen in low-grade DOIS 
(Evans et al., 1994b) are more subtle, 
less specific and often not picked up at 
mammographic screening, as they are 
similar to those seen in common benign 
conditions (Holland et al., 1990; Evans et 
al., 1994a). 

Invasive carcinoma 
Definition 
Invasive carcinoma of the breast is 
defined as a malignant tumour, part or all 
of which penetrates the basement mem-
brane of the epithelial site of origin (i.e. 
the duct or lobule). The vast majority of 
these tumours are adenocarcinomas 
and are believed to be derived from the 
mammary parenchymal epithelial cell 
population, particularly cells of the termi-
nal duct lobular unit. The morphological 
appearance of these tumours varies 
widely, and many of the recognized mor-
phological types have particular prog-
nostic or clinical characteristics. More 
recently, specific genetic lesions have 
been identified in some types. 

Pathological classification of breast 
cancer 
The prognosis of a patient with breast 
cancer is dependent on two distinct 
groups of variables. The first are those 
time-dependant variables that influence 
tumour stage, particularly the histological 
size of the tumour, the presence and 
extent of lymph node metastatic disease 
and the presence of systemic metastatic 
disease. The second group of variables, 
sometimes referred to as intrinsic char- 

acteristics, are related to the inherent 
biology of the individual tumour. This 
group includes the histological grade, 
tumour type, growth fraction, hormone 
and growth factor receptor status and an 
ever-lengthening list of molecular char-
acteristics. 

Of these features, tumour size, histo-
logical type, histological grade, vascular 
invasion status and lymph node status 
have been shown to be related to clinical 
outcome (Elston & Ellis, 1998). These 
features can be used: 

to decide on the most appropriate 
treatment for a particular patient, 
including the extent of surgery and 
the use and choice of adjuvant 
therapy; 
to monitor breast screening pro-
grammes, the success of which is 
reflected by more favourable prog-
nostic features of the cancer 
detected; and 
to monitor changing patterns of dis-
ease incidence, particularly by 
cancer registries. 

For these reasons, there is increasing 
international recognition that pathologi-
cal classification of breast cancer should 
conform to a minimum dataset, which 
includes these key variables (Royal 
College of Pathologists, http). One com-
mon approach is based on a combina-
tion of invasive tumour size, nodal 
involvement and metastases (TNM). As 
it has three dimensions, it is commonly 
collapsed into one summary number 
from O to IV, where O is in-situ disease 
(U 100, 2002; American Joint Committee 
on Cancer, 2002) 

Morphological features of invasive 
breast carcinoma relevant to 
prognosis and screening 
The factors described below have been 
shown to provide clinically relevant 
prognostic information and are valuable 
in 	evaluating 	breast 	screening 
programmes. 
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Figure 12 Relationship between tumour size and survival rate of patients with primary 
unoperable breast cancer. Kaplan-Meier plot of cumulative survival by size of invasive cancer. 
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Tumour size 
Ideally, the size of tumours should be 
assessed on resected pathological spec-
imens. In situations in which pathological 
size cannot be determined, such as in 
patients receiving primary systemic or 
neoadjuvant therapy or when several 
estimates of size have been made, 
alternative means should be used, 
including magnetic resonance imaging, 
ultrasound and clinical examination 
(UICC, 2002; American Joint Committee 
on Cancer, 2002). 

As tumour size is a time-dependent 
factor, it has been shown consistently in 
many studies to influence prognosis 
(Cutler et aL, 1969; Elston et al., 1982; 

Fisher et al., 1984; Carter et al., 1989; 
Neville et al., 1992). Patients with 
smaller tumours have better long-term 
survival rates than those with larger 
tumours (Figure 12). 

Estimation of tumour size has 
assumed particular importance in breast 
screening. The term 'minimal breast can-
cer' was originally introduced to identify 
forms of breast cancer for which there 
was an exceedingly good prognosis 
(Gallager & Martin, 1971); these 
included all cases of in-situ carcinoma 
(ductal and lobular) and invasive carci-
nomas measuring 5 mm or less. 
Subsequently, for no clearly defined 
reason, the invasive component was re- 

defined by various groups. The Breast 
Cancer Detection Demonstration Projects 
(Beahrs et al., 1979) and the American 
Cancer Society (Hartmann, 1984) used 9 
mm or less as the maximum diameter, 
while the American College of Surgeons 
(Bedwani et aI., 1981) favoured up to 
and including 10 mm. This lack of 
uniformity in definition causes problems 
in the interpretation of data from different 
studies. 

Tumour size is also an important 
quality assurance measure for breast 
screening programmes (Hartmann, 
1984; Tabár et al., 1987a; Royal College 
of Radiologists, 1997) and can be used 
in part to judge the ability of radiologists 
to detect small, impalpable invasive 
carcinomas on mammography. For 
example, the National Health Service 
Breast Screening Programme in the 
United Kingdom requires that 50% of the 
invasive cancers detected must measure 
less than 15 mm (Royal College of 
Radiologists, 1997). It is therefore 
incumbent on pathologists to measure 
tumour diameter as accurately as possi-
ble. As size decreases, so the risk for 
errors in measurement increases, and 
inconsistencies have been reported 
(Beahrs et al., 1979; Sloane et al., 1994). 

Histological type 
A wide range of morphological patterns 
can be seen in invasive carcinoma of the 
breast (Fisher, E.R. et al., 1975; 
Azzopardi et al., 1979; Page et al., 1987; 
Ellis & Fidler, 1995), and many types 
have distinct prognostic characteristics 
(Page et al., 1987; Ellis et al., 1992). The 
diagnostic criteria are described in detail 
elsewhere (Page et al., 1987; Ellis et al., 
1992; National Coordinating Group for 
Breast Screening Pathology, 1995; 
Rosen, 1997; Elston & Ellis, 1998; 
Tavassoli & Stratton, 2002) and will not 
be repeated here. It must be appreciated 
that a considerable subjective element 
remains, and there is not yet universal 
agreement on the criteria for all types. 
This is reflected in the relative 
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proportions of different types in pub-
lished series (Elston & Ellis, 1998) and 
the observation that the consistency of 
diagnosis of histological type was 
disappointingly low in pathology quality 
assurance schemes (Sloane etal., 1994, 
1999), implying that pathologists should 
work to the same diagnostic protocols. 

The favourable prognosis of certain 
histological types of invasive carcinoma 
of the breast is well established (see 
box; Pereira et al., 1995). Thus, tubular 
carcinoma (Cooper et al., 1978; McDivitt 
etal., 1982; Carstens etal., 1985), muci-
nous carcinoma (Lee et al., 1934; 
Clayton, 1986), invasive cribriform carci-
noma (Page etal., 1983), medullary car-
cinoma (Bloom et al., 1970; Ridolfi et al., 
1977), infiltrating lobular carcinoma 
(Haagensen etal., 1978) and tubulolobu-
lar carcinoma (Fisher et al., 1977) have 
all been reported to have a more 
favourable prognosis than invasive duc-
tal carcinomas NOS, but few compre-
hensive long-term follow-up studies of 
histological type in relation to survival 
have been carried out. Dawson and col-
leagues (1982) found a higher proportion 
of tubular, mucinous, medullary and infil-
trating lobular carcinomas in patients 
who had survived at least 25 years after 
mastectomy than among those who had 
survived for less than 10 years. These  

findings were confirmed in a similar 
study from Edinburgh (Dixon et al., 
1985), with the addition of papillary and 
invasive cribriform carcinomas among 
the cancers in long-term survivors. 
These 'special' or 'specific' forms of inva-
sive carcinoma have also been found at 
higher frequency in the prevalence round 
of mammographic breast screening pro-
grammes (Anderson etal., 1991; Ellis et 
al., 1993) and more frequently in carci-
nomas detected at screening than in 
cancers found between screening 
rounds (interval cancers) (Porter et al., 
1999). 

A study of one series comprising over 
1500 patients with primary operable 
invasive carcinoma who were followed 
up for a minimum of 10 years confirmed 
the excellent prognosis of pure tubular, 
invasive cribriform and mucinous carci-
nomas (Ellis et al., 1992). This study also 
showed that the categories of carcinoma 
with special characteristics, tubular 
mixed carcinoma and mixed ductal NOS 
and special type, are worth recording, as 
they carry a considerably better progno-
sis than ductal carcinoma NOS and form 
a significant proportion of all invasive 
cancers (15%). In previous studies, such 
mixed types were rarely recognized and 
the tumours were included in the general 
category of ductal carcinomas NOS. 

It has become accepted dogma that 
medullary carcinoma (Figure 13) has an 
excellent or good prognosis (Moore & 
Foote, 1949; Richardson, 1956; Bloom 
et al., 1970; Ridolfi etal., 1977; Rapin et 
al., 1988). It is interesting that this view 
has persisted, despite the fact that other 
studies have been unable to confirm bet-
ter survival after medullary carcinoma 
than after ductal carcinoma NOS (Cutler 
et al., 1966; Pedersen et al., 1988; 
Fisher et al., 1990; Ellis et al., 1992). 
However, some of the latter studies 
showed that medullary carcinoma does 
have a better prognosis than ductal car-
cinoma NOS of grade 3 (Pedersen et al., 
1988; Fisher et al., 1990; Ellis et al., 
1992). Some authors (Ellis et al., 1992) 
therefore concluded that medullary carci-
noma should be regarded as having a 
moderate rather than a good prognosis. 

Overall, patients with infiltrating lobu-
lar carcinoma (Figure 14) have a slightly 
better prognosis than those with ductal 
carcinoma NOS (Haagensen etal., 1978; 
Ellis et al., 1992), although the 10-year 
survival rate of 54% in the latter study 
clearly implies no more than a moderate 
prognostic outcome. However, Dixon 
and colleagues (1982) found significant 
differences in the survival of patients with 
different morphological subtypes of lobu-
lar carcinoma, and this has been 
confirmed (Ellis et al., 1992). Thus, the 
classical type has a good prognosis 
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Figure 13 	A medullary carcinoma of the 
breast composed of syncytial sheets of large 
pleomorphic tumour cells surrounded by stroma 
rich in lymphocytes and plasma cells 

Group 1: 	Excellent prognosis 
Tubular, tubulolobular, invasive cribriform, mucinous 

Group 2: 	Good prognosis 
Tubular variant or mixed, alveolar lobular, mixed ductal not 
otherwise specified and other special types 

Group 3: 	Average prognosis 
Medullary, atypical medullary, classicular lobular, lobular mixed 

Group 4: 	Poor prognosis 
Ductal not otherwise specified, solid lobular, mixed ductal not 
otherwise specified and lobular 

From Pereira et al. (1995) 



Figure 15 A A grade 3 or poorly differentiated invasive breast carcinoma. The tumour cells are 
arranged in sheets with no apparent gland formation. The cells are large and vary in size, and 
obvious mitotic figures are present. B Vascular invasion seen as a group of tumour cells present 
in a peritumoral lymphatic vascular channel 
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Figure 14 Classical invasive lobular carcino-
ma of the breast is composed of narrow files of 
small, regular tumour cells, which typically infil-
trate the breast, surrounding existing 
parenchymal structures and causing little dis-
turbance to the tissue architecture. This infiltra-
tive patterns produce few mammographic 
signs, and lobular carcinoma is a cause of 
false-negative results in mammographic exami-
nations, due to occult disease. 

(60% 10-year survival rate), the mixed 
lobular type an average prognosis (55% 
at 10 years) and the solid lobular type a 
poor prognosis (40% at 10 years). Tubu-
lolobular carcinoma, which has an excel-
lent prognosis (over 90% 10-year sur-
vival rate), is currently considered a sep-
arate, distinct type because of lack of 
agreement about its assignment as a 
tubular or lobular variant. 

The detection by breast screening of 
carcinomas with tubular features is 
facilitated by the high frequency of 
spiculation seen at mammography 
(Elson et al., 1993). It is well recognized 
that pure tubular carcinomas detected 
at screening have a good prognosis. 
This is confirmed by the finding of Evans 
et al. (2001 a) of a very low incidence of 
pure tubular cancers among women who 
subsequently developed metastatic 
disease (three of 173 patients (2%), 
three of the 16 grade 1 lesions (20%)). 
This suggests that these tumours may 
be overdiagnosed. The value of detect-
ing pure tubular cancer at screening is 
therefore likely to be of benefit only if a 
proportion of tubular cancers de-differen-
tiate if left in the breast. Overdiagnosis of  

tumours with some tubular features 
(tubular variant or mixed carcinoma) is 
less clear, as 10% of cancers that 
metastasize are of the tubular mixed 
type and these tumours do not have the 
exceptionally good prognosis of pure 
tubular carcinoma. 

Grading of invasive carcinoma 
Despite the diversity of methods used, 
many studies have demonstrated a sig-
nificant association between histological 
grade and survival from invasive breast 
carcinoma. Grade is now recognized as 
a powerful prognostic factor that 
represents a simple method for classify-
ing differentiation in all invasive breast 
cancers (Figure 15). Grade should be 
included as a component of the mini-
mum data set for histological reporting of 
breast cancer (Henson et al., 1991; 
Elston & Ellis, 1998; Royal College of 
Pathologists, http). 

Various grading systems have been 
described, which are based on assess-
ment of multiple cellular and architectural 
variables (Greenhough, 1925; Patey, 
1928; Bloom, 1950a,b; Bloom & 
Richardson, 1957; Fisher et aI., 1984; 
Contesso et al., 1987; Elston & Ellis, 
1991) or nuclear variables (Hartveit, 
1971; Black et aI., 1975; Le Doussal et 
al., 1989). The absence of uniform 
defintion makes comparison of findings 
difficult. 

Given the nature of the methods, 
assessment of histological differentiation 
will always carry an underlying subjec-
tive element; however, one of the funda-
mental problems with many of the early 
systems was the lack of strictly defined 
written criteria. Bloom and Richardson 
(1957) made a useful contribution by 
adding numerical scoring to the method 
described by Patey (1928) but did not 
provide clear criteria for their cut-off 
points. Elston and Ellis (1991) added 
further modifications to the above 
method and to their system and 
achieved greater objectivity and accept-
able concordance. This method has 
been shown to be highly reproducible 
(Dalton et aI., 1994; Frierson et al., 1995; 
Robbins et al., 1995) and has been 
adopted internationally as the method of 
choice (National Coordinating Group for 
Breast Screening Pathology, 1995; 
Connolly et al., 1996; Commission of the 
European Communities, 1996; American 
Joint Committe on Cancer, 2002; 
Tavassoli & Stratton, 2002; UICC, 2002). 
In this system, three characteristics of 
the tumour are evaluated: tubule forma-
tion as an expression of glandular differ-
entiation, nuclear pleomorphism and 
mitotic counts (Table 3). A numerical 
scoring system on a scale of 1-3 is used 
to ensure that each factor is assessed 
individually, and an overall grade is 
assigned as follows: 
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Feature 	 Score 

Tubule and gland formation 

Majority of tumour (>75%) 1 
Moderate degree (10-75%) 2 
Little or none (< 10%) 3 

Nuclear pleomorphism 

Small, regular, uniform cells 1 

Moderate increase in size and 
variation 2 

Marked variation 3 

Mitotic counts 
Dependent on microscope 
field area 1-3 

Reproduced from Elston and Ellis (1991) 

Grade 1: well differentiated; 3-5 
points 
Grade 2: moderately differentiated; 
6-7 points 
Grade 3: poorly differentiated; 8-9 
points 

Lymph node stage 
Involvement of loco-regional lymph 
nodes in breast cancer has long been 
recognized as one of the most important 
prognostic factors. Clinical assessment 
of lymph node status is not sufficiently 
accurate for therapeutic use, and evalu-
ation of lymph node stage should be 
based on histological examination of 
excised nodes (Barr & Baum, 1992). 
Patients who have histologically con-
firmed loco-regional lymph node involve-
ment have a significantly poorer progno-
sis than those without nodal involvement 
(Cutler et al., 1969; Fisher, E.R. et al., 
1975; Elston et al., 1982; Ferguson et 
al., 1982; Haybittle et al., 1982; Galea et 
al., 1992; Veronesi et al., 1993a). The 
overall 10-year survival rate is reduced 

from 75% for patients without nodal 
involvement to 25-30% for those with 
involved nodes. Prognosis is also related 
to the number and level of loco-regional 
lymph nodes involved: the greater the 
number of nodes involved, the poorer 
the patient survival (Nemoto et al., 1980; 
Fisher et aI., 1984). Most groups stratify 
patients into two groups for therapeutic 
purposes: those with one to three posi-
tive nodes and those with four or more 
(American Joint Committee on Cancer, 
2002; UICC, 2002). Similarly, involve-
ment of nodes in the higher' levels of the 
axilla, and specifically the apex, carries a 
worse prognosis (Handley, 1972; 
Haagensen, 1986; Veronesi et al., 
1993a), as does involvement of the inter-
nal mammary nodes (Handley, 1972). 

The frequency of disease with 
involved lymph nodes is significantly 
lower in women in whom disease is 
detected at screening. Approximately 
40-50% of symptomatic patients have 
iinvolved nodes, in contrast to approxi-
mately 10-20% of patients with disease 
detected at screening (Cowan et al., 
1991; Klemi et al., 1992; Rajakariar & 
Walker, 1995). This finding has raised 
concern that routine axillary lymph node 
dissection is over-treatment for many 
women with breast cancer detected at 
screening and has led to interest in use 
of sentinel lymph node biopsy for effec-
tive staging of the axilla (Krag et al., 
1998; Bundred et al., 2000). 

Vascular invasion (Figure 16) is 
defined as the presence of tumour cells 
in vascular spaces (lymphatic or blood) 
in tissues surrounding an invasive 
tumour (Orbo et al., 1990; Pinder et al., 
1994). Vascular invasion correlates very 
closely with survival and loco-regional 
lymph node involvement (Rosen, 1983; 
Davis et al., 1985; Orbo et al., 1990; 
Finder et al., 1994). Possibly because of 
this association, it has been claimed that 
the prognostic information it provides is 
as powerful as lymph node stage 
(Bettelheim et al., 1984). There is cer-
tainly a correlation between the pres- 

ence of vascular invasion and early 
recurrence in patients with no lymph 
node involvement (Rosen et al., 1981; 
Roses et al., 1982; Bettelheim et al., 
1984), and some (Roses et al., 1982; 
Finder et al., 1994) have shown that 
adverse prognostic effects are also inde-
pendent of occult axillary node involve-
ment. In addition, vascular invasion is a 
predictor of local recurrence after con-
serving therapy (Roses et al., 1982; 
Locker et al., 1989a; Rosen, 1991; Finder 
et al., 1994) and of flap recurrence after 
mastectomy (O'Rourke et al., 1994). 

As stated above both nodal and vas-
cular invasion status are powerful inde-
pendent prognostic factors in patients 
with invasive breast carcinoma 
(Bettelheim et al., 1984; Todd et al., 
1987; Finder et al., 1994; Seidman et al., 
1995; Tabár et al., 1999). In a study of 
the features associated with the develop-
ment of metastatic disease after a previ-
ous breast cancer (Evans et al., 2001 a), 
72% of 173 women who developed 
metastatic disease had nodal metas-
tases and 59% had definite vascular 
invasion; 84% had either lymph node 
metastases or vascular invasion, or both. 
This finding was consistent, whatever 
the histological grade of the primary 
tumour. The absence of vascular 
invasion and nodal involvement in inva-
sive breast cancer indicated a low risk 
for subsequent development of metasta-
tic disease. Trends in the frequency of 
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Figure 16 Vascular invasion seen as a group 
of tumour cells present in a peritumoral lymphatic 
vascular channel 
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nodal involvement and vascular invasion 
status according to histological grade, 
invasive size and tumour type were then 
examined in a group of 573 women with 
invasive cancers detected at screening, 
in order to predict the likelihood of 
development of systemic disease. Grade 
1 invasive cancers less than 20 mm in 
diameter and grade 2 and 3 cancers less 
than 10 mm were associated with low 
rates of nodal involvement and vascular 
invasion. The criteria for selecting 
groups for analysis were the intrinsic 
morphological features of the invasive 
tumour (i.e. histological grade and 
tumour type) at different sizes. Of the 
well-differentiated, 	less 	intrinsically 
aggressive (grade 1) carcinomas, only 
those over 20 mm were associated with 
a high rate of lymph node involvement. 
Nevertheless, 9% of the primary breast 
cancers that metastasized were grade 1 
lesions. Thus, large grade 1 invasive 
cancers can, and do, spread. Detection 
of these lesions when they are small 
might be seen as overdiagnosis but 
could prevent progression to a size asso-
ciated with metastasis. Some types of 
low-grade invasive breast carcinoma 
have, however, an exceptionally good 
prognosis even when metastatic disease 
is present (Diab et al., 1999). The detec-
tion of low-grade invasive and in-situ 
breast carcinoma therefore remains of 
questionable value. 

The low rates of nodal positivity and 
vascular invasion of grade 2 invasive 
cancers less than 10 mm in diameter 
identified by screening indicate the value 
of detecting them at this size. Grade 2 
cancers of 10-15 mm were associated 
with moderately high rates of nodal 
involvement but low rates of vascular inva-
sion. The benefit of detecting grade 2 can-
cers 10-15 mm in size is therefore less 
clear. Larger grade 2 cancers (over 15 
mm) were already associated with high 
rates of nodal involvement and vascular 
invasion at the time of diagnosis. Their 
detection by mammographic screening 
may therefore be of limited benefit. 

Low rates of both nodal positivity and 
vascular invasion were seen in grade 3 
invasive cancers less than 10 mm in 
diameter detected at screening, suggest-
ing that detection of these small high-
grade tumours is valuable, especially as 
larger grade 3 invasive cancers have 
such a poor prognosis. Women with 
grade 3 cancers over 20 mm in this 
series had high rates of affected lymph 
nodes and vascular invasion; therefore, 
detection at this stage is unlikely to 
influence survival. The moderate rates of 
nodal involvement and vascular invasion 
in grade 3 cancers of intermediate size 
(10-20 mm) suggest that their detection 
is less likely to be beneficial than when 
they are small. Similar views have been 
developed from reviews of other 
mammographic screening populations 
(Tabár et al., 1999). 

Molecular markers 
Many molecular alterations have been 
identified which reflect the biological 
characteristics of invasive breast carci-
nomas. Some are related to survival, but, 
more importantly, these changes indicate 
which molecular pathways affect a 
tumour and could therefore predict 
benefit from specific forms of molecular 
therapy. 

One such marker is steroid hormone 
receptors (the estrogen receptor (ER) 
and the progesterone receptor (PR). 
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Figure 17 An invasive breast cancer stained 
immunocytochemically for estrogen receptors. 
The estrogen receptor protein is seen as a 
brown pigment in the tumour cell nuclei. 

Estrogen is an important mitogen, which 
expresses its activation by binding to its 
nuclear receptor (ER) (Figure 17). ER is 
expressed in 60-80% of invasive breast 
tumours, and ER-positive tumours have 
a better initial prognosis than ER-nega-
tive tumours. The presence of nuclear 
hormone receptors is useful for predict-
ing response to hormone therapy, such 
as adjuvant tamoxifen (Osborne, 1998; 
Bundred, 2001; Isaacs etal., 2001). ER-
and PR-positive tumours have a 60-70% 
response rate, while that of ER- and PR-
negative tumours is less than 10%. ER-
positive, PR-negative tumours have an 
intermediate response of approximately 
40%. 

The ERBB2IHER2 oncogene, located 
on 17q21, is amplified in approximately 
20% of invasive breast cancers, leading 
to overexpression of the coded HER2 
protein, a transmembrane receptor with 
tyrosine kinase activity (Figure 18). The 
prognostic value of HER2 overexpres-
sion, first reported in 1987 (Slamon etal., 
1987), has been studied extensively 
(Tsuda et al., 2001; Yamauchi et al., 
2001). HER2 overexpression is a weak 
to moderate independent predictor of 
survival, at least for patients with node 
involvement. Amplification or overex-
pression can be measured by Southern 
blot 	analysis, 	fluorescent 	in-situ 
hybridization (FISH) or differential 
polymerase chain reaction to detect 

Figure 18 An invasive carcinoma stained 
immunocytochenlically for HER 2 protein. The 
protein, seen as a brown pigment, is overex-
pressed on the tumour cell membranes. 
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gene amplification and immunohisto-
chemistry or enzyme-linked immuno-
sorbent assay to detect protein expres-
sion (Tsongalis & Ried, 2001). The 
results of studies of the predictive value 
of HER2 status have not been 
consistent. A review by Yamauchi et al. 
(2001) concluded that HER2 is a weak-
to-moderate negative predictor of 
response to alkylating agents and a 
moderate positive predictor of response 
to anthracyclines and that the data are 
insufficient to draw conclusions on the 
response to taxanes or radiotherapy. A 
humanized 	anti-HER2 	monoclonal 
antibody, trastuzumab (Herceptin), has 
been developed as an anti-cancer drug 
targeting amplified and overexpressed 
HER2 (Cobleigh etal., 1999). 

Markers of proliferation have been 
investigated extensively in relation to 
prognosis (Fitzgibbons et al., 2000; 
Isaacs etal., 2001). Mitotic count is part 
of histological grading (see above). 
Other methods include DNA flow 
cytometry measurement of the S-phase 
fraction and immunohistochemistry with 
antibodies directed against antigens 
present in proliferating cells like Ki-67. 
Several hundred studies on the S-phase 
fraction, with various techniques, 
indicated that a high S-phase fraction is 
associated with inferior outcome. Ki-67 is 
a labile, non-histone nuclear protein that 
is not expressed in resting cells but is 
detected in the 01 through M phases of 
the cell cycle. The percentage of 
Ki-67-positive cells can be used to 
stratify patients into good and poor 
survivors. 

Genetics and invasive cancers 
In the past decade, the ability to 
measure both molecular markers of can-
cer activity and the genes that control 
cell growth has increased tremendously. 
In future, this information may comple-
ment (and even supplant) the histological 
categorization described above. The 
basic approach is to relate the pattern of 
expression of multiple genes to the rate 

of growth of the tumour. This process 
may help clinicians to predict which 
cancers will grow fast and which will not. 

Genetic changes in specific types of 
invasive breast cancer. Specific genetic 
lesions or regions of alteration are asso-
ciated with specific histological types of 
cancer and are related to grade in large 
ductal carcinoma NOS. The latter group 
appear morphologically similar but 
include a number of tumours with unre-
lated genetic evolutionary pathways 
(Buerger et al., 2001). They also show 
fundamental differences from some spe-
cial type tumours, including lobular 
(Gunther etal., 2001) and tubular carci-
noma (Roylance et al., 1999). 
Furthermore, recent cDNA microarray 
analyses have shown that ductal 
tumours NOS can be classified into sub-
types on the basis of expression patterns 
(Perou etal., 2000; Sorlie et al., 2001). 

Genetic changes have also been 
found in invasive lobular carcinoma 
(Frixen et al., 1991; Vleminckx et al., 
1991; Gamallo etal., 1993; Rasbridge et 
al., 1993; Berx et al., 1995; Nishizaki et 
al., 1997; Flagiello et al., 1998), but they 
are identified less frequently than in duc-
tal cancers (Nishizaki et al., 1997; 
Flagiello et al., 1998). 

Tubular carcinomas of the breast 
have a lower frequency of genetic alter-
ations than other types of breast carci-
noma (Man et al., 1996; Roylance et al., 
1999; Waldman et al., 2001). Of particu-
lar interest is the observation that sites of 
chromosomal alteration frequently 
affected in other types of breast cancer 
are not seen, implying that tubular carci-
noma of the breast is a genetically dis-
tinct group of breast cancers. 

Up to 13% of carcinomas arising in 
carriers of the BRCA1 gene are of the 
medullary type (Marcus et al., 1996; 
Breast Cancer Linkage Consortium, 
1997), and 35-60% exhibit medullary-
like features (Marcus et al., 1996; Armes 
et al., 1998). Reciprocally, in a group of 
medullary cancers, germ-line mutations  

of BRCA1 were observed in 11% of 
cases (Eisinger et al., 1998). There is 
thus a large overlap between medullary 
features and the phenotype of BRCA1 
germ-line-associated tumours, but not all 
BRCA1 mutations lead to the medullary 
phenotype. Medullary carcinomas are 
also characterized by a high rate of P53 
alterations (de Cremoux et al., 1999) 

Gene expression. Gene expression pro-
files may offer more information than 
morphology and provide an alternative to 
morphology-based tumour classification 
systems. The recent development of 
laser capture microdissection and high-
density cDNA arrays provides a unique 
opportunity to generate such profiles of 
cells from tumours in various stages of 
progression (Kitahara et al., 2001). 
Although this field is still in its infancy, it 
has already been shown that variations 
in gene expression can be used to 
classify breast cancers into a basal 
epithelial-like 	group, 	a 	luminal 
epithelial/ER-positive group, an HER2-
overexpressing group and a normal 
breast-like group (Perou et al., 2000; 
Sorlie et al., 2001). The luminal group 
has since been divided into at least two 
subgroups, each with a distinctive 
expression profile. It is expected that 
gene sets will be identified that correlate 
with patient outcome or predict patient 
response to treatment. 

Expression profiles based on micro-
arrays will make it possible to analyse 
the expression of thousands of genes 
simultaneously and will allow the classifi-
cation of tumours into new groups 
according to gene expression patterns 
(Alizadeh etal., 2001; Gruvberger et al., 
2001; Hedenfalk et al., 2001; Perou et 
al., 2000; Sorlie et al., 2001; West et al., 
2001). Expression patterns have shown 
biological differences between tumours: 
hereditary breast cancers with BRCA1 
mutations could be distinguished from 
those in BRCA2 carriers (Hedenfalk et 
al., 2001), and ER-positive and ER-neg-
ative cancers had different expression 
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profiles (Gruvberger et al., 2001; West et 
al., 2001). Analysis of a number of breast 
cancer series has resulted in identifica-
tion of at least five different subtypes with 
different prognostic outcomes (Perou et 
al., 2000; Sorlie etal., 2001; van't Veer et 
al., 2002). 

Familial risk. Breast cancer has been rec-
ognized for over 100 years as having a 
familial component (Brocca, 1866). 
Its genetic basis is discussed in Chapter 4. 

Can a patient be 'cured' of breast 
cancer? 
The concept of cure in breast cancer has 
been problematic, as deaths occurred at 
all intervals in short-, medium- and long-
term follow-up studies. Three concepts 
of cure have been defined - statistical, 
clinical and personal - and the evi-
dence for the curability of female breast 
cancer according to each of these con-
cepts has been examined (Haybittle, 
1991). The author concluded that there 
was no convincing evidence of statistical 
or clinical cure in series of treated 
patients, but that one-fourth of such 
patients had experienced individual cure, 
in that they died from some other cause 
without overt signs of breast cancer. This 
view was based on the few large studies 
with long-term follow-up, which showed 
persistently worse survival up to 30 
years after diagnosis when compared 
with aged-matched controls, some of the 
later deaths being attributed to treatment 
rather than metastatic disease (Haybittle 
et al., 1989). The level of individual cure 
in series of patients treated more 
recently should be higher, due mainly to 
better stage distribution. It has been 
shown that deaths rarely occur 20 years 
after diagnosis (Joensuu & Toikkanen, 
1995), indicating that cure may be 
achieved. Analysis of one large, long-
term follow-up study showed that the 
time to death of patients dying of breast 
cancer is influenced not by the time-
dependent factors of tumour size and 
lymph node status (which appear to pre- 

dict the risk for death) but by the intrinsic 
factor, histological grade (Blarney et al., 
2000). Of women who died, 90% of the 
deaths occurred within 8 years of diag-
nosis in patients with grade 3 tumours 
and within 13 years in patients with 
grade 2 tumours and were projected to 
occur within 30 years in patients with 
grade 1 tumours. The survival curves of 
patients with grades 2 and 3 tumours 
mirrored that of the general population 
after 90% of deaths had occurred. 
Patients with grade 1 turnours had a low 
overall risk of dying. These results sug-
gest that not all patients with invasive 
breast carcinoma have systemic disease 
at diagnosis, and that patients could be 
offered advice on their risk of death 
depending on the grade of their tumour. 
Those patients who live for defined times 
after diagnosis could be reassured that 
their risk for death from breast cancer is 
the same as if they had not had breast 
cancer and is equivalent to cure. 

Diagnosis and treatment 
Diagnostic and treatment approaches 
have changed throughout the history of 
breast screening. In the early 1960s, 
when the first evaluation of mammo-
graphy began, radical mastectomy was 
the predominant form of therapy, and this 
did not vary with tumour or patient 
characteristics. At present, breast con-
serving techniques with radiation 
therapy, adjuvant chemotherapy and 
hormonal treatments are used in a 
variety of ways, depending on age and 
tumour size and stage. Diagnostic 
approaches have also evolved over the 
past 40 years to accommodate the need 
to find smaller and smaller tumours. 
European guidelines for quality 
assurance in diagnosis and treatment 
provide a reference for implementing 
present practice (Commission of the 
European Communities, 2001). This 
section gives a summary of diagnosis 
and treatment strategies, reflecting 
current evidence-based practices in 
high-income regions. 

Current diagnostic strategy 
Diagnosis of breast cancer depends on 
whether or not a lesion can be felt 
(whether it is palpable). When there is a 
palpable lesion, a diagnosis is made on 
the basis of the results of three 
techniques: inspection and palpation, 
mammography and core-cutting needle 
biopsy or fine-needle aspiration biopsy. If 
there is a suspicion of malignancy, 
operative excision is recommended. 

Non-palpable lesions pose a greater 
diagnostic challenge. In this circum-
stance, a suspect area on a mammo-
gram is localized by further magnification, 
stereotactic mammography and/or ultra-
sound. Biopsy is performed by core cutting 
or fine-needle aspiration, usually with 
guidance by imaging techniques, such 
as ultrasound or mammography. Operative 
excision of the area is again undertaken 
for any suggestion of malignant change. 

Evolution of treatment guidelines 
Operative treatment 
Breast-conserving surgery. Breast can-
cer treatment was based for a long time 
on the Halsted hypothesis, according to 
which breast cancer spreads only by 
direct infiltration or via the lymphatic ves-
sels into the lymph nodes. Halsted radi-
cal mastectomy was the predominant 
method of operation until the 1970s, 
when two prospective randomized trials 
confirmed that the prognosis was similar 
with less extensive operation (Turner et 
aI., 1981; Maddox et al., 1983). It was 
thus concluded that breast cancer can 
send distant metastases at an early 
stage, and lymph node metastases are 
not necessarily a result of cancer spread 
along the lymphatic vessels but rather an 
indicator of systemic disease. Conse-
quently, the extent of local treatment will 
not affect survival. This hypothesis has 
since been replaced by the view that 
breast cancer is a heterogeneous disease, 
some forms remaining local for a long 
time and others becoming systemic rela-
tively early. According to this third 
hypothesis, the role of local treatment is 
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often crucial (Hellman, 1994). Pros-
pective randomized studies conducted 
since the 1970s showed that survival 
after breast-conserving surgery com-
bined with radiotherapy was similar to 
that after mastectomy (Sarrazin et al., 
1989; Fisher etal., 1989; Veronesi et al., 
1990; Blichert-Toft et al., 1992; van 
Dongen etal., 1 992b; Fisher etal., 1995; 
Jacobson etal., 1995; van Dongen et al., 
2000). 

Although breast-conserving surgery 
has become more popular since the 
1980s, there is wide variation in the 
proportion of breast-conserving opera-
tions, due to differences in patient popu-
lations, hospital resources and surgeons' 
abilities and attitudes (Kotwall et a/., 
1996; Margolese, 1999). Breast-
conserving surgery was first shown to be 
safe for patients with tumours less than 2 
cm in diameter. Initially, the local relapse 
rate was higher after breast-conserving 
surgery for patients with tumours 2-5 cm 
in diameter and for those with axillary 
node involvement (van Dongen et al., 
1992b). Later, breast-conserving surgery 
combined with various adjuvant treat-
ments was shown to give results similar 
to those of mastectomy (van Dongen et 
al., 2000). Currently, breast-conserving 
surgery is preferred whenever possible, 
i.e. for invasive tumours less than 3 cm 
in diameter and for DCIS with tumour-
free margins. 

Axil!ary lymph nodes. Axillary lymph 
nodes are removed primarily for staging, 
but the operation also has therapeutic 
significance, preventing axillary recur-
rence. The number of metastatic lymph 
nodes among all the lymph nodes 
removed is reported. At least 10 nodes 
should be removed (Grabau et al., 1998; 
Orr, 1999). The number of metastatic 
lymph nodes is an important prognostic 
factor. Thus, if more than 10 lymph 
nodes are removed from I and Il axillary 
levels and they are all free of metastasis, 
there will be no local recurrence in the 
subsequent 5 years (Axelsson et al., 

1992). If no involvement of axillary lymph 
nodes is detectable by palpation and 
ultrasound examination and the nodes 
are not excised, survival will be reduced 
by 5% (Orr, 1999). All I and Il level axil-
lary lymph nodes are removed from 
patients with invasive breast carcinoma. 
If, during the operation, lymph nodes 
suspected of containing metastasis are 
detected, Ill level axillary lymph nodes 
are also removed. 

Post-operative radiotherapy 
Post-operative 	radiotherapy 	with 
approximately 50 Gy for 5 weeks 
reduces local recurrence after breast-
conserving surgery (Fisher et al., 1989; 
Clark et al., 1992; Veronesi etal., 19931b) 
and after mastectomy (Overgaard et al., 
1997). Post-operative radiotherapy is 
given after breast-conserving surgery. 
For patients with lymph node metastases 
or tumeurs in stage 3 or 4, post-opera-
tive radiotherapy is also given after 
mastectomy. 

Adjuvant cytostatic chemotherapy 
For most of the past century, breast can-
cer was considered to require mainly 
local treatment. In the 1970s, it was 
shown in controlled trials that adjuvant 
cytostatic chemotherapy reduced local 
recurrence in patients with lymph node 
involvement (Fisher, B. et al., 1975; 
Bonadonna et al., 1977) and improved 
the disease-free and overall survival 
rates by 15-20% (Bonadonna et al., 
1995). The standard regimen until the 
late 1990s was 4-6 months of cytoxan, 
methotrexate and 5-fluorouracil. This has 
been replaced gradually by anthracy-
cline-based combinations, especially for 
younger patients. 

Adjuvant therapy is recommended 
when the risk for recurrence is 
intermediate or high, i.e. more than 10% 
over 10 years (Fisher et al., 1992). 
Adjuvant treatment is given to all women 
under 35 years of age. Currently, a grow-
ing number of patients with no node 
involvement receive adjuvant cytostatics,  

according to their tumour characteristics 
(Fisher et al., 1997; Kroman et al., 2000). 

Adjuvant hormonal therapy 
Adjuvant hormonal treatment with the 
anti-estrogen tamoxifen improves the 
disease-free and overall survival rates of 
patients who have undergone radical 
surgery (Nolvadex Adjuvant Trial 
Organisation, 1985, 1988). The current 
standard treatment for post-menopausal, 
ER- and/or PR-positive patients is 20 
mg/day for 5 years. This treatment 
increases the 5-year survival rate by 
15% (Veronesi et al., 1998). Newer 
selective ER modifiers and/or aromatase 
inhibitors may improve the survival of 
patients who would otherwise have 
received tamoxifen (Bonneterre et al., 
2001). 

Screening for breast cancer: 
Conceptual considerations 

The core concept of screening is that 
detection of early disease offers the 
opportunity to change its prognosis. 
Earlier diagnosis may improve prospects 
for survival because early intervention 
permits treatment at a more tractable 
stage (Morrison, 1992). However, as 
experience with screening has accumu-
lated and understanding of cancer biol-
ogy has evolved, it is apparent that there 
is substantial heterogeneity among can-
cers at particular sites, and this hetero-
geneity may well influence the impact of 
screening. Models of screening should 
incorporate this heterogeneity. 

The epidemiological model discussed 
in this section is an operational one for 
screening and incorporates hetero-
geneitiy among cancers. It makes no 
assumption about the biological nature 
of the process of cancer progression. 
The model applies principally to mam-
mographic screening for breast cancer, 
in which the great majority of detected 
lesions are invasive cancer, and it is 
assumed that these will not progress. 
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General definitions 
Several definitions are needed to under-
stand this simplified screening model, 
and these are shown in Figure 19. First, 
the model assumes that there is a period 
in which there is no detectable disease, 
but early malignant changes may have 
taken place and a clone of cells is 
dividing and de-differentiating until it 
attains a size that could be detected by 
screening. The point at which a tumour 
could be found by screening begins the 
sojourn time (Zelen & Feinleib, 1969) or 
'detectable preclinical phase'. 'Lead time' 
refers to the period between when a 
cancer is found by screening and when it 
would appear through clinical signs and 
symptoms (Morrison, 1992). Sojourn 
time is a characteristic jointly of the 
lesions and the screening test. Lead time 
will in addition be affected by the 
frequency of screening. Neither the 
sojourn time nor the lead time is directly 
observable for an individual, unless a 
screening test is repeated at frequent 
intervals, the results of a positive screen-
ing test are ignored and the person is 
observed until she becomes sympto- 

matic. Such a situation is clearly not ten-
able. However, in a population that has 
undergone screening, the distribution of 
lead time and sojourn time can be esti-
mated (see below). 

Sojourn time is a characteristic of a 
particular lesion. It is expected to vary 
widely for different lesions, reflecting the 
wide biological heterogeneity of breast 
cancer. Sojourn time notably depends for 
example on histological grade. 

In addition to sojourn time and lead 
time, two parameters of traditional 
importance in screening are sensitivity 
and specificity. For a condition which 
either exists or does not, such as lay 
Sachs disease, these two parameters 
are defined in terms of a 2 x 2 table: 

Result of 
diagnostic test 

Positive Negative 

Result of 	Positive a 	b 
screening 

Negative c 	d 

Sensitivity = a/(a + c) 
Specificity = d/(b + d) 

The situation is more complex for 
screening for breast cancer, because it is 
a progressive condition. At the time at 
which screening is performed, there is no 
'gold standard' diagnostic test for the 
disease: the condition being screened 
for is a future clinical disease. The 'true' 
disease state at the time of screening is 
a lesion that will progress into a clinically 
invasive cancer. This state can be 
determined for an individual only by 
following her forward in time. Since, how-
ever, a positive result at screening 
should lead to an intervention to prevent 
the development of a clinical cancer, 
much of the information required for 
direct estimates of sensitivity and 
specificity will be missing. There is no 
direct measure of 'a' in the table. The 
quantity 'c', however, can be estimated 
directly, since, if one follows forward in 
time a group of individuals who showed 
no lesion on the screening test, some 
will develop clinical invasive disease. 
The length of time after screening that is 
used to define this group of 'screen-
negative' and 'disease-positive' individu-
als is commonly 1 year, but that is a 
somewhat arbitrary interval. The women 
presenting with clinical disease in the 
year after a negative result thus 
constitute the cell entry 'c' in the above 
table. 

In a number of programmes, a 
2-year interval is used to define 
sensitivity. This has the advantage that it 
is less subject to statistical variation 
due to small numbers and less 
dependent on the exact date of diagno-
sis, although more affected by new 
cancers. Clearly, the longer the interval 
used to define sensitivity, the lower will 
be the resulting estimate (as follows 
from the discussions below and Figure 
20). 

Attention should also be paid to the 
definition of the screening test. 
Mammographic screening is essentially 
a multiple-step process, with the initial 
screening mammogram leading, if 
positive, to a series of more detailed 

No detectable disease 	Sojourn time 	Symptomatic invasive 
disease 

Asymptomatic 
detectable disease 

Lead time 

Delay 
time 

Screening test 
detects 
preclinical 
disease 

Figure 19 Scheme of progression of a chronic disease, with the intervention of an 
early-detection screening test 
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Incidence in a comparable 

100% 
	 unscreened population 

M 	 Incidence after screening, among 
individuals screened negative 

C 

2 	 3 	 4 
Time since screening (years) 

Figure 20 Sensitivity defined in terms of 1-year proportionate incidence: incidence of interval cancers as a proportion of the incidence in compa-
rable unscreened population 
c = interval cancers in first year; a = deficit of cancers in first year by comparison with an unscreened population; x = deficit of incidence at 1 year 

investigations, culminating in a biopsy for 
a definitive diagnosis of malignancy. The 
definitions of sensitivity and specificity 
discussed in this section refer to the 
complete screening episode, the final 
assessment of positivity or negativity 
being based on the results of the mam-
mogram and all further assessment. It is 
a common experience that women with a 
positive mammogram but classified as 
negative, i.e. disease free, on further 
assessment are at higher risk of subse-
quent disease than the general popula-
tion. The implication is that if only the 
screening mammogram is considered as 
the screening test, it will be more sensitive 
than the overall screening episode, 
although of course with less specificity. 
The sensitivity of screening mammograms 
could be estimated in analogous fashion 
to the sensitivity of the complete screen-
ing episode, but in practice such estima-
tion is rarely attempted. It would refer 
strictly to the sensitivity of the test itself. 

To estimate sensitivity, one then 
must identify the individuals, or indirect-
ly estimate their number, who constitute 
the cell entry 'a'. As the 'true' disease  

state is agreed to be clinical cancer 
appearing within 1 year of a screening 
test, to estimate 'a' one needs to 
estimate the number of true cancers that 
were detected at screening and treated, 
and thus prevented from presenting 
clinically in this period of 1 year after 
screening. This group forms the 
screen-positive, disease-positive group. 
The quantity 'a + o' is the number of 
cancers that would have presented clini-
cally in the group that was screened if no 
screening had taken place. Thus, if one 
has a directly comparable unscreened 
population, e.g. as in a randomized trial, 
the quantity 'a + c' is observable. In the 
absence of a comparison group strictly 
defined by randomization, other 
approaches would be needed, but for 
any general population sample, 
estimates based on age-adjusted 
cancer incidence data from a compara-
ble population or time when screening 
was not practised should provide a good 
approximation if used judiciously. 
The quantity 'a' is then obtained by 
subtraction, and the sensitivity estimate 
is given as before (Day, 1985): 

a/(a + c). 
For the test sensitivity, the same 

expression, a/(a + c), applies, except 
one moves from 'o' to 'a' the interval 
cancers that were positive on the 
mammography test but negative on 
follow-up. This approach to the 
estimation of sensitivity, called the 
'incidence method', can be expressed 
graphically as in Figure 20 and can be 
used to estimate sensitivity as the 1-
year proportionate incidence of interval 
cancers (see below). In a definition of 
sensitivity that was sometimes used in 
the past, the 'gold standard positive' 
tumours were considered to be all those 
diagnosed at screening or within 1 year 
after screening, so that, in the above 
terminology, sensitivity was given by (a 
+ b)/(a + b + c). This quantity has no 
clear interpretation, since the cancers 
diagnosed at screening could have 
surfaced at any (including infinite) time 
in the future or never (overdiagnosis), 
whereas the false-negative results at 
screening surfaced in the first year after 
screening. The two groups are clearly 
not comparable. 
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Positive predictive value, 
specificity and the issue of over-
diagnosis 
A similar approach can be taken to the 
definition of specificity and positive pre-
dictive value, as, if one has estimates of 
the values of 'a' and 'c', and 'a + b' and 
'c + d' are known from the results of 
screening, then clearly one has 
estimates of b' and d. However, for 
determining specificity and positive pre-
dictive value, an interval of 1 year after 
screening may not be appropriate. For 
positive predictive value, for example, it 
would be of more interest to estimate the 
proportion of lesions detected at screen-
ing that would have progressed to clini-
cal cancers (i.e. aI(a + b)) by the next 
round in a periodic screening pro-
gramme. This parameter is of direct rel-
evance to the question of overdiag-
nosis, which relates to invasive cancers 
detected at screening that will not 
progress to a clinical cancer within some 
defined time interval. 

For specificity, or rather its comple-
ment, one might be interested in the 
proportion of individuals who had a 
positive screen among those who would 
not have developed a clinical cancer in 
the interval between screening tests (i.e. 
b/(b + d)). For the test specificity, the 
false-positive results should be included. 
The test validity indicators correspond 
to each other like those of episode 
validity. In particular, it is deficient to 
report (only) episode specificity and only 
test sensitivity. 

In screening for a progressive 
disease, such as breast cancer, it is 
important to define the interval over 
which sensitivity and the other 
parameters are being defined and to 
ensure that they are comparable across 
populations. As demonstrated by 
Rosenberg etal. (2000), lengthening the 
observation period after a screening 
mammogram will decrease the 
sensitivity. Conversely, the shorter the 
interval the more important it is to 
remove the time assumed by episode  

from the woman—years of interval can-
cer incidence. 

Cancers detected at screening, 
interval cancers and distribution 
of lead time and sojourn time 
When a population of women undergoes 
screening, a certain number of breast 
cancers will be detected at the initial 
screening test, and further cancers will 
be diagnosed clinically in the 
post-screening period among those with 
negative results at screening (so-called 
'interval cancers'). This process is 
represented graphically in Figure 20. 
The probability of a cancer being 
detected at screening clearly depends 
on the length of time the lesion is 
detectable preclinically, i.e. on the 
sojourn time: the longer the sojourn 
time, the greater the chance that the 
lesion will be detected. Cancers detect-
ed at screening thus represent a biased 
sample of preclinical lesions, with an 
undue proportion of cancers with a long 
sojourn time and probably a good 
prognosis. This bias is known as length 
bias. 

In Figure 21, the incidence rate of 
breast cancer after screening is 
expressed as a proportion of the 
incidence rate in an equivalent 
unscreened population. The deficit in 
incidence in comparison with the 
unscreened represents those cancers 
detected at screening, as described in 
the definition of sensitivity. The curve of 
incidence after screening not only gives 
the proportion of cancers that are 
detected at screening (sensitivity), but 
also the time at which after screening 
the cancers detected would have pre-
sented clinically. Thus, in Figure 21, 
there is an incidence deficit of x 1 year 
after screening. According to the 
definition of lead time, this deficit of x 
corresponds to cancers detected at 
screening with a lead time of 1 year. The 
complete distribution of lead time among 
the cancers diagnosed at screening that 
would have presented clinically is there- 

fore given by the difference between the 
unscreened incidence rate and the post-
screening incidence rate, from time zero 
through to the maximum time for which 
observations are available. 

The curve of the proportionate 
incidence after screening will increase 
monotonically from time zero until it 
approaches unity, at which time the 
effect of screening essentially disap-
pears. Shortly after screening, the curve 
will represent largely the cancers missed 
at screening. The increase with time then 
represents cancers that were not in the 
preclinical detectable phase at the time 
of screening. So, 1 year after screening, 
the interval cancers will consist of all 
those with a sojourn time less than 1 
year, and hence not detectable 1 year 
previously, plus those with a sojourn time 
greater than 1 year but missed at 
screening. The curve of proportionate 
incidence after screening thus repre-
sents a combination of sensitivity and the 
cumulative distribution of sojourn time 
among cancers diagnosed at screening 
that would have presented clinically. 
Separation of the two is difficult (Walter & 
Day, 1983; Day & Walter, 1984), but 
broad areas of acceptable (and 
correlated) values can be identified. 

Periodic screening: Length bias 
and the unbiased set 
Population screening programmes 
usually aim at screening each woman at 
regular intervals, normally between 1 and 
3 years. In this situation, cancers would 
be detected at each screening test, and 
clinically detected cancers would present 
in each of the intervals between 
screening rounds. Figure 21 shows the 
process graphically. One can define a 
screening cycle as the period between 
the ends of two screening rounds. 

A useful extension of the concept of 
sensitivity can be derived from 
programme sensitivity. This refers to the 
cumulative incidence of interval cancers 
during the screening cycle, as a 
proportion of the cumulative incidence 
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Figure 21 Cancers occurring in a population screened periodically, at a screening interval, T 
P0, cancers detected at prevalence screen; P, cancers detected at the i'th incident screen; c1 , interval cancers diagnosed in the i'th inter-screening 
interval; a, incidence gap in the i'th inter-screening interval 

during this interval that would have 
occurred in the absence of screening, 
programme sensitivity being 1 minus this 
proportion. Programme sensitivity thus 
gives a measure of the proportion of inci-
dent cases that would be diagnosed by 
screening among women who are 
screened according to the programme 
schedule. The denominators can be 
woman—years among the screened, 
invited or the target population. The last 
results in a measure that is relevant to 
organized programmes and is compara-
ble with overall mortality reduction in the 
target population. 

As described in the previous section, 
cancers detected at screening represent 
a biased sample of cancers in the 
population. Those detected at the first 
screening test, the prevalence screen,  

will be the most biased, as lesions with a 
sojourn time that is long in comparison 
with the inter-screening interval will be 
more strongly overrepresented. After the 
prevalence screen, the successive 
screening cycles soon approach a 
steady state. The cancers diagnosed in 
one screening cycle, i.e. from immedi-
ately after one screening test to 
immediately after the next, thus approxi-
mate the incident cancers during that 
period, although with a threshold of 
detection lower than for incident clinical 
cancers. They thus form a set of cancers 
from which length bias has been 
removed and have been termed the 
unbiased set' (Tabár et al., 1992). Their 
prognostic characteristics can be 
compared with those of clinically incident 
cancers, a comparison from which length 

bias has been approximately removed. 
Unbiased sets should include nonrespon-
ders as well. 

A more complex view of cancer 
The model shown in Figure 19 describes 
the operational process of screening, 
incorporating no information on the 
biology of the carcinogenic process. 
Current knowledge of the neoplastic 
process allows us to distinguish a 
number of steps, which may begin with 
mutation at specific genetic loci and 
other cellular events and continue until 
cells divide and disseminate throughout 
the organism. Cancer development is a 
long process, and not all the steps are 
necessarily irreversible. In the future, 
screening modalities may be developed 
to target these early molecular changes. 
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In that case, more complex models 
of the screening process will be required. 

Evaluation of screening for 
breast cancer 

Mammography has been evaluated in 
randomized trials in which women with 
breast cancer were excluded. These trials 
are fully discussed in Chapter 4, where it 
is shown that the effect of early detection 
of invasive disease can take 5-7 years 
to emerge. The emergence may take 
even longer when the women who are 
screened are under 50 years at entry 
into the trial (Tabár et al., 1997). With the 
introduction of population screening pro-
grammes, the methods developed for 
evaluation of trials must be adapted to 
the more complex public health situation. 
In contrast to trials, population-based 
screening programmes will take consid-
erably longer to have an impact on 
breast cancer mortality in the general 
population. Unlike the participants in trials, 
the general population have staggered 
entry into a programme, and women with 
a pre-exisiting diagnosis of breast cancer 
are not easily excluded from the overall 
mortality estimate (Blanks et al., 2000b; 
Jonsson et al., 2001). The conditions for 
estimating refined mortality rates imply 
the existence of a cancer register and 
linkage to it of screening data which is 
not prevented by data protection legisla-
tion. Therefore, predictive measures of 
the process of cancer screening based 
on short-term outcomes are useful for 
evaluating the potential of a programme 
to make long-term reductions in mortality 
that are quantitatively comparable to 
those seen in randomized trials. Short-
term parameters for this purpose that 
have been partially validated as accurate 
predictors of long-term reductions in 
breast cancer mortality include sensitivity 
and sojourn time distribution, both 
expressible in terms of the post-screen-
ing incidence of interval cancer (Day & 
Duffy, 1996). 

Estimates of benefit based on 
predicted breast cancer mortality may be 
useful in the initial stage of a public 
health screening programme but cannot 
replace analysis of observed mortality, 
as discussed at length in Chapter 5 (see 
also Hakama et al., 1999; Blanks et al., 
2000b; Jonsson etal., 2001). 

The efficacy of screening pro-
grammes for reducing mortality from 
breast cancer, particularly by mammo-
graphy, has been analysed in a number 
of randomized trials (see Chapter 4), 
which are referred to throughout the 
following sections. 

In December 1963, the Health 
Insurance Plan of Greater New York, 
USA, had 490 000 members, of whom 
80 000 were women aged 40-64. About 
two-thirds were employees of local, state 
or Federal agencies and their family 
members. The next largest group were 
union groups outside Government 
service (Shapiro etal., 1966). In 23 of the 
31 medical groups, about 62 000 women 
were randomized to annual mammogra-
phy screening and clinical breast exami-
nation for 4 consecutive years. 
Randomization was done by 
pair-matching by age, size of insured 
family and employment group through 
which the family had joined the Plan. 
Sixty-seven per cent attended the first 
round. There were no differences 
between attenders, a 10% sample of 
non-attenders and a 10% sample of 
controls with respect to age, socioeco-
nomic status and histories of pregnancy 
and breastfeeding (Shapiro et al., 
1988a). This study is referred to as the 
'Health Insurance Plan study'. 

In Edinburgh, Scotland, between 
1978 and 1981, 87 general practitioners' 
practices covering 44 268 women aged 
45-64 years, were randomized for a 
breast cancer screening trial (Alexander 
et al., 1999). The 22 926 women in the 
intervention group practices were invited 
to participate in a screening programme, 
which included clinical breast examina-
tion every year and two-view mammog- 

raphy every second year. The 21 342 
women in the control group practices 
received only usual medical care. 
Subsequently, additional eligible women 
who joined these practices and existing 
patients who reached 45 years of age 
were recruited into two further cohorts: 
4867 women in 1982-83 and 5499 
women in 1984-85 (Alexander et al., 
1999). This study is referred to as 'the 
Edinburgh trial'. 

Two trials were conducted in 
Canada, one with women aged 40-49 
and the other with women aged 50-59 
(Miller et al., 1981). Women randomized 
to screening in both age groups were 
offered annual clinical breast examina-
tion and mammography and were taught 
how to practise breast self-examination. 
Control women aged 40-49 were given 
a single clinical examination, taught how 
to practise breast self-examination and 
received a questionnaire every year. 
Control women aged 50-59 were offered 
only annual clinical breast examinations 
and were taught how to practise breast 
self-examination, as the objective was to 
evaluate the contribution of mammo-
graphy over and above that of clinical 
breast examination and breast self-
examination. Women were eligible for 
the trials if they had not had breast can-
cer, had had no mammogram in the pre-
vious 12 months, were currently not 
pregnant and completed a questionnaire 
giving full identification and data on risk 
factors for breast cancer (Miller et al., 
1981). Before randomization, all partici-
pants gave written informed consent and 
were told that they had a 50% chance of 
having a mammogram. They then 
received a screening clinical breast 
examination (and instruction in breast 
self-examination), and the findings were 
recorded. While the participant remained 
in the examining room, the examiner 
went to receive the results of randomiza-
tion from the centre coordinator and then 
told the participant whether she would 
receive mammography. A total of 50 430 
women aged 40-49 and 39 405 women 
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aged 50-59 were enrolled (Miller et aL, 

1 992a,b). 
Several trials have been conducted 

in Sweden, and these are summarized 
below. The trials have been the subject 
of two overview analyses (Nyström et al., 
1993, 2002). 

In the first of two trials in MalmO, 
Sweden, all women born between 1908 
and 1932 were identified from the 
population register and randomized by a 
computer program within each birth year 
cohort. The lists were divided, the 21 088 
women on the first half being invited and 
the 21 195 on the second serving as 
controls (Andersson et al., 1988). Women 
were invited to screen—film mammo-
graphy alone in the first two rounds, with 
two views (cranio-caudal and medio-
lateral oblique), and either both views or 
only the oblique view, depending on the 
parenchymal pattern, in the subsequent 
rounds, every 18-24 months. A single 
medio-lateral oblique view was taken for 
women whose breasts were mainly fatty 
on mammography, and both views were 
taken for women with dense breasts. 
After August 1978, the investigators 
aimed to continue to recruit women who 
attained the age of 45 years and to 
randomize them to either receive or not 
receive an invitation to mammography. 
In this second trial, 17 786 women born 
in 1933-45 were ultimately recruited, 
with 9574 in the invited group and 8212 
in the control group. Owing to financial 
restraints, it was not possible to include 
one birth-year cohort every year. The 
randomization and screening proce-
dures were the same as in the first trial, 
and recruitment continued up to 1990 
(Andersson & Janzon, 1997). These 
trials are referred to in this handbook as 
the first and second Malmö trials. 

In 1975, the Swedish National Board 
of Health and Welfare invited five county 
councils to start mammography 
screening. Two counties, Kopparberg 
and OstergOtland, accepted the invita-
tion. Women in this trial were random- 

ized by cluster within geographical areas 
(municipalities, parishes, tax districts). 
The sparsely populated municipalities in 
the county of Ostergotland were grouped 
pairwise with respect to the size of the 
population and geographical characteris-
tics, adjacent municipalities being consti-
tuted into pairs, as they were considered 
to be similar in most respects. The more 
populated municipalities of LinkOping, 
NorrkOping and Motala were split into 
six, eight and two clusters, respectively, 
of similar size, creating three, four and 
one pairs, respectively, in order to 
increase the number of clusters. The 
clusters were allocated to invitation or a 
control group at a meeting of the county 
council by tossing a coin. A total of 
76 617 women aged 40-74 were ran-
domized to mammography or usual care 
(NystrOm et al., 2002). In the County of 
Kopparberg, the invited group was 
planned to be twice as large as the 
control group. Thus, triplets of geographi-
cal areas were identified by dividing each 
block into three units of roughly equal 
size, two of which were randomized to 
receive screening and one to the control 
group. A total of 56 782 women aged 
40-74 were randomized (Tabar et al., 
1985). In this handbook, this trial is 
referred to as the Two-county study'. 

A trial was performed in the south-
eastern part of Greater Stockholm, 
Sweden, in which about 60 000 women 
aged 40-64 years in March 1981 were 
randomized by day of birth to be invited 
for mammography or to a control group 
(Frisell et al., 1986). Women born on 
days 1-10 and 21-31 of the month were 
invited for screening (total, 40 318), and 
women born on days 11-20 to the 
control group (about 20 000). In the 
overview of NystrOm et al. (2002), 
women born on day 31 were not 
included, and the totals analysed were 
39 139 in the intervention group and 
20 978 in the control group. In this hand-
book, this study is referred to as 'the 
Stockholm trial'. 

Between December 1982 and April 
1984, all 51 611 women born between 
1923 and 1944 and living in the city of 
GOteborg, Sweden, were randomized to 
mammographic screening or a control 
group, of whom 25 941 were aged 39-49. 
Randomization was by cluster on the 
basis of date of birth for the cohorts born 
in 1929-35 and by individual birth date 
for those born in 1936-44 (Bjurstam et 
al., 1997). In order to be able to re-
screen women every eighteenth month, 
despite a fixed capacity for mammogra-
phy, the ratio of women randomized to 
the invited and the control group was 
1:1.2 in the age group 39-49 years and 
1:1.6 in the age group 50-59 years. In 
this handbook, this study is referred to as 
'the Göteborg trial'. 

In addition to the randomized trials 
described above, the Finnish national 
programme was evaluated after random-
ization. The programme was begun in 
1987, when the Finnish National Board 
of Health recommended identification of 
women aged 50-59 years and invitation 
to screening every second year. The 
Finnish Cancer Society established 11 
mammography centres, and local munic-
ipalities, responsible in Finland for public 
health services, were entitled to 
establish an arrangement with one of 
these screening centres. In 1987, 84% of 
the municipalities made arrangements 
with the Cancer Society and followed the 
guidelines of the National Board of 
Health. The programme was introduced 
gradually, and decisions about adding 
cohorts were taken at random. Thus, in 
1987, women born in 1928, 1932 and 
1936 were invited to be screened by 
mammography; in 1988, women born in 
1930, 1934 and 1938 were invited, and 
in 1989 women born in 1931 and 1937 
were invited. This facilitated comparison 
of these birth cohorts, considered to be 
the study cohorts, with the birth cohorts 
invited after 1990, considered to be the 
control cohorts (Hakama et al., 1997). 
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Figure 22 Screening mammograms of early breast lesions 
A, slightly spiculated tumour measuring 0.5 coi (arrow); a 0.6-cm invasive ductal carcinoma grade 2 was 
found on microscopy; B, cluster of calcifications (arrow); a ductal carcinoma in situ grade 2 measuring 
1.4 cm was found on microscopy 

ChapteF 2 

Screening techniques 

Screening mammography 

Mammography is an X-ray technique 
that was developed specifically for soft 
tissue radiography of the breast. It is 
based on the differential absorption of X-
rays between the various tissue compo-
nents of the breast such as fat, fibroglan-
dular tissue, tumour tissue and calcifica-
tions. Mammography is used both as a 
clinical tool to examine symptomatic 
patients and as a screening examination. 
The goal of screening mammography is 
to detect breast cancer early (Figure 22). 
To reach this goal, mammographs of 
consistently high quality must be pro-
duced with minimal exposure of the 
women to radiation. 

X-ray equipment 
The physics of modern screen—film 
mammography techniques have been 
reviewed elsewhere (Sabel & Aichinger, 
1996; Barnes, 1999; Haus, 1999; 
Hendrick & Berns, 1999; Haus & Yaffe, 
2000). 

Image contrast and spatial resolution 
are important determinants of image 
quality in mammography. The contrast 
depends on many factors, such as beam 
quality, screen—film combination, film 
processing and scattering of radiation. 

Beam quality 
The image contrast depends on the 
energy distribution of the radiation used. 
The attenuation coefficients of fat, fibro-
glandular tissue and tumour tissue differ 
more at lower energy (below 20 key) 
than at higher energy. However, compro-
mises have to be made to keep the expo-
sure within acceptable limits. This is 

accomplished by using various target—filter 
combinations. Most current mammogra-
phy systems have molybdenum targets 
combined with molybdenum filtration; 
many also have rhodium filtration. Dual-
target tubes, such as molybdenum—wol-
fram or molybdenum—rhodium, are also 
available. 

The combination of a molybdenum 
target with molybdenum filtration results 
in an energy distribution that is ideal for 
imaging small-to-medium-sized breasts 
(energy, 15-20 keV) at tube voltages of 
25-30 kVp. Increasing the voltage 
increases the penetration of the beam 
and thus decreases the dose; however, it 
also decreases the image contrast by 
decreasing the attenuation differences. 

Switching to rhodium filtration and 
rhodium or wolfram targets has the same 
effect (Thilander-Kang, 1997; Thilander-
Klang et aI., 1997; Figures 23 and 24). 
Many modern mammography units have 
programmes that choose automatically, 
on the basis of breast thickness and 
composition, a target—filter combination, 
that represents a reasonable compro-
mise between image contrast and dose. 

Tube current 
The tube current must be high enough to 
produce adequate film density with short 
exposure. Exposure times longer than 
about 1 s imply a risk of added dose and 
also lack of sharpness due to motion. 
Rhodium targets cannot be operated at 
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as high a tube current as molybdenum 
and wolfram targets because of a lower 

: melting-point. 

° 
Scatter control 

o  
One 	important 	factor 	that 	degrades 
image contrast is scattering of radiation 

t (Friedrich, 	1975; 	Barnes & 	Brezovich, 
1978). The amount of scatter depends 

E heavily on breast thickness and to some 
z 

- extent also on breast area. This is one of 
- - the reasons why breast compression is 

15 necessary to obtain a good mammogram. 
Photon engyœ Further control of scatter can be obtained 

locally by spot compression, which can 
be combined with magnification. 

The most important means of scatter 
b :t 	 -"s reduction is the anti-scatter grid, which 

consists of thin lead lamellae separated 
by a radiolucent spacer. The grid ratio 

a (height of lead lamellae divided by inter- 
space thickness) is usually 4:1 	or 5:1. 

.0 t The grid usually starts moving during 
exposure and acts to absorb most of the 
scattered 	radiation 	(75-85%) 	while 
transmitting most of the primary radiation / 

t' t (60-75%) 	(Yester et al., 	1981). As a 
result, image contrast is improved at the 

25 price of increased dose. Improvement in 
Photon n(eV contrast is related to breast thickness, 

being greater with increasing thickness. 
The grid technique was introduced in the 

c late 1970s. It was not used in most of the 

3jE - mammography 	screening 	trials, 	the 
exception being that in Goteberg, where 

t t it was used throughout (Bjurstam et al., 
1997). 

An even more efficient way of reduc- 
ing scatter is the slot scanning technique 

o t  

t; J (Barnes et al., 1989a,b), in which the X- 
E 
t z 1' 

t 	. ray beam is collimated to athin fan beam 
which 	is scanned 	across the 	breast. 
Conventional linear grids reduce scatter 
only perpendicular to the grid septa, and 

Photon enogjikeVj there 	is 	little reduction 	in the direction 

Figure 23 Absolute X-ray spectra, with (a) measured entrance, (b) calculated transmitted energy parallel to the grid lines. Another solution 

with 40-mm polymethyl methylacrylate phantom and (c) calculated transmitted energy with 60-mm is 	the 	cellular 	grid 	(Rezentes 	et 	al., 

polymethyl methylacrylate phantom, obtained with various anode—filter combinations and a tube 1999), which has a square pattern and 

voltage of 28 kV therefore controls scatter in two dimen- 
sions. These grids have been shown to 

Dotted lines, molybdenum—molybdenum; solid lines, wolfram—rhodium reduce scattered radiation further and 

26 



6 

0 

0 

Screening techniques 

o Mo-Mo 26 kVp 

20 	40 	60 	80 	100 

6 Mo-Rh 27 kVp 

5 

4 

3 

2 

0 

o 

6 
A W-Rh26kVp 

5 

4 

3 

2 

H 
100 O 20 40 60 80 100 

a. 	 b. 	 C. 

Mean breast thickness (mm) 

Figure 24 Mean absorbed dose to glandular tissue versus mean breast thickness with (a) molybdenum-molybdenum, (b) molybdenum-rhodium and 
(c) wolfram-rhodium target-filter combinations 

thus to improve image contrast over con- 	An automatic exposure control Screen film, processing and viewing 
ventional grids, 	 device should meet certain standards. A The introduction of rare-earth intensifying 

Still another way of reducing scatter minimum requirement is that it should screens in the mid-1970s represented a 
is geometric magnification with an air 	maintain a uniform film density to ± 0.10 	major step forward, as these screens 

gap. The magnification factor is usually 	or 0.15 optical density unit when the 	could be combined with fast-speed films, 
1.7-2.0. For magnification work, a focus thickness of the phantom varies from 2 to thereby reducing the dose. The screens 
of 0.10-0.15 is necessary. Modern mam- 7 cm, for all techniques used (Social- are virtually always used as back-
mography machines are equipped with styrelsen, 1998). Optical density is one screens combined with a single emulsion 
magnification capabilities, 	 determinant of the sensitivity of mam- 	film in order to achieve optimal spatial 

mography (Young et al., 1997). According resolution. Various phosphors have been 
Automatic exposure control 	 to the European guidelines (Commission used; one that is commonly used is 
Adequate automatic exposure control of the European Communities, 2001), gadolinium 	oxysulfide 	(0d2025:Tb), 

makes it possible to achieve optimal, 	the optical density should be between 	which emits visible light in the green spec- 

reproducible density of images, indepen- 	1.4 and 1.8 (National Health Service tral region (wavelength, about 500 nm). 
dently of breast thickness and the beam 	Breast Screening Programme, 1998). 	Film processing is critical for obtain- 

quality used. Automatic exposure control 	 ing a high-quality mammogram, and sub- 

devices have been refined substantially Compression 	 optimal image quality is frequently due to 
over the past few years. Most can be Optimal compression is an important part suboptimal processing. Processing is 
operated either manually or automati- of the mammography procedure. one of the key determinants of film 
cally. In the automatic mode, the instru- 	Compression improves contrast by contrast, as reflected in the so-called 

ment can choose both voltage and filter 	reducing scatter and hardening the X-ray characteristic curve of the film. Critical 

and, in some cases, also the target, 	beam and also reduces the dose to the factors in processing are temperature, 
depending on the thickness and density breast. Furthermore, patient motion is processing time and replenishment rate. 
of the breast. The sensor should be of reduced, and the density of the image 	Extended cycle processing is some- 
sufficient size and location to cover becomes more uniform. With proper times used for single-emulsion films 
various components of breast tissue, and compression, the structures of the breast (Kimme-Smith et al., 1989), thereby 

it should be moveable away from the 	are spread apart, facilitating image 	increasing film contrast and speed. 

chest wall, as the exposure should be 	interpretation. 	 Today, a 90-s processing cycle is 

determined by the densest part of the 	 recommended by almost all film manu- 

breast. 	 facturers. 
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Once the key processing parameters 
have been set, a quality control pro-
gramme should be implemented. Base 
parameters like film speed, contrast and 
base plus fog can be determined easily 
by sensitometry, either by manual mea-
surement or by running a sensitometry 
strip through an automatic reader. 

Light boxes of adequate luminance 
and a low level of ambient light are 
important for viewing, as well as masking 
of films to reduce stray light 
(Commission of the European Commu-
nities, 2001). 

Radiation dose 
The mammographic imaging system 
must be optimized in order to keep the 
radiation dose as low as possible. Such 
a requirement has been included in 
national legislation in some countries 
and in international guidelines. 

The mean absorbed dose in the 
breast gland per mammographic film is 
in the order of 1.0-1.5 mGy for the aver-
age breast examined with modern equip-
ment. Surveys have shown considerable 
variation in dose among centres. In 
southern Sweden, the dose varied by a 
factor of 4.3, depending on the radiolo-
gists' preference in terms of optical den-
sity of the films, variation in film process-
ing parameters and other factors 
(Socialstyrelsen, 1997). In Sweden, the 
mean absorbed dose to the breast gland 
per film must not exceed 1.5 mGy at the 
optical density setting used and should 
not exceed 1.0 mGy at net density 1.0 as 
measured with a 4.5-cm polymethyl 
methylacrylate phantom according to the 
European protocol (Zoetelief et al., 
1996). According to the European 
guidelines (Commission of the European 
Communities, 2001), the dose should be 
< 2.0 mGy. A woman being screened 
every 2 years between the ages of 
40 and 70, with two views of each breast, 
would thus receive an absorbed dose of 
64 mGy or less from the screening. 
For a discussion of the possible hazard of 
mammographic radiation, see Chapter 5. 

Quality control 
Guidelines for quality assurance have 
been issued by several bodies, such as 
the Commission of the European 
Communities (2001). Many factors affect 
the accuracy of mammography, includ-
ing those related to the X-ray machine 
and film processing, the examination 
technique including positioning and com-
pression (Taplin et al., 2002) and the 
radiologist's performance. It has been 
shown that radiologists vary, sometimes 
substantially, in their interpretation of 
mammograms (Elmore et al., 1994; 
Beam et al., 1996a,b). One determinant 
may be the volume read per day 
(Esserman et al., 2002). Recommen-
dations vary regarding the minimum 
number of mammograms that should be 
read yearly, from 480 to 5000 (Food & 
Drug Administration, 1997; National 
Health Service Breast Screening 
Programme, 1998). Another factor is 
training, which has been shown to 
improve sensitivity with no change in 
specificity (Linver etal., 1992). 

Continuous correlation of radi-
ographic findings with cytology and 
pathology is another essential compo-
nent, with training and continuing educa-
tion. Furthermore, a database should be 
established that contains basic informa-
tion such as patient identification, date of 
mammographic examination, mammo-
graphic diagnosis, results of needle 
biopsy and surgical procedures, includ-
ing microscopic diagnosis. If cancer is 
present, the tumour size, lymph node 
status, malignancy grading and the pres-
ence or absence of distant metastasis 
should be recorded. 

High, consistent image quality is 
mandatory to achieve the objectives of 
mammography. To maintain the image 
quality at an acceptable level, regular 
tests must be carried out. The day-to-day 
consistency of the procedure should be 
based on sensitometry and phantom 
exposure. While sensitometry specifi-
cally monitors the performance of the 
processor, phantom exposure provides  

an overall check of the imaging system. 
If the process is stable, as shown by sen-
sitometry, the phantom film will indicate 
the status of the X-ray machine. 
Sensitometry and phantom exposure 
can be performed by radiographers, 
whereas several parameters relating to 
mammography machines should be 
checked by a medical physicist semi-
annually or at least annually. An example 
of a quality control programme for mam-
mography is shown in Table 4. 

Sensitivity and specificity 
Several estimates of the sensitivity and 
specificity of mammography have been 
published. In most of them, the cancers 
detected at screening, expressed as the 
proportion of all these cancers and those 
occurring during the first 12 months after 
screening ('interval cancers') were used 
as a proxy for sensitivity. This was called 
the 'detection' method by Fletcher et al. 
(1993). The preferred expression for 
sensitivity is 1 minus the incidence of 
interval cancers expressed as a propor-
tion of the estimated underlying inci-
dence of breast cancer in the population. 
This was called the 'incidence' method 
by Fletcher et al. (1993; see Chapter 1). 

Table 5 summarizes estimates of the 
sensitivity, specificity and positive predic-
tive value of mammography, with or with-
out clinical breast examination, as 
reported in breast screening trials 
(described above in Chapter 1 and more 
fully in Chapter 4) and some population-
based screening programmes, which 
covered screening from as early as 1963 
to as late as 1997. In all instances in this 
table, the estimates of sensitivity are 
based on 1-year interval cancer rates 
and are calculated by the detection 
method, the incidence method or both 
(Fletcher etal., 1993). The estimates of 
specificity and predictive positive value 
take into consideration all women 
referred for further investigation after a 
positive result at screening. Unless 
otherwise specified, the estimates are 
based on invasive cancers only in the 
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Table 4. Technical quality control programme for mammography used in southern Sweden 

Function to be checked Method, test and/or responsibility Frequency 

Film processing Sensitometry (technologist or radiologist) Daily 

Entire imaging process Phantom exposure (technologist or radiologist) Daily 
Visual comparison with reference 

Phototimer PMMA phantom exposure with recording of Daily if batch 
milliamperes (technologist or radiologist) processing 

Beam quality: Service or physicist Annually or 
filtration, tube potential, semi-annually 
half-value layer 

Phototimer: Service or physicist Annually or 
reproducibility, dependence semi-annually 
on object thickness and tube 
potential 

Output: Service or physicist Annually or 
millampere accuracy and semi-annually 
linearity 

Beam geometry: Service or physicist Annually or 
radiation field extension semi-annually 

Compression device Service or physicist Annually or 
semi-annually 

Film cassettes: Service or physicist Annually or 
sensitivity, film screen contact, semi-annually 
spatial resolution 

Anti-scatter grid Service or physicist Annually or 
semi-annually 

Absorbed dose Physicist Annually or 
semi-annually 

Modified from Commission of the European Communities (2001) 
Milliamperes are the product of tube current x length of exposure 
PMMA, polymethyl methacrylate 

first screening round or the combination 
of second and subsequent screening 
rounds. 

The estimates of sensitivity derived 
with the detection method, available from 
almost all the programmes, varied from 
low values of 68% (Stockholm trial of 
one-view mammography) and 74% 
(Health Insurance Plan trial of early two-
view mammography and clinical breast 
examination) to high values of over 90% 
in several populations. There is no  

strong evidence that the sensitivity of 
these programmes increased over time. 
As expected from differences in the way 
in which they are computed, the esti-
mates of sensitivity derived with the pre-
ferred incidence method were generally 
smaller than those computed with the 
detection method and varied by 52-82%, 
again with little evidence of a trend over 
time. The estimates of sensitivity were 
generally higher by a small margin in first 
than in subsequent screening rounds. 

The estimates of specificity were derived 
mainly from the screening trials and 
exceeded 90%, with few exceptions; 
many exceeded 95%. The correspond-
ing values for positive predictive value 
ranged from 2% to 22%; most were 12% 
or less. 

Estimates of sensitivity for women in 
different age groups have been reported 
from a number of studies, and some are 
shown in Table 5. In addition, Tabár et al. 
(1987b) reported estimates obtained by 
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Trial or programme 	Screening method, 	Sensitivity (%) 
period, age group 

	

	 Specificity (%) 	PPV (%) 
Detection method Incidence method 

Health Insurance Plan Two-view mammmography 74 
(Fletcher et al., 1993; and CBE 
Shapiro, 1997) 1963-66,40-64 

Breast Cancer Detection Two-view mammography, 881,84 2 
Demonstration Project CBE and thermography 
(Seidman et al., 1987) 1972-81,40-59 

Utrecht, Netherlands Two-view mammography 91 
(de Waard et al., 1984a) and CBE 

1974-80,50-67 

Nijmegen, Netherlands One-view mammography 89 
(Verbeek et al., 1988) 1975-85,35-64 

MalmO, Sweden Two-view mammography 79 
(Fletcher et al., 1993) 1976-90,43-70 

Two-county trial, Sweden One-view mammography 76 
(Fletcher et al., 	1993) 1977-81,40-75 

Edinburgh, Scotland Two-view mammography 88 
(Fletcher et al., 1993) and CBE 

1979-86,45-64 

Edinburgh, Scotland Two-view mammography 921,932 
(Chamberlain et al., 1991) and CBE 

1979-86,45-64 

Guildford, England Two-view mammography 941 902 

(Chamberlain etal., 1991) and CBE 
1979-86,45-64 

Canada 1 Two-view mammography 81 
(Fletcher etal., 1993) and CBE 

1980-85,40-49 

Canada 2 Two-view mammography 88 
(Fletcher et al., 1993) and CBE 

1980-85,50-59 

Stockholm, Sweden One-view mammography 681 
(Fletcher etal., 	1993) 1981-83,40-64 

Stockholm, Sweden One-view mammography 531 

(Fletcher etal., 	1993) 1981-83,40-49 

77 	 98.5 	 12 

82 

68 	 961,  972 	 101, 222 

601,702 	 951 9g2 	 12 

79 	 961,  972 	 151,  42 

731,3 781,3 	961,  972 	 151,  42 

731,3,781,3 	921,  942 	 6, 22  

58 	 821, 93 2 	 2 

72 	 831,  962 	 41,62  

75 	 951,  972 	 81,102 

39 
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•Table (contd) I 

Trial or programme 	Screening method, 	Sensitivity (%) 
period, age group 

	

	 Specificity (%) 	PPV (%) 
Detection method Incidence method 

Goteberg, Sweden Two-view mammography 82 
(Bjurstam et al., 1997) 1982-84,39-49 

Sydney, Australia Two-view, double reader 71 
(Rickard et al., 1998) film—screen mammography 

1988-92,40-69 

Ontario, Canada Two-view mammography 901, 812 

(Libstug et a/., 1998) and CBE 
1990-95,50-69 

British Columbia, Canada Two-view mammography 86 
(Olivotto et al., 2000) 1988-97, ~! 40 

86 

East Anglia, England One- and two-view 76 
(Day etal., 1995) mammography 

1990-93,52-64 

Netherlands One- and two-view 921, 852 731,74 2 

(Fracheboud et al., 1999) mammography 
1990-93,50-69 

Victoria, Australia 	 Two-view, double reader 	911, 822 
(BreastScreen Victoria, 	film—screen mammography 
2001) 	 1996,50-69 

PPV, positive predictive value; CBE, clinical breast examination 
1 First round 
2 Subsequent rounds 

Edinburgh and Guildford combined 

871, 922 	6.71, 6.22 

the incidence method for the Two-county 
trial of 62%, 88% and 85% for women 
aged 40-49, 50-59 and 60-69, respec-
tively. In a study in Utrecht, the 
Netherlands, in which mammography 
and clinical breast examination were 
used, Day et al. (1988) reported a sensi-
tivity of screening of 83% for women 
aged 50-59 and 86% for women aged 
60-64. In a study in Nijmegen, in which 
mammography alone was used, Verbeek 
etal. (1988) reported a sensitivity of 44% 
for women aged 35-49 and 75% for 
women aged 50-64. Peer et a/. (1996) 
later replicated this age difference in 

screening rounds four through eight, with 
an estimate of 64% for women under 50 
and 85% for those above 50. 
Chamberlain et al. (1991) evaluated sen-
sitivity by age for all screenings in the 
combined programmes in Edinburgh and 
Guildford (United Kingdom); the sensitiv-
ity was 70% for women aged 45-54 at 
entry and 84% for those aged 55-64 at 
entry. In the screening programme in 
British Columbia, Canada, the sensitivity 
(with the detection method) was 76% for 
women aged 40-49, 85% for those aged 
50-59, 90% for those aged 60-69, 91% 
for those aged 70-79 and 91% for those 

aged 80 or more (Olivotto et a/., 2000). 
Thus, there was a consistent trend for 
increasing sensitivity with increasing 
age. 

In the Canadian trials, review by the 
reference radiologist allowed identifica-
tion of the cancers missed by the radiol-
ogists in the screening centre and sus-
pected by the reference radiologist. This 
process included both the interval can-
cers and the cancers detected at the 
second screening (Baines et al., 1986a). 
These, together with the cancers identi-
fied by physical examination but missed 
on mammography, allowed identification 
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Figure 25 Six categories of mammographic density. A = 0%; B = O < 10%; C = 10 <25%; D = 
25 < 50%; E = 50 < 75%; F = > 75% 
From Boyd et al. (2001) 
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Mammographic density 

• Breast parenchymal 'density' as seen on a mammogram is a determi-
nant of the sensitivity of mammography. 

• Breast parenchymal density decreases with age. 

• Hormone replacement therapy of the combination type may result in 
increased breast density. 

• Tamoxifen may decrease breast density. 

of the false-negative findings. This is in 
practice a refinement of the detection 
method. On this basis, two reports of the 
sensitivity of mammography were made 
for the first screening for both compo-
nents of the trial together (i.e. for women 
aged 40-59 on entry). The first related to 
the first five centres in the trial, which 
were entered in 1980 and 1981 (Baines 
et al., 1986b), with an overall sensitivity 
of 69%, a specificity of 94%, and a 
positive predictive value of 8.6%. Baines 
et al. (1988a) subsequently reported the 
sensitivity of the first screening in all 15 
centres to be 75%, a specificity of 94% 
and a positive predictive value of 7%. 
The authors postulated that the differ-
ences in sensitivity between the first and 
second reports were a consequence of a 
general improvement in mammography 
with time since the trial was initiated, and 
the benefit the later centres derived from 
entering the trial with mammography 
quality control procedures fully in place. 

Chamberlain etal. (1991) determined 
what they called the 'relative' sensitivities 
of mammography and clinical breast 
examination as the proportion detected 
by each of all cancers found at each 
round in the Trial of Early Detection of 
Breast Cancer in the United Kingdom. 
The relative sensitivity of mammography 
was 94% at the prevalence screen and 
90% at the incidence screens. For 
comparison, the relative sensitivities were 
72% and 45% for clinical breast examina-
tion.  

tissue and calcifications, fat being more 
radiolucent (blacker on the film) than the 
other tissues (which are 'denser' or 
whiter on the film). Thus, the density of a 
mammogram is determined by the rela-
tionship between fat and fibroglandular 
tissue or tumour tissue, the mammogram 
being 'denser' the more of the latter 
tissue components are present. The 
mammographic pattern of the breast 
thus varies between individuals (Figure 
25). Furthermore, breast cancer is 
more readily detected in a fatty breast 
than in a dense breast (Mandelson etal., 
2000). 

In addition to age, several other fac-
tors seem to be related to the amount of 
fibroglandular tissue in the breast, 

Host factors that affect sensitivity 
Mammography is based on the principle 
of differential absorption of X-rays 
between fat, fibroglandular tissue, tumour 
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Figure 26 Right breast of 62-year-old asymptomatic woman 
A, before hormone replacement therapy: the breast is predominantly fatty; B, after hormone 
replacement therapy (combined estrogen—progestin preparation): the density of the breast 
parenchyma has increased substantially 

including parity and age at birth of first 
child (Andersson et al., 1981; de Waard 
etal., 1 984b); greater age at birth of first 
child and nulliparity are associated with 
denser breasts. There is also suggestive 
evidence that density may vary with the 
phase in the menstrual cycle, being on 
average greater in the luteal phase 
(White et al., 1998). This might explain 
the lower sensitivity and specificity of 
mammography in women in the luteal 
phase than in the follicular phase seen in 
one study (Baines et al., 1997). 

It has been demonstrated fairly 
consistently that breast density 
increases in a certain proportion of 
women undergoing hormone replace-
ment therapy, especially if they are 
treated with combinations of estrogen 
and progestin (Figure 26; Sala et al., 
2000). In one study, greater density was 
seen in 3.5-23.5% of women, depending 
on the preparation used (Greendale et 
al., 1999). The increase in density  

usually appears within months after the 
start of treatment and appears to subside 
within a few months of termination of 
treatment. 

Increased density after hormone 
replacement therapy can be assumed to 
decrease the sensitivity of mammo-
graphy, and this has been demonstrated 
(Laya et al., 1996). Kavanagh et al. 
(2000) reported a sensitivity of 80% for 
non-users of hormone replacement 
therapy and 64% for users in a large 
screening programme. Furthermore, the 
specificity was marginally lower for 
users. However, Thurfjell et al., (1997) 
found no decrease in sensitivity of mam-
mography in women on hormone 
replacement therapy. 

Tamoxifen, which has mainly 
antiestrogenic effects, has been reported 
to decrease the density of the breast 
parenchyma in some women (Atkinson 
et aI., 1999; Chow et al., 2000). 

One versus two views 
Screening with a single view (the medio-
lateral oblique) was suggested by a pio-
neer of mammographic screening, 
Lundgren (1977), on the presumption 
that virtually all breast cancers could be 
detected with one view. However, it was 
soon demonstrated that addition of a 
second view (the cranio-caudal) could 
improve sensitivity. The results of the 
Malmö mammographic screening trial 
suggested that 10-20% of invasive car-
cinomas < 10 mm in diameter would 
have been overlooked if only one projec-
tion had been used at screening. This 
applied mainly to mass lesions, while 
calcifications were consistently observed 
in both projections (Andersson, 1981). 

Ample evidence in the same direc-
tion came from the screening pro-
gramme in the United Kingdom (Wald et 
al., 1995), which changed from using 
one to two views in the mid-1990s. A 
25-42% increase in detection of invasive 
cancers < 15 mm in diameter was seen 
in incidence screens (Blanks et al., 
1997). Furthermore, the increase in sen-
sitivity with two views was greatest for 
small cancers and cancers of low grade 
(Given-Wilson & Blanks, 1999). 

The results of studies of the effect of 
two views on specificity varied. No signif-
icant change was noted in several, while 
a decrease was found in one study 
(Thurfjell et al., 1994a). The results also 
indicated that the rate of false-positive 
findings was higher with one view only 
(Andersson, 1981). 

The strategy used in several Swedish 
programmes is to classify the paren-
chyma as either 'dense' or 'not dense' at 
baseline, representing breasts with more 
than and less than approximately 25% 
fibroglandular tissue, respectively, as 
assessed visually. In subsequent screen-
ing rounds, 'not dense' breasts are 
examined with the oblique view only and 
at a 2-year interval. Women with 'dense' 
breasts are examined with two views, the 
cranio-caudal and oblique, at intervals of 
18 months (Socialstyrelsen, 1998). 
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There are currently no published com-
parisons of this strategy with two-view 
mammography. 

Double reading 
An increase in sensitivity of 10-15% has 
been reported as the result of double 
reading compared with single reading 
(Anttinen et al., 1993; Anderson et al., 
1994; Thurfjell et al., 1994b). However, 
Ciatto and collaborators (1995) found 
only a 5% increase. Most authors report 
decreased specificity with independent 
double reading, although consensus 
decisions or arbitration on selected cases 
improves specificity (Anttinen et al., 1993; 
Brown et al., 1996). There are two main 
reasons for not detecting a significant 
lesion at screening: overlooking it or mis-
interpreting it. Of all interval cancers, 
15-30% were found retrospectively to 
have been overlooked and about 15% 
misinterpreted (Ikeda et al., 1992). Double 
reading can reduce these proportions 
and can detect some of the cancers that 
pass unnoticed until a subsequent 
screening. Furthermore, the wide vari-
ability in radiologists' interpretations of 
screening mammograms (Beam et al., 
1996a) can be partly offset by double 
reading (Beam et al., 1996b). 

Most authors recommend double 
reading, although Ciatto et al. (1995) 
questioned the cost—effectiveness of the 
procedure. In a Finnish programme, the 
incremental cost per cancer with double 
reading was not drastically higher than 
with single reading (39%) (Leivo et al., 
1999). Several factors have to be taken 
into consideration, such as the experi-
ence of readers (Warren & Duffy, 1995). 
With very experienced readers, the 
advantage of double reading is probably 
smaller (Ciatto et al., 1995). In the 
European guidelines (Commission of the 
European Communities, 2001), double 
reading is mandatory in decentralized 
programmes and in programmes in 
which the radiologists are not yet suffi-
ciently experienced. In centralized pro-
grammes with radiologists experienced  

in screening and diagnosis, double read-
ing is not mandatory. Double reading 
practically doubles the resources 
required in terms of radiologists in a 
screening programme. Good results 
have been reported with suitably trained 
radiographers as second readers (Pauli 
et al., 1996). Computer-aided detection 
systems may replace a second reader in 
the future (Warren Burhenne et al., 2000). 

Other and emerging imaging 
techniques 

X-ray mammography is the only imaging 
method for breast cancer screening that 
has received serious evaluation. More 
recently, alternatives and adjuncts have 
begun to be evaluated, primarily for their 
potential in breast cancer diagnosis. This 
section deals with their potential applica-
tion to breast cancer screening. An 
overview of the techniques described 
below is given in Table 6. 

The evidence for the accuracy of 
recently proposed methods of screening 
is reviewed below. To avoid bias, the lit-
erature was reviewed systematically to 
ensure that all relevant studies had been 
located, and their quality and applicabil-
ity were examined before their results 
were assessed (Glasziou et al., 1999). 
To ensure the applicability of the results 
to screening, the studies had to have 
been done on women eligible for screen-
ing. Studies on women presenting 
clinically cannot be used to infer the 
accuracy of a new technique for screen-
ing, because the objective of testing is 
different. In clinical settings, the objective 
is to determine whether a previously 
detected abnormality is cancer. In 
screening, it is to identify abnormalities 
that may be found on further testing to be 
early cancers. Furthermore, the spec-
trum of disease is different, as the clinical 
abnormalities are larger and more 
advanced. Papers were therefore 
included only if they referred to new tests 
done in asymptomatic women, including  

populations at higher risk for breast can-
cer because of genetic predisposition or 
those in whom mammography is less 
accurate because they are younger or 
have radiologically dense breast tissue. 
Very few studies fulfilled these criteria. 
The remainder of the papers were 
review articles, were concerned with the 
development of tests or referred to use 
of tests in individual cases or as a 
diagnostic tool in women with a clinically 
or mammographically detected breast 
abnormality. Papers on screening were 
excluded if important technological 
changes made them no longer relevant. 
On these grounds, articles on thermo-
graphy before 1988 were excluded, as 
were papers on ultrasonography with 
water baths or frequency probes with a 
resolution <7.5 mHz. 

No eligible papers were found for 
computed tomography scanning, mag-
netic resonance spectroscopy, scinti-
mammography, electrical impedance or 
infrared spectroscopy. Light scanning 
and thermography have been suggested 
for screening but hold little promise. Light 
scanning was evaluated in two studies 
conducted over a decade ago (Alveryd 
et al., 1990; Braddick, 1991), and ther-
mography was evaluated in one study 
(Williams et al., 1990); all suggested that 
these techniques are of insufficient accu-
racy, and no further eligible studies were 
identified. The results for the remaining 
techniques are described below. The rel-
ative sensitivities are presented for those 
studies in which interval cancers were 
not counted. Relative sensitivities allow 
comparison of tests but overestimate 
true sensitivity. 

Digital mammography 
In digital mammography, the image 
receptor (screen—film) used in conven-
tional mammography is replaced by a 
digital receptor; in all other respects, the 
imaging techniques are the same. From 
the woman's point of view, receiving a 
digital mammogram is similar to having a 
conventional mammogram, as breast 
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Screening techniques 

Table 6. Other and emerging imaging techniques. Description and potential strenghts and limitations 

Screening technique 	'rii1I[.1i 	 Potential strengths 	Current limitations 

Digital mammography Electronic detectors capture X-rays Image processing Higher cost than 

in a matrix of square picture Easy display, trans- mammography for 
elements. Computer generates mission and storage low-volume operations 

image. Lower radiation dose 
Computer-aided detection 

Ultrasonography High-frequency ultrasound waves Increased sensitivity for Operator-dependent 

generate images based on the mammographically dense More expensive than 

acoustic—mechanical properties breasts. mammography 

of breast tissue No X-irradiation Less specific than mammo- 
graphy 

Magnetic resonance Based on radiofrequency signals More sensitive than Less specific than 

imaging generated by exciting hydrogen mammography mammography 

nuclei (protons) in a strong No X-irradiation More expensive than 
magnetic field. Dynamic study of mammography 
spatial and temporal distribution Claustrophobic 
of intravenous contrast medium 

Positron emission Tomographic nuclear imaging Staging of breast cancer Expensive 

tomography (PET) procedure with positron-emitting Limited access 
tracers (usually fluorodeoxyglucose) Low sensitivity 

Scintimammography Nuclear imaging technique usually May be more sensitive for Poor spatial resolution 

technetium-99m isonitrile detection of certain Expensive 

(Sestamibi) histological types of breast 
cancer e.g. lobular invasive 
carcinoma 

Electrical impedance Technique involving low-level bio- No harmful radiation 

imaging electric currents to map electrical 
impedance properties of the breast 

Infrared thermography Measurement of heat emissions No harmful radiation Less sensitive and specific 
than mammography 

Transi llumination (near- Technique for scanning the breast with No harmful radiation Less sensitive and specific 

infrared spectroscopy, red or near-infrared light and recording than mammography 

light scanning) the light image on infrared-sensitive 
film or with a television camera 

Laser transillumination Refinement of the above with Better resolution than Still experimental 

extremely short laser pulses infra-red transillumination 
and time-resolved detection 

compression and positioning are 
unchanged. 

The digital receptor consists of a 
matrix of square picture elements (pix-
els), usually measuring 50-100 mm. In 
most current receptors, the signal is cre-
ated in a two-step procedure. In the first  

step, the X-ray energy is converted to 
light in a structure that is similar to a con-
ventional intensifying screen. In a sec-
ond step, the light is converted to an 
electrical signal, which is digitalized. In 
other detectors, the light step is omitted, 
and the X-rays interact directly with the 

detector, creating electrical charges that 
are digitalized. Still other detectors count 
the X-ray photos directly. 

The signal value of pixels is usually 
digitalized into 12-16 bytes, which cre-
ates a grey scale of 4096-65 536 levels. 
This wide dynamic range is a major 
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advantage over conventional techniques 
and represents the basis for higher con-
trast resolution and various image pro-
cessing and display techniques. One 
practical advantage is that areas that are 
very dark or bright on screen—film mam-
mograms can be displayed to better 
advantage. The images can be printed 
on paper, but, to obtain full advantage of 
the technique, a monitor is required. 

For high-volume screening, special 
work stations have been developed in 
order to handle large data sets and to 
display the images in a rational, cus-
tomized way. One digital image may 
comprise 8-32 megabytes. Other advan-
tages of digital mammography are 
related to storage and communication. 
Digital images can be transmitted elec-
tronically for centralized reading or con-
sultation. 

Digital mammography has the poten-
tial to provide images with lower doses of 
radiation than screen—film mammogra-
phy. This may apply even more to the 
photon counting detectors, but no data 
have so far been published to support 
this contention. The cost of acquiring a 
complete digital system is several times 
that of a conventional system; however, 
in a high-volume screening setting, this 
cost may be offset by more rational work-
ing procedures and the elimination of 
fibre and developing chemicals. 

Full-field digital mammography has 
been evaluated as a screening modality 
in one study (Lewin et al., 2001), which 
showed it to have similar sensitivity to 
screen—film mammography and greater 
specificity. 

Computer-aided detection can be 
incorporated into the work station and 
the results of the computer analysis 
added onto the image, thereby assisting 
the radiologist in detecting suspect 
lesions. Computer-aided detection has 
been assessed in several studies (te 
Brake et al., 1998; Warren Burhenne et 
al., 2000; Birdwell et al., 2001; Freer & 
Ulissey, 2001), which suggest an incre-
mental value in terms of sensitivity. The  

evidence on specificity is conflicting. 
Some data suggest that computer-aided 
detection could replace a second reader 
(Warren Burhenne etal., 2000). 

Ultrasonography 
Ultrasound images are produced from 
reflected high-frequency sound waves, 
without exposure to ionizing radiation. 
The technique is currently used mainly 
as an adjunct to mammography to char-
acterize suspected lesions further and to 
guide needle biopsy. Breast ultrasound 
examination of asymptomatic women 
has some potential limitations: 

The sensitivity is highly dependent on 
the operator (Teh & Wilson, 1998). 
The field of view is limited to a few 
centimeters, which makes a full 
breast examination difficult and time-
consuming (Nass et al., 2001) as 
well as more expensive than mam-
mography. 
Creation of hard copies of ultrasound 
images is costly; recording the entire 
examination is impractical (Teh & 
Wilson, 1998). 
It is relatively ineffective for detecting 
microcalcifications (Nass et aI., 2001; 
National Alliance of Breast Cancer 
Organizations, 2001) 

In a type of ultrasonography called 
elastography, the firmness of tissue is 
imaged. Softer tissues, such as fat, 
appear brighter on the images than do 
firmer tissues—including tumours. The  

technique involves combining two ultra-
sound images of the same tissue: a com-
pressed view and an uncompressed 
view. While elastography may become a 
useful adjunct for distinguishing between 
benign and malignant lesions, its poten-
tial has not yet been clarified. 

Ultrasonography has been assessed 
in several studies, primarily in women 
who had rnammographically dense 
breasts of who were at high risk for 
breast cancer (Kolb et al., 1998; 
Buchberger et aI., 2000; Warner et al., 
2001). The results suggest that ultra-
sonography may increase the sensitivity 
of screening if used as an adjunct to 
mammography for mammographically 
dense breasts. Combined testing is likely 
to decrease specificity. It is not clear 
whether ultrasonography on its own is 
better than mammography in an unse-
lected population. 

Magnetic resonance imaging 
Magnetic resonance imaging (MRI) 
involves use of rapidly fluctuating, high 
magnetic fields to excite the protons of 
the hydrogen atoms within the water 
molecule. Weak electromagnetic signals 
produced within the body are detected 
by antenna coils and used to generate 
planar and three-dimensional images of 
internal structures. Planar images can be 
created from virtually any viewing angle, 
at a resolution of approximately 1 mm3, 
and without ionizing radiation. The 
magnetic field presents minimal hazards. 
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As used in breast cancer detection, 
MRI must be performed as a dynamic 
study of contrast enhancement of breast 
tissue after intravenous administration of 
contrast medium (Heywang-KObrunner 
et al., 1988; Kaiser, 1989). The patho-
physiological basis for the contrast 
enhancement of breast cancer is the 
presence of newly formed vascular struc-
tures, which have increased permeability 
and, furthermore, increased extravascu-
lar space. In typical cases, the rapid con-
trast enhancement is followed by an 
immediate decrease (so called wash-out). 
Benign lesions tend to enhance more 
slowly. Most invasive cancers show the 
typical enhancement pattern, but there 
are exceptions, especially lobular inva-
sive carcinoma, which may resemble a 
benign lesion. This is also true for many 
uninvasive carcinomas. In contrast, some 
benign lesions, such as some fibroade-
nomas and papillomas, show rapid 
enhancement, similar to carcinomas. 

MRI is considerably more expensive 
than ultrasound and mammography. 
Other drawbacks to MAI include the 
following: 

It is more time-consuming than mam-
mography; an MAI examination 
takes approximately 30 min to com-
plete, during which time the woman 
must remain motionless within the 
cramped quarters of the MRI device. 
The restricted MRI machinery 
conditions might discourage women 
with claustrophobic tendencies from 
undergoing the examination. 
The current technique requires an 
intravenous infusion of a contrast 
agent. 
The image obtained in MRI is 
affected by the phase of a woman's 
menstrual cycle. It is best done dur-
ing the second or third week of the 
cycle, to minimize hormonal effects 
(Stoutjesdijk et al., 2001). 

There are several well-established 
indications for use of MRI in the clinical 
setting, such as in investigation of possi-
ble multifocality or multicentricity of 
breast cancer in patients who cannot be 
fully evaluated with conventional tech-
niques. Other indications are breast 
prostheses or extensive scarring, which  

may be difficult to evaluate with conven-
tional techniques, and cases of axillary 
metastases and an unknown primary 
(Heywang-KObrunner etal., 1988). 

MRI has not been evaluated as a 
screening modality in unselected popula-
tions. Four studies on the sensitivity of 
MAI in high-risk women have been pub-
lished within the past 2 years and are 
summarized in Table 7. The combined 
studies covered fewer than 40 cancers. 
The results suggest that MAI is more 
sensitive than mammography but may 
be less specific. A study is under way on 
a larger number of women (UK MAI 
Breast Cancer Screening Advisory 
Group, 2000). 

Positron emission tomography 
Positron emission tomography (PET) 
scans create computerized cross-sec-
tional images of metabolic changes 
within a tissue. A radiolabelled tracer 
(usually a glucose analogue) is used to 
highlight differences in metabolic activity. 
The usefulness of PET in screening for 
breast cancer has not been demon-
strated. Small studies have indicated 

Reference 	Population 	 Age 	No. of 	Total sample 	Sensitivity 	Specificity (%) 
invasive size 	 (%) 	 (% requiring biopsy) 
cancers 

Warner at al. High risk (BRCA Mean, 	6 196 M, 33 M, 99.5 

(2001) or several 43 CBE, 33 CBE, 99.5 
family members) Range Ultrasound, 60 Ultrasound, 93 

26-59 MRI, 100 MAI, 91 

Stoutjesdijik BRCA lifetime 21-71 	13 262 exams M, 42 M, 96 

et al. (2001) risk> 15% on 179 women MRI, 100 MRI, 93 

Tilanus- High risk (> 25%) Mean, 41.5 	3 109 MRI, 95 

Linthorst et al. and > 50% breast 
(2000a,b) density 

Kuhl et al. High familial risk Mean, 39 	9 105 M, 33 M, 93 

(2000) Range, Ultrasound, 33 Ultrasound, 80 
18-65 MRI, 100 MAI, 95 

M, mammography; CBE, clinical breast examination; MAI, magnetic resonance imaging 
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fairly good sensitivity and more limited 
specificity, with poor sensitivity for 
tumours smaller than 1 cm (Nass et al., 
2001). PET might be useful in screening 
women with implants, scarring or dense 
breast tissue (Cole & Coleman, 1999; 
National Cancer Institute, 2001a). In 
addition, some lesions are seen on PET 
scans but not on mammograms, which 
makes biopsy difficult. Finally, the tech-
nique is costly, and PET scanners are 
relatively scarce because they must be 
located near particle accelerators that 
produce the short-lived radioisotopes 
used as tracers (National Cancer 
Institute, 2001 a). 

PET scanning is also time-consum-
ing. After receiving the radioactive tracer, 
the woman must lie still for about 45 min 
while the tracer circulates, and the 
scanning takes another 45 min (National 
Cancer Institute, 2001a). 

The National Cancer Institute 
(2001a) is sponsoring a clinical trial to 
evaluate PET and other imaging tech-
niques in women with a diagnosis of 
breast cancer, but there is little likelihood 
of any use for PET in breast cancer 
screening in the near future. 

PET has been evaluated as a 
screening tool in only one study of 
consecutive screenees (Yasuda et al., 
2000). There were only five breast can-
cers, of which one was detectable with 
PET only. 

Scintimammography 
In scintimammography—also called 
mammoscintigraphy—a radioactive tracer 
is introduced into the body and may 
accumulate at higher levels in tumour 
and some other tissues. A camera that 
detects -y-rays is then used to produce 
images. Newer cameras specifically 
designed for breast imaging are being 
evaluated clinically. The images can be 
two- or three-dimensional. One radioac-
tive tracer (technetium-99m) has been 
approved by the Food and Drug 
Administration, and others are being 
studied (Nass etal., 2001). 

The current role of scintimammogra-
phy is as an adjunct to mammography to 
identify metastatic cells distant to the 
breast and to localize tumours. The 
technique does not appear to be affected 
by implants, scarring or dense breast tis-
sue. The health risks are minimal and 
similar to those from mammography, 
although the entire body is exposed to 
radiation. Scintimammography is more 
expensive than mammography or ultra-
sound, but less expensive than MRI or 
PET. 

Electrical impedance imaging 
Some cancerous tissue may conduct 
electricity much better than normal tissue 
does. Electrical impedance scanning is 
done with a hand-held probe connected 
to an electrode patch placed on a 
woman's arm. The probe measures the 
current passing through the skin 
covering the breast, and this information 
is used to reconstruct parametric images 
of the breast (National Cancer Institute, 
2001 a). 

Electrical impedance imaging is 
painless and requires no exposure to 
ionizing radiation (Nass etal., 2001). The 
technique may give false-positive results 
because of problems such as poor 
contact of the device on the skin, air 
bubbles and superficial skin lesions. The 
images reflect the superficial tissues, 
limited to about 35 mm deep, and 
cancerous lesions directly behind the 
nipple were difficult to detect (Malich et 
al., 2001). At present, electrical 
impedance may have promise as an 
adjunct, but the high false-positive rates 
and other limitations compromise its use 
as a primary screening tool. 

Other techniques 
Radioactive antibodies 
This technique involves radiolabelling 
antibodies to proteins that are selectively 
produced by cancer cells. Some have 
shown promise, but there have been no 
large-scale studies to determine a role 
for this technique in screening. 

Infrared thermography 
Changes in blood flow cause 
temperature changes, and some breast 
tumours can raise skin temperature, 
which can be detected by thermography 
(Sudharsan et al., 1999). Infrared ther-
mography was tested several decades 
ago, then essentially abandoned after 
the 1970s until recently. The technique is 
uninvasive and does not require com-
pression of the breast or exposing 
women to radiation. The sensitivity and 
specificity of thermography are poor, and 
its application to screening is unlikely. 

Near-infrared spectroscopy 
Near-infrared techniques involve use of 
light sources at 700-900 nm to image 
the breast. Some differences between 
oxygenated and unoxygenated haemo-
globin can be detected, with imaging of 
excessive oxygen consumption in 
some tumours. As with all imaging 
methods based on sources prone to prob-
lems such as scatter and diffraction, the 
sensitivity of this method for imaging deep 
lesions will remain limited. 

Electrical potential measurement 
As rapid cell proliferation disrupts the tis-
sue's normal polarization, tools that 
measure electrical potential might allow 
identification of this disruption. Trials of 
the use of this technique in diagnosis, 
rather than screening, showed a speci-
ficity of only 55-60% (Fukuda et al., 
1996; Cuzick et al., 1998). 

Electronic palpation 
This technique, also called tactile 
imaging', is essentially an objective 
method for specifying the parameters of 
a clinical examination. A company in 
Massachusetts (USA) is seeking 
approval of their hand-held device con-
taining a group of sensors which is 
pressed against the breast and moved 
around to image the tissue. It has under-
gone only limited evaluation (Wellman et 
aI., 2001) and has not been assessed for 
screening. 
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Other techniques at an early stage of 
development 
Other techniques—including magnetic 
resonance spectroscopy, magnetomam-
mography, Hall effect imaging, thermo-
acoustic computed tomography, micro-
waves and three-dimensional interactive 
visualization—are in early stages of 
development. 

Conclusions 
None of the tests evaluated showed suf-
ficient accuracy to support their use in 
general screening. However, the conduct 
and reporting of the studies were limited, 
and the populations were generally 
too small for adequate precision in 
critical measures, such as test sensitivity. 
Future studies should have adequate 
sample sizes, for example as is being 
done in a trial of digital mammographic 
imaging screening, which aims to 
enroll 49 500 asymptomatic women pre-
senting for screening (http://wwwacrin. 
org/protocols/6652/-6652abstract.html). 
Studies should conform to high stan-
dards of conduct and reporting 
(http://www.consort-statement.org/stard-
statement.htm).  

The design of cross-sectional studies 
to assess the accuracy of new tech-
niques depends on how they are to be 
used. If a new technique is to replace an 
old one, the assessments (e.g. reading 
of images) should be performed 
independently and with similar informa-
tion (e.g. clinical history) available to the 
readers of both tests. As the objective is 
usually to compare the accuracy of the 
tests under set conditions, procedures to 
deal with reader inaccuracy, e.g. selec-
tion of well-trained, experienced readers 
or the number of readers, should be sim-
ilar for the two tests. 

A new technique might be meant to 
complement an older one. For example, 
in a study by Lewin et al. (2001), the 
sensitivity of conventional mammo-
graphy was 63% and that of full-field dig-
ital mammography was 60%. As the two 
modalities detected different cancers,  

however, doing both tests increased the 
sensitivity of mammography by 26%. 

Larger, better studies of new 
techniques should be started soon after 
their introduction. As new techniques 
often change rapidly, it might be argued 
that evaluation should be left until 
the new technique has become 'stable'. 
Unfortunately, evaluations are often 
problematic and a technique may come 
into common use before the evaluation 
is finalized. It is therefore wise to start 
evaluation early, using the technique in 
order to assess how changes and 
developments can be incorporated 
(Lilford et al., 2000). 

Clinical breast 
examination 

Clinical breast examination long 
pre-dates imaging for evaluating 
mammary health and disease. While it 
depends on the eyes and fingers and 
subjective assessment of any abnormal-
ity found, it may still have a place in 
modern breast cancer screening pro-
grammes. 

Technique 
Procedure 
No one technique for screening breasts 
for cancer has been shown to be better 
than any other in comparative studies 
against an assumed 'gold standard' or 
combination of methods. A systematic 
technique described by Pennypacker 
and Pilgrim (1993) was developed after 
extensive research with silicone breast 
models. This system illustrates the rigour 
that may be required to maximize the 
accuracy of clinical breast examination. 

In the protocol of the Canadian 
National Breast Screening trials, 
described in Chapter 1, a 'spoke of the 
wheel' search pattern was used, with no 
explicit recognition of three levels of 
palpation (Bassett, 1985). In other 
respects, the technique was similar to 
that described by Pennypacker and 

Pilgrim (1993). Use of a vertical strip pat-
tern was subsequently shown to result in 
more complete coverage of breast tissue 
than either a 'spoke of the wheel' pattern 
or a search in concentric circles 
(Saunders et a/., 1986). 

The duration of a clinical breast 
examination depends on the skill of the 
examiner, the size and lumpiness of the 
breast and how many components of the 
examination are included. Visual 
examination is often cursory or omitted; 
applying three levels of pressure at each 
site is relatively uncommon. A study of 
periodic health examinations in an 
ambulatory care setting showed that the 
average duration of a complete clinical 
examination of both breasts and coun-
selling on self-examination was 1.8 min 
(Kahn & Goldberg, 1984). Pennypacker 
et al. (1999) suggest a minimum of 5 min 
per breast for an experienced examiner 
using their programme. 

Sensitivity and specificity 
No studies have been reported that 
document the sensitivity or specificity of 
clinical breast examination done fully in 
accordance with the recommendations 
of Pennypacker and Pilgrim (1993). The 
studies mentioned below include those 
described in Chapter 1. 

In the Canadian National Breast 
Screening trials, the sensitivity, speci-
ficity and predictive values of a first 
screening were estimated for women 
who were randomized to receive only 
clinical breast examination. Three esti-
mates were made: one for the examiner, 
a second for the surgeons involved in the 
study (who saw only participants who 
were deemed to have an abnormal 
result) and a third for the overall pro-
gramme (which depended on implemen-
tation by community physicians of the 
diagnostic procedures recommended by 
the surgeons). For the examiners, a true 
positive result was an abnormality 
reported at the first screen by clinical 
breast examination, during the 12-month 
interval after the first screen or at the 
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Palpation technique 
Pads of the index, third, and fourth fingers (inset) make 
small circular motions. 
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visual examination of the woman in three different standing positions; arms relaxed at her sides; hands pressed 
firmly on her waist and leaning forward; and arms over her head. The examiner seeks subtle asymmetries in the 
appearance of the breasts; 

• palpation of the supraclavicular and axillary nodes with the woman seated and re-palpation of the axillary nodes 
with the woman supine; 

• vertical-strip search of the breasts over an area extending from the mid-axillary line to the mid-sternum and from 
above the sub-costal margin (fifth rib) to the clavicle, including palpation of the nipple and areola; 

• application in this search of three levels of pressure, superficial, medium and deep, at each palpation site. 
Palpation is done with the finger pads of the three middle fingers, and pressure is applied with circular motions 
at each site. For the lateral half of the breast, the torso is rotated in the medial direction; for the medial half of 
the breast, the torso is rotated laterally in order to spread out the breast tissue; 

• when an abnormality is detected, the corresponding area of the other breast is examined. If the finding is not 
bilateral, further investigation is required. 

Levels of pressure for palpation of breast tissue 
shown in a cross-sectional view of the right breast 

Position of patient and direction of palpation for clinical breast examination 
The figure shows the lateral portion of the breast and, bottom, the medial portion of 
the breast. Arrows indicate vertical strip pattern of examination. 

40 



second screen. At the first screen, they 
achieved 71% sensitivity, 84% specificity 
and a positive predictive value of 1.5% in 
women aged 40-49 years at entry and 
83%, 88% and 3%, respectively, in 
women aged 50-59 at entry. With 
repeated screening of the older women, 
the sensitivity of screening by the exam-
iners decreased and the specificity 
increased. These estimates represent 
detection, in that cancers detected up to 
12 months after screening were taken 
into account (Baines eta/., 1989). 

Barton et al. (1999) pooled data from 
the study of the Health Insurance Plan of 
New York, USA, the trial in the United 
Kingdom, the Canadian national breast 
screening trials, the Breast Cancer 
Detection Demonstration Project in the 
USA and a study in West London, United 
Kingdom. Sensitivity was defined as the 
number of women with cancer detected 
by clinical breast examination divided 
by the sum of cancers detected at 
screening plus cancers detected within 
12 months of screening. This yielded an 
overall estimate for the sensitivity of 
clinical breast examination of 54% (95% 
confidence interval [Cl], 48-60%) and a 
specificity of 94% (95% Cl, 90-97%). 
These estimates are remarkably close to 
similarly derived values reported by 
Bobo et al. (2000) in an analysis of 
752 081 clinical breast examinations per-
formed in the USA in the National Breast 
and Cervical Cancer Early Detection 
Program between 1995 and 1998. They 
found an overall sensitivity of 59%, a 
specificity of 93% and a predictive value 
of 4%; however, their ascertainment of 
interval cancers was limited to women 
who had undergone more than one 
screening. Ohuchi et a/. (1995) reported 
85% sensitivity and 97% specificity for 
clinical breast examination in Miyagi 
Prefecture, Japan, and Morimoto et al. 
(1997) reported 73% sensitivity in 
Tokushima Prefecture (see Chapter 4 for 
a description of these studies). 

Studies with silicone models have 
shown that the sensitivity of clinical  

breast examination increases with 
increasing lump size and with increasing 
firmness of lumps, while greater depth is 
associated with decreased sensitivity 
(McDermott et aI., 1996). Barton et al. 
(1999) reported a sensitivity of 14% for 
3-mm lumps and 79°/s for 1-cm lumps. 
Others have shown that the duration of 
the examination is positively correlated 
with sensitivity (Fletcher et al., 1985; 
Campbell et al., 1991). Comparisons of 
the results obtained with models with 
pre- and post-menopausal characteris-
tics indicated that the sensitivity of clini-
cal breast examination increases with 
age (McDermott et al., 1996; Barton et 
aI., 1999). 

Seven screening studies afford the 
opportunity to document whether offering 
clinical breast examination and mam-
mography simultaneously in a screening 
programme increases sensitivity. There 
is clear variation among the studies in 
the mode of detection (by mammogra-
phy alone, by clinical breast examination 
alone or by combined mammography 
and clinical breast examination) for can-
cers detected at screening. Some of the 
variation is due to study design: for 
example, in the Edinburgh trial, women 
were screened annually by clinical 
breast examination alone alternately with 
combined breast examination and mam-
mography. Another explanation for the 
variation would lie with the adequacy of 
the protocol for clinical breast examina-
tion and its monitoring (Baines, 1992a). 
Only the Canadian national breast 
screening trials incorporated a protocol 
for clinical breast examination with eval-
uation and feedback (Baines et al., 
1989). As shown in Table 8, the detection 
rate with mammography alone is 
increasing over time and that with clinical 
breast examination decreasing. It has 
been shown in experimental situations 
that sensitivity decreases with lump size 
and with other factors such as duration 
of examination (Fletcher et al., 1985). 

More recently, Bobo et al. (2000) 
analysed the results of the National 

Breast and Cervical Cancer Early 
Detection Program in the United States 
for 1995-98 and found that at least 5.1% 
of breast cancers were not detected by 
mammography but were detected by 
clinical breast examination alone. A fur-
ther 11% for which the mammography 
results were not reported were detected 
by breast examination. The procedure 
for clinical breast examination was not 
standardized. 

Training 
Over the past two decades, training in 
clinical breast examination has been 
conducted increasingly with manufac-
tured silicone models of the breast 
(Pennypacker & Pilgrim, 1993). Models 
can be designed to display the charac-
teristics of pre- or postmenopausal 
breasts and lumps of varying size, depth 
and firmness. The models are placed 
horizontally for palpation, corresponding 
to a patient in the supine position. They 
have proved acceptable to health profes-
sionals for evaluation of their compe-
tence in clinical breast examination 
(Fletcher et aI., 1985). Furthermore, the 
rate of lump detection on such models 
correlated with that in in actual breast tis-
sue (Hall et al., 1980). 

A randomized controlled trial was 
conducted with silicone breast models to 
evaluate the effect of training on the 
accuracy of lump detection by physicians 
and nurses (Campbell et al., 1991). The 
mean sensitivity increased in the inter-
vention group from 57 to 63% but 
decreased in the control group from 57 
to 56%. Mean specificity declined in the 
experimental group from 56 to 41% and 
increased in the control group from 56 to 
68%, indicating that the number of false-
positive results increased with training. 
The recommended technique had six 
components: use of pads of the middle 
three fingers, circular motion, vertical-
strip search pattern, three levels of pres-
sure and total coverage. Four months 
after training, 80% of the intervention 
group were still using the correct tech- 
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Mammography 
only 

Health Insurance Plan, 40-49 Annual 19 
USA (1963) 

Breast Cancer Detection 40-49 Annual 45 
Demonstration Project, 
USA (1972) 

Canadian National Breast 40-49 Annual 40 
Screening Study-1 (1980) 

Health Insurance Plan, 50-59 Annual 41 
USA (1963) 

Breast Cancer Detection 50-59 Annual 47 
Demonstration Project 
USA (1972) 

Utrecht, Netherlands (1975) 50-64 Variable 56 

Canadian National Breast 50-59 Annual 53 
Screening Study-2 (1980) 

Adapted from Baines and Miller (1997) 
a For descriptions of these studies, see Chapters 1 and 4. 

Clinical breast 	Both 
examination only 

61 	 19 

46 

23 	 36 

41 	 18 

7 	 45 

10 	 35 

12 	 35 
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Table 8. Rates of cancer detection in programmes with combined mammography and clinical breast examination 

Study (date of start)a 	Age (years) 	Frequency 	Percentage detected at screening 

nique. Training thus achieved increased 
sensitivity at the cost of decreased 
specificity. 

Campbell et al. (1994) compared 
standardized with unstandardized train-
ing of medical students in clinical breast 
examination. The group with standard-
ized teaching achieved improved accu-
racy of lump detection and technique, 
accompanied by decreased specificity. 
Interestingly, women with no previous 
medical experience were found to be 
able, after training, to teach a standard-
ized technique as well as medical per-
sonnel. Another study showed that 
practice on silicone breast models and 
volunteers in medical schools was more 
effective than lectures alone for teaching 
clinical breast examination (Pilgrim et al., 
1993). 

A recent controlled study (Lane etal., 
2001) showed that continuing medical 
education for community-based primary  

care physicians effectively improved 
their communication and counselling 
skills with respect to screening, clinical 
breast examination and administrative 
strategies to enhance routine screening. 
Of the two continuing medical education 
strategies used -face-to-face teaching 
and self-study--the former was more 
effective. However, use of such strate-
gies on a national basis would be 
difficult. An alternative to physicians is 
nurse-examiners, as shown in the 
Canadian national breast screening 
trials (Miller et al., 1991a). Acceptance of 
screening with clinical breast examina-
tion was increased by sending an 
invitation to women who were at high risk 
for breast cancer, although, again, 
nationwide implementation of such a 
strategy is unlikely (Richardson et al., 
1996). 

Maintainance of standards 
No programme for evaluating clinical 
breast examination in large screening 
programmes has been published. 
However, the 15 centres of the Canadian 
national breast screening trials were pro-
vided with a protocol. Furthermore, at 
each centre, the examiners benefitted 
from regular feedback from study 
surgeons when participants with 
abnormal results from either clinical 
breast examination or mammography 
attended the review clinic. Annual 
(semi-annual when required) site visits 
allowed the deputy-director of the trial to 
observe examiner—participant interac-
tions and to identify violations of the pro-
tocol for clinical breast examination; 
however, the consequences of these 
interventions were not evaluated (Baines 
etal., 1989). 

Detection of lumps in silicone breast 
models may be a useful way of 
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evaluating performance of clinical breast 
examination and could be used to 
identify practical standards and to moni-
tor and improve performance against 
them. This technique has been used in 
assessing physicians' performance in 
breast examination and in evaluating the 
effectiveness of standardized training in 
breast examination (Fletcher etal., 1985). 

Costs and potential harms 
The costs of clinical breast examination 
include the cost of training, the cost of 
delivery, the cost of enhancing delivery 
and acceptance and the cost of diagnos-
tic follow-up when abnormalities are 
found. Substantial costs are associated 
with training for the method of 
Pennypacker and Pilgrim (1993). The 
cost of delivery depends on the 
professional status of the examiner, 
being highest for physicians and lowest 
for 'supporting personnel'. The cost of 
enhancing implementation and accep-
tance of clinical breast examination 
depends on the intervention. Diagnostic 
follow-up may include fine-needle aspi-
ration, fine-needle aspiration biopsy, 
core-needle biopsy, open biopsy, 
ultrasonography and diagnostic mam-
mography. The procedures imple-
mented, their frequency and the associ-
ated costs vary. 

There are also direct and indirect 
costs to the women being examined. 
The palpation procedure itself is associ-
ated with no physical hazards other than 
minor discomfort. However, Elmore etal. 
(1998) calculated the 10-year risk 
associated with false-positive results in 
10 905 clinical breast examinations 
among 2400 women in the Boston area 
(USA). After 10 annual examinations, 
the estimated cumulative risk for a false-
positive result was 22%, and these all 
required further diagnostic follow-up, 
with the attendant expenses and anxiety. 
It is important that clinically suspect 
masses be evaluated even if a mammo-
gram is normal (Pruthi, 2001). 

Other issues 
One survey of 2800 participants in the 
Canadian national breast screening 
trials (82% response rate) revealed that 
women found clinical breast examination 
more acceptable than mammography, in 
that there was less associated 
discomfort. Furthermore, only 20% 
expressed a preference for clinical 
breast examination performed by physi-
cians rather than nurses. Attendance at 
screening is enhanced by convenient 
site location, punctual appointments and 
courteous and supportive staff (Baines et 
al., 1990). 

Breast self-examination 

Systematic breast self-examination has 
been recommended for almost 70 years 
(Adair, 1933), in the absence of com-
pelling evidence of its efficacy. Initially, 
self-examination was justified because a 
substantial proportion of breast cancers 
were discovered by women themselves 
(Hislop et aI., 1984; Joensuu etal., 1992); 
more recently, the practice has been 
seen to empower women, allowing them 
to take responsibility for their own health. 

Technique 
Procedure 
Mamon and Zapka (1983) outlined one 
of many techniques that have been 
described for breast self-examination. 
Eight steps were to be performed lying 
down, first for the left and then for the 
right breast. They included: placing one 
hand behind the head and a prop under 
the shoulder; using the hand opposite to 
the breast being examined; pressing with 
the finger pads; covering the entire 
breast area; squeezing the nipple; exam-
ining the armpit; and using a circular or 
'ladder' search pattern. Seven steps 
were outlined for a similar process in the 
upright position, including squeezing the 
nipple. Finally, there were four steps for 
conducting a visual examination in front 
of a mirror. Expecting women to comply 

with 34 steps may be unrealistic, and 
such complexity may lead to lack of con-
fidence (Eggertsen etal., 1983; Baines, 
1988). 

Thus, Baines (1992b) argued for a 
simplified technique based on the 
paedagogical principle that 'less is more' 
in terms of remembering what has been 
taught (Russell et al., 1984). Baines 
(1992b) also urged that the nipple 
squeeze, likely to be a deterrent to 
self-examination, be eliminated, because 
it is a spontaneous discharge, not a 
manually expressed discharge, that is 
pathognomic (Pilnik & Leis, 1978; 
Haagensen et al., 1981). Another 
disincentive to women may be the 
requirement that the practice be done in 
two positions, lying down and standing 
up. This led to a proposal that women 
with large breasts might choose to do 
self-examination lying down, while 
women with smaller breasts might prefer 
to do it while standing (Baines, 1992b). 
The proposal is consistent with a 
21-step procedure in the upright position 
described by others (Carter et al., 1985). 

The crucial components of breast 
self-examination appear to be visual 
examination and palpation of the entire 
breast with the finger pads in an effective 
search pattern. Hislop et al. (1984) 
showed that visual inspection was 
associated with smaller tumours and that 
careful palpation was associated with the 
absence of palpable nodes. Harvey etal. 
(1997), in a case—control study, identified 
three important components for the 
efficacy of breast self-examination, 
namely visual examination, palpation 
with the finger pads and using the three 
middle fingers. The proposed search 
patterns are of three types: concentric cir-
cles, radial spokes and vertical strips. 
The last has been shown to provide the 
of breast tissue (Saunders et al., 1986; 
Mural! & Crabtree, 1992). Frequency of 
breast self-examination has been 
reported not to be a proxy for compe-
tence in practising it (Howe, 1980; Assaf 
et al., 1983; Fletcher etal., 1989; Janz et 
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• Is any visual examination done? 

• Is most of the breast examined? 

• Are the armpits examined? 

• Is there a systematic search pattcc? 

• Are three fingers used? 

• Are finger pads used 

• Is a rotatory palpation applied? 

• Is breast self-examination performad 
12 times a year? 

al., 1989), although contrary conclusions 
were drawn from the Canadian national 
breast screening trials (Baines & To, 
1990). 

Sensitivity and specificity 
Many published measures of the sensi-
tivity of breast self-examination were 
based on detection of lumps in a silicone 
model of a breast or by a health profes-
sional in vivo. Assaf et al. (1983) con-
cluded that the number of lumps that 
women detect in a silicone model is pos-
itively related to the number of compo-
nents of breast self-examination that are 
performed correctly. Another study 
showed that increased accuracy (sensi-
tivity) of detection of lumps in breast 
tissue, increased duration of examina-
tion and increased confidence were 
associated with training; however, train-
ing also increased the rate of false-
positive findings and thus diminished 
specificity (Hall etal., 1980). 

In the Canadian national breast 
screening trials, a proxy for the sensitivity 
of breast self-examination was estimated 
for 18 242 women who received five 
screening examinations (Baines, 1989). 
A report of a positive finding from breast 
self-examination was considered a 'true' 

positive if it agreed with the subsequent 
findings of the examiner. On the basis of 
their self-examination scores, partici-
pants were divided into good, medium 
and poor performers. The scores 
improved over time. Higher scores were 
associated with higher sensitivity (never 
higher than 17%), and the positive pre-
dictive value improved from 39% at the 
third screen to 45% at the fifth. There 
was no difference between women who 
entered the programme when in their 
40s and those who entered when in their 
50s with regard to competence in breast 
self-examination (Baines et al., 1986c). 

Training 
A frequently used system for training in 
breast self-examination is the Mamma-
Care programme, which includes 
approximately 45 min of instruction from 
a nurse. The programme stresses tactile 
skills (lump detection and discrimination) 
and examination techniques. Silicone 
breast models are used both during 
teaching and in private sessions at home 
(Pennypacker etal., 1982). 

A randomized controlled trial involv-
ing 300 women aged 40-68 was 
conducted to compare three methods for 
teaching 	breast 	self-examination: 

MammaCare, traditional instruction from 
a nurse and no instruction, half of each 
group being encouraged by their 
physicians to do self-examination (Fletcher 
etal., 1990). The follow-up evaluation 1 
year later was completed by 260 women. 
The group taught by MammaCare 
achieved more long-term improvement 
in lump detection in silicone models and 
in breast self-examination than those 
given 	traditional 	instruction 	or 
encouragement by a physician. Other 
investigators showed that female univer-
sity students found significantly more 
lumps in breast models after 
MammaCare training than health profes-
sionals not taught with the MammaCare 
system, and the two groups had similar 
false-positive rates (Jacob et al., 1994). 

The MammaCare system is not often 
used for training in breast self-examina-
tion. Other approaches have been 
shown to be most effective when done 
on a one-to-one basis, even though one 
study showed that competence in breast 
self-examination can be improved and 
the frequency increased after one 
session (Dorsay et al., 1988). In a study 
in which women were randomized to one 
of four approaches to training in self-
examination, individual instruction was 
more successful in terms of proficiency 
and frequency than group teaching, and 
individual teaching plus reminders was 
even more successful (Bennett et al., 
1990). Coleman et al. (1991) found that 
individual instruction resulted in greater 
proficiency than did group teaching. 
Ferro etal. (1996) concluded that instruc-
tion in breast self-examination based on 
theoretical and practical discussions sig-
nificantly improved the quality of exami-
nation when compared with instruction 
based only on mailed material. 

In a cohort of almost 90 000 women 
in the Canadian national breast screening 
trials, the scores for breast self-examina-
tion improved over time when it was 
taught annually and was reinforced on an 
individual basis in the context of a clinical 
breast examination (Baines & To, 1990). 
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Maintenance of standards 
Reinforcement 
Reinforcement was shown to be neces-
sary in order to maintain skills in breast 
self-examination in a research setting 
involving 29 women trained in Mamma-
Care (Pinto, 1993), in a programme 
involving almost 90 000 women in the 
Canadian national breast screening trials 
(Baines & To, 1990) and in four commu-
nities in Vermont, USA (Worden et al., 
1990). Pinto (1993) showed that women 
whose skills were evaluated 2 months 
after MammaCare training and who had 
received re-training as needed had 
greater proficiency at 4 months and 1 
year follow-up than women who were not 
evaluated or re-trained at 2 months. The 
results of the Canadian national breast 
screening trials showed that annual eval-
uation and re-training consistently 
improved breast self-examination scores 
over time (Baines & To, 1990), and 
Worden et al. (1990), comparing four com-
munities, concluded that maintenance 
measures improved competence in breast 
self-examination over and above that 
achieved with training alone. The mainte-
nance measures were designed to over-
come barriers to self-examination: forget-
fulness, by prompts and rewards; 
decreased confidence, by supportive mes-
sages in the media; and anxiety, by more 
media messages. Such interventions are 
unlikely to be widely generalizable. 

Thomas et al. (2002) also reported 
improved performance on silicone breast 
implants in terms of technique and lump 
detection after reinforcement. 

Regular observation (with feedback) 
of all examiners in the Canadian national 
breast screening trials to evaluate 
their performance with respect to instruc-
tion and evaluation of breast self-exami-
nation (Baines, 1987) may also have 
enhanced instruction in this practice. 

Performance indicators 
A study with silicone breast models 
involving 126 women showed that three 
indicators were strongly associated with 

accurate detection of lumps: pressing 
firmly and deeply, examining all regions 
and adequate duration of examination 
(Haughey et al., 1984). The indicators 
used in another study were frequency, 
knowledge about when to do breast 
self-examination, technique and number 
of lumps detected in a silicone model 
(Carter et al., 1985). A more complex 
set of performance indicators was based 
on a combination of three scores: one 
for technique with four components, one 
for completeness based on nine compo-
nents and one for lump detection based 
on the number of lumps detected in a sil-
icone model (Dorsay et al., 1988). Such 
an approach is useful in a research 
setting. 

In contrast, Baines (1988) proposed 
eight indicators appropriate for evalua-
tion in a clinical setting (see box). The 
weakness of these indicators is that they 
are equally weighted, and it is extremely 
unlikely that they are equivalent. 

The performance indicators used by 
Celentano and Holtzman (1983) were 
also equally weighted. They concluded 
that most women do not do breast 
self-examination correctly and that their 
competence can be evaluated from a 
self-report. The indicators they used 
were the components described by 
Mamon and Zapka (1983), listed above. 
However, when 81 women were asked 
to report their usual breast self-examina-
tion practice and were assigned a score 
on the basis of the number of compo-
nents mentioned, the score was not 
associated with performance on a 
silicone model, indicating that what 
women say they do is not a reliable indi-
cator of performance (Newcomb et al., 
1995). 

Researchers 	studying 	the 
MammaCare method developed a 
weighted scoring system for perfor-
mance of breast self-examination that 
could be used in a clinical setting 
(Coleman & Pennypacker, 1991). The 
components, in descending order of 
weight, were: area examined, pressure  

used, motion while applying pressure, 
part of fingers used, search pattern, 
number of fingers used, number of 
motions and duration of examination. 

Mechanisms for improving breast 
self-examination 
Encouragement or instruction by a physi-
cian is related to the frequency of breast 
self-examination (Senie et al., 1981; 
Bennett et al., 1983; Celentano & 
Holtzman, 1983; Amsel et al., 1984; 
Champion, 1987). However, achieve-
ment of both competence and adequate 
performance probably requires more 
than encouragement. 

Cue enhancement was investigated 
by providing calendars with reminders 
and sending monthly reminders on post-
cards (Grady, 1984). These interventions 
were effective in achieving high rates of 
breast self-examination but only by men-
struating women, and the frequency of 
practice declined after the experimental 
period. In contrast, distribution within the 
Canadian national breast screening trials 
of 1166 calendars on which women were 
asked to enter their findings from breast 
self-examination, analogous to the 
Finnish Mama Programme (Gästrin, 
1981), had no effect on performance or 
the competence of breast self-examina-
tion when compared with that of 1027 
women who did not receive the calen-
dars (Baines et al., 1988b). Craun and 
Deffenbacher (1987) evaluated the effi-
cacy of three approaches to increasing 
the frequency of breast self-examination 
and found that sending women monthly 
reminders was successful, while educa-
tional and demonstration programmes 
were not. 

A 12-month public education 
campaign aimed at 40% of the Australian 
population was conducted through the 
mass media, with the support of local 
doctors, to teach women how to practise 
breast self-examination (Hill et al., 1982). 
Surveys of the general public, of patients 
in general practitioners' practices and of 
patients with newly diagnosed breast 
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cancer before and after the campaign 
showed that 13% more of the general 
public and 6% more of breast cancer 
patients reported practising breast 
self-examination than at baseline. 
Performance was self-reported, and the 
competence of practice was not 
evaluated. 

Costs and potential harms 
The costs associated with use of breast 
self-examination as a screening inter-
vention are easy to conceptualize. The 
direct monetary costs include those for 
supportive health education and for 
training trainers, that to trainers in terms 
of professional time expended and that 
involved in evaluating the outcome. The 
indirect monetary costs include those for 
visits to health professionals triggered by 
findings at breast self-examination 
and any diagnostic and therapeutic pro-
cedures arising from such visits. 

From the woman's perspective, the 
costs are the time it takes to acquire skill 
in breast self-examination, the associ-
ated monetary costs in terms of lost time 
from work and that of the instruction pro-
gramme, the time it takes to do breast 
self-examination on a regular basis and 
the anxiety associated with lack of confi-
dence or with problems in interpreting 
findings. 

Only one well-designed study of the 
benefit of breast self-examination was 
identified (O'Malley, 1993). Benefit was 
defined as the increase in the number of 
women performing competent, frequent 
self-examination after training by nurses 
in MammaCare or traditional methods. 
Interestingly, the medical costs after 
teaching were not increased. Neverthe-
less, the costs associated with breast 
self-examination are considerable. 

The potential for harm from the prac-
tice of breast self-examination resides in 
over-confidence, which might lead to 
delayed presentation with symptoms of  

cancer, false reassurance by health 
professionals when cancer is present 
and unnecessary investigation of benign 
lesions with subsequent morbidity and 
scarring. These harms may be most 
relevant to women under 30 who prac-
tise breast self-examination (Frank & 
Mai, 1985). 

Other issues 
A study based on self-administered 
questionnaires of women's attitudes to 
screening after participation in the 
Canadian national breast screening trials 
achieved an 82% response rate (Baines 
et al., 1990). Analysis of 2299 question-
naires revealed a strong commitment to 
continuing breast self-examination. It 
also revealed that women found it diffi-
cult to do so, and almost 50% rated their 
competence in breast self-examination 
as only adequate or poor; only 7% 
considered it excellent. Self-reported 
impediments to breast self-examination 
were laziness, forgetfulness, being too 

busy and lack of confidence in both skills 
and interpretation. These attitudes are 
surprising, given that these women had 
annual instruction and reinforcement in 
breast self-examination. Janz et al. 
(1989) noted that, because breast self-
examination is done in private, it 
excludes social approval and regular crit-
ical feedback. Also, breast self-examina-
tion does not alleviate symptoms or 
make women feel 'better' for doing it. 

Some women practising breast 
self-examination may experience fear of 
cancer, pain and death (Moore, 1978). It 
has also been suggested that breast 
self-examination might arouse fear of 
mutilation and loss of desirability and be 
a threat to sexual identity (Bernay et al., 
1982). Whatever the factors are that 
influence women's practice of breast 
self-examination, it is clear that, after 
years of research and encouragement, 
compliance with breast self-examination 
is less than impressive. 

Examination of the breast by the 
surgeon Teodorico Borgognoni 
(1275) 

Given the date of the painting 
(1275), breast cancer has prob-
ably been common in nuns for 
many centuries. 
The painting is from Leiden 
University. 
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Chapter 3 

Use of breast cancer screening 

Delivery and uptake of 
screening 

This chapter describes breast cancer 
screening in the Americas, Asia, Europe 
and Oceania. Screening facilities are 
lacking in nearly all countries of sub-
Saharan Africa (Anim, 1993). Published 
information from countries of the Middle 
Eastern crescent does not allow an 
appropriate description of breast cancer 
screening studies. Two countries in 
Oceania (Australia and New Zealand) 
have organized mammographic screen-
ing programmes; other countries have 
initiated breast cancer screening with 
varying degrees of organization. 

Screening is done differently in coun-
tries according to their health care and 
financing systems and culture. 
Nevertheless, screening must be orga-
nized in such a way as to follow the 
process illustrated in Figure 27 and 
described below. The process includes 
specific types of care and the transitions 
between them. The types of care include 
identifying the target population, recruit-
ing them for screening, delivering 
screening, diagnosing cancer among 
those with an abnormal screening result 
and treating those in whom breast can-
cer is diagnosed. The transitions 
between these types of care must also 
be considered, as they affect what ser-
vices are delivered to whom. Use of let-
ters of invitation to screening and use of 
media announcements have different 
effects on the transition to screening. A 
woman with a positive result in a screen-
ing mammogram must be evaluated, 
and her condition must be diagnosed 
and treated if necessary. Ensuring that 
the care is of high quality, that transitions  

between types of care occur and that 
women have the best possible outcomes 
is the challenge in implementing 
screening. 

As shown in the box, organized 
screening comprises six characteristics: 
a written policy specifying the target age 
categories, the method of screening 
(mammogram, clinical breast examina-
tion and/or breast self-examination) and 
interval; a defined target population, usu-
ally for the purpose of inviting women for 
screening; a management team that is 
responsible for overseeing facilities 
where screening occurs and for ensuring 
that the target population is screened; a 
clear decision structure and responsibil-
ity for health care management; a quality 
assurance structure, in which data rele-
vant to the evaluation of the screening 
techniques, facilities and implementation 
are collected and validated; and a 
method for identifying whether breast 
cancer occurs in the target population. 

Although organized screening pro-
grammes all have common characteris-
tics, they can be defined in many differ-
ent ways. For example, organized pro- 

grammes may include policies set at a 
national or regional level; target popula-
tions specified by geographical region, 
voter registration, national population 
registries or health care insurance enrol-
ment; management centralized in a 
national governmental structure, such as 
in the United Kingdom, spread through-
out regional government structures, as in 
France, or concentrated in a committee 
of a health plan, such as sometimes 
occurs in the USA; management of 
health care by various combinations of 
physicians, nurses and other care 
providers, who operate independently or 
as part of a team; quality assurance by 
members of the programme manage-
ment team or independent bodies, using 
a modified or selected set of measures 
such as clinical and technical image 
quality; and identification of cancer cases 
through national, regional or facility-
based registries. 

Screening is also conducted outside 
organized programmes, when it is known 
as 'opportunistic screening'. This form is 
the predominant one in the USA but also 
occurs in other countries outside of 

Organized screening programme 

an explicit policy, with specified age categories, method and interval 
for screening; 

• a defined target population; 

• a management team responsible for implementation; 

• a health care team for decisions and care; 

• a quality assurance structure; and 

• a method for identifying cancer occurrence in the target population 
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Morbidity 

Symptomatic Mammography Surgery Mortality 

Screening test 
- 

Ultrasound 
- 

Radiation Quality of life 

Age 	 - mammography Biopsy Adjuvant Satisfaction 

chemotherapy 
- CBE Repeat Life years 

examinations Palliative care gained 

Cancer stage 
distribution 

Late-stage 
breast cancer 

Figure 27 Screening implementation and outcome 

programmes. The effectiveness of 
screening in a country will differ, depend-
ing on whether it includes an organized 
programme targeted at the population at 
risk and an evaluation of abnormal 
results on screening mammograms or 
simply of delivery of high-quality mam-
mography. An evaluation of the impact of 
screening on populations must therefore 
take into account the organizational 
structure through which it is delivered. As 
noted in Chapter 5, evaluation of the 
effect of screening in a population is 
much more complicated than is its eval-
uation in a randomized trial. 

Use of the three screening tech-
niques, mammography, clinical breast 
examination and breast self-examina-
tion, throughout the world is described 
below. The purpose of screening is to 
reduce mortality from breast cancer, but 
that can be acheived only if the tech-
niques are used appropriately. In the  

context of this chapter, 'use' of screening 
means the proportion of a population that 
has had a mammogram during a speci-
fied period. The period varies from coun-
try to country, depending on the data 
available, and it is different from 'partici-
pation'. 'Participation' is a prospective 
measure of the proportion of women who 
receive a mammogram within a specified 
period. 

Table 9 summarizes the organized 
screening programmes in Australia, 
Canada, Europe, Israel, Japan and 
Uruguay. In the text that follows, the 
information in the table is discussed. For 
other countries and areas, information is 
summarized in the text or other tables, 
as comparable information was not 
available. 

Europe 
Breast cancer screening in Europe 
varies widely. It can include organized 

national programmes, opportunistic 
screening, both or neither. The pro-
grammes that exist are managed at 
national or regional level or are only pilot 
efforts. Mammography is the commonest 
screening test and may be associated 
with clinical breast examination. One or 
two views are offered every 1, 2 or 3 
years. Double reading is generally done, 
and the age of the target population 
varies from 40 to 74 years, although 
most European countries emphasize the 
50-69 age category. Mammography 
facilities can be centralized, as are qual-
ity control systems, the registration of 
data and evaluation. 

How screening is delivered 
Table 10 includes 19 European countries 
(del Moral Aldaz et al., 1994; Moss etal., 
1995; Giordano et al., 1996; Shapiro et 
al., 1998b; Mammography Screening 
Evaluation Group, 1998; Ballard- 
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Table 9. Organized mammography screening 	 iD r!J[.i* 

Screening Country Year Number of System Detection Cancer registry 
implemented programmes method available 
(year nationwide) 

Nationwide Australia 1991 1 PC M Yes 

Finland 1986 (1989) 1 C M Yes 

France 1989 (2002) 32 (100) PC M ± CE Yes8  

Iceland 1987 (1989) 1 C M + CE Yes 

Israel 1997 1 C M Yes 

Luxembourg 1992 1 PC M + CE 	Yes 

Netherlands 1989 (1997) 1 PC M Yes 

Sweden 1986 (1997) 27 PC M Yes 

United Kingdom 1988 (1996) 1 PC M Yes 

Regional Austria 1999 2 C M 

Belgium 1989/1992 2 D M ± CE No 

Canada 1988 10 PC M+ CE + BSE Yes8  

Denmark 1991-1993 2 C M Yes 

Ireland 1989 1 C M No 

Italy 1985-93 15 D M± CE Yes8  

Norway 1996 1 PC M Yes 

Portugal 1990 1 PC M Yes8  

Spain 1990 4 C M Yes8  

Switzerland 1999 3 D M Yes8  

Pilot 	 Greece 	 1989 	 2 	 PC 	M + CE +BSE 	No 

Germany 	1999 	 3 	 C 	M 	 No 

Hungary 	1991 	 1 	 C 	M + CE 	 No 

Japan 	 1999 	 1 	 C 	CE+BSE 	Yes 

Uruguay 	1996 	 1 	 C 	M+CE +BSE 	Yes8  

From: Del Moral Aldaz et al. (1994); Moss et al. (1995); Giordano et al. (1996); Mammography Screening Evaluation Group (1998); 

Shapiro etal. (1 998a); Ballard-Barbash et al. (1999); de Landtsheer etal. (2000); Klabunde etal. (2001 a); de Wolf (2001); Autier et 

al. (2002) 

PC, partly centralized: national policy, local implementation protocol; C, centralized: common policy and implementation protocol; D: 

decentralized: different policies 

M, mammography; CE, clinical examination; BSE, breast self-examination 

Regional population-based cancer registry overlapping with breast screening programme. 

Barbash et al., 1999; de Landtsheer et 	The first organized programmes were 	1986 (do Waard et al., 1994). Pilot 
al., 2000; Klabunde et al., 2001a; de 	begun in 1986-89 in the Nordic coun- 	projects were established in France, 
Wolf, 2001; Autier et al., 2002). In nine 	tries and the United Kingdom (Shapiro et 	Greece, Ireland, Portugal and Spain and 
countries, the scope of the programme is 	al., 1998a). Within the framework of the 	later in Denmark, Germany, Italy and 
intended to be national, although com- 	Europe Against Cancer programme, a Luxembourg. These pilot projects were 
plete implementation has not been 	European network of pilot projects for 	initially funded by the Commission of the 
achieved in all (Table 9). 	 breast cancer screening was begun in 	European Communities, and most were 
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Country Age of Population Participation Assessment Interval No. of Financing 
screened access rate (1988) of sensitivityc (years) views (first, 
population Na 

(%)b of programme subsequent) 

Australia 40-69 75-100 54 2 2,2 

Finland 50-59 _(69)d 100 89 Yes 2 2,2 GT + PT 

Iceland 40-69 100 Possible 2 2, 1 

Israel 50-74 70 2 

Luxembourg 50-65 98 56 Possible 2 2, 2 PT 

Netherlands 50-69 —(74 3 75-100 81 Possible 2 2, 1 GT 

Sweden 40/50 —69/74 100 81 1.5e /2 2,1 GT + S 

United Kingdom 50-64 100 76 3 2,1 GT 

France 50-69 (74)d 30 50(17-60) Yes 2 2, 2 GT + PT + C 

Austria Mixed 

Belgium 50-64/69 <25 28 No 2 1/2, 1/2 PT 

Canada 50-69 <25 2 GT 

Denmark 50-69 18 71 Yes 2 2, 1 GT 

Ireland 50-65 <25 62 2, 1 GT, Pr 

Italy 50-69 <25 64(46-72) Yes 2 2, 1 GT + PT 

Norway 50-69 40 79 Yes 2 2,2 PT 

Portugal ~ 40 25-50 34 Possible 2 2, 1 GT + PT 

Spain (Navarra) 45-64 <25 85 Yes 2 1, 	1 GT + PT 

Switzerland 50-69 50 Possible 2 All GT, Pr 

Greece 40/50-64 <25 40 Yes 2 2,2 GT + PT 

Germany a 50 2 Yes 1 2,2 S (80%) + Pr 

Hungary 50-64 1 2,2 

Japan a 30 30 15 Possible 1 11 GT + S 

Uruguay a 45 20 Possible 2 PT 

From: del Moral Aldaz et al. (1994); Giordano et al. (1996); Ancelle-Park et al. (1997), Ancelle-Park & Nicolau (1999); Mammography 
Screening Evaluation Group (1998); Shapiro et al. (1998a); Ballard-Barbash etal. (1999); Dean & Pamilo (1999); National Health 
Service Breast Screening Programme (2000); de Landtsheer et al. (2000); Klabunde et al. (2001a,b); Fracheboud et al. (2001a); de 
Wolf (2001); Wang et al. (2001); Autier etal. (2002) 
GT, general taxes; PT, pay-roll taxes; S, self-pay; C, charity money; Pr, private insurance 
a Proportion of national population of eligible women who have access to the programme 
b Proportion screened 
cAs defined in Chapter 1 
d Modified some years after implementation, or for women already in programme 
e For women aged 40-50 

later transformed into regional or 

national programmes financed by the 

country's health system. The Netherlands 
and the United Kingdom did not propose 

projects for the network as their nation-

wide programmes were ready to be 

implemented; however, they were repre- 

sented in the network and served as 
experts for other countries. Specific 

guidelines were prepared by a specially 

appointed working group, some of them 

in each of the official languages of the 
European Union (Day et ai., 1989; 
Kirkpatrick et ai., 1993: de Wolf & Perry. 

1996; National Health Service Breast 
Screening Programme, 1993, 1997, 

1998). The guidelines were designed to 

help standardize procedures, increase 

quality assurance and improve reporting 
of results. A consultant visited all pilot 

centres. Screening performance and 
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h) 

organized programmes, although many adrn .; . 	 b 

regionally. 

• Most emphasize screening women aged 50-6 

• Almost all include invitation to mammography 	 . sorne 
include clinical breast examination of participants,  

• The number of screening view 	ir 
one after the initial screening. 

• The proportion of women v. 	 -.. 
screening programmes varies. Most programmes have intermediate to 
high rates of use (50-89%). 

• In all the organized European programmes, the main indicators of pe 
formance and effectiveness can be e mec but qyMn,, 	de vaHelty 

quality assurance were defined and 
standardized. With the exception of 
France and Luxembourg, none of the 
countries involved in the network had 
begun nationally organized programmes. 

The type of delivery system is directly 
related to the country's health care 
system. In countries with health care 
systems supported mainly by the 
national government, screening is 
centrally organized and distinct from the 
delivery of general medical care. 
Opportunistic screening is relatively rare, 
and the screening tests are provided in 
distinct, fixed or mobile specialized units. 
Mammography is always offered and is 
sometimes complemented by clinical 
examination. The programme is adminis-
tered at either national or local level. 
When the health care system is both 
public and private, screening is done in 
the context of general medical care, 
screening tests being provided either in 
specialized structures or in centres such 
as private radiological units. In the latter 
system, the role of the national govern-
ment extends from no plan to strictly reg- 

ulated programmes that follow guide-
lines, professional and structured 
accreditation, regulations, laws and con-
tinuous evaluation. 

In organized programmes, whatever 
the type of organization, direct mail invi-
tations are generally sent to women in 
previously defined age groups, offering 
them free screening. The requirement for 
an up-to-date list and recall system has 
been met more or less, except in 
Germany. Publicity campaigns through 
media advertising, pamphlets, newspa-
pers, radio and television and referrals 
from general practitioners are frequently 
used with the mailings. In only two coun-
tries are media campaigns and direct 
referral the only recruitment tool. 
Physicians' referrals facilitate appropri-
ate follow-up of a positive result. 

Of the 19 European programmes 
described in Table 10, only four recom-
mend beginning breast cancer screening 
at the age of 40, one (Spain, Ascune et 
al., 1994) at the age of 45 and 14 at the 
age of 50. Much greater variation among 
countries is seen with respect to the  

upper age limit, which varies from 59 to 
74; 10 programmes have set this limit at 
69 years and three (the new French 
national programme, The Netherlands 
and Sweden) at 74 years. 

The screening interval for women 
over 50 years of age is 2 years in almost 
all the programmes and once a year for 
women under the age of 50 and for those 
with a family history of breast cancer. In 
the United Kingdom, women aged 50-64 
are offered screening every 3 years. All 
countries except Belgium and Spain 
require two views at the initial mammog-
raphy (some countries recently modified 
their policy from one view to two to 
increase the sensitivity of the test). 
Furthermore, seven programmes require 
two views at both the initial and subse-
quent screening. 

Expert radiologists recommended 
double reading of mammograms to 
improve the quality of the interpretation, 
and doing so increases sensibility and 
specificity (McCann et al., 1997; see 
Chapter 2). Many programmes have 
implemented this procedure for all 
screens, Iceland for 95% of cases, 
France (in its new programme) only for 
women with a negative result after the 
first reading and the United Kingdom in 
80% of screens. Each programme in 
which double reading is used has an 
established policy for arbitration of dis-
cordant interpretations. 

The results, whether positive or nega-
tive, are always sent to the woman, 
except in Luxembourg where a notice is 
sent only to the referring physician. In 
half the countries, the results are not 
sent to the physician. 

In order that women obtain the maxi-
mum benefit from a breast cancer 
screening programme, an accurate 
recall system must be in place to avoid 
losing women to follow-up after an 
abnormal result. All programmes except 
the Danish one are responsible for 
ensuring the follow-up of women 
with a positive result. The follow-up 
includes full assessment for diagnosis, 
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biopsy and treatment when necessary. In 
all programmes, there is reporting on the 
collection of data, computerized or not, 
and on the results of additional diagnos-
tic procedures and cancers detected at 
screening. 

Financing 
Screening mammography is offered free 
in some countries, and in others it is 
reimbursed either by the government or 
by the health insurance system. The 
organization is funded from various 
sources: the government (general tax), 
public or private insurance (payroll tax), 
research funds (Europe Against Cancer) 
and charity funds (de Wolf, 2001). 
Table 10 shows that there is a mix of 
approaches. Money from taxes covers 
the financing of the administration of cen-
tres and direct delivery of care 
(i.e. radiologist and mammography fees). 

Extent of use and access 
As noted in Table 10, access and partic-
ipation vary by country. The availability of 
organized screening varies widely, from 
2% in Germany to 100% in Finland, 
Iceland, Sweden and the United 
Kingdom. The Netherlands reported 
75-100% access, and Luxemburg, 98%. 
The proportion of women who receive a 
mammogram when it is recommended 
(participation) also varies widely, from 
very high rates of 89% in Finland to 28% 
in Belgium. Levels of overall use by 
country are not recorded systematically. 

Methods for assuring quality 
Several factors in a screening pro-
gramme are expected to contribute to 
reducing mortality from breast cancer, 
such as the participation rate of the tar-
geted population, the quality of the radi-
ological process, the follow-up of women 
with abnormal results, the quality of the 
diagnostic procedures and initial treat-
ment. Several initiatives have been 
made to develop and promote quality 
assurance standards, and guidelines 
have been published, such as those 

sponsored by the Europe Against 
Cancer Programme (de Wolf & Perry, 
1996). Most European countries have 
implemented quality assurance by fol-
lowing the European guidelines (Perry et 
ai., 2001) or national guidelines. Quality 
assurance programmes include external 
controls and technical, process and out-
come components (Donabedian, 1980; 
Klabunde et al., 2001a). In Europe, 
breast screening programmes include 
extensive quality assurance and quality 
control components with regard to mam-
mography but little control of the whole 
screening process. 

External controls for quality assur-
ance involve laws, mandatory or volun-
tary accreditation and surveillance and 
evaluation, including site visits and 
mandatory data collection (Table 11). 
Differences in external controls are 
linked to the type of programme, but the 
organization of quality assurance does 
not necessarily reflect the organization of 
the programme. Quality assurance of 
national breast screening programmes is 
more likely to be based on legislation or 
require mandatory accreditation of 
screening facilities (National Health 
Service Breast Screening Programme, 
1998), but regionally organized pro-
grammes may include a national quality 
assurance programme, as in Norway 
and Sweden. In at least 14 countries, a 
special committee is appointed to control 
data on quality regularly, but the period-
icity of their meetings varies from every 
week to once a year. Six countries have 
national laws for quality assurance, and 
they apply to all mammography units. 
Accreditation processes for cytology and 
pathology also exist in six countries. 
Periodic site visits to radiological units are 
organized in 13 programmes at various 
intervals, and external audits and guide-
lines exist for pathological units in six coun-
tries (National Health Service Breast 
Screening Programme, 1993, 1997). 

Technical quality control of radiologi-
cal equipment and procedures is the 
baseline of all the breast cancer screen- 

ing programmes. Regular monitoring of 
mammography facilities and films, 
including 	processor 	sensitometry, 
screen—film contact, beam collimation 
and automatic exposure was reported for 
most programmes (Bassett et al., 
1994a). Cassette cleaning, tube voltage 
accuracy and reproducibility and beam 
quality were measured regularly in all 
programmes. One or two countries do 
not routinely perform other tests, such as 
for developer temperature, phantom 
image quality, compression force, film 
viewing conditions and beam entrance 
exposure. Some tests are not performed 
everywhere (Hendrick et al., 2002). All 
programmes have a requirement for doc-
umentation of the policy and procedure 
for breast positioning, but five did not 
require documentation for women with 
breast implants. Qualifications and expe-
rience were mandatory for radiographers 
and radiologists in seven programmes, 
and training was required in 15. 

Quality control of pathological labora-
tories is less common than quality con-
trol of radiological equipment and 
training. Only six European countries 
require accreditation for cytology and 
pathology laboratories, and regular site 
visits are made in only six programmes 
(Table 11). 

The process components comprise 
(Donabedian, 1980; Klabunde et al., 
2001 a): 

• monitoring of invitations to women 
(not performed in four programmes); 

• monitoring of mammography proce-
dures (double view, double reading, 
standardized reading and report) 
generally at periodic site visits; 

• monitoring of notification of results to 
women and/or the referring physician 
(means of communication, time), 
mentioned in all the programmes; and 

• assessment after abnormal results 
according to specified policies (not 
included in quality control activities 
in only three programmes). 
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Table 11. Organization of quality assurance in breast cancer screening programmes 

Country 	Organizational level 	Quality 	External controls 
assurance 
committee 	Radiological units: 	Guidelinesa 	Pathology 

A/site visit 	 laboratory: 
A/site visit 

Australia National 4/year Yes / Mandatory National Yes / Yes 

Finland National No No / Mandatory National No / No 

France National Varies Yes! Mandatory European No / Yes 

Iceland National No Yes / Mandatory National No / No 

Israel National 2/year Yes / Mandatory National No / No 

Luxembourg National Monthly Yes / voluntary European No / No 

Netherlands National 4-6/year Yes / Mandatory National Yes / Yes 

Norway National 2/year No / Mandatory National No / No 

Sweden National 2/year Yes / No National Yes / No 

United Kingdom National 2/year No / Mandatory European No / Yes 

Canada Regional Varies Yes / No National No No 

Belgium Facilities No No / Mandatory European No / No 

Denmark Regional 6/year No / No European Yes / No 

Ireland Both 4-6/year Yes / Yes (?) No / No 

Italy Regional Annually No / voluntary European No / No 

Portugal Regional Weekly? No / voluntary European Yes / No 

Spain Regional Weekly? No / Mandatory European No / Yes 

Switzerland Regional Yes! Mandatory European 

Greece Regional 4/year No / Mandatory European Yes / Yes 

Germany Both 2/year Yes / Mandatory European No / Yes 

Hungary Regional 4/Year No! No National Yes / No 

Japan Regional No No National Yes! No 

Uruguay Facilities Monthly Yes / Mandatory American College Yes / No 
of Radioloav 

From Chappelon and Jestin (1998); Mammography Screening Evaluation Group (1998); Ballard-Barbash et al. (1999); Dean and 
Pamilo (1999); de Koning (2000a); National Health Service Breast Screening Programme (2000); de Landtsheer etal. (2000); 
Fracheboud etal. (2001 b); Klabunde etal. (2001 a, b); Wang etal. (2001); Autier etal. (2002); Hendrick et al. (2002) 
A, one or regular accreditations 
a Guidelines for quality control 

A time limit for diagnosis assessment 
is defined and monitored in nine pro-
grammes and varies from 1 week to 1 
month. Few programmes define a mini-
mum percentage of abnormal results 
that should lead to fine-needle 
aspiration, core biopsy or open biopsy. 

Quality assurance in data collection 
is based on recommendations about the 
type of data needed and the  

management of the data while 
maintaining confidentiality (Klabunde et 
al., 2001 b). Nearly all programmes have 
computerized systems for: identification 
of eligible women, screening mammo-
graphy test results, follow-up of women 
with abnormal results, results of 
diagnostic procedures, cancers detected 
at screening and treatment outcomes. 
Linkage to a population-based cancer 

registry was reported for all but three 
programmes. In half the programmes, 
the staff collecting data receive training. 
Standardized definitions (national or 
international) and coding manuals are 
generally used. 

Performance indicators 
Performance measures (Sancho-Gamier, 
1993; de Koning et al., 1995b; Moss 
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et al., 1995; van den Akker-van Marie 
et aL, 1999; Blanks et al., 2000; de 
Koning, 2000a) reflect activities ranging 
from 	the 	process 	of 	care 
(participation rate, recall rate) to out-
comes (cancer detection, interval cancer 
rate) (Table 12). Eleven programmes 
specify a maximum recall rate (based on 
both technical and additional imaging for 
diagnosis), varying from 2% (Nether-
lands) to 8% (United Kingdom) for the 
initial screening test and from 1% to 7% 
for subsequent examinations. 

Screening performance indicators 
are used in all the programmes, what-
ever the type of organization. The most 
commonly estimated indicators in the 
initial and subsequent rounds (Table 12) 
are: the participation or uptake rate, the 
recall rate, the positive predictive 
value of imaging, the positive predictive 
value of biopsy, the benign:malignant 
ratio, the cancer detection rate, the 
percentage of screen-detected DCIS, 
the tumour size and the percentage of 
node involvement. The interval cancer 
rate and incidence can be estimated 
when a population-based registry is 
linked with the programme, and these 
allow an estimate of the sensitivity of the 
programme. Mortality data are available 
for all programmes. 

Some programmes, like those in The 
Netherlands and the United Kingdom, 
allow identification of other indicators, 
taking into account the entire targeted 
population, like overall sensitivity and 
specificity, impact and costs. Those 
countries can estimate such indicators 
because they have a longer experience 
in screening and greater ease in 
collecting the necessary data because of 
the national health system and more 
flexible confidentiality laws. 

The entries in Table 12 show that the 
programmes are variable, reflecting 
factors such as the epidemiology of 
the disease in the country, the 
characteristics of the programmes (tar-
get, procedures, data processing, quality) 
and the way in which the estimate was  

made (numerators and denominators 
used). Such indicators should be inter-
preted with caution in view of the differ-
ences in the programmes and opera-
tional definitions. 

Americas 
This section summarizes the available 
data on the delivery of screening 
services in Canada, Latin America and 
the Caribbean and the USA. The breast 
cancer screening techniques used in the 
iegions reflect the differences in health 
care delivery systems and cultural, poli-
tical and economic realities. The type of 
organization varies from the comprehen-
sive breast cancer screening programme 
of Canada, through the provider-based 
screening funded from work-based and 
federal insurance plans in the USA to the 
mixture of the two in Latin America and 
the Caribbean. There has been growing 
interest in mammography during the past 
decade, with heavy documented use in 
North America, where nearly 80% of 
women aged 50-69 have had at least 
one mammogram. Clinical breast exami-
nation is also used, but the use is not 
well documented. Summaries of how 
screening is organized, financed and 
reviewed for quality and the level of 
screening achieved in the three regions 
are summarized below. 

How screening is delivered 
Canada 
Organization 
In Canada, breast screening is offered 
within a national programme but also 
outside the programme (opportunistic 
screening) (Minister of Public Works and 
Government Services Canada, 1999). 
Organized breast screening pro-
grammes are now operational in each 
province, which are responsible for 
health care in Canada. The programmes 
began gradually, on the basis of a 
recommendation of a national workshop 
in 1988 (Workshop Group, 1989). 
Women in defined age groups receive 
direct invitations by post for free 

mammography screening. All the pro-
grammes include women aged 50-69, 
and most accept women in their 70s but 
do not actively seek their participation. 
Throughout the history of the Canadian 
national programme, women aged 40-49 
were actively recruited only in British 
Columbia, but that was abandoned in 
2000. Although women aged 40-49 are 
not actively recruited in the programme, 
young women are not turned away if 
they seek screening, and they are then 
offered annual re-screening. 

Mammography 
Two-view (cranio-caudal and medio-
lateral—oblique) mammography is 
offered every 2 years in all pro-
grammes. Five also offer clinical 
breast examinations, in two pro-
grammes by a nurse, in two by a tech-
nician and in one by either a nurse or 
a technician. The latest report on the 
programmes is available at www.hc-
sc.gc.ca/hpb/lcdc/publicat/obcsp-
podcs98/.  

Opportunistic screening for breast 
cancer consists of examinations by 
private radiologists outside the provin-
cial programmes. Women may be 
referred to a radiologist for a mammo-
gram by their family physician or go by 
themselves. 

Clinical breast examination 
Family physicians are expected to 
offer clinical breast examination as 
part of annual physical examinations. 
They may refer women for mammo-
graphy at that time, but they also 
refer women without a physical 
examination. 

Breast self-examination 
Breast self-examination is promoted 
by the Canadian Cancer Society and 
by other groups interested in 
women's health; however, it is often 
poorly performed, and special instruc-
tion is rarely given, except in special 
projects (Baines & To, 1990). 
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Use of breast cancer screening 

Breast cancer screening in Canada 

• Canada has a nationally organized programme that is financed and delivered by provincial organizations. Care 
is monitored within the programmes, but use and performance outside the programmes are not routinely moni-
tored or reported. 

• Two-view (cranio-caudal and mediolateral—oblique) mammography is offered every 2 years in all programmes; 
five also offer clinical breast examination. 

• Mammograms are submitted to quality control in facilities involved in the provincial programmes on the basis 
of standards adopted by the Canadian Association of Radiologists. Performance is also monitored, but the 
results are not published. 

- Ever having had a mammogram was reported by 79% of respondents to a national survey of women aged 50-69, 
54% within the previous 2 years. 

Financing 
Mammography is offered free within 
the national programme according to its 
guidelines. Those who seek opportunis-
tic screening are reimbursed for the 
mammogram through provincial health 
scheme funding, so that the woman 
need not pay at the time of the exami-
nation. 

Latin America and the Caribbean 
Organization 
Health services and systems for screen-
ing vary widely across the region, from 
universal coverage in Cuba to a highly 
fragmented system in Paraguay. The 
degree to which any country can offer 
breast cancer screening is contingent on 
the financing scheme and the local 
availability of expertise. Typically, most 
specialized physicians remain in the 
largest cities, limiting access or the 
possibility of organizing a screening pro-
gramme. In decentralized systems, deci-
sions about the content and type of 
services offered are left to the provider, 
who is often responsible for either a geo-
graphically defined population or sub-
scribers. 

Recommendations on how screen-
ing should be done also vary widely. In 
order to regulate multiple providers and  

decentralized services, governments 
issue specific guidelines, some of which 
have legal status, as in the case of 
Mexico and Colombia. However, many 
ministries of health have no mechanism 
for guaranteeing implementation of or 
monitoring compliance with recommen-
dations for breast cancer screening 
(PAHO, 1998). Reviews in 1998 and 
2000 showed that 11 of 23 countries 
reported having official guidelines 
(Robles & Galanis, 2002). Three coun-
tries, Argentina (Argentina Ministry of 
Health, 2001), Mexico (Secretariat of 
Health, 2000) and Costa Rica (Costa 
Rica Ministry of Health, 2000), updated 
their guidelines during 2000-01. Table 
13 summarizes the guidelines in 11 
countries. 

Mammography 
Mammography is offered by clinics at 
the secondary level of care in most 
countries, but there are many private 
mammography services, which 
charge the full cost of the test. In 
Argentina, 81% of women identified a 
gynaecologist as the person who 
ordered a mammography, which 
implies attending a specialized ser-
vice (Mejia et al., 1999). Mammo-
graphy is recommended in all coun- 

tries except Colombia. Two countries, 
Bolivia and Cuba, recommend 
mammography as early as 25 and 30 
years of age, respectively, and three 
others, Ecuador, Mexico and 
Panama, start mammography in 
women aged 40. In Argentina, 
although the basic target group is 
women aged 50-70, the guidelines 
indicate that, if the resources are 
available, screening by mammogra-
phy can be begun at the age of 40 
and extend through 74. In addition, 
the guidelines of Argentina and Costa 
Rica indicate that screening of 
women who have a first-degree rela-
tive who had breast cancer can begin 
at 35 years of age in Argentina and 40 
in Costa Rica, or 10 years earlier than 
the age at which cancer was diag-
nosed in the relative. In Mexico, if a 
woman has two or more risk factors, 
she may be screened from the age of 
40; however, the risk factors are not 
named. Mammography is recom-
mended every 2 or 3 years, except in 
Ecuador, Panama and Uruguay, 
where annual screening is advised. In 
several countries, private clinics and 
radiologists advertise mammography 
services for a fee, to which women do 
not need referral. 
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• ti '1 L-F. r-enormance .11 L 	I [ 	t('I I1iI screening programmes 

Country and Period 	Participation 	Recall PPV of surgical Invasive cancer Reference 
indicators (%) 	 rate (%) biopsya 

Detection rate Screen- 
per 1000 detected 

DCIS (%) 

Finland 1987-97 Dean & Pamilo (1999) 
All screens 88 	 3.3 33-66 3.7 11 
(age 50-59) 
Initial screens 88 4.5 4.7 
Subsequent 89 2.3 2.2 
screens 

Netherlands 	1993 de Koning etal. (1995a) 
All screens 78 Fracheboud etal. (1998) 
Initial screens 79 1.3 50 6.5 14 
Subsequent 77 0.7 54 3.5 
screens 

Sweden Thurfjell & Lindgren (1994; 
All screens 	1988-89 Uppsala 1988-89); 
Initial screens 	1991-93 87-89 4.6-2.1 53-42 4.8 11 Lenner & Jonsson 
(n = 2) (1997; Nordbotten, 

Subsequent 78-84 5.7-1.8 4.8 1991-93) 
screens 

United Kingdom 	1998-99 National Health 
All screens, 76 5.4 6.2 22 Service Breast 
age > 50 Screening Programme 
Initial screens, 74 8.2 5.2 19 (2000) 
age 50-64 
Subsequent 87 3.9 4.3 
screens 

Franceb 	 1989-97 Ancelle-Park & 
All screens 50 Nicolau (1999) 
Initial screens 37 7.7 52 5.5 14 
Subsequent 40 4.4 64 4.2 14 
screens (n = 18) 

Denmark° 	1991-95 Mammography 
All screens Screening Evaluation 
Initial screens (n = 2) 71-88 6.8-2.7 60-74 12-9.8 12-16 Group (1998) 
Subsequent 69 4.6 70 6.4 8 
screens (n = 1) 

Italy 	 1994 Giordano et al. (1996) 
All screens 
Initial screens (n = 15) 32-72 1.6-8.4 3.8-11 5.1-17 
Subsequent 59-88 1.8-6.7 4.4-6.3 5.9-23 
screens (n = 6) 

Norway 	 1996-97 Wang et al. (2001) 
All screens 
Initial screens 80 4.2 74 6.7 20 
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Country and Period Participation Recall PPV of surgical Invasive cancer Reference 

indicators (%) rate (%) biopsya - 
Detection rate Screen- 
per 1000 detected 

DCIS (%) 

Spain (Navarra)d 1990-94 van den Akker-van 

All screens Marie et al. (1997) 

Initial screens 85 44-64 5.9 

Subsequent 86 70-78 2.9 

screens 

Germany 1990-93 Robra et al. (1994) 

(Aurich and 
Brunswick) 

All screens 4.8 34 3.3 

Initial screens 5.1 34 3.4 14 

Belgium 1989-92 van Oyen & Verellen 

(Flemish region) (1994) 

Initial screens 28 4.1 52 2.9 30 

Ireland 1989 Codd et al. (1994) 

Initial screens 62 4.2 50 7.2 12 

Portugaff 1986-90 

Initial screens 35 13-2.3 64 1.1-3.2 17-20 Rocha Alves et al. 
(1994) 

Greece (southern) 1989 Garas et al. (1994) 

Initial screens 51 5.5 47 3.9 3.5 

PPV, positive, predictive value; DOIS, ductal carcinoma in situ 
a Referral or performed 
b Results from 26 regional programmes for initial screening and 18 for subsequent screening 

Copenhagen 1991-93 and Fyns 1993-95 
c/Age 45-65 

Clinical breast examination 

In general, primary care providers are 
expected to conduct clinical breast 
examination and teach breast self-
examination, if recommended. The 
extent to which this actually occurs is 
unclear and varies by country. In 
Mexico, guidelines were developed 
by consensus among all institutions 
that provide health care, of which the 
main ones are the Secretariat of 
Health and the Mexican Institute of 
Social Security; others include the 
Social Security and Services Institute 

for State Workers, several Army 
services and nongovernmental orga-
nizations. In principle, this means that 
all these institutions guarantee imple-
mentation of the guidelines and 
coverage of services at minimum cost 
to women. In Colombia, where there 
is a highly decentralized system, 
insurers must offer a basic package of 
preventive services, which include 
clinical breast examination. Brazil's 
'Viva Mu/her' programme includes 
cervical and breast cancer screening 
by municipal and State departments 

of health, coordinated by the National 
Cancer Institute. In Argentina, clinical 
breast examination is recommended 
with mammography and not 
separately. Uruguay has a screening 
programme based on clinical breast 
examination for women aged -a 30 

(Ministerio de Salud, 2000) and also 
recommends mammography after the 
age of 50. Clinical breast examination 
is also the main method of screening 
for breast cancer in Chile (Ministerio 
de Salud, 1998) and is recommended 
for women aged 35-64 every 3 years, 
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Country Breast self-examination Clinical breast examination Mammography 

Recommended Age Recommended Age Frequency Recommended Age  

Argentina No - Yes 50-70 Yearly Yes 50-70 2 years 

Bolivia Yes 15-75 Yes 25-75 Yearly Yes 25-75 2 years 

Chile Yes > 35 Yes 35-64 3 years Yes 50-74 3 years 

Colombia No - Yes - NR No NR - 
Costa Rica No - No - - Yes 50-70 2 years 

Cuba Yes > 30 Yes > 30 Yearly Yes 30-49 2 years 

50-65 2-3 years 

Ecuador 	 Yes 	 >12 	Yes 	 >12 	Yearly 	Yes 	 40-49 2 years 

> 50 	yearly 

Mexico Yes > 12 Yes > 25 Yearly 

Panama Yes > 20 Yes 20-59 Yearly 

Uruguay Yes >30 Yes 30-39 3years 

40-65 Yearly 

Venezuela Yes 12-64 Yes 35-74 Year 

NR, not reported 

Yes 	 > 40 2 years 

Yes 	 > 40 Yearly 

Yes 	 50-64 Yearly 

Yes 	 NR NR 

in conjunction with a Pap smear; 
mammography is being introduced in 
a second phase. Screening by clinical 
beast examination is begun for girls of 
12 years of age in Ecuador and for 
women aged 20 in Panama and 25 in 
Bolivia and Mexico. 

Breast self-examination 

Most countries, except Argentina, 
Colombia and Costa Rica, recom-
mend breast self-examination. In 
addition, several externally funded 
family planning programmes have 
introduced teaching of breast self-
examination as part of women's 
health packages. As shown 
in Table 13, there is no consistency 
about the age at which women are 
supposed to start practising breast 
self-examination. 

The age range or frequency of 
screening is not related to the inci-
dence of or mortality from the disease 
in the various countries or with the 
resources of the health care system. 

In fact, countries with low mortality 
rates from breast cancer, such as 
Ecuador, recommend screening by 
breast-self examination and clinical 
breast examination at menarche. 
Most notably, the guidelines of many 
countries are clearly not based on evi-
dence. 

Financing 

In general, countries that have 
developed guidelines for breast cancer 
screening offer the test at no cost, and it 
is incorporated in health care delivery 
systems by a range of financing 
mechanisms, including health insurance, 
social security and government rev-
enues. Financing is not universal. In 
Trinidad and Tobago, a country with one 
of the highest rates of mortality from 
breast cancer in the region, high cost 
was the main reason cited by women for 
not having had mammography (Modeste 
et al., 1999). Chile has a dual system of 
financing, with a minimum of 7% of 
income contributed by individuals. 

Part of the system is run by the State and 
approximately 30% by private insurers, 
which charge more than the minimum 
rate, on the basis of individual risk. 
Public health clinics are offered 
incentives if they perform periodic 
health examinations that include 
screening for cancers of the cervix and 
breast. 

In most countries, the main problems 
arise when diagnostic work-up and treat-
ment are required. Several countries do 
not cover the full extent of services or 
have cooperative payment schemes. 
Policy-makers in developing countries 
regard breast cancer control as expen-
sive, but a study in São Paulo, Brazil, 
suggested that the total national cost of 
case management of breast cancer is 
US$ 1646 per case (Arredondo et al., 

1995). The cost of breast cancer man-
agement consists of 30% for human 
resources, 7.8% for diagnostic services 
and 43% for treatment. Although no data 
on the cost of services for breast cancer 
control were available for other 
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countries, a study in Jamaica showed 
that 50% of cancer patients had to 
forego treatment because of an inability 
to pay (Henry-Lee & Yearwood, 1999). In 
several Caribbean countries, screening 
services are available but treatment has 
to be sought elsewhere, even at 
Government expense. Three countries, 
Argentina, Chile and Mexico, have infor-
mation systems that allow monitoring of 
follow-up and mechanisms to ensure 
that women with positive results at 
screening undergo diagnostic work-up 
and treatment. Although the Costa Rican 
guidelines do not address this compo-
nent of the programme, the social 
security system offers full coverage for 
diagnosis and treatment, and the popula-
tion-based cancer registry has national 
coverage. Cuba, Uruguay and 
Venezuela can also provide full follow-
up. Assistance for non-medical costs 
comes from the nongovernmental sector 
in many countries. 

Collateral financing 
In several countries, cancer care is 
provided through a public—private part-
nership, with strong participation from 
the nongovernmental sector and volun-
teer organizations. In Ecuador, a country 
that spends only 5.3% of its gross 
national product on health, a law 
mandates that 0.1% of credit 
transactions be assigned to cancer con-
trol by the 'Society against Cancer'. 
Although the Government participates, 

the Society is in essence a nongovern-
mental organization, with semi-
autonomous chapters based in major 
cities. In Brazil, the Ministry of Health has 
delegated the cancer control programme 
to the National Cancer Institute. A non-
profit foundation channels resources to 
the Institute, thus maintaining high 
standards of care. In its preventive 
programme, the Institute, in turn, works 
through State and municipal health 
services. Its breast cancer screening 
programme is expected to reach all the 
population at risk of Brazil. Costa Rica, 
although it has a social security system 
covering nearly 90% of the population 
and devotes 8.5% of its gross national 
product to health, funds its national 
cancer institute through a lottery. As 
stated above, guidelines were developed 
recently and a cancer control department 
created within the Social Security 
system. Implementation of the pro-
gramme is in the initial stages. In all 
cases, most of the income generated is 
spent on curative services. This financ-
ing scheme, which other countries are 
emulating, allows for expansion of the 
available resources and provides an 
opportunity for introducing preventive 
services. 

USA 
Organization 
Health care providers in the USA offer 
clinical breast examination, mammo-
graphy and teaching of breast self- 

examination to screen for breast cancer. 
As reflected in Table 14, there is 
disagreement on how those techniques 
should be used, although all groups 
recommend mammography at some 
interval among women aged 50-64. No 
single group in the USA establishes the 
national standard. 

Mammography 
Mammography is almost always done 
in a facility that offers an array of 
radiology services, although those 
services may occasionally be pro-
vided by a primary care practice, a 
mobile unit or a specialized centre. 
Facilities that seek reimbursement for 
the procedure from the Federal 
Government must meet specific 
requirements, including use of quali-
fied radiologists and technicians, use 
of dedicated mammography equip-
ment that produces high quality 
images and record keeping (Food & 
Drug Administration, 1997). 

Clinical breast examination 
Most clinical breast examination is 
provided by primary care providers 
during a complete physical examina-
tion or at the time of a woman's health 
examination which includes a Pap 
smear and pelvic examination. Breast 
self-examination instruction is excep-
tionally provided during the visit. 
There are no organized programmes 
of screening based on geographic 

National group __Ai9.~Rroiqp_ Clinical breast examination Mammoqrap~~_ Breast self-examination 

Preventive Services 40-49 No recommendation Every 1-2 years No recommendation 
Task Force 50-69 Annually Every 1-2 years No recommendation 

a 70 No recommendation No recommendation No recommendation 

American Cancer 40-49 Annually Annually Monthly 
Society 50-69 Annually Annually Monthly 

~70 Same as above; cessation based on morbity 
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• Mammography is available on demand in Latin America. Nonetheless, 
the national policies are not always based on available scientific evi-
dence. 

• Organized breast cancer screening programmes have been attempted 
in Uruguay, with clinical breast examination and mammography. 

• The mortality rates from breast cancer in Argentina and Uruguay are as 
high as those in industrialized countries, and the trend continues 
upwards. 

• In Jamaica, 50% of cancer patients had to forego treatment as they 
were unable to pay. 

region, although some programmes 
exist within organized health plans 
(Rimer et al., 1988; Taplin et al., 
1997). Most women are first screened 
by clinical breast examination and 
then referred for mammography. 
Women must take the initiative to 
schedule a visit with their primary 
care provider, although some health 
plans send reminders to schedule 
that examination or a mammography, 
or women may refer themselves for a 
mammogram. 

Breast self-examination 
Some national groups recommend 
instruction in breast self-examination, 
but this is not universally endorsed. 
The extent of the practice in the USA 
is unclear but is thought to be low. In 
one study of women doctors, only 
21% reported breast self-examination 
at least monthly (Frank et al., 2000). 

Financing 
How screening is financed in the USA 
depends on whether a woman has 
health care insurance, what type of 
insurance she has and the practice of 
the community in which she lives. While 

the national standard for care is 
improving, geographic variation still 
exists. Lobbying in state legislatures 
secured reimbursement for mammo-
graphy through commercial insurance in 
all 50 states by 2000 (Fowler, 2000; 
Rathore et al., 2000). Insurance plans 
provide reimbursement for care of 
individuals on the basis of what they use 
(fee for service) or to their health care 
providers on a fixed rate per person 
under their care (capitation). Before the 
lobbying of the late 1980s, preventive 
care was not necessarily reimbursed. 
In parallel with the effort to secure 
reimbursement 	from 	commercial 
insurance, increasing efforts were made 
to obtain reimbursement through Federal 
insurance programmes (Medicare! 
Medicaid) (Blustein, 1995). The latter 
provides reimbursement for health care 
of individuals aged ~! 65, disabled 
individuals and low-income families. 
People covered by commercial insur-
ance, Medicare or Medicaid represent a 
median of 84% of the state populations 
(Chattopadhyay et al., 1999). Medicare 
began coverage for mammography every 
2 years in 1991 and annually in 2001. 

Extent of use and access 
Canada 
All women who meet the age require-
ments of the provincial programmes have 
access to mammography. By 1996, the 
proportion of women aged 50-69 who 
had participated in the seven organized 
programmes of Canada varied from 11 to 
54% (Paquette et al., 2000). Between 
1981 and 1994, the annual number of 
mammograms performed in Canada 
increased from fewer than 200 000 to 
more than 1.4 million (Gaudette et al., 
1996). Data from the 1996-97 National 
Population Health survey were analysed 
to determine the extent to which women 
in the target group for the provincial pro-
grammes (aged 50-69) receive mam-
mography from all sources. Of the 
respondents, 79% reported ever having 
had a mammogram, 54% within the previ-
ous 2 years (Maxwell et al., 2001). The 
latter proportion varied by province, rang-
ing from 41% in Newfoundland to 69% in 
British Columbia. Predictors of never hav-
ing had a mammogram included higher 
age, residence in a rural area, Asia as 
place of birth, no involvement in volunteer 
groups, no regular physician or recent 
medical consultation (including recent 
blood pressure check), current smoking, 
infrequent physical activity and no hormone 
replacement therapy. The proportion of 
women aged 40-49 who had never had a 
mammogram was 44%. Among those 
who had recently had a mammogram, 80% 
had done so for screening purposes. The 
corresponding proportions for women aged 
~ 70 were 36% and 83%, respectively. 

Corresponding data for breast self-
examination and clinical breast examina-
tions by a health professional have not 
been published. 

Latin America and the Caribbean 
Most women are reimbursed for screen-
ing by clinical breast examination and 
mammography, but the availability of 
facilities and personnel varies widely. No 
published data for a probabilistic popula-
tion-based sample were available with 
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regard to use of breast cancer screening 
services in Latin America, but some 
information can be derived from studies 
of specific populations. For example, 
women in Puerto Rico with higher edu-
cational status are more likely to have 
had a mammogram or clinical breast 
examination. In this group, no relation-
ship was found between knowledge and 

screening practices, whereas beliefs did 
play an important role (Frazier et al., 

1996a; Oliver-Vazquez et al., 1999). A 
study of preventive practices in five low-
income settings in Latin America 
confirmed that beliefs, including fear of 
cancer, are an important determinant of 
preventive behaviour (Agurto, 2001). 

Women in this group considered that 
health services are important only during 
their reproductive years; thus, middle-
aged women were likely to attend only if 
they felt ill. In addition, women were 
more likely to attend screening services 
when their peers had done so and had 
had a positive experience. 

Two independent studies showed 
that breast cancer was diagnosed at 

stage lin only 9.8-10% of women. The 

first study was based on the records of 
the histopathology registry of Mexico 
(Rodriguez-Cuevas et al., 2001) and the 
other on data from three major hospitals 
in Mexico City (Lopez-Carillo et al., 

2001). Although these are not popula-
tion-based studies, their results compare 
unfavourably with those of similar stud-
ies in developed countries, emphasizing 
the low rate of early diagnosis in these 
settings. Women of higher socio-
economic status may have access to 
screening services recommended by 
their physician, especially a gynaecolo-
gist, but access to diagnostic and treat-
ment facilities, necessary to complete 
the screening process, may be limited. 

USA 
In the USA, the extent of screening is 
affected by the proportion of women who 
have some reimbursement for primary 
care and/or mammography. As noted 

above, the mean percentage of adults in 
the USA who have some type of insur-

ance is 84°c; however there is geo-
graphic variation in the availability of 
insurance, such that 9% of the Wisconsin 
population and 24% of that in Texas is 
uninsured. Populations with lower socioe-
conomic status are more likely to have 
insufficient insurance, but there are spe-
cific programmes to serve low-income 
populations (Chattopadhyay etal., 1999). 
Once income is accounted for, differences 
in use by race and other factors are 
harder to identify (Lawson et aI., 2000). 

Mammography 
The proportion of women aged ~! 40 

who report having had at least one 
mammogram has grown steadily 
since the late 1980s, to 85% (Figure 
28; Blackman etal., 1999). Similarly, 
the proportion of women who had a 
mammogram within the previous 2 
years grew to 71%. Both estimates 
were based on telephone surveys. A 

recent report based on household 
surveys, not dependent on having 
access to a telephone, showed a 
comparable but lower level of 
mammography use (67%) within the 
previous 2 years among women aged 
~: 40 (Breen et al., 2001). There are 
no national measures of the 
proportion of women who have had a 
first and subsequent screens. 

Despite the growing use of 
mammography within the USA, it is 
not evenly distributed. For example, a 
smaller proportion of Hispanic women 
than white women reported having 
had a mammogram, and they were 
less likely than blacks or whites to 
have had clinical breast examination 
(Frazier et al., 1996a). Women in the 
oldest (~! 70) and youngest (40-49) 
age categories had the lowest rates 
of any use (80% and 82%, respec-
tively). Native Americans and 
Hispanics in the USA also had 
somewhat lower rates of any use 
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(79% and 82%, respectively). For the 
oldest age groups, the disparity for 
use within the previous 2 years is 
wider: 78% of women aged 50-59, 
71% of women aged 40-49 and 
67% of women aged > 70. Some of 
the disparity for younger women is 
undoubtedly due to the continuing 
debate about the benefit of screening 
for this age group. The rate of 
mammography use within 2 years is 
highest among black Americans 
(73%) and lowest among American 
Indians (60%). The apparently lower 
rates of use by some races is 
confounded by economic factors, as 
women with an annual income 
< US$ 10 000 are much less likely 
than women with incomes 
> US$ 50 000 to have ever had a 
mammogram (77% and 90%, respec-
tively) (Qureshi et al., 2000). The 
disparity for use within 2 years 
increases with extremes of income, 
mammography use among women in 

the lowest and highest income 
brackets being 58% and 79%, 
respectively (Blackman et al., 1999). 
The suggestion that differences in 
race are accounted for by differences 
in household income (Qureshi et al., 
2000) contradicts earlier findings 
(Gornick etal., 1996). 

Clinical breast examination 
Information on use of clinical breast 
examination has not been collected 
consistently. The results of popula-
tion-based surveys in each state in 
1993 suggested that clinical breast 
examination was frequent (median, 
90%), but this was not measured 
subsequently (Frazier et al., 1996b; 
Bolen et al., 2000). The same survey 
technique showed the frequency of 
clinical breast examination within 2 
years to be lower in 1993 
(73%) and only slightly higher by 
1997 (77%) (Bolen et al., 2000). Use 
of clinical breast examination differs 

by race, with a rate as low as 20% 
among American Samoans in 1993. 
However, race and economic factors 
may be confounded in these reports 
as the rates were higher (45%) 
among individuals earning > 
US$ 20 000 per year (Mishra et al., 
2001). 

Methods for assuring quality 
Canada 

Mammography 
Mammography performed in facilities 
in the provincial programmes is con-
trolled to ensure that it is of high 
quality, based on standards adopted 
by the Canadian Association of 
Radiologists, which are similar to 
those in the USA. However, quality 
control may be deficient for 
radiologists who are not part of 
provincial programmes. Details of the 
quality control programmes have not 
been published. 

Clinical breast examination 
Family physicians are not trained 
consistently in performing a clinical 
breast examination and may neglect 
to offer it. There are no standards for 
quality. 

Latin America and the Caribbean 
Mammography 
Guidelines in Argentina and Mexico 
mention quality assurance for mam-
mography in general terms but make 
no reference to a specific programme 
or to standards. In Mexico, provision is 
made for internal and external quality 
assurance for all screening methods, 
but no detailed description is given. A 
study of the use of mammography for 
diagnosis in Mexico suggested that the 
quality may be deficient (Poblano-
Verastegui etal., 2000). 

Clinical breast examination 
No standards for quality are available. 
Training of health personnel varies 
across countries, and no detailed 

Screening is opportunistic, except for some programmes organized 
within health care plans. 

Screening by mammography is usually done after referral by a primary 
care physician who has performed clinical breast examination. 

Mammography is free of charge for the 84% of women with health care 
coverage. 

• An increasing proportion of low-income women without health care 
insurance may have mammograms at federally-financed screening 
organized through state health departments. 

Treatment is available through private or government-based insurance 
to all women in whom breast cancer is diagnosed. 

• Use of mammography is assessed in state-based telephone surveys. 

• Cancer occurrence is monitored by state registries, but high-quality 
case ascertainment is most reliable in populations living within regions 
served by the nine organized cancer registries funded by the National 
Cancer Institute. 
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description is presented in any of the 
guidelines. 

USA 
Mammography 
The United States Congress passed 
the Mammography Quality Standards 
Act in 1991 to ensure high-quality 
mammography. The Act established 
parameters for the technical and clin-
ical quality of the image. The techni-
cal assessment includes evaluation of 
imaging equipment with a standard-
ized test object (phantom), evaluation 
of the processor to ensure that it is 
appropriately set for the film used and 
measurement of the dose of radiation 
to the breast (Hendrick et al., 1995). 
Clinical assessment involves review 
of the films produced by a facility and 
consideration of positioning, breast 
compression, contrast, exposure, 
noise, sharpness, artefacts and 
labelling (Bassett, 1995; Food & Drug 
Administration, 1997). The Mammo- 

graphy Quality Standards Act estab-
lished a mammography certification 
programme that includes evaluation 
of facility personnel, procedures and 
technical image quality at annual site 
inspections and clinical quality review 
at least every 3 years through an 
accreditation body (Hendrick et al., 
1995; Food & Drug Administration, 
1997). Since implementation of the 
Act, there has been a demonstrable 
improvement in technical quality 
(Hendrick etal., 1998). 

Clinical breast examination 
There are no standards for the quality 
of clinical breast examination and no 
regular reviews of performance. 
Physicians may receive instruction in 
clinical breast examination at medical 
school and during residency training, 
but it is not systematic and is rarely, if 
ever, reviewed (Barton etal., 1999). 

Performance indicators 
Table 15 shows performance indicators 
for mammography in Canada and the 
USA. Similar data were not available for 
Latin America and the Caribbean. 

Canada 
The information in Table 15 for Canada 
for 1997-98 is derived from a report on 
the national screening programme. The 
programme's database allows a compar-
ison of the performance of initial and 
subsequent screens separately. As 
expected, the proportion of abnormal 
results or cancer decreased at 
subsequent screens. Of the cancers 
found through the programme, the pro-
portion without nodal involvement was 
high for women aged 50-59 and 60-69 
(78% and 79%, respectively). The pro-
portion of tumours :5 10 mm was lower 
among women aged 50-59 than among 
those aged 60-69 (35% and 40%, 
respectively). 

Outcome Canada USA 

Age Age Age Age 

50-59 60-69 50-59 60-69 

Women attending when invited (%) 12-55 12-55 

Abnormal recalls: 
Initial screen (%) 12 10 12 11 

Subsequent (%) 6.4 6.0 NA NA 

Cancer detection rate (per 1000) 
Initial screen 5.6 8.7 4.8 7.4 

Subsequent 3.5 4.8 NA NA 

PPV of abnormal screen 5.0 8.8 3.6 6.2 

Benign:malignant open biopsy ratio 2.0 1.2 2.5 1.4 

Ductal carcinoma in situ (%) 22 17 23 19 

From Organized Breast Cancer Screening Programs in Canada-1997 and 1998 report (available on 
www.hc-sc.gc.ca/hpb/lcdc/publicat/obcsp-podcs98l)  and Kerlikowske et al. (2000) 
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Latin America and the Caribbean 
Performance indicators for mammo-
graphy are not available throughout Latin 
America and the Caribbean; however, 
they are available from a screening 
programme in Uruguay based on clinical 
breast examination (Robles & Galanis, 
2002). The guidelines for the programme 
recommended clinical breast examina-
tion for women aged ~ 30. Data from 14 
health care delivery centres in which 
10 266 women were examined during 
1999-2000 showed that 3813 (37%) 
required further study, but 14% were lost 
to follow-up. The average age of the 
women studied was 52 years. It is not 
clear whether the screens were initial or 
subsequent ones or if women were 
actively invited for screening. The 
detection rate was 19 per 1000, for a 
total of 193 confirmed malignant neo-
plasms of the breast during this period. 
The detection rates varied substantially 
across centres, ranging from 4.6 to 41 
per 1000. The follow-up of women with 
negative results at screening is not 
described. Overall, the positive predic-
tive value was 5.1%. Half (51%) of the 
women in whom breast cancer was diag-
nosed had no node involvement, and 
33% had invasive tumours measuring 
!~ 10 mm. Mammography is offered 
parallel to this programme, but there was 
no indication of whether women 
participating in the clinical breast exami-
nation programme were also screened 
by mammography. The programme 
continues and may provide an opportu-
nity to evaluate the use of clinical breast 
examination in a developing country with 
high rates of incidence of and mortality 
from breast cancer. 

Performance indicators for mam-
mography screening in Latin America 
may be difficult to obtain, as much of the 
screening is opportunistic. If the Chilean 
and Mexican guidelines were fully 
implemented and the corresponding 
information systems generated good 
data, evaluation would be feasible. 
The new programme in Costa Rica is  

also based on mammography; however 
the incidence and mortality rates in this 
country are still low, and the population 
of women at risk is less than 200 000. 

USA 
Performance indicators are available 
from one report on seven sites of the 
Breast Cancer Surveillance Consortium 
(Kerlikowske et al., 2000). The Consor-
tium is a collaborative effort to link 
information from mammography and 
tumour registries for women in geo-
graphically diverse sites (Ballard-
Barbash et al., 1997). The data in Table 
15 represent those collected up to 1996 
and are therefore somewhat earlier than 
the Canadian data. Although the data 
mainly reflect initial mammograms, the 
sample also included women who had 
had prior mammography. The proportion 
of abnormal results and the cancer 
detection rate are somewhat lower than 
from the initial screens in Canada, partly 
because of the inclusion of women who 
had had more than one mammogram. 

Oceania and Asia 
For countries with no known breast can-
cer screening programme, a search was 
undertaken for a cancer society affiliated 
with UICC or a cancer registry affiliated 
with IARC, or both. If the country had 
one or both, a further search was carried 
out for evidence of a cancer control, and 
possibly a screening, policy. Two health 
networks organized under the auspices 
of WHO provided information about 
South-East Asia and the Western 
Pacific. 

The publication Cancer Survival in 
Developing Countries (Sankaranarayanan 
et al., 1998) contains brief comments 
about cancer control programmes, 
including mention of screening in coun-
tries of Asia and Oceania. Four regions 
of Asia have or have had trials of screen-
ing: of clinical breast examination in 
Shanghai, China, of clinical breast exam-
ination and mammography in Japan, of 
clinical breast examination in the 

Philippines and a trial in progress of 
clinical breast examination and breast 
self-examination in Mumbai, India 
(funded by the United States National 
Cancer Institute). 

The WHO Cancer Database for the 
Western Pacific Region (WHO, 1999a; 
hereafter referred to as the 1997 WPRO 
survey) shows that 15 of 29 countries 
surveyed for cancer control activities in 
1997 responded 'Yes' to the question 
"Has screening for breast cancer been 
routinely available to women?". The 
countries that replied 'Yes' were 
American Samoa, Australia, China (and 
Hong Kong), Japan, Malaysia, New 
Zealand, the Philippines, Republic of 
Korea and Viet Nam. Apart from this 
response, no other information was 
available for Guam, Mariana Islands, 
Niue, Palau and Tokelau. 

Countries with organized mammo-
graphic screening 
How screening is delivered 
Australia 

Mammography 
Organized mammography was begun 
in three states of Australia in mid-
1991 and was available to most 
women by mid-1994, with the last 
units in place nationwide by the end 
of 1995. In addition to the organized 
programme, medical practitioners can 
refer women for mammography within 
the private health system. 
A review of international evidence led 
to the establishment of six pilot 
screening programmes in Australia in 
1989 and the National Program for 
the Early Detection of Breast Cancer 
in 1991. The organized programme, 
called BreastScreen Australia since 
1996, is funded jointly by the national 
Government and the States and 
Territories. The description of Breast-
Screen Australia and its organization 
given below is based on information 
in two national reports (Australian 
Institute of Health and Welfare, 1998, 
2000), five state reports (Breast- 
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Screen SA, 1999; (BreastScreen 

NSW, 2000; BreastScreen Queens-
land, 2000; BreastScreen Victoria, 
2001; BreastScreen WA, 2001) and a 
review of the national accreditation 
requirements in BreastScreen Australia 
(National Quality Management 
Committee of BreastScreen Australia, 
2001). 

BreastScreen Australia targets 
asymptomatic women aged 50-69 
years, who are screened with two-
view. 2-yearly mammograms read by 
two independent readers, of whom 
one is a radiologist; women aged 
40-49 and ~ 70 may also attend. 
Individual services differ with regard 
to their policy on screening women 
with symptoms. Initial invitation letters 
are sent to women listed on the 
Australian 	electoral 	roll, 	and 
reminders for re-screening are sent to 
those who have attended. The 
programme's services are free. 
Before BreastScreen commenced, all 
mammograms were done in the 
private health care system and 
reimbursed by Medicare, the national 
health insurance scheme of the 
Health Insurance Commission. 
BreastScreen overcomes the chal-
lenge of distance in Australia with a 
combination of fixed-site, mobile, 
relocatable and satellite services. 

Mammography is still available 
outside the BreastScreen services, 
mainly reimbursed by Medicare, 
although private radiology services 
also offer mammograms for which 
women pay the full cost. While the 
Medicare-reimbursed mammogram 
was intended for diagnostic purposes 
only, the large numbers suggest its 
use in screening. 

Clinical breast examination 
Most women have clinical breast 
examination at their own request or 
as part of a health check at a visit to 
their primary health-care provider or 
at a health centre, at the time of a Pap 
test in the national cervical screening 
programme. Visits by individuals to a 
general practitioner are reimbursed 
under the national compulsory med-
ical scheme, Medicare. 

Breast self-examination 
A number of large public health infor-
mation programmes in Australia were 
designed to encourage women to 
practise routine breast self-examina-
tion. Cancer societies, mammo-
graphic screening services, cancer 
support groups and various public 
and private organizations involved in 
disseminating health messages have 
developed statements about the ben-
efits of breast self-examination, 

although few offer instruction. 
Financing of such instruction depends 
on an organization's conviction about 
the benefits of breast self-examina-
tion and its commitment and financial 
resources. In 1996, 53% of women 
surveyed nationally reported that a 
general medical practitioner had rec-
ommended that they practise breast 
self-examination (Barratt et al., 1997a). 

An expert advisory group of the 
National Breast Cancer Centre (2001) 
recommended in 2001 that women 
should know how their breasts look 
and feel normally and to have 
changes investigated promptly by 
their doctor. 

New Zealand 
Mammography 
National screening began within 
Breastscreen Aotearoa with six lead 
providers in December 1998. 
Mammography is also readily avail-
able outside the programme from 
private medical practitioners. The 
Cancer Society of New Zealand and 
the Department of Health invited a 
working group to make recommenda-
tions about screening in 1987. The 
report concluded that New Zealand's 
shortage of appropriately specialized 
professionals was too great, and it 
recommended waiting for the out-
come of pilot programmes before 
deciding on a routine screening 
programme (BreastScreen Aotearoa, 
1998). Two pilot programmes began 
in 1991 and continued to December 
1996, while the national programme 
began in December 1998. Information 
about BreastScreen Aotearoa is avail-
able on its website (www.cancer-

soc.org.nz) or through contact with 
the National Screening Unit, Ministry 
of Health, Wellington. 

The programme is funded by the 
Government through the Ministry of 
Health, which allocates funds, in com-
petition with other resources, to the 
National Screening Unit, an indepen- 

• The BreastScreen Australia programme began gradually. It targets 
women aged 50-69, but all women 40 years who attend are screened 
It has national accreditation requirements which were first published in 
1991 and revised in 1994 and 1999-2000, and has a nationally agreed min-
imum data set for reporting. 

In BreastScreen Aotearoa, implemented nationally in New Zealand, 
only asymptomatic women 50-64 years of age are screened. The pro-
gramme had interim national quality standards at commencement and 

taives agreed data itms from r'iic 	- 	 `hsrr ontrct. 
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A mannequin, named 
Merindah Bibi (meaning beau-
tiful women, breast) as the 
centerpiece to the work is 
dressed in traditional cos-
tume. One breast is painted in 
an anatomical style and the 
other displays an Aboriginal 
design which represents 
breast paintings used in tradi-
tional dance. The backdrop is 
a silhouette of Merindah Bibi, 
the aura of this woman is 
shown by splashes of colour 
which represent her spiritual 
health and well-being. At her 
feet a turtle shell is filled with 
painted emu eggs, showing 
what health and well-being 
means to each individual 
woman. 

BreastScreen Victoria project in partnership with the Victorian Aboriginal Health 
Service to raise awareness of breast screening and to inspire Koori women to think 
and feel posi tively about their bodies and their health. 
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dent business unit. BreastScreen 
contracts directly with six lead 
provider services (four public health 
and two private units) that cover the 
regions of 22 district health boards. 

Asymptomatic women aged 50-64 
are invited by letter, can attend volun-
tarily or may be referred by a general 
practitioner to the organized screen-
ing programme and are offered free, 
2-yearly, two-view mammography 
within a network of fixed and mobile 
screening units and fixed assessment 
centres. Women with symptoms are 
advised to consult their usual medical 
practitioner. As the programme does 
not have access to a population reg-
ister, there is no way of identifying 
and inviting all eligible women. 
Women outside the age range of the 
programme 	are 	eligible 	for 
Government-funded mammograms, 
provided they meet certain criteria or, 
if they do not, can pay for mammo-
grams in the private health system. 
The lead providers send a reminder 
letter to women to attend for re-
screening. 

Clinical breast examination 
The New Zealand Cancer Society 
encourages doctors to offer a breast 
check to women who are concerned 
about breast cancer, especially those 
40 years of age and older, although it 
does not recommend regular clinical 
breast examination. The Breast 
Cancer Screening Policy Advisory 
Group acknowledged the role of clini-
cal breast examination in clinical 
practice for women with symptoms or 
those recalled with abnormalities 
detected through mammographic 
screening. 

Breast self-examination 
Breast self-examination is not taught 
within BreastScreen Aotearoa, but the 
New Zealand Cancer Society, in 
recognition of the need to optimize 
women's chances of finding 

symptomatic changes and reporting 
them promptly to their doctors, 
supports a concept of breast 
awareness', recommending that 
women, especially those over the 
age of 40, know what is normal 
for their breasts and to look and feel 
for changes regularly (www.cancer-
soc.org.nz). 

Financing 
Organized mammographic screening in 
Australia and New Zealand is financed 
from general taxes. A fixed part of 
the cost of mammograms outside orga-
nized screening is paid from general 
taxes, while the individual pays the 
difference between the fixed rebate 
from the Government and the amount 

charged by the private provider of the 
service. 

Extent of use and access 
Australia 
BreastScreen services are available to 
all women in Australia aged 50-69, 
although women aged 40-49 and 
~: 70 years who approach BreastScreen 
services are also screened; the expected 
participation rate by age group is 40% of 
women aged 40-49, 70% at 50-69 and 
15% at 70-79 years. BreastScreen mon-
itors several indicators of its coverage 
of population groups: indigenous 
women, women from non-English-
speaking backgrounds, women in metro-
politan, rural or remote areas by socio-
economic status. While the programme 



was designed primarily for asymptomatic 
women, some women present with a 
symptom and are screened. State-based 
programmes vary in their approach to 
these women, most advising or encour-
aging consultation with the woman's 
medical practitioner outside the pro-
gramme. 

Australia has universal health insur-
ance coverage of its population by 
Medicare, which is funded by the 
Commonwealth Government and 
includes a levy on taxpayers in higher 
income brackets. Medicare reimburses 
its scheduled fee to women who have a 
medical practitioner's referral for mam-
mography in the private sector; the 
women themselves must fund the differ-
ence in the provider's fee. Women who 
attend private radiology services for 
mammography without a referral do not 
qualify for fee reimbursement. 

Mammography 
By 1998, 54% of women aged 50-69 
had participated in the national pro-
gramme (Table 16). No national data 
are available on attendance for re-
screening, but State-based pro-
grammes reported rates of 74% in 
Western Australia and 82% in 
Queensland for index screens in 1995 
or 1996. The proportion of women 
attending for initial (range, 15-40%) 
and subsequent screens (range, 
60-85%) varied among states, 
depending on the length of time since 
implementation and the geographic 
spread of services to be established. 
Uptake of screening by women with 
symptoms was reported to range from 
<1 % in Western Australia in 1995-96 
to 4.7% in Victoria in 1997 and 
Queensland in 1998 and 8.4% in 
South Australia in 1995. 

Most of the women who were 
screened (~: 80%) were from an 
English-speaking background, the 
percentage screened varying across 
states but close to the population pro-
portions in the 1996 census. 

Participation was greater in areas out-
side metropolitan regions in all states. 
The percentage of women who were 
identified as Aboriginal and Torres 
Strait Islander was low but in line with 
the population proportions in the 1996 
census in three states. 

Use of mammography in the 
private sector peaked in 1992. More 
than 300 000 bilateral mammograms 
were reimbursed in Medicare each 
year from 1996 to 1999, of which 40% 
were for women aged 50-69. 

Clinical breast examination 
In the 1996 national breast health sur-
vey, 68% of women aged 30-69 
reported having had a clinical breast 
examination by a health professional 
within the past 2 years, whereas only 
35-50% had been examined in the 
past 3 years in earlier studies. In 
1996, more younger than older 
women reported having had a clinical 
breast examination within the past 12 
months (Barratt et al., 1997a). 

Breast self-examination 
In the 1989-90 national health sur-
vey, 63% of women aged 18-64 
reported performing breast self-
examination regularly' (Barratt et al., 
1997b). By 1996, however, only one-
third of women between 30 and 69 
years of age reported performing 
monthly breast self-examination. 

New Zealand 
BreastScreen Aotearoa covers all areas 
in New Zealand and all symptomatic 
women 50-64 years of age. At the end of 
the first complete 2-year round of mam-
mography in December 2000, the partic-
ipation rate was 54% of women aged 
50-64 years (Table 16). Participation 
was lower than the overall rate among 
Maori (35%) and Pacific Islander (34%) 
women and higher (56%) among all 
other women. The extent of use of 
clinical breast examination and breast 

self-examination is unknown. 

Methods for assuring quality 
Australia 

Mammography 
A national committee advises Breast-
Screen Australia on specific policy, 
quality, data management, clinical 
aspects and administrative issues in 
programme management; five work-
ing groups report to the committee. In 
addition, a national quality manage-
ment committee oversees accredita-
tion issues in a comprehensive sys-
tem to ensure that all BreastScreen 
services operate under a common set 
of standards. Each service is 
assessed every 3 years by an inde-
pendent team of expert reviewers to 
ensure that service delivery complies 
with the national accreditation 
requirements, a set of minimum stan-
dards and requirements covering all 
aspects of service delivery. 
In addition, the services must meet 
the equivalent of the national perfor-
mance indicators, depending on the 
number of screens delivered, the can-
cer detection rate, the small-cancer 
detection rate, the number of interval 
cancers (invasive only) and detection 
of DCIS. To ensure that the standards 
remain relevant and current, the 
requirements were comprehensively 
updated in 2000-01 by the National 
Breast Cancer Centre, which collated 
evidence-based reviews undertaken 
by expert multidisciplinary teams 
appointed for the purpose. 

Data are monitored independently 
of the accreditation process. 
Performance indicators were agreed 
at the national level, under the 
guidance of the National Advisory 
Committee, initially in relation to 
participation, cancer detection, small-
cancer detection, programme 
sensitivity (interval cancers) and inci-
dence and mortality. Services 
collect data in accordance with the 
BreastScreen Australia minimum data 
set, on the basis of nationally agreed 
definitions and classifications. Data 
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Country and indicator 

Australia, 1997-98a 
50-69 years 40 years 

Participation (%) 54(54-54) 36(36-36) 
Invasive cancer detection rate 

First round 1998 (/1 000) 5.9 (5.5-6.3) 6.0 (0.7-6.4) 
Subsequent round 1998 (/1 000) 3.6 (3.4-3.8) 3.4 (3.3-3.6) 

Small invasive cancer ( :5 10 mm) detection rate 

First round 1998 (/1 000) 1.9 (1.6-2.1) 1.8 (1.6-2.0) 
Subsequent round 1998 (/1 000) 1.5 (1.4-1.6) 1.4 (1.3-1.5) 

Interval cancer rate 

(invasive cancers only) 

Re-screening rates Year of index Rate in women 50-69 
screen years (%) 

Victoria 1997 81 

New South Wales 1996 75 

Queensland 1996 82 
South Australia 1995 79 

Western Australia 1995/96 74 

Percentage DCIS of all cancers Year Women 50-69 years 

Victoria 1999 22 
New South Wales 1998 23 

Queensland 1997 22 
South Australia 1997 25 
Western Australia 1997-98 21 

New Zealand, 1998_2000c 50-64 years 

Participation (%) 
All women 54 
Maori 35 
Pacific Islander 34 
Other 56 

Assessment (%) 	 6.8 
False-positive rate (%) 	 6 
Specificity (%) 	 94 
Cancer detection rate 	 7.0/1000 

a BreastScreen SA (1999); Australian Institute of Health and Welfare (2000); 
BreastScreen NSW (2000); BreastScreen Queensland (2000); BreastScreen Victoria 
(2001); BreastScreen WA (2001) 
b Crude rate in asymptomatic women screened in 1996 during 12 months' follow-up 

are supplied by the six state and two 
territorial programmes to the 
Australian Institute of Health and 
Welfare for collation and analysis 
and reported jointly by BreastScreen, 
the Institute and the Commonwealth 
Department of Health and Aged 
Care. 

Clinical breast examination 
There are no standards of quality for 
clinical breast examination. Studies 
have shown an effect of training in 
clinical breast examination on the skill 
of clinicians (see Chapter 2), and 
some evidence was found that those 
performing clinical breast examination 
do not feel confident in their skills. 

Breast self-examination 
No standards for teaching breast self-
examination were available. In 1996, 
28% of women in Australia who had 
ever practised breast self-examina-
tion reported that their practice was 
correct (Barratt et al., 1 997b). 

New Zealand 
Mammography 
As part of the programme, the 
Government convened a group of 
national and international experts to 
develop interim national quality 
standards that all providers must 
meet. The standards, which were in 
place when the programme 
commenced, reflect six key areas: 
radiology, medical radiation therapy, 
medical physics, nursing, pathology 
and surgery. A current review will add 
standards relating to programme 
management, data management and 
health promotion and education. 

The BreastScreen Aotearoa Inde-
pendent Monitoring Group monitors 
and evaluates the programme under 
contract with the Ministry of Health, 
assessing performance against indi-
cators specified by the Ministry. Lead 
providers are contractually bound to 
supply specified data regularly to the 
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independent monitoring group. The 
first monitoring report appeared in 
February 2000, and quarterly reports 
had been produced up to September 
2001 	(BreastScreen 	Aotearoa 
Independent Monitoring Group, 2001). 

The lack of a population register 
currently precludes complete enu-
meration of all eligible women and 
accurate calculation of registration 
and participation rates. BreastScreen 
Aotearoa may be able to use the elec-
toral roll to identify eligible women in 
the future. 

Clinical breast examination 
The New Zealand Cancer Society 
acknowledges the importance of the 
quality of clinical breast examination, 
and its statement on the matter 
repeats the message of the 1997 
National Institutes of Health Consen-
sus Development Conference, that 
clinical breast examination requires 
proper quality control and monitoring 
before it can be regarded as a satis-
factory screening tool. 

Breast self-examination 
The New Zealand Cancer Society 
has acknowledged the barriers to 
women practising breast self-exami-
nation regularly and competently and 
the fact that its practice can lead to 
unnecessary anxiety and medical 
investigations, particularly among 
younger women. Although no quality 
assurance strategies have been 
reported, women participating in 
focus group research in New Zealand 
admitted to a lack of confidence in 
doing breast self-examination and 
greater confidence in doing 'casual' 
checks. The message of familiarity 
with one's breasts was considered 
compatible with encouraging women 
to continue casual checks and 
increase their confidence. The 
researchers reported that women 
were comfortable with the breast 
awareness message, but the level of 

practice 	is 	unknown(http://- 
www.healthywomen.org.nz/bsa/defau  
lt.asp). 

Performance indicators 
Australia 
The national performance indicators in 
BreastScreen Australia are the rates of 
participation, cancer detection, small-
cancer detection and programme sensi-
tivity (interval cancers) in women 50-69 
years of age (Table 16). The national 
participation rate was 54% (age-
adjusted) in 1997-98, whereas the 
programme target is 70%. No reliable 
estimates are available of the proportion 
of mammograms conducted in women of 
these ages under Medicare that might be 
de-facto screening. The invasive cancer 
detection rate was 5.9 per 1000 women 
screened, and the rate of small cancers 
detected in the first screening round 
was 1.9 per 1000 (age-standardized 
rates). The minimum standards for 
cancer detection set in the 1991 national 
accreditation requirements included 
invasive cancers and DCIS, but the 
standards have since been revised to 
exclude DCIS. The minimum standard 
for sensitivity of the programme was less 
than 0.6 interval cancers per 1000 
women screened. Nationally, a rate of 
0.65 per 1000 was achieved in 1996 in 
all screening rounds in asymptomatic 
women of all ages in the 12 months after 
a negative result. Although BreastScreen 
Australia does not report the percentage 
of DCIS, these figures are calculated in 
five States for comparison with pro-
grammes in other countries (Table 16). 

New Zealand 
The agreed performance indicators are 
rates of participation, technical recalls, 
technical 	repeats, 	assessment, 
false-positives, open surgical biopsies 
and benign biopsy sample weighing 
<20 g (BreastScreen Aotearoa Indepen-
dent Monitoring Group 2001). The target 
participation rate is 70%, as in other pro-
grammes internationally. Accurate calcu- 

lation of the participation rate requires a 
population-based register to identify eli-
gible women. BreastScreen Aotearoa is 
also making progress in complete and 
timely data collection to enable monitor-
ing of cancer rates by size, stage, nodal 
status and grade. 

Countries or regions with no 
organized mammographic screening 
Information from China (Shanghai), India 
(Mumbai), Japan, the Philippines and 
Singapore, indicated that some type of 
screening programme or a screening 
trial existed. 

China 
It is uncertain whether there is screening 
in China, although the 1997 WPRO 
survey indicated that breast cancer 
screening had been offered routinely 
since 1975 and that mammography 
was part of the procedure. Health 
education, well-developed and accessi-
ble health services and public awareness 
have been mentioned as necessary in 
the early diagnosis of breast cancers in 
China (Sankaranarayanan et al., 1998). 

In a trial of breast self-examination in 
the absence of mammography was con-
ducted in the Shanghai Textile Industry 
Bureau in 1989-9, it was concluded that 
the efficacy of breast self-examination is 
unproven (Thomas et al., 1997). Contact 
with the Women's Health Institute in 
Shanghai (Gao Xiao Ling, Deputy 
Director, personal communication) 
indicated that the Institute is responsible 
for 100 teams who supply breast and 
cervical screening to 400 000 women 
aged 25-60. Breast screening is carried 
out by clinical examination by teams of 
doctors and health workers. Women may 
come into contact with the team during a 
team visit to the workplace or when 
individual women attend a team clinic, 
e.g, in one of 19 maternal and child 
health centres in Shanghai. The visit is 
recorded on a card (extent of detail 
unknown) which is held by the woman, 
by the workplace or by the clinic. 
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Repeated visits at worksites are made to 
women seen at past visits and newly eli-
gible women, and it would appear that 
women are eligible (criteria unknown) for 
repeat visits to clinics. 

When a suspect sign or symptom is 
detected, the woman is referred to a hos-
pital for mammography. A doctor from 
the team may accompany the woman to 
the hospital, although they are usually 
unaccompanied. Women can also attend 
the hospital directly (Gao Xiao Ling, per-
sonal communication). 

India 
A Government-funded national cancer 
control programme associated with the 
Indian Cancer Society offers various 
activities across States, constituted 
mainly of health education programmes 
for early detection of cancers, including 
breast cancer, but there is no organized 
screening programme (Sankaranarayanan 
et al., 1998). 

The Preventive Oncology Division of 
the Tata Memorial Centre offers regular 
cancer screening services (clinical 
examination and training in breast self-
examination) to 3000-4000 women, who 
are screened annually at outpatient 
clinics, and to similar numbers who 
are screened at community-based 
cancer camps (www.tatamemorial 
centre.com). 

A randomized intervention trial 
funded by the US National Cancer 
Institute is under way at the Tata 
Memorial Centre, Mumbai, to evaluate 
clinical breast examination and the 
teaching of breast self-examination in 
the control of breast cancer in that city; it 
is in its fourth year (I. Mittra, personal 
communication). The trial includes 
150 000 women in suburban Mumbai in 
four rounds of screening at approxi-
mately 18-month intervals; cancer 
awareness messages are delivered 
to women in both arms of the trial 
in addition to the screening intervention, 
which also includes cervical screening. 

Japan 
Clinical breast examination, which has 
been used for screening in Japan since 
about 1975, was incorporated into mass 
screening in 1987, with annual clinical 
examinations of women aged ~ 30 
years. The intervention was reported to 
cover approximately 8% of the 
population in 1995 (Abe et al., 1983; 
Ballard-Barbash et al., 1999). A 
screening trial in Miyagi Prefecture, 
Japan, in 1989-91 comprised one-view 
mammography every 2 years, at first to 
women aged ~: 50 years and later to 
younger women. An improved cancer 
detection rate was found when com-
pared with clinical examination alone 
(Ohuchi et al., 1993; Yokoe et al., 1998). 
The Ministry of Health and Welfare sup-
ported a study to analyse the cost-effec-
tiveness and sensitivity of mammo-
graphic screening. After 1997, the group 
planned guidelines for a national mam-
mographic screening programme, set-
ting up training and assessing the quality 
and sensitivity of mammography 
(N. Ohuchi, personal communication). 

Guidelines for quality assurance 
of mammography were drafted in 
1999 (Klabunde et al., 2001b). 
In 2000, the national guidelines for 
breast cancer screening were changed 
to recommend one-view mammography 
every 2 years for women aged ~: 50 
(N. Ohuchi, personal communication). 
The programme targets 30% of the 
eligible population and has available 
two mammography facilities and 
three radiology units (Klabunde et al., 
2001b). Population-based mammo-
graphic screening for women 40-49 
years of age is still under consideration 
(Morimoto et al., 2000). The International 
Breast Cancer Screening Network, of 
which Japan is a member, has published 
summary information on the screening 
initiative in Japan (Ballard-Barbash et al., 
1999; Klabunde et al., 2001 b). 

Philippines 
A randomized controlled trial of 
screening for breast cancer by clinical 
examination performed by trained 
nurses was established in 1995 in 
Greater Manila, with support from the 
United States Army Medical Research 
Development Command. A total of 202 
health centres were randomized, with 
219 000 women in the intervention and 
190 000 in the control arm. The first 
round of examinations was completed by 
the end of 1997. Because of a very low 
rate of compliance with referral among 
women who had a positive result at 
clinical examination, the trial was discon-
tinued after the first screening round, and 
follow-up of the target population was 
undertaken. Overall, 105 new cases of 
invasive breast cancer were found in the 
study population after an average of 3 
years of follow-up. The proportion of 
cases diagnosed at stage I or IIA 
increased by 9% after the intervention 
(Parkin et al., 2001). 

Singapore 
The Singapore Cancer Society offers 
free screening at its headquarters and 
has a mobile breast screening unit 
(www.cancer.org.sg). The Breast Cancer 
Foundation, a non-profit organization, 
offers instruction in breast self-examina-
tion and screening by clinical breast 
examination for women < 40 years and 
by mammography for women ~! 40 years 
(www.bcf.org.sg). Up to the mid-1990s, 
screening was offered to women 
attending Government clinics for ante-
and postnatal visits, and they were given 
instruction in examining their breasts. 
From 1987, Well Woman Clinics offered 
a clinical breast examination and 
instruction in breast self-examination, 
and after 1989 women aged ~! 40 
were encouraged to attend for mammo-
graphy, although by the mid-1990s no 
more than 25% of women 50-64 years 
of age were estimated to have ever had 
a mammogram, perhaps because of the 
high fee (Seow et al., 1997). The 
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National Breast Cancer Screening 
Project conducted in 1994-96 enrolled 
28 231 women aged 50-64 for a 
single free mammogram at one of two 
large mammographic screening centres, 
with 97 294 women as controls (Ng 
et al., 1998). The project concluded with 
recommendations for quality assurance 
programmes to ensure consistent 
reporting and for the establishment of 
minimum standards (Tan et al., 2000) 

The Singapore Ministry of Health is 
introducing a mammographic screening 
programme for asymptomatic women in 
2002, offering annual screening to 
women aged 40-49 and screening every 
2 years to women aged 50-64. The 
programme will be linked to a population 
register to invite eligible women aged 
50-64 and will maintain a screening 
register. Women with symptoms will not 
be screened in the programme but 
advised to see a doctor for investigation. 
After having a screening mammogram 
with negative results, women will be 
reminded to continue monthly breast 
self-examination. The programme aims 
to screen 50 000 women in the early 
years, to increase its coverage every 
year, and to screen 70% of the popula-
tion by 2008 (T. Yoong, Singapore 
Ministry of Health, personal communica-
tion). 

Countries or regions for which there 
is more limited information 
American Samoa 
Although the 1997 WPRO survey 
indicated that screening had been con-
ducted since 1996, with 52% coverage 
of the target population, there is no 
mention of mammographic screening. In 
contrast, a recent paper noted very little 
screening (Mishra etal., 2001). 

Bangladesh 
Information on breast cancer detection in 
Bangladesh was abstracted from a con-
ference presentation of Dr R. Sultana at 
the World Conference on Breast Cancer 
in Ontario, Canada, in 2000 

(www.bangla2000.com). The key facts 
mentioned were the lack of free health 
services, health insurance or a system-
atic health monitoring system in 
Bangladesh; furthermore, the numbers 
of women who develop or die from 
breast cancer each year are unknown. 
The Cancer Institute and Research 
Hospital in Dhaka is the sole 
Government-funded facility for cancer 
patients. The hospital, in collaboration 
with the Bangladesh Cancer Society and 
some private clinics in Dhaka, offers 
mammography and other breast cancer 
services. 

Hong Kong (China) 
Hong Kong lacks an organized screen-
ing programme. Four local health cen-
tres offer screening by clinical breast 
examination and mammography to 
mostly asymptomatic women aged 
between 40 and 65-70 years who are 
self-referred and pay for the services 
themselves (Abdullah & Leung, 2001; T. 
Lee, Hong Kong Anti-cancer Society, 
personal communication). The centres 
all have registers and report attendance 
of 4000-6000 a year per centre, indicat-
ing that many women in Hong Kong do 
not use the screening services (Chan et 
al., 1998; Lau et al., 1998; Abdullah & 
Leung, 2001; Hong Kong Sanatorium, 
personal communication). A fifth clinic, 
conducted by the Department of Health, 
is restricted to women 45-64 years of 
age; it charges an annual fee for its 
health promotion and disease prevention 
programmes and a separate fee for 
mammography. 

Taiwan (China) 
Breast self-examination, clinical breast 
examination and mammography all 
appear to be used in Taiwan (Chie etal., 
2000). Hospitals with websites mention 
general clinical screening for cancer in 
adults and three specialized breast clin-
ics. The Department of Health's breast 
cancer control programme aims to 
increase the number of women who 

carry out breast self-examination and to 
conduct examinations, presumably 
clinical examinations, of up to 1 million 
women over 35 years of age for breast 
cancer (www.gio.gov.tw). 

Republic of Korea 
The 1997 WPRO survey reported that 
screening had been available since 1996 
and that mammography formed part of 
the procedure. Information on the 
Korean Breast Cancer Society website 
confirmed this observation and sug-
gested increased detection of breast 
cancer by mammography. Mammo-
graphic screening has been available 
since 1994 at Yonsel University Medical 
Centre. 

Thailand 
The two population-based cancer 
registries, in Chiang Mai and Khon Kaen, 
reported no organized breast cancer 
screening programmes and indicated 
that breast cancer screening was a low 
priority because of a low, but increasing, 
incidence. Khon Kaen and Chiang Mai 
University Hospitals offer health educa-
tion and a mammography service on 
demand (Sankaranarayanan et al., 
1998). 

Viet Nam 
Training programmes in breast cancer 
screening supported by WHO have been 
mentioned on the WHO Western Pacific 
Region website in Ha Noi and Hue and 
three pilot projects in Ha Nol and Ho Chi 
Minh City. Two publications from the 
Ha Noi and Ho Chi Minh City cancer 
registries mention a high breast cancer 
incidence but do not refer to early 
detection programmes (Anh etal., 1993; 
Nguyen et al., 1998). 

The only source of information for a 
number of other countries on routine 
breast cancer was the 1997 WPRO 
survey. The countries are: 
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Guam 
Screening since 1985, coverage 
unknown, mammography offered. 

Malaysia 
Screening since 1985, 60% coverage of 
the target population, no mammography 

Mariana Islands 
Screening offered, no mention of year of 
commencement, mammography 

Niue 
Screening since 1983, coverage un-
known, no mammography 

Palau 
Screening since 1980, coverage un-
known, no mammography. 

Tokelau 
Screening since 1996, coverage un-
known, no mammography 

Fiji 
The WHO website mentioned support 
from WHO to develop breast and other 
cancer screening programmes. 

Behavioural factors and the 
longer-term success of 
screening 

Behavioural factors are fundamental to 
the longer-term success of a screening 
programme. They include communica-
tion about breast cancer and the 
screening 	process, 	psychological 
consequences of participating in screen-
ing and issues affecting participation in 
screening. Most research about 
behavioural factors and screening has 
focused on predictors of participation 
and evaluation of strategies designed to 
encourage higher rates of participation. 

Information and understanding 
Cancer screening programmes target 
individuals without symptoms, with the 
aim of preventing deaths from the dis- 

ease. However, participation in screen-
ing may have considerable negative 
sides for the individual in terms of 
increased anxiety, additional tests and 
treatment if cancer is detected. Further-
more, ethical and legal considerations in 
respect of informed consent require that 
women fully understand the process of 
screening. Participants should therefore 
be fully informed about the potential ben-
efits and harms of a screening pro-
gramme in order that they can decide 
whether or not they wish to take part. 

Understanding the benefits and 
harms of screening 
Women's decisions about whether to 
take part in screening and their 
understanding of the experience are 
affected both by their views about their 
own risk for developing breast cancer 
and by their understanding of the risks 
and benefits of screening. 

Women 's understanding of the risk for 
breast cancer 
Women have been shown to overesti-
mate their own risk for developing breast 
cancer. In one study, women overesti-
mated their risk for dying from breast 
cancer within 10 years by 20-fold (Black 
et al., 1995). In an Australian population-
based study, Barratt et aI. (1 997b) found 
that 65% of women overestimated the 
risk for developing breast cancer, and 
15% believing that more than 50% of 
women will develop breast cancer at 
some time in their lives. Women also 
overestimated their own risk for develop-
ing breast cancer, and younger women 
believed themselves to be at greater risk 
than did older women. Information about 
screening is interpreted against a com-
munity belief that the rates of breast 
cancer and individual risk for the disease 
are high. 

Women's understanding of the accu-
racy of screening 
Women tend to overestimate the 
accuracy of screening. Black et al. 

(1995) for example, found that women 
overestimated the reduction in relative 
risk due to mammographic screening by 
sixfold and the reduction in absolute risk 
by more than 100-fold. Thirty-two per 
cent of women in an Australian study 
substantially overestimated the accuracy 
of screening mammography, believing 
that over 95% of cancers are detected 
(Barratt et aI., 1999). All the women in 
this sample believed that screening 
mammography should pick up all 
cancers, and three-quarters believed 
that the sensitivity of mammographic 
screening should be over 90%. Forty-five 
per cent of women thought that compen-
sation should be awarded if a breast 
cancer was missed because it was not 
found in the test (Barratt et al., 1999). 
These beliefs are based on a misunder-
standing of the accuracy of mammo-
graphy rather than unrealistic percep-
tions about what is needed for a 
worthwhile test; women said they would 
still find the test worthwhile if it found only 
50% of cancers. Schwartz et al. (2000) 
also reported that women were tolerant 
of false-positive results. 

Overestimation of the accuracy of 
screening mammography may have sig-
nificant consequences. If a woman has a 
negative result in a screening mammo-
gram and then develops breast cancer, 
she may feel a sense of betrayal and 
may believe that she is entitled to 
financial compensation. If she believes 
that the screening mammogram is highly 
reliable, she may delay seeking advice 
about a symptom that develops between 
screens. If she hears that cancers have 
been missed in other women by the 
screening programme, she may be 
discouraged from attending, in a belief 
that the particular programme is ineffec-
tive. A strong belief in the accuracy of 
screening may cause her to place 
considerable reliance on a positive 
result; even if it is found to be a false-
positive finding, she may maintain con-
cern that the test could not have been 
completely wrong'. 
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What is my chance of dying from breast cancer if I decide not to be 
screened? 

What is my chance of dying from breast cancer if I decide to participate 
hn screening? 

What is the chance that my mammogram will be normal? 

if my mammogram is not normal, what is the chance that I have breast 
cancer? 

What further tests might I be advised to have if my mammogram is not 
normal? 

my mammogram is normal, what is my chance of having breast 
cancer anyway (that is, cancer undetected by the mammogram)? 

What is the chance that I may be harmed by screening, by receiving 
unnecessary treatment or exposure to radiation? 

/-%,,dapled fronn Goyde' 	20 

Understanding and informed consent 
The legal requirements for consent to 
screening vary between jurisdictions. In 
Australia, for example, State legislation 
requires signed consent for participation 
in screening and for each assessment 
test. In Italy, no written consent is 
required for screening or for additional 
mammography of lesions detected at 
screening, although written consent is 
required for biopsy. 

In most jurisdictions, however, the 
concept of 'informed consent' is funda-
mental (Austoker, 1999). Informed 
consent means that the woman under-
stands what is involved in the screening 
process and that clear, comprehensible 
information is given about the key issues 
of relevance for the woman, particularly 
in relation to potential benefits and 
harms. 

Providing better information about the 
benefits and harms of mammo graphic 
screening 
The challenge is to create more accurate 
understanding of screening and screening 
mammography among women in the 
community. There is growing pressure 
on screening programmes to provide 
fuller information about the sensitivity, 
specificity and potential harms and ben-
efits of screening (e.g. Dixon-Woods et 
al., 2001). 

Relatively little is known about how 
best to communicate these sometimes 
complex issues in a way that is clear, 
accurate and relevant to women. 
Screening programmes rarely provide 
detailed information about the accuracy 
of screening mammography; in an 
Australian study of 58 pamphlets con-
taining information about mammo-
graphic screening, only one-fourth gave 
information about sensitivity and none 
gave data about specificity (Slaytor & 
Ward, 1998). 

Community understanding might be 
improved by describing the result of 
screening mammography as the 'magni-
tude of the risk' for having cancer rather  

than a simple dichotomy of 'having can-
cer or not' (Goyder et al., 2000). For 
example, a negative result in a screening 
test might be described as indicating a 
'low risk' for breast cancer rather than 'no 
abnormality'. Goyder et al. (2000) 
analysed some of the questions that may 
be important to women in understanding 
screening for breast cancer and deciding 
whether or not to participate, as shown in 
the box below. Some research has been 
done of individuals' understanding of 
risk, both absolute and relative, and the 
preference for numerical or verbal infor-
mation. Individuals clearly differ in the 
type and style of information they prefer 
and in their interpretation of verbal, 
numerical and graphical information 
(Sutherland et aI., 1991; Butow et al., 
1996; O'Connor et al., 1998). 

Another approach is to consider 
tailored printed communications which 
provide individualized information based  

on the risk and other characteristics of 
the individual. Rimer and Glassman 
(1999) reviewed five studies of commu-
nications designed to encourage partici-
pation in screening mammography and 
reported inconsistent results. However, 
this approach has been effective in pro-
viding information in relation to other 
health problems; it may be that the provi-
sion of more accurate information about 
mammographic screening will not neces-
sarily increase participation rates but 
might provide women with an opportunity 
to assess better whether they wish to 
take part. At present, little is known about 
how best to assist women in understand-
ing the harms and benefits of breast 
cancer screening. 

Other issues in communication and 
information 
Other communication issues of rele-
vance to screening include: 
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Information about tests: There is 
good evidence that satisfaction with 
care and compliance with 
recommendations are increased if 
individuals are provided with 
adequate information before under-
going medical tests and procedures 
(e.g. Johnston & Voegele, 1993). 
Screening programmes should 
provide detailed information about 
the benefits and harms of the 
assessment and of diagnostic tests 
and about the experience of under-
going the test itself. 

Understanding the consequences of 
a diagnosis: The ways in which 
women are told they have breast 
cancer can affect their understand-
ing of their illness and their long-
term adjustment (e.g. Roberts et al., 
1994). Screening results in higher 
rates of detection of non-invasive 
conditions such as DCIS, and this 
makes communication about the 
diagnosis particularly complex. 
Information about the likelihood of 
developing subsequent invasive 
disease must be conveyed, although 
little is known about the prognosis 
for some types of DC IS. Women with 
a diagnosis of ductal carcinoma are 
confused about their diagnosis and 
its consequences (Bluman et al., 
2001). 

Psychological consequences of 
participation in screening 
One of the potential harms of mammo-
graphic screening is increased anxiety 
for women. High levels of anxiety may 
also reduce the likelihood of regular par-
ticipation in screening. Increased anxi-
ety may be generated at several points 
in the screening pathway. 

Anxiety associated with mammogra-
phy screening 
A number of studies have explored 
anxiety and distress associated with 
mammographic screening; in general, 

the studies had methodological prob-
lems, including small sample sizes, lack 
of comparability between attenders and 
control groups and lack of validated 
measures (Rimer & Bluman, 1997). 

A review (Rimer & Bluman, 1997) 
addressed four studies in which anxiety 
associated with screening was mea-
sured and concluded that most studies 
showed increased anxiety among 
women attending for screening. One 
study (Fine et al., 1993) showed that 
60% of women were anxious about hav-
ing a mammogram and 20% were very 
anxious; another study (Walker et al., 
1994) showed that 20% of women 
attending for screening had clinically 
significant anxiety levels. Some studies 
have suggested that women with lower 
levels of education, African Americans 
and women with a family history may be 
more vulnerable to anxiety (Rimer & 
Bluman, 1997). Women's anxiety 
appears to be more closely related to 
fear of an abnormal result than to the 
mammogram procedure itself (Mainiero 
et al., 2001). 

Several studies have examined the 
impact of pain from mammography. 
Many women (73%; 66%) reported that 
mammography was painful (Hafslund, 
2000; Keemers-Gels et al., 2000); how-
ever, most found the pain mild, and very 
few reported that the pain might deter 
them from participating in screening in 
the future. 

Anxiety associated with false-posi-
tive results 
A number of studies have explored the 

psychological impact of a false-positive 
result, and most reported a short-term, 
moderate increase in anxiety and 
distress. There is no evidence that a 
false-positive result decreases subse-
quent participation in mammographic 
screening. The psychological effects of 
false-positive results are discussed in 
Chapter 5. 

Anxiety associated with a diagnosis 
of breast cancer 
While most women with breast cancer 
experience some symptoms of anxiety, 
12-30% have been found to experience 
clinically significant anxiety (Maraste et 
al., 1992; Finder et al., 1993), and there 
are major psychological, physical and 
practical consequences of a diagnosis 
of breast cancer. While these problems 
are managed primarily by treatment 
teams, screening programme personnel 
often inform women of a diagnosis of 
breast cancer. 

Encouraging participation in 
screening 
The long-term success of a screening 
programme depends on participation by 
a substantial proportion of eligible 
women. Considerable research has 
been conducted on the factors associ-
ated with participation in screening and 
strategies for increasing participation 
rates in relation to each of the 
programmes for breast cancer, as 
described below. The studies of predic-
tors of participation rarely addressed the 
contribution of these factors to non-
participation. Studies of the effectiveness 
of various intervention strategies may 
therefore contribute more to our under-
standing of participation in screening. 

Mammo graphic screening 
Predictors of participation 
High participation rates in mammo-
graphic screening make a major 
contribution to the cost—effectiveness of 
the entire screening programme. In order 
to identify factors associated with an 
increased likelihood of participating in 
mammographic screening, a literature 
search was undertaken with the search 
terms 'mammographic screening x par-
ticipation, attendance and predictors'; a 
recent review of studies of participation 
in screening (Potter et aI., 1996) was 
used as another source. The results are 
shown in Table 17. 
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Table 17. Predictors of attending for mammographic screening 

Reference 	 Study type 	 Country 	 Study population 	Key findings: Increased attendance 
associated with: 

Prospective studies 

3291 women aged 	Demographic: owning accommodation (com- 

50-64 	 pared with renting); married or single; black. No 
significant association with other indicators of 
socioeconomic status; education; age; distance 
from screening centre 
Cognitive: Perceived importance of regular 
screening; intention to go for breast screening; 
beliefs about personal consequences of screen-
ing, effectiveness of screening and chance of 
getting breast cancer; attitudes of significant 
others; moderate anxiety (rather than low or 
excessive anxiety) 

285 women aged 45-70 	Cognitive: no significant association with know- 
ledge, attitudes, prior experience, perceived 
susceptibility, information about screening 

180 rural women 	Demographic: higher education 
Cognitive: perceiving a personal risk; intention 
to attend 
Health care: no previous mammogram 
Access: knowing location of service 

Attenders: 946 	 Demographic: working, middle income, average 
education 

Non-attenders: 641 	Cognitive: overoptimism about sensitivity of 
mammography; perception of own risk as 
moderate 
Health care: regular visit to gynaecologist; 
attend for Pap smears and practise breast self-
examination 

Sutton etal. (1994) Prospective survey before 
invitation to attend breast 
screening for the first time; 
objective measure of atten-
dance 

United Kingdom 

Turnbull etal. (1995) 
	

Prospective interview of 
	

Australia 
women invited to attend for 
screening; objective measure 
of attendance 

Cockburn et al. 	Cohort study with prospective 	Australia 

(1997) 	 interview before arrival of 
mobile van; objective measure 
of participation 

Aro et al. (1999) 	Prospective interview I month 
	

Finland 
before invitation to attend first 
round of screening; objective 
measure of attendance 

Arc, et a/. (2001) 	Prospective interview; objec- 	Finland 	 436 	 Cognitive: lower levels of depression and anxi- 

tive measure of attendance 	
ety; more social support 
Health care: less compliance with health 
recommendations 



Table 17 (contd) 

Reference 	 Study type 	 Country 	 Study population 	Key findings: Increased attendance 
associated with: 

Comparisons of attenders and non-attenders with objective measure of participation 

Donato et al. (1991) Survey of sample of attenders Italy 429 non-attenders; 477 Demographic: lower educational level, married 
and non-attenders at screen- attenders and widowed (compared with single, separated, 
ing; objective measure of divorced) 
attendance Cognitive: family history of breast cancer 

Ciatto et al. (1992) Sample of attenders and non- Italy 393 women: 227 atten- Demographic: aged 40-49 (compared with 
attenders at screening; objec- ders; 166 non-attenders younger and older), marital status. No significant 
tive measure of attendance association with socioeconomic status or education 

Cognitive: belief that screening is useful 
Health care: attendance at gynaecologist; advice 
from doctor 

Kee et al. (1992) Sample of attenders and non- Ireland 300 attenders; 300 Demographic: younger age 
attenders at screening; objec- non-attenders Access: attendance by private car (rather than 
tive measure of attendance public transport); accepted appointment during 

office hours 

Margolis et al. Women invited to attend USA 907 women Demographic: aged ~! 60; race; insured women 
(1993) scheduled mammography at a 

teaching hospital; objective 
measure of attendance 

McNoe et al. (1996) Samples of attenders and New Zealand 191 attenders; 174 non- Demographic: not significantly associated with 
non-attenders; objective mea- attenders age, education, income, socioeconomic status 
sure of attendance 

Lagerlund et al. Samples of attenders and Sweden 434 non-attenders; 515 Cognitive: lower emotional barriers; anxiety 
(2000a) non-attenders; objective mea- attenders about breast cancer; perceived benefits of 

sure of attendance screening; more knowledge 
Health care: physician recommendation 

Lagerlund et al. Samples of attenders and Sweden 434 non-attenders; 515 Demographic: married, employed 
(2000b) non-attenders; objective mea- attenders Health care: greater use of health care services, 

sure of attendance other preventive behaviour and screening tests 

Lostao & Joiner Survey of attenders and non- Spain 708 women 45-65 Demographic: aged 45-50 and 56-60 
(2001) attenders; objective measure years; 512 participants Cognitive: knowing someone with breast cancer; 

of screening and 196 non-partici- belief that breast cancer can be treated; anxiety 
pants about cancer 

Health care: being in better health 

Banks et al. (2002a) All women invited to screening United Kingdom 1064 women aged Demographic: more affluent areas 
in two general practices; objec- 50-64 Health care: having a prescription for hormone 
tive measure of attendance replacement therapy 



Reference Study type Country Study population Key findings: Increased attendance 
associated with: 

Cross-sectional self-reported 

Bernstein et al. Cross sectional survey; self- USA 4728 women a 40 Health care: being a member of a health manage- 

(1991) reported measure of atten- ment organization 

Glanz et al. (1992) 
dance 

USA 798 women >- 40 at 39 Cognitive: better knowledge; belief that cancer is 
Cross-sectional telephone sur- work sites curable, mammography is effective and mammo- 
vey at selected, diverse work grams necessary in the absence of symptoms; 
sites knowing someone with breast cancer 

Health care: doctor's recommendation 

Grady et al. (1992) USA 630 women aged 45-75 Health care: physician encouragement to a greater 
Population-based cross-sec- degree than health status, health care use, attitudes 
tional survey, randomly selected or demographic characteristics. Older women no 
from census; self-reported more likely to report physician encouragement 

Zapka et al. (1992) USA 1987: 838 Cognitive: family history 
Cross-sectional survey of 1990: 601 Health care: having a regular physician 
women aged 52-75; self- 
reported participation 

deBruin et al. (1993) Netherlands 2702 Health care: having recently had a Pap test 
Cross-sectional survey; self- 

Calle et al. (1993) 
reported 

USA 12 252 women Demographic: higher income, non-Hispanic or other 
Cross-sectional survey; self- non-white 	background, 	higher education 	atten- 
reported dance, age <65, living in urban area 

Mandelblatt et al. USA 271 women (average Cognitive: intention to have a mammogram. No sig- 
(1 993a) Cross-sectional survey of atten- age, 75 years, 99% black) nificant association with knowledge or attitudes 

dees at public hospital clinic Health care: more than three chronic illnesses 

Fox & Roetzheim USA Older sample: 724 Ethnicity: Hispanic women reported greater concern 
(1994); Fox et al. Medicare sample of older women ;2:65  years (5% than white or African American women. No signifi- 
(1994) women plus cross-sectional Hispanic) cant differences in attendance rates. 

population survey; self- Population sample: 972 
reported women ~! 50 years Health care: physician endorsement of mammography 

Urban et al. (1994) Cross-sectional survey; USA Whole country, analysis Demographic: higher income 

50-75-year-old women in four by residential area Cognitive: family history of breast cancer 

counties in Washington; self- Health care: regular visits to gynaecologist or physician 

reported 

van Gessel- Cross-sectional survey Netherlands 1638 Demographics: 	no 	association 	with 	education, 
Dauekaussen & de income or marital status 
Konig (1995) 

Rosenman et al. Cross-sectional survey of USA 680 women Demographic: higher education, income and insur- 
(1995) women in four farming com- ance; same rates of screening as in urban women 

munities; self-report 



Hoffman-Goetz et al 
(1998) 

Pas kett et al. (1998) 

Cross-sectional population 
surveys, 1987 and 1992; sepa-
rate analyses by racial or ethnic 
group by income; self-reported 

Cross-sectional survey of 
African—American women; 
self-reported 

USA 

USA 

Friedman et al 
	

Cross-sectional survey in clinic USA 
(1999) 
	

population; self-reported 

1011 women aged ~! 65 	Cognitive: belief that screening eases the mind' 

3014 	 Demographic: aged 50-69. No association with age 
or rural residence 

258 women aged ~! 40 	Demographic: years in USA; education 
Health care: good health 

915 	 Demographic: higher education, health insurance 

1517 	 Health care: physician recommendation; having 
medical insurance 
Ethnicity: African American white (rather than 
Hispanic). Compared with community sample, 
churchgoers more likely to be screened 

1987:22 043 	 Demographic: higher education and income in all 
1992:12 035 	 racial groups (white, African American, Hispanic) 

555 women aged ~! 40 	Cognitive: better knowledge of mammography; 
belief that mammography is useful 
Health 	care: 	regular visits to 	physicians; 	regular 
check-ups; having a medical condition 

121 ethnically diverse Cognitive: knowledge of breast cancer 
low-income women Health care: physician recommendation 
recruited from hospital 
psychiatry clinic 

5865 women aged ~! 20 Demographic: age 40-49; higher education, mem- 
years bership of voluntary private health insurance, edu- 

cational level in women over 40 
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Reference 	 Study type 	 Country 	Study population 	Key findings: Increased attendance 
associated with: 

Cross-sectional self-reported (contd) 

Frazier et al. (1 996a) 	Cross-sectional survey; self- 	USA 	 22 657 	 Demographic: higher education 

reported 	 Health care: routine examination in past year 

Thomas etal. (1996) 	Cross-sectional interview; self- 
	USA 

reported measure of participation 

Barratt et al. (1 997b) 	Cross-sectional survey; self- 
	Australia 

reported measure of attendance 

McPhee et al. (1997) 	Cross-sectional survey in 
	

USA 
Vietnamese-American com-
munities; self-reported 

Ali-Abarghouï et al. 	Cross-sectional survey; self- 
	USA 

(1998) 	 reported measure of participation 

Fox et al. (1998) 	Cross-sectional survey of 
	

USA 
church attenders 

Borràs et al. (1999) 
	

Cross-sectional survey; self- 	Spain 
reported 



1420 women from four 	Demographic: born in USA or lived there for some 
Hispanic and three black time 
groups Cognitive: positive attitudes to cancer 

Health care: having usual source of care; having pri- 
vate health insurance 

719 women aged > 60 Cognitive: symptoms; perceived susceptibility; belief 
that mammography is useful 
Health care: physician recommendation 
Access: knowing where to get a mammogram 

8602 women aged Demographic: younger age, 	residence in 	urban 
50-69 area, born in Canada 

Health care: regular doctor, recent doctor visit, not 
smoking 

538 women (average Demographic: older age 
age, 60) Health care: recommendation from doctor or nurse 

Cognitive: knowledge of screening 

583 women aged > 40 Health care: having a regular doctor 

Reference 	 Study type 	 Country 	Study population 	Key findings: Increased attendance 
associated with: 

Cross-sectional self-reported (contd) 

Mandelblatt et al. Cross-sectional population 	USA 
(1999) survey; quota sample stratified 

by age, using random-digit 
dialling to find 50 women per 
ethnic group; self-reported 

Michielutte et al. Women attending seven primary 	USA 
(1999) care clinics; self-reported 

Maxwell et al. Cross-sectional survey; self- 	Canada 
(2001) reported 

Rutledge et al. Cross-sectional survey of USA 
(2001) members of women clubs; 

self-reported 

Valdez et al. (2001) Cross-sectional survey of self- USA 
identified Latinas; self-reported 

Other designs 

Conry et al. (1993) Patients of family physicians; USA 
chart review 

Horton Taylor et al. Response rates to special United 

(1996) invitation by 65-74-year-olds Kingdom 
compared with routinely invit- 
ed women aged 50-64; pilot 
study on effectiveness of 
screening 

839 patients 	 Health care: first visit to that doctor; had a mammo- 
gram in the past; had a breast-related complaint; 
attending for an annual examination; considered by 
doctor as more likely to participate 

65-74:4836 	 Demographics: aged 50-64 compared with older 
50-64:7446 	 women 
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Studies of women who had attended 
for screening and those who had not 
were included, as were studies in which 
actual attendance for screening and self-
reported attendance were used. 
Nevertheless, more reliance should be 
placed on studies of actual attendance 
as the outcome measure, as there is 
likely to be some response bias in 
self-reported attendance. Studies in 
which 'intention to attend' was used as a 
surrogate measure were excluded. As 
community views about mammographic 
screening and its availability have 
changed considerably over the past 
decade, only studies published after 
1990 were included. 

Several studies (e.g. Sutton et al., 
1994; Cockburn et al., 1997) were 
prospective surveys of women invited to 
screening, and the characteristics of 
those women who subsequently 
attended were compared with those who 
did not; these provide the most reliable 
data about predictors of screening. In 
several studies, non-attenders were 
interviewed to identify their reasons for 
not participating; some information from 
these studies has been included, where 
relevant, although individuals may not be 
able to explain reliably why they did not 
attend, and there may be response bias. 
Studies with very small sample sizes 
were also excluded, although it should 
be noted that there has been consider-
able qualitative research (e.g. Lagerlund 
et al., 2001), on which the interventions 
described in the following chapter were 
based. 

The review indicated at the outset 
that the characteristics of the health ser-
vice delivery system (whether screening 
was offered opportunistically, whether it 
was free, whether it was population-
based) would be related to the charac-
teristics of the women who attended. 
However, in practice, there was remark-
able similarity among countries and 
screening programmes in the character-
istics of women who attended for 
screening. 

Demographic predictors of attendance 
Age 
Most studies have shown that younger 
women, even within the range 50-70 
years, are more likely to attend for 
screening than older women (Ciatto et 
al., 1992; Horton Taylor et al., 1996; 
Maxwell et al., 2001). 

Socioeconomic status 
Lower educational and income status 
were associated with lower rates of 
participation in many studies (e.g. 
Calle et al., 1993; Urban et al., 1994; 
Cockburn et al., 1997; Ali-Abarghoui 
et al., 1998; Hoffman-Goetz et al., 
1998; Bon-As et al., 1999). For 
example, Calle et al. (1993) found 
that 80% of women living below the 
poverty level had never had a 
mammogram, and Hoffman-Goetz et 
al. (1998) found that socioeconomic 
status was an independent predictor 
of attendance within racial or ethnic 
groups in the USA. 

The apparent influence of socio-
economic status on participation may, 
however, be due to the strategies 
used for recruitment and the charac-
teristics of health service delivery. For 
example, in Italy, less well educated 
women were more likely to attend a 
public screening programme (Donato 
et al., 1991), and socioeconomic sta-
tus was not associated with atten-
dance (Ciatto et al., 1992). The 
authors postulated that more affluent 
women were screened in the 
private sector. In a large prospective 
study in the United Kingdom (Sutton 
et al., 1994), women in rented accom-
modation were less likely than those 
in owned homes to attend for screen-
ing; no other indicator of socioeco-
nomic status was important. 

Rural residence 
The findings about whether living in 
rural areas affects attendance are 
inconsistent; some studies have 
shown that rural women are as likely 

to attend for screening as urban 
women (e.g. Rosenman et al., 1995; 
Barratt et al., 1997b), while others 
have shown lower attendance rates 
by rural women (Calle et al., 1993; 
Maxwell et al., 2001). The inconsis-
tency of these findings may be due to 
confounding between rural residence 
and access to screening. In areas 
where mobile screening is available, 
rural residence appeared to be less 
important (e.g. Barratt et al., 1997b), 
and distance from a screening centre 
has been shown to affect attendance 
(e.g. Sutton et al., 1994). 

Marital status 
Married and single women were more 
likely than divorced, separated or wid-
owed women to attend for screening 
(e.g. Donato et al., 1991; Ciatto et al., 
1992; Sutton et al., 1994). 

Ethnic background 
Most research suggests that ethnic 
background itself is not an important 
independent predictor of attendance 
at mammographic screening (e.g. 
Fox & Roetzheim, 1994; Fox et al., 
1994; Sutton et al., 1994), and that 
factors like socioeconomic status and 
physicians' recommendation are 
important (Hoffman-Goetz et al., 
1998; Friedman et al., 1999). 

Knowledge and attitudes as predictors 
of attendance 
Studies of the effect of knowledge and 
attitudes on participation in screening 
are difficult to compare when different 
questions and measurement tools are 
used. Nonetheless, four factors can be 
distinguished: 

Knowledge of screening 
Women who know about mammo-
graphic screening are more likely to 
attend (e.g. Glanz et al., 1992; 
Friedman et al., 1999; Lostao et al., 
2001; Valdez et al., 2001). 
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Use of breast cancer screening 

The factors most consistently associated with participation in mammo-
graphic screening appear to be: 

• an invitation or reminder to participate in an organized programme; 

• a strong recommendation from a doctor; 

• good understanding of the benefits of mammographic screening and a 
belief that breast cancer can be treated; 

• a perception of personal risk and moderate anxiety about breast 
cancer; and having recently had a Pap test or other health intervention 

Belief that screening is effective 
Women are more likely to attend for 
screening if they believe that mam-
mographic screening is effective in 
finding small cancers that can be 
cured (Donato et al., 1991; Ciatto et 
al., 1992; Glanz etaL, 1992; Sutton et 
al., 1994; Paskett et al., 1998; 
Lagerlund et al., 2000a; Lostao & 
Joiner, 2001; Lostao et al., 2001). 

Fear that breast cancer will be 
detected 
Strong fear that breast cancer will be 
detected is associated with a 
decreased likelihood of attending for 
screening (Donato et al., 1991; Ciatto 
et al., 1992; Munn, 1993). Women 
who report being very concerned 
about breast cancer may not attend 
for screening (Ciatto et al., 1992), 
whereas moderate anxiety (rather 
than little or excessive anxiety) about 
breast cancer is most likely to predict 
attendance at screening (Sutton et 
al., 1994). In interviews of non-atten-
ders, the reasons given for not partic-
ipating in screening included 'apathy' 
or lack of concern (Donato et al., 
1991; Munn, 1993), fear of a positive 
result (Donate et al., 1991; Munn, 
1993; Sutton etal., 1994), 'rather not 
know' (Kee et al., 1992) and fear of 

pain or embarrassment (Kee et al., 
1992). 

Perceived personal risk 
Perceived personal risk is also a key 
predictor of attending for screening. 
Women who believe they are more 
likely to develop breast cancer are 
more likely to attend (Donato et al., 
1991; Cockburn et al., 1997), as are 
women who report breast cancer 
among family members (Donato et al., 
1991; Glanz et al., 1992; Vernon etal., 
1992) or friends (Glanz etal., 1992). 

Health care factors as predictors of 
participation 
A recommendation by a doctor to attend 
for screening appears to be very influen-
tial and has been shown to be 
associated with attendance in many 
studies (e.g. Glockner et al., 1992; 
Zapka et al., 1992; Fox & Roetzheim, 
1994; Crane etal., 1998; Paskett et al., 
1998; Friedman et al., 1999; Lagerlund 
et al., 2000a). For example, Fox et al. 
(1994) reported that women who said 
that their physician had recommended a 
mammogram were 4.5 times more likely 
to participate. Grady et al. (1992) found 
that encouragement by a physician was 
more important than any other variable 
explored. 

Many studies have shown that 
women who participate in other screen-
ing programmes, such as those for 
cervical cancer, or who practise breast 
self-examination are more likely to 
attend for mammographic screening 
(e.g. Vernon etal., 1992). This apparent 
association might reflect a belief in 
the value of early detection and 
screening. It might also be linked with 
access to health services: women who 
have a usual source of care are more 
likely to have a mammogram (Urban et 
al., 1994; Mandelblatt et al., 1999; 
Maxwell et al., 2001; Valdez etal., 2001). 
This hypothesis is supported by the 
finding that doctors are more likely to 
order a mammogram for women who 
have had a previous mammogram or 
clinical breast examination (Glanz et al., 
1992; Conry et al., 1993); the medical 
record may prompt a doctor to order a 
mammogram. The value of prompting a 
doctor to recommend mammographic 
screening is also reflected in the 
increased likelihood that women will 
have a screen after a check-up visit 
(Conry et al., 1993). 

Access as a predictor of participation 
The role of structural factors, such as 
access, cost and health insurance, has 
been less thoroughly investigated, and 
inconsistent findings have been 
reported. All the studies listed in Table 17 
were of predictors of attendance within a 
particular health system. Regular letters 
of invitation and reminders to attend, 
which are part of an organized approach 
to screening, were found to increase 
access and attendance (e.g. Irwig et al., 
1990; Sutton etal., 1994; Somkin etal., 
1997). 

Distance from the screening site was 
found to be important in some studies 
(Haiart et al., 1990) but not others 
(Sutton et al., 1994). The inconsistency 
may be due differences in distance, 
the availability of public transport and 
attitudes towards travel for health care. 
Access to private transport was found 
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to be important in one study (Kee et al., 
1992). Interviews of non-attenders 
indicated that poor access was often 
cited as a reason for not participating in 
screening (e.g. Glockner et al., 1992; 
Hopkins & Hensley, 1993; Munn, 1993). 

The role of cost is more difficult to 
assess, and the findings about the extent 
to which socioeconomic status predicts 
attendance are mixed (Donato et al., 
1991; Calle et al., 1993; Sutton et al., 
1994). Income level is likely to be con-
founded by health service delivery char-
acteristics, in particular whether screen-
ing is free and the availability and cost of 
private screening and insurance. 
Nonetheless, cost is often cited as a rea-
son for not attending (Hopkins & 
Hensley, 1993; Munn, 1993). Cost might 
be important only below a certain income 
level. For example, Hopkins and Hensley 
(1993) found that women with annual 
incomes below US$ 15 000 were more 
likely to cite high cost as important, and 
Calle et al. (1993) found that women liv-
ing below the poverty line were less 
likely to participate. 

Participation in re-screening 
Although most programmes have shown 
high re-screening rates (e.g. Fracheboud 
et al., 1998; BreastScreen Victoria, 
2001), little is known about the factors 
that encourage regular mammographic 
screening. While these factors are 
probably different from those that cause 
women to attend for a first screen, 
first screens were not differentiated 
from subsequent screens in most 
studies. 

Several studies have been con-
ducted of re-attendance. In the United 
Kingdom, Orton et al. (1991) explored 
the reasons for non-attendance among 
the 11% of women who did not return for 
re-screening. These women were 
more likely to report the test as having 
been embarrassing or distressing and 
significantly less likely to have found the 
clinic staff helpful or to report that 
they considered their attendance worth- 

while or reassuring. Women who had 
received a false-positive result were not 
less likely to attend for subsequent 
screening. Baines et al. (1990) found 
that women who did not return for re-
screening were less likely than regular 
participants to report that they had 
received prompt, courteous, competent 
examination. 

Cockburn et al. (1997) followed a 
group of women from first to second 
screening rounds. They found that 
reluctant attenders' at the first screening 

were least likely to come back. The 
predictors of returning for a second 
screening were initially being invited 
through a community campaign rather 
than by letter and having had a previous 
mammogram before the screen. O'Byrne 
et al. (2000), in a study of women in 
Australia invited for second-round 
mammographic screening, found that 
women were less likely to attend the 
second time if they were from a 
non-English-speaking background, indi-
genous or reported breast symptoms at 
the first screen. 

Strategies to encourage participation in 
mammographic screening 
As participation in mammographic 
screening is less than optimal in most 
countries, many approaches have been 
tested to encourage attendance. 
However, as yet, no recommendations 
can be made about the most effective 
strategies for public health screening 
programmes, for several reasons. Few 
studies have been conducted on the cost 
of the various recruitment strategies, 
although, in a population progamme, the 
cost—effectiveness of the approach is of 
critical importance. A statistically signifi-
cant increase in participation found in a 
randomized trial to be due to a particular 
intervention may be of little consequence 
to a population programme if the cost is 
high. 

Furthermore, little information is 
available about the effects of community-
based strategies or programmes for  

specific populations. During the initial 
phase of a new screening programme, 
community-based strategies are often 
implemented to raise awareness. As the 
screening programme becomes estab-
lished, specific strategies may be 
needed for specific groups whose atten-
dance is low. Although such strategies 
are of considerable interest to the 
providers of public health programmes, 
they are difficult to assess in randomized 
trials and are therefore not included in 
systematic reviews. 

Comparison of studies is difficult 
because of the differences in interven-
tions, populations and methods. 
Differences in health service delivery 
systems may also confound the 
effectiveness of an intervention; for 
example, a strategy may be differentially 
effective depending on whether the sys-
tem is population-based or whether 
mammograms are provided free of 
charge. 

The types of intervention that have 
been investigated include strategies tar-
geting individual women, community-
based strategies, health care provider 
programmes and strategies for specific 
groups. 

Strategies targeting individual women 
Many studies have been conducted of 
strategies to encourage individual 
women to participate in mammographic 
screening. These were summarized in a 
Cochrane Collaboration review (Bonfill et 
al., 2001), which highlighted the limita-
tions of many studies of the effect of 
such strategies: of the 151 studies 
located, only 16 met the criteria for indu-
sien in the review. The review showed 
that five active strategies were effective 
in encouraging women to participate in 
population-based mammographic screen-
ing relative to controls with no interven-
tion: a letter of invitation (odds ratio [OR] 
1.66; 95% Cl, 1.43-1.92), mailed educa-
tional material (OR, 2.81; 95% Cl, 
1.96-4.02); letter of invitation plus phone 
call (OR, 2.53; 95% Cl, 2.02-3.18); 
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phone call (OR, 1.94; 95% Cl, 
1.70-2.23) and training plus direct 
reminders (OR, 2.46; 95% Cl, 
1.72-3.50). Neither home visits nor let-
ters of invitation to multiple examinations 
with educational material increased par-
ticipation. 

Four studies included in the review 
explored the effect of receiving a letter of 
invitation (Irwig et al., 1990; Turnbull et 
al., 1991; Sutton et al., 1994; Somkin et 
al., 1997). All the studies reported higher 
rates of participation among women who 
received the letter. On average, the invi-
tation letter increased attendance by 
about 30%, with greater increases when 
an appointment time or medical chart 
reminder were included with the letter. 

Three studies explored the effect of 
an invitation letter plus a phone call 
(Lantz et al., 1995; Janz et al., 1997; 
Bodiya et al., 1999). All the studies found 
that adding a telephone call to the invita-
tion letter increased participation; in one 
study (Lantz et al., 1995), the rate of 
attendance was four times greater 
among women who received a phone 
call. However, the costs of a telephone 
invitation are clearly greater than those 
of an invitation alone; it was estimated in 
one study that the phone call increased 
costs by about US$ 9 per mammogram 
(Bodiya et al., 1999). 

In several studies in the review, 
multi-component 	strategies 	were 
compared with a single strategy. The 
multi-component approaches were 
found to be more effective, but the rela-
tive cost—effectiveness of the different 
approaches could be evaluated in few of 
the studies. For example, Davis et al. 
(1997) compared a birthday-card 
reminder, a personalized letter and a 
multi-component phone call including 
reminder, counselling and scheduling of 
appointments. The third strategy was the 
most effective in increasing participation 
rates; however, although no data on cost 
were provided, it would also have been 
the most expensive. The importance of 
considering cost—effectiveness was 

illustrated in a comparison of three 
strategies: reminder postcard, reminder 
telephone call and motivational phone 
call (Fishman etal., 2000). The marginal 
cost—effectiveness was US$ 22 per 
woman screened for the postcard and 
US$ 92 for the reminder call. 

Several studies in the review showed 
that inclusion of an appointment 
increases participation, an appointment 
functioning as a behavioural prompt to 
attending for screening. For example, 
Irwig et al. (1990) reported participation 
rates of 38% for a group who received an 
appointment with the screening letter and 
24% for those without an appointment. 
Another study showed a 132-fold 
increase in attendance when an appoint-
ment was included (Hurley etal., 1994). 

Overall, most recruitment strategies 
targeting individual women were more 
effective than no intervention in 
encouraging participation in mammo-
graphic screening. Although combina-
tions of effective strategies resulted in 
greater participation, more data are 
needed about relative cost—effective-
ness. 

Programmes with health care providers 
Effect of a recommendation from a 
health care provider 
Several studies have shown that a 
recommendation from a doctor is 
strongly associated with participation 
in mammographic screening (Grady 
etal., 1992; Fox & Roetzheim, 1994), 
as have most randomized trials. In 
Australia, two studies (Cockburn et 
al., 1990; Clover et al., 1992) showed 
high rates of attendance after a verbal 
recommendation by a doctor to attend 
for screening. Fox et al. (1994) and 
Kohatsu et al. (1994) showed that the 
enthusiasm with which a doctor 
recommends screening is a key pre-
dictor of attendance; women who per-
ceived their physicians as having 
some enthusiasm for mammography 
were 4.5 times more likely to be 
screened. 

Several studies have shown that a 
personal letter from a woman's 
doctor increases participation; for 
example, Turner et al. (1994) found 
that inclusion of a letter from the 
woman's general practitioner with the 
standard second invitation letter 
doubled the number of women 
attending for screening. Mayer et al. 
(1994) found that a reminder on the 
doctor's letterhead resulted in a 
greater participation rate than one on 
a standard letterhead. In Italy, Giorgi 
et al. (2000) found that in some but 
not all towns the involvement of a 
general practitioner increased partici-
pation. Sharp et al. (1996) reported 
that a personal letter from a general 
practitioner was at least as effective 
as a home visit from a nurse and cer-
tainly more cost—effective. However, 
two studies showed that a personal 
letter from a woman's doctor did not 
increase participation over that with a 
standard letter from the programme 
(Taplin et al., 1994; O'Connor et al., 
1998). A personal telephone call from 
a doctor increased participation (e.g. 
Hoare etal., 1994; Bodiya etal., 1999). 

Despite their potential effective-
ness, doctor-based strategies might 
be costly and therefore of limited use 
in public health programmes. Other 
health care workers may be equally 
effective in encouraging participation 
and perhaps more cost—effective. For 
example, Mohler (1995) found that a 
call from a medical assistant was 
more cost—effective (US$ 3 per mam-
mogram) than either a doctor's letter 
alone (US$ 14 per mammogram) or a 
call from the doctor (US$ 52 per 
mammogram). The cost of doctor-
based strategies might be reduced by 
minimal interventions. Two studies 
showed that brief interventions can be 
as effective as more extensive, costly 
interventions. Clover et al. (1992) 
found that 82% of women attended 
for screening after a simple recom-
mendation from their doctor and 91% 
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attended after a more intensive edu-
cational programme. Likewise, Taplin 
et al. (2000) found that a brief 
reminder call from a counsellor was 
as effective as a motivational call of 
nearly three times the length. 

Strategies to encourage doctors to 
recommend mammo graphic screening 
Although a recommendation from a 

doctor is highly effective in encourag-
ing screening, many women have 
reported that their doctor had not rec-
ommended participation. For exam-
ple, only 35% of Australian women of 
the target age for screening reported 
that their doctor had recommended it 
(Barraff etal., 1 997b), and only 50% of 
women in the USA reported that their 
physician had encouraged them to 
attend (Paskett et al., 1998). 

A meta-analysis of the effect of 
strategies to encourage health pro-
fessionals to recommend screening 
(Mandelblatt & Yabroff, 1999) was 
conducted of studies from the USA of 
randomized or non-randomized 
design with concurrent controls; 35 
studies that met the inclusion criteria 
were located. Behavioural, cognitive 
and sociological interventions with 
health professionals increased partici-
pation rates to a similar extent 
(13.2%; 95% Cl, 7.8-18.4; 18.6%; 
95% Cl, 12.8-24.4; 13.1%; 95% Cl, 
6.8-19.3). 	Strategies 	targeting 
doctors and women were usually no 
more effective than those targeting 
doctors alone. In this review, the 
sociological 	interventions 	were 
heterogeneous, including interven-
tions by nurses; the behavioural 
strategies included reminders or office 
prompts. Several studies showed that 
prompts to doctors based on medical 
records or computer files increased 
participation in mammographic 
screening among their patients. For 
example, Burack et al. (1994) found 
that including a reminder form for 
mammography in the medical record 

prompted physician referral and 
increased participation in screening. 
Ornstein et al. (1991) tested com- 
puter-generated 	reminders 	to 
patients, to their doctors or to both 
patients and their doctors. The 
greatest increases were seen when 
both received a reminder, with a 
doubling in participation in mammo-
graphic screening. The cognitive 
interventions included provision of 
educational materials or audit and 
feedback; for example, Dietrich et al. 
(1992) found that educational 
sessions plus office system planning 
resulted in increased rates of mam-
mographic screening, as did the 
educational sessions alone. 

Cost—effectiveness must also be 
considered in strategies for encourag-
ing health care providers to recom-
mend screening. Overtime, it may be 
cost—effective to target those doctors 
who regularly do not refer women to 
screening; it may be possible to 
identify these doctors from the low 
attendance rates of their patients 
(Lane & Messina, 1999). 

Community strategies 
Community strategies may be particu-
larly important for announcing the estab-
lishment of a screening programme, cre-
ating a context for other recruitment 
strategies and recruiting women from 
specific groups. The few studies of the 
effect of community strategies were not 
randomized trials, but some included a 
control community. Unfortunately, in few 
of these studies were the costs of these 
potentially expensive, resource-intensive 
strategies assessed. 

The media were the most commonly 
cited source of information about mam-
mographic screening (Metsch et al., 
1998), and media coverage can affect 
attendance (Clover etal., 1996; Yanovi-
tzky & Blitz, 2000). However, the media 
alone are less effective than community 
development, health professional or tele-
phone strategies (Clover et al., 1996; 

Barr et al., 2001). Barr etal. (2001)found 
that routine media publicity was as effec-
tive as a mail strategy. 

Community participation and devel-
opment programmés increase participa-
tion in screening more than media strate-
gies or the provision of free screening in 
a mobile van (Clover etal., 1996; Flynn 
et al., 1997). Nevertheless, community 
development and participation pro-
grammes are expensive, resource-inten-
sive and likely to result in long- rather 
than short-term gains. The role of such 
strategies for specific groups warrants 
further investigation, as community 
development programmes might have 
other health benefits beyond the issue of 
interest. 

Strategies to modify access and cost 
can also be implemented at community 
level. The provision of vouchers for free 
screening increases participation rates 
(Stoner et al., 1998); however, cost prob-
ably interacts with a range of other 
variables, such as income level and 
insurance. The effect of cost might be 
modified by other variables; for example, 
Rimer et al. (1992) compared the effect 
of providing free screening with that of 
providing free screening and improving 
access and education. Women in the 
communities receiving the more exten-
sive intervention were much more likely 
to participate in screening. The authors 
concluded that the provision of free 
mammography alone is not sufficient to 
generate attendance. 

Strategies for specific ethnic groups 
The few studies of strategies to 
encourage attendance among women 
from specific ethnic groups were not 
based on a trial method. Community-
based programmes appeared to be 
effective among African American women 
(Paskeff et al., 1999), and use of health 
workers of the same ethnic group 
increased attendance in some communi-
ties (e.g. Bird et al., 1998) but not in 
others (Hoare et al., 1994). A media pro-
gramme targeting Vietnamese American 
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women increased their knowledge about 
mammography but did not affect their 
attendance (Jenkins et al., 1999). 

Several studies have shown that pro-
grammes run by health care providers 
are particularly effective. For example, 
Atri et al. (1997) in the United Kingdom 
randomized doctors' receptionists to 
receive training in encouraging participa-
tion in screening by patients from minority 
ethnic groups. The overall rate of 
participation by these women was very 
low (4%), and the training resulted in a 
modest but statistically significant 
increase. The intervention was more 
effective in certain ethnic groups: the 
participation of Indian women increased 
by 14% as compared with an increase of 
5% in the total intervention sample. A 
study in Wales showed that special 
programmes in a general practice 
increased the attendance of women in 
specific ethnic communities (Bell et al., 
1999). Nurse practitioners were found to 
be effective in encouraging attendance 
by poor, elderly black women 
(Mandelblatt et al., 1993b). However, a 
primary care programme for women with 
low income and of minority groups did 
not increase screening rates (Manfredi et 
al., 1998). 

As participation rates increase in the 
community as a whole, cost—effective 
strategies to reach such groups will 
become more important. 

Clinical breast examination 
Various approaches have been taken to 
investigating clinical breast examination, 
with differences among studies in the 
population and the age of the women, 
the frequency of clinical breast examina-
tion and measures of practice (e.g. self-
report, chart review). There is little infor-
mation for countries outside Europe, 
North America and Australasia about the 
practice of clinical breast examination. 

Studies in western countries sug-
gested higher rates of practice of clinical 
breast examination than of breast self-
examination. The annual rates of clinical  

breast examination ranged from 42% in 
Michigan, USA (Ruffin et al., 2000), to 
54% in Australia (Barratt et al., 1997b) 
and 87% (20-40 year-olds) and 70% 
(over 40 years) in the USA (Vincent et 
al., 1995). Two-thirds of female physi-
cians in the USA reported undergoing 
annual clinical breast examination 
(Frank et al., 2000). 

Several studies have been con-
ducted with health professionals to 
explore predictors of offering clinical 
breast examination. Male but not female 
doctors reported that women's embar-
rassment prevented them from offering 
clinical breast examination (Desnick et 
al., 1999), and there is some evidence 
that screening is commoner among the 
patients of female doctors (Burns et al., 
1996). 

There also appear to be woman-
specific factors that increase the likeli-
hood of receiving clinical breast exami-
nation, but it is not clear whether these 
factors increase the likelihood that 
women will request examination or that 
doctors will offer it. Women receiving 
clinical breast examination were more 
likely to perceive that the examination 
was of value and to have greater health 
motivation (Fung, 1998; Mandelblatt et 
al., 1999; Rutledge et al., 2001; Tanjasiri 
& Sablan-Santos, 2001); they were more 
likely to have seen a specialist for routine 
examination in the previous year, to have 
a usual source of care and to have had 
more than a high-school education 
(Frazier et al., 1996a; Mandelblatt et al., 
1999; Tanjasiri & Sablan-Santos, 2001). 
An Australian study (Barratt et al., 
1997b) found that a clinical breast 
examination in the previous 2 years was 
commoner among women aged over 
50 than in younger women, and a 
study of Hispanic-American women 
found clinical breast examination to be 
associated with knowledge of breast 
self-examination, being a non-smoker 
and having recently had a Pap smear 
and mammogram (Zambrana et al., 
1999). 

Strategies targeting doctors increase 
the frequency with which clinical breast 
examination is offered. For example, in 
randomized trials, the numbers of 
women receiving clinical breast exami-
nation was increased after introduction 
of a computer prompt system (Williams 
et al., 1998) and an office reminder 
system (Manfredi et al., 1998). 

Breast self-examination 
Programmes to encourage breast self-
examination were first established in 
Europe, Australasia and North America 
in the 1950s, and major sustained 
public information programmes were 
implemented up to the late 1990s to 
encourage women to practise monthly 
breast self-examination (see also 
Chapter 2). By the mid-1990s, however, 
surveys in most western countries indi-
cated that only about one-third of women 
regularly practised this examination: for 
example, 31% in Virginia, USA (Giles et 
al., 2001), 37% in Australia (Barratt etal., 
1997b), 27% in Seattle, USA (Strickland 
et al., 1997), 28% in Ireland (Murray & 
McMillan, 1993), 15% of Chinese-
American women (Lu, 1995) and 27% of 
Chamorro women in the USA (Tanjasiri & 
Sablan-Santos, 2001). The rates of 
monthly breast self-examination were 
low even among female physicians, who 
might be expected to practise preventive 
health measures more commonly; for 
example, 30% of Norwegian (Rosvold et 
al., 2001) and 21% of American (Frank 
et al., 2000) female physicians reported 
practising monthly breast self-examina-
tion. 

Many studies have been conducted 
of the characteristics of women who 
practise breast self-examination, and a 
range of indicators was found. 
Comparison between studies is difficult, 
however, because of the different 
populations and assessment of different 
measures; various questions have been 
used to assess practice, and it is 
not possible to evaluate the extent to 
which women's reports of breast self- 
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examination are accurate. Taking these 
factors into account, women appear to 
be more likely to practise breast self-
examination if they are very anxious 
about breast cancer (e.g. Abdel-Fattah et 
ai., 2000) or have a significant family his-
tory of the disease (e.g. Brain et al., 
1999). In general, women who were bet-
ter educated and had more knowledge 
were more likely to practise breast self-
examination (e.g. Murray & McMillan, 
1993; Friedman et al., 1999). Women 
who were more confident about how to 
undertake breast self-examination were 
also more likely to practise it (e.g. Murray 
& McMillan, 1993; Friedman et al., 1999; 

Rutledge et al., 2001), as were women 
whose doctor had recommended the 
practice (e.g. Friedman et al., 1999). 
Women under 50 (Murray & McMillan, 
1993), married women and those work-
ing outside of the home were more likely 
to practise breast self-examination 
(Murray & McMillan, 1993). In Hong 
Kong, breast self-examination was asso-
ciated with being more health-conscious 
(Abdullah & Leung, 2001). 

The small number of studies of the 
practice of breast self-examination in 
non-western countries, outside of 
organized cancer control activities, found 
low rates: 1.3% of women reported  

practising breast self-examination in 
Malaysia (Chan, 1999), 10% in Egypt 
(Abdel-Fattah et al., 2000) and 16% in 
Hong Kong (Fung, 1998). 

Studies in developed countries found 
that few women practised breast self-
examination competently (00e et al., 
1994; Bragg Leight et al., 2000). Training 
improved the frequency of practice, con-
fidence and objective proficiency as 
rated by others (Clarke & Savage, 1999; 
Bragg Leight etal., 2000). 
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Chapter 4 

Efficacy of screening 

Methodological and analytical 
issues in assessing efficacy 

Issues in evaluating the efficacy 
of screening 
Efficacy was defined by Last (1995) as 
"the extent to which a specific interven-
tion, procedure, regimen or service 
produces a beneficial result under ideal 
circumstances." This contrasts with the 
related term effectiveness', defined by 
Last (1995) as "a measure of the extent 
to which a specific intervention, proce-
dure, regimen or service, when deployed 
in the field in routine circumstances, 
does what it is intended to do for a 
specific population." In practice, studies 
to evaluate breast screening have rarely 
assessed efficacy or effectiveness as 
defined, but rather a mixture of the two, 
depending on the design used and the 
circumstances of the study. To avoid 
being exclusive, the term 'efficacy' is 
used in this chapter according to this 
common usage, but an attempt is made 
to characterize each study in accordance 
with Last's (1995) usage. 

The process of screening is illus-
trated in the box on the right. 

A number of issues should be noted in 
evaluating screening. Almost invariably, 
individuals identified with disease as a 
result of screening will live longer than 
those in whom disease is diagnosed in 
the normal way. The first issue is 'lead 
time', considered in Chapter 1. The sec-
ond issue, which accounts for improved 
survival of cases detected at screening, 
is 'length-biased sampling' (see Chapter 
1). This bias is most obvious at the first 
or prevalence screen, but length bias 
also affects the type of cases detected at  

re-screening, the more rapidly progress-
ing cancers being diagnosed in the inter-
vals between screens. Hence, in evaluat-
ing the total effect of screening, both the 
interval cases and the screen-detected 
cases must be identified and taken into 
consideration. The third issue is 'over-
diagnosis' bias. Some lesions identified 
and counted as disease would not have 
presented clinically in those individuals 
during their lifetimes in the absence of 
screening. This is, in practice, an extreme 
example of length bias. The fourth bias 
which can artefactually improve survival 

F—Invitation  

1 
Screening 

Breast cancers 
detected earlier 

'4f 

Appropriate therapy 
according to stage 

r Reduced mortality from 
breast cancer  

is selection bias. Women who accept invi-
tations for screening are volunteers and 
are almost invariably more health-con-
scious than those who decline to enter. 
This means that they are likely, even in 
the absence of screening, to have a bet-
ter outcome of their disease than the 
general population. 

If mortality attributable to the disease 
(i.e. deaths related to the person–years 
of observation, or cumulative mortality) is 
used as the end-point, rather than sur-
vival, lead time, length-biased sampling 
and overdiagnosis biases are eliminated. 
To eliminate selection bias, the design of 
choice for evaluation of changes in 
mortality is the randomized controlled 
trial (see below). If, for some reason, 
individual or cluster randomization is not 
possible, a less desirable method is the 
quasi-experimental study, in which 
screening is offered in some areas, and 
unscreened areas as similar as possible 
are used for comparison. However, this 
design is not a cheap and easy substi-
tute but demands the same methodolog-
ical rigour as required for randomized 
trials. Further, as substantially larger 
populations may have to be studied than 
in randomized trials, it may prove to be 
more expensive than the preferred 
design. In addition, difficulties in analysis 
may ensue if the baseline mortality rates 
in the comparison areas differ (UK Trial 
of Early Detection of Breast Cancer 
Group, 1988). 

In general, it is difficult to evaluate the 
effectiveness of screening by historical 
comparisons of mortality rates, because 
biases associated with changes in the 
accuracy of staging and in therapy can 
confound the effect of screening (see 
Chapter 5). 
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Use of randomized controlled 
trials in evaluation of screening 
The randomized controlled trial with mor-
tality as the outcome is the only type of 
study designed specifically to eliminate 
the effects of the biases discussed 
above (Prorok et al., 1984). Thus, lead 
time and selection bias are not issues. 
The latter is eliminated by the equal dis-
tribution of subjects with respect to risk 
factors for death from breast cancer by 
the randomization process. The former is 
eliminated as screening was started for 
all women at the same time, and all 
cases that occur during follow-up are 
included in the evaluation. 

A randomized screening trial can be 
of efficacy or of effectiveness. Trials of 
efficacy are based on randomization of 
the screening test and are designed to 
answer the biologically relevant question 
of whether mortality is reduced among 
those who are screened. Trials of effec-
tiveness are based on randomization of 
invitations to attend for screening and 
more nearly replicate the circumstances 
that pertain in practice in a population. 
The designs of the trials used by the 
Working Group to evaluate the efficacy 
of breast cancer screening are summa-
rized in Chapter 1. Trials of effectiveness 
are discussed in Chapter 5. 

The women in such a trial who partic-
ipate in screening are volunteers. Among 
the women who are invited to attend for 
screening, some will refuse, depending 
on their perception of the value of the 
tests offered. All trials, therefore, should 
be analysed according to the intention to 
screen, i.e. both those who accept the 
invitation and those who refuse it should 
be included in the assessment of 
outcome. A number of issues must be 
considered in the design and analysis of 
screening programmes. 

Adequacy of randomization 
Randomization is designed to ensure 
that no observable characteristic 
influences the selection of the groups 
selected for comparison. However, even 

in large trials, especially if cluster ran-
domization is used, comparability cannot 
be assumed. 

Comparability between groups 
The difference in the rate of mortality 
from breast cancer in groups random-
ized to screening or no screening cannot 
be measured directly if the intervention 
is effective. It can be inferred by 
comparing the risk factors for death from 
breast cancer (potential confounders) in 
the two groups; however, most of the 
variation will be unpredictable and due to 
differences between the groups in 
unknown predictors of death from breast 

cancer (unknown confounders). The 
comparability of the known potential 
confounders in the two groups can be 
assessed and indeed adjusted for, but 
the comparability of unknown con-
founders cannot. Randomization is used 
to ensure the comparability of unknown 
confounders between groups. Compari-
son of mortality rates from all causes 
other than breast cancer, after adjust-
ment for known confounders if indicated, 
can give assurance that the two groups 
are comparable. 

It is important to separate two con-
cerns: 

Select participants 

Randomize 

JScreened J 	 J Usual care 

Cancers detected 

Interval cancers 	 Cancers detected 
ascertained 	 clinically 

/ 
Appropriate therapy by stage 

LDeaths from breast cancer confirmed after death 

JAnalysis according to allocation 
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Potential confounders 
Even if trials have adequate randomiza-
tion, there may still be an imbalance in 
some potential confounders, owing to 
chance. This is more likely in small trials 
or even in large trials randomized by 
cluster. Potential confounders are impor-
tant if the imbalances are large enough 
to distort the estimates of the effect of 
screening. The extent of confounding is 
determined by how strongly the potential 
confounder predicts outcome (mortality) 
and the magnitude of the imbalance in 
the distribution of the potential con-
founder between the screened and 
unscreened groups. An imbalance of 
potential confounders between screened 
and unscreened groups can be predicted 
to result in under- or overestimation of 
the difference in mortality, and that bias 
can be adjusted for if the potential con-
founder has been measured. In practice, 
age is likely to be the most important 
such confounder. 

Measuring an underlying problem with 
the process of randomization 
In this case, the concern is that there is 
maldistribution of unknown confounders, 
which is due not solely to chance. As the 
direction of any potential bias is 
unknown, it cannot be corrected for. The 
adequacy of the process of randomi-
zation can be judged by checking 
whether a range of variables measured 
in the trial are distributed equally 
between the groups or by examining 
mortality rates from causes other than 
breast cancer in the two groups. 
However, if there is evidence of imbal-
ance of randomization, adjusting for 
these observed imbalances may not 
necessarily adjust for the true underlying 
problem. The criterion for determining 
the presence of imbalances is statistical 
significance, irrespective of the magni-
tude of the difference: about 1 in 20 com-
parisons can be expected to be signifi-
cant by chance. 

Types of randomization 
In breast cancer screening trials, women 
have been randomized by individual and 
by cluster. The advantage of individual 
randomization is that, when large num-
bers of women are randomized, balance 
with regard to the risk factors is more 
likely to be achieved. Recruitment of 
subjects is often simpler in cluster ran-
domized than in individually randomized 
trials, but, if the number of units random-
ized is small, there will be greater poten-
tial imbalance (Berry, 1998). In addition, 
generalized linear models have to be 
used, with extra variation to account for 
the cluster randomization (Moore & 
Tsiatis, 1990; Nixon et al., 2000). In the 
breast screening trial in Edinburgh (see 
Chapter 1), for example, a difference in 
social class was found between the ran-
domized groups, which affected the risk 
for death from cardiovascular disease 
(Alexander et al., 1989). Reports of ran-
domized screening trials should confirm 
that balance was achieved through ran-
domization. A potential advantage of 
cluster randomization is that, under 
some circumstances, contamination of 
the control group with screening can be 
reduced. 

Post-randomization exclusions 
The subjects eligible for a screening trial 
should ideally not have had a previous 
diagnosis of the disease of interest (e.g. 
breast cancer) at the time of randomiza-
tion. This criterion can be achieved 
directly in an individually randomized trial 
with volunteers at the time of enrolment, 
but may be difficult with cluster random-
ization based on population registers 
unless linkage can be made with a pop-
ulation-based cancer registry serving the 
whole area. Other exclusions should be 
kept to a minimum and restricted to 
women who were initially ineligible. If the 
number of cases of breast cancer 
excluded is not similar to that in the com-
parison group, the randomization 
porcess did not result in groups at equal 
risk for breast cancer. 

Compliance and contamination 
Lack of compliance with the intervention 
will reduce the estimated efficacy of 
screening and should therefore be 
documented. 

Contamination, i.e. screening of con-
trol women, will also reduce the estimated 
efficacy. This is more difficult to measure 
than lack of compliance and may require 
surveys or annual questionnaires. 
Contamination may be difficult to define, 
however, as mammography is also used 
for diagnosis, and data to distinguish 
between screening and diagnostic 
mammograms may not be available. 

Methods to adjust for poor 
compliance and contamination in 
screening trials have been proposed 
(Cuzick et al., 1997). Similar methods 
were applied by Glasziou (1992), who 
found that the reduction in relative risk 
was larger than that based on observed 
numbers. 

Therapy 
The efficacy of screening depends not 
only on early detection of cancer but also 
on effective treatment. It is a requirement 
of a good randomized trial design that 
therapy should be equivalent in the two 
arms of the trial for equivalent stage of 
disease. Stage-specific treatment should 
therefore be described in trial reports. 

Frequency of screening 
The frequency of re-screening (annual, 
every 2 years) should be documented. 
The longer the interval between screens, 
the larger the proportion of cancers that 
will present clinically in the intervals and 
the lower the overall sensitivity of the 
screening approach will be. 

Design of interventions to be 
compared 
Differences in the duration of the inter-
vention in the trials of mammography 
considered in this chapter and in whether 
the control group was also screened 
affects the subsequent analysis of mor-
tality. 
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The design of the Health Insurance 
Plan study in New York, USA, and of the 
Canadian trials prescribed four annual 
screens, followed by no further screen-
ing in either group. In this situation, rates 
of death from breast cancer should theo-
retically be based on all cases of breast 
cancer that are diagnosed between ran-
domization and the time at which the 
curves of cumulative incidence in the two 
arms converge (Connor & Prorok, 1994). 

In the trials in Malmö, Sweden, and 
Edinburgh, Scotland, no limit was placed 
on the duration of screening for women 
who received invitations to screening, 
and no decision was taken to screen 
women in the control arm. In such a situ-
ation, the cumulative incidence will be 
greater among women invited for 
screening throughout the trial, as lead 
time will have a continuous effect. The 
cumulative rates of death from breast 
cancer in the two arms should be com-
pared for all periods after randomization, 
with no limitation on which cases of 
breast cancer are to be included. 

In the other trials in Sweden, the 
control group was also invited to 
screening 4-9 years after the women in 
the screening arm had received their 
invitations. In this situation, the compari-
sons of mortality rates should reflect the 
fact that the two arms differed for only a 
short time. 

Cancer detection 
As indicated in Chapter 1, it is antici-
pated that screening will result in diagno-
sis of breast cancer cases at an earlier 
stage. This is a necessary but not a suf-
ficient indication of possible efficacy. 
Cancer detection rates should be 
reported by tumour size, nodal status 
(stage) and, if possible, grade. It is 
expected that, with effective screening, 
the absolute (cumulative) rate of 
advanced breast cancer will be lower in 
the screened group than in the control 
group. This difference has been pro-
posed as a proxy for mortality; however, 
as suggested by Prorok et al. (1984), 

metastatic disease presenting during fol-
low-up is a preferable measure. 

Cumulative mortality from breast 
cancer after randomization is the primary 
outcome measure of interest in random-
ized trials. Annual rates of death from 
breast cancer after initial screening are 
also of interest, as the time at which dif-
ferences in rates emerge between the 
two arms is important in evaluating the 
effects of newly introduced population-
based programmes. 

End-point of screening trials 
The outcome of all the trials of breast 
cancer screening was death due to 
breast cancer as the underlying cause. 
Cause of death can be determined either 
by an independent committee or from 
official statistics. Review of the cause of 
death by independent reviewers was pio-
neered in the Health Insurance Plan trial 
(Shapiro etal., 1988). Reviews of causes 
of death are generally conducted in order 
to determine these causes in an unbi-
ased way. The cause of death of women 
with breast cancer should be ascertained 
in the absence of knowledge about 
which arm of the study they were in. If 
official statistics are used, it may be nec-
essary to assess their accuracy, as was 
done, e.g., in Sweden. Game et al. 
(1996) found a discordance in 4.6% of 
cases, mainly due to coding errors, in a 
sample with a high autopsy rate. 
Furthermore, causes of death in official 
statistics were compared with those 
determined by an independent commit-
tee who were unaware of which arm of 
the study cases were found in. A high 
degree of concordance was found 
(Nystrom et a/., 1995; see below). It 
should be recognized that the accuracy 
of death certificates can change over 
time, with factors such as autopsy rates, 
place of death and the criteria used by 
the doctors issuing the certificates 
(Lindstrom et al., 1997). 

Breast cancer as the underlying 
cause of death is attributed to patients 
with disseminated or locally advanced  

breast cancer. Biological evidence 
should be available indicating cancer as 
the most important reason for the death, 
which can include suicide, lung emboli, 
acute heart disease and sepsis for 
patients with advanced breast disease 
and deaths due to treatment. Breast 
cancer present at death covers all 
deaths among patients with recurrence 
or whose tumour was not removed radi-
cally, irrespective of whether the breast 
cancer was of biological importance in 
the death. This category also includes 
breast cancer cases detected acciden-
tally at autopsy. 

All causes of death among women 
with breast cancer is not a valid 
measure. Although in younger women 
with limited follow-up, mortality is due 
mainly to the breast cancer, in older 
women and with longer follow-up, an 
increasing number of intercurrent deaths 
unrelated to breast cancer will occur. 
Early diagnosis of breast cancer in the 
invited group due to lead time implies 
that the women with breast cancer were 
at greater risk for intercurrent death dur-
ing a longer period. Some authors 
(Wright, 1986; Olsen & Gotzsche, 2001; 
Black et al., 2002) have proposed that 
deaths from all causes are the preferable 
end-point. Use of this end-point avoids 
the problems of ascertaining cause of 
death precisely and the concern that 
some deaths not apparently due to the 
cancer of interest were a consequence 
of treatment for the cancer or of the 
screening process as a whole. However, 
measuring this end-point would require 
very large trials, because even a disease 
as common as breast cancer constitutes 
only a small component of deaths from 
all causes, and the difference in all-
cause mortality would be very small. For 
example, even the combined data from 
the screening trials would be too few by 
an order of magnitude to achieve rea-
sonable power. 

Lenner (1990) proposed use of an 
'excess mortality rate', which is based on 
the rate of death from all causes among 
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the women with breast cancer minus the 
similar rate of death among the women 
without breast cancer in the screened 
population. The excess death rate in the 
invited group can then be compared with 
that in the women not offered screening. 
The method avoids the necessity of 
determining cause of death, and, in 
screening trials, is considered to be unbi-
ased with regard to lead time and over-
diagnosis. The measure should capture 
any deaths caused by treatment for 
breast cancer and unrecognized as 
such, but not deaths caused directly or 
indirectly by the screening procedure 
and associated diagnostic interventions 
for women without breast cancer. 
NystrOm et al. (1993) used both this 
approach and the conventional approach 
in the Swedish overview analysis (see 
below) and obtained very similar results. 
The method has so far not been used in 
other breast cancer screening trials. 

Use of cohort (observational) and 
case-control studies in evaluating 
screening 
Cohort study designs have been sug-
gested for estimating the effect of 
screening. In these studies, mortality 
from the cancer of interest in a group of 
individually identified and followed-up 
screened women (the cohort) is com-
pared with that of a control population, 
often derived from the general popula-
tion. Cohort studies of individuals who 
choose to be screened or not to be 
screened suffer from potential selection 
bias, however. In addition, differential 
ascertainment of deaths due to breast 
cancer in screened and unscreened 
women can bias estimates of efficacy. 

Thus, observational studies based on 
individual screening history, no matter 
how well designed and conducted, 
should not be regarded as providing evi-
dence of an effect of screening. In order 
to establish a causal association 
between screening and a reduction in 
mortality, the evaluation must take into 
consideration not only the type of study  

but also the magnitude of the associa-
tion, the consistency of the results in 
independent studies, the biological plau-
sibility of the result, possible response 
relationships and the absence of alterna-
tive explanations. 

It has been suggested that case—con-
trol studies could be used to evaluate 
screening, provided that the programme 
was introduced sufficiently long before 
the study so that an effect can be 
expected to have occurred (Weiss, 1983; 
Sasco et al., 1986). The ideal design is 
one that mimics randomized controlled 
trials as far as possible, especially in 
terms of the cases (ideally, in this 
instance, deaths due to breast cancer or 
advanced disease as a surrogate for 
deaths). The screening histories of the 
cases are compared with those of com-
parable controls drawn from the popula-
tion from which the cases arose. 
Individuals with disease, if sampled dur-
ing the control selection process, would 
be eligible as controls if the date of diag-
nosis was not earlier than that of the 
case, as diagnosis of disease truncates 
the screening history. 

Commonly, the exposure of interest is 
ever having had a screening mammo-
gram. The odds ratio is then an estimate 
of the effect of screening on the risk for 
advanced or fatal breast cancer. The 
odds ratio is intended to measure the effi-
cacy of screening, i.e. a comparison of 
the odds for fatal disease in women who 
did and who did not complete a screening 
examination. In contrast, a randomized 
trial is typically designed to compare the 
mortality experience of two groups of 
women who differ with regard to whether 
they received an invitation to screening. 

The case—control approach is 
appealing in terms of its simplicity and 
cost; however, even if such a study is 
perfectly designed and conducted, the 
inherent bias is important potential base-
line differences in the screened and 
unscreened groups with respect to fac-
tors that are associated with the risk for 
fatal breast cancer. There is empirical  

evidence that the survival rate of women 
who decline screening is worse than that 
of women who accept screening (see 
e.g. Tabár et al., 1999). This may be due 
to differences in the distribution of life-
style factors associated with tumour pro-
gression in the two groups, but is more 
likely the consequence of differences in 
tumour stage at presentation. 

In the studies in Malmö and the 
Health Insurance Plan study, in which 
case—control studies were performed 
within the trials, although women who 
refused invitations for screening had a 
breast cancer incidence similar to that of 
controls, their mortality from breast can-
cer was greater than that of controls 
(Janzon &Andersson, 1990; Friedman & 
Dubin, 1991; Gullberg et aI., 1991). 
Estimates of the effect of screening in 
such case—control studies will therefore 
be higher than would be expected in the 
total population. The bias is best 
explored by comparing the results of 
high-quality trials and case—control stud-
ies conducted within them. In the MalmO 
study, the odds ratio in the case—control 
study was 0.42 (Janzon & Andersson, 
1990; Demissie et al., 1998), whereas 
the relative risk in the trial was 0.96, or 
0.92 (Glasziou, 1992) when the results 
were adjusted for non-compliance and 
contamination to estimate efficacy. In the 
Health Insurance Plan study, the odds 
ratio in the case—control study was 1.07, 
whereas the relative risk in the trial was 
0.80 (Friedman & Dubin, 1991). The dif-
ference was shown to be due to a lower 
rate of mortality from breast cancer 
among women who refused screening 
than among those allocated not to be 
screened. 

Efficacy of screening by 
conventional mammography 

Randomized trials 
The basic characteristics of the random-
ized trials of the efficacy of mammogra-
phy screening are shown in Table 18, 
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and the overall results of these trials are 
summarized in Table 19. The designs of 
the trials are described in Chapter 1. 

Health Insurance Plan of Greater 
New York 
Shapiro (1994) reported that, after exclu-
sion of breast cancers ascertained after 
randomization but diagnosed before the 
date of randomization, there were 
30 239 women in the study group and 
30 756 in the control group. Gotzsche 
and Olsen (2000) considered that the 
randomization in this trial was adequate 
but were concerned about the use of 
radiotherapy and about the review of 
causes of death, and suggested that the 
exclusions after randomization may have 
led to lack of comparability. Miller (2001) 
pointed out that the trial was performed 
at a time when breast cancers in North 
America were much larger than became 
usual in the subsequent two decades. 
Lumpectomy was not performed in this 
era, although radiotherapy was used fre-
quently, for locally advanced disease. If 
radiotherapy was the unrecognized 
cause of death and was labelled as car-
diovascular disease, such labelling 
would have been applied without bias as 
to assignment to screening. The deci-
sions made on the deaths reviewed were 
entirely masked. A difference in the num-
bers of women with breast cancer 
excluded from the two arms of the trial 
arose because previously diagnosed 
breast cancers were identified in women 
in the screened group when they 
attended for screening, but this was not 
possible for the controls. The 18-year fol-
low-up, however, allowed identification of 
deaths from breast cancer in the two 
groups; determination of the date of 
diagnosis was then possible from hospi-
tal records. Women who had died from 
breast cancers diagnosed before ran-
domization were then excluded (Miller, 
2001). 

[The relative risks for death from 
breast cancer 18 years after recruitment 
were estimated by the Working Group  

from the data of Shapiro et al. (1988) to 
be 0.77 (0.52-1.13) for women aged 
40-49 at recruitment, 0.79 (0.58-1.08) 
for women aged 50-64 at recruitment 
and 0.78 (0.61-1.00) overall. The 
Working Group concluded that the 
Health Insurance Plan study was valid, 
but could not be included in its evalua-
tion of mammography alone, as the 
screening included clinical breast exami-
nation.] 

The Edinburgh trial 
Alexander et al. (1989) reported that the 
cluster randomization in the Edinburgh 
trial resulted in differences by socioeco-
nomic category and also in rates of mor-
tality from all causes between the two 
comparison groups. A report based on 
14 years of follow-up and 577 518 
woman—years in the initial cohort 
showed a rate ratio for breast cancer 
mortality of 0.87 (95% Cl, 0.70-1.06). 
After adjustment for socioeconomic sta-
tus, the rate ratio was 0.79 (95% Cl, 
0.60-1.02) (Alexander et al., 1999). The 
results for women aged 45-49 in all 
three cohorts, with 266 281 
women—years of follow-up, showed a 
rate ratio of 0.83 (95% Cl, 0.54-1.27) 
before adjustment for socioeconomic 
status and 0.75 (95% Cl, 0.48-1.18) 
after adjustment. 

[The results for all cohorts combined 
reported in Table 19 were estimated by 
the Working Group. Although adjustment 
for socioeconomic group lowered the rel-
ative risks slightly, possible confounding 
from other variables cannot be excluded. 
Therefore the Working Group did not 
include this trial in its evaluation.] 

The Canadian National Breast 
Screening trials 
Concern has been expressed about pos-
sible subversion of the randomization in 
these trials, given the procedure 
described in Chapter 1, especially of 
women aged 40-49 (Tarone, 1995). 
However, the authors have pointed out 
that an abnormal result on clinical breast 

examination was not an incentive for 
spurious allocation to mammography 
because the protocol required that all 
abnormal results be referred to the study 
surgeon for assessment. The surgeon 
ordered diagnostic mammography when 
appropriate. If abnormal results of clini-
cal breast examinations had generated 
spurious mammography allocations, 
there should have been more referrals of 
women in the mammography group for 
review (Miller et al., 2000, 2002). This 
was not the case. Of the women aged 
40-49 at the first screening, 3569 
screened women and 3674 in the control 
group were referred after clinical breast 
examination for review (Miller et al., 
1992a). For the women aged 50-59, the 
figures were 2164 and 2207, respec-
tively (Miller et al., 1992b). A systematic 
external review of the randomization 
records showed no evidence of subver-
sion (Bailar & MacMahon, 1997). 

Women were recruited between 
1980 and 1985. A separate trial was con-
ducted for women aged 40-49 in order 
to evaluate the efficacy of screening in 
this group. The mammography used in 
these trials has been criticized 
(Moskowitz, 1992; Kopans, 1993; 
Kopans & Feig, 1993), but these 
criticisms have been addressed (Miller et 
al., 1990; Baines, 1994). The rates of 
cancer detection with mammography 
(alone or together with clinical breast 
examination) at the first screening of 
women aged 40-49 and 50-59 at entry 
were 2.54 and 5.48 per 1000, respec-
tively (Miller et al., 1992a,b). Both rates 
exceed those reported in the Two-county 
study in Sweden (see below), which 
were 2.09 and 4.67 per 1000, respec-
tively. The prevalence incidence ratios 
were similar in the two studies (Fletcher 
et al., 1993; Baines, 1994). After 11-16 
years of follow-up, the breast cancer 
mortality rate ratio was 1.06 (95% Cl, 
0.80-1.40) in the 40-49-year-old women 
(Miller et al., 2002) and 1.02 (0.78-1.33) 
in the 50-59-year-old women (Miller et 
al., 2000). 
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Trial Randomi- 	No. of Age at Intervention No. of Screening No. of Attendance Determination 
zation 	women Invited Control entry mammo- interval rounds rate (%)e of endpointb 

group group graphy (months) 
views 

Health Individual 	60 995 Dec 1963— 40-64 M+CBE 2 12 4 67 Independent 
Insurance Plan June 1996 death review 

MalmO I Individual 	42283 Oct 1976— Oct 1990— 45-70 M 2C 18-24 6-8 74 Independent 
Sep 1978 Mar 1993 death review, 

official statistics 

MalmO II Individual 	17793 Sep 1978— Sep 1991— 43-49 M 2C 18-24 1-7 75-80 Official statistics 
Nov 1990 Apr1994 

Two-county 
Kopparberg Cluster 	56448 Jul 1977— Sep 1982— 40-74 M 1 24,33d 2-4 89 Death review 

Municipality, Feb 1980 Dec 1986 

tax district, 
7 triplets 

Ostergatland Cluster 	76617 May 1978— Apr 1986— 40-74 M 1 24,33d 2-4 89 Death review, 
Municipality, Mar 1981 Feb 1988 official statistics 
parish, 12 pairs 

Edinburgh Cluster 	442686  1978_81e 45-64 M+CBE 2 24 2-4 61 Death 
General 1982-83 certificates 
practices, 87 1984-85 

Canada 1 Individual 	50430 Jan 1980— 40-49 M+CBE+F' 2 12 4-5 100 Independent 

(40-49) Mar 1985 death review 

Canada 2 Individual 	39405 Jan 1980— 50-59 M+CBE+P 2 12 4-5 100 Independent 

(50-59) Mar 1985 death review 

Stockholm Cluster 	60 117 Mar 1981— Oct 1985— 40-64 M 1 28 2 81 Official statistics 

Day of birth May 1983 May 1986 

Goteborg Individual 	51 611 Dec 1982— Nov 1987— 39-59 M 2C 18 4-5 84 Official statistics 

cluster Apr 1984 June 1991 
Day of birth 

Finland Cluster 	158 755 1987-89 After 1990 50-64 M 2 24 90 Official statistics 

Year of birth 
M, mammography; CEE, clinical breast examination; P, teaching of practice of breast self-examination; NA, not available 
a First round 

In trials included in the first overview of the Swedish trials, both independent death review and official statistics were used to determine cause of death. I 	CD 

From round 3, one or two views according to parenchymal pattern 
dAverages for age groups 39-49 and 50-75, respectively 

LQ 
e Refers to the first cohort; 4867 and 5499 women aged 45-49 years were randomized during the first and second accrual periods, respectively. 

Controls had only one CBE at entry and P in Canada 1, and CBE and P in Canada 2. 



Trial Enrollment 	Intervention Population Mean Breast cancer RR (95% Cl) 
(years/age) 	(invitations x 1000 duration of mortality per 100 000 

to screening) (screened/ follow-up person-years (number) 
control) (years) (screened/control) 	- - 	- 	-- 

Health Insurance 1963-66/40-64 4 in 4 years 30.1/30.7 18 23 (126)/29 (163) 	-.-( 0.78 (0.61-1.00) 
Plan, USA 

Malmo I, 1976-78/45-70 4 in 8 years 21.1/21.2 19.2 45 (161)/55 (198) 	.T;_ 0.81 (0.66-1.00) 
Sweden 

Malmo II, 1978-90/43-49 4 in 8 years 9.6/8.2 9.1 26 (29)/38 (33) 0.65 (0.39-1.08) 
Sweden 

Kopparberg, 1976-78/40-74 3 in 6 years 28.2/18.3 20 27(152)/33 (121) 	3 -  0.59 (0.47-0.75) 
Swedish 
Two-county 

östergOtland, 1978-81/40-74 4 in 8 years 38.9/37.7 17.4 30 (177)/33 (190) 	 . 0.89 (0.72-1.09) 
Swedish 
Two-county 

Edinburgh, UK 1978-81/45-64 4 in 8 years 28.6/26.0 12.6 49 (176)/57 (187) 	- 0.78 (0.62-0.97) 

Canadian 1980-85/40-49 5 in 	years 25.2/25.2 13 32 (105)/33 (108) 	. ... 1.06 (0.80-1.40) 
National I 

Canadian 1980-85/50-59 5 in 	years 19.7/19.7 13 42 (107)/41 (105) 	---ik---- 1.02 (0.78-1.33) 
National li 

Stockholm, 1981-83/40-64 2 in 4 years 39.1/21.0 14.9 15 (82)/17 (50) 	--.---- 0.90(0.63-1.28) 
Sweden 

Goteborg, 1982-84/40--59 3 in 5 years 21.0/29.2 13.3 23 (62)/30 (113) 0.78 (0.57-1.07) 
Sweden 

Finland 1987-89/50-64 2 in 4 years 89.9/68.9 4.4 16 (64)/21 (63) 0.76 (0.53-1.09) 
_ 
0.0 	1.0 2.0 

RR, relative risk, Cl, confidence interval 

[The Working Group concluded that Finnish national programme 	after 1990. The breast cancer mortality 

these trials were valid, but could not be 	Hakama et al. (1997) compared deaths rate ratio was 0.76 (95% Cl, 0.53-1.09). 

included in its evaluation of mammogra- from breast cancer reported to the The effect was greatest among women 

phy alone, as screening in both trials 	Finnish Cancer Registry and diagnosed aged less than 56 years at entry (rate 

included clinical breast examination, and over the period 1987-92 among women ratio, 0.56; 95% Cl, 0.33-0.95). When 

the design for that with 50-59-year-old 	in birth cohorts invited for screening in 	follow-up for newly diagnosed breast 

women was different from those of all the national programme before 1990 with cancers was extended to 1995, the dit- 

other trials.] 	 those among women who were invited ference between the cohorts largely 



disappeared (mortality rate ratio, 0.93; 
95% Cl not available), presumably 
because of the effect of screening in the 
control cohorts (Hakama et al., 1999). 

[Although this was not a classical ran-
domized trial, the results provide evi-
dence of similar quality]. 

Swedish trials 
The Malmo mammography screening 
trials 
Imbalances were noted in two birth-year 
cohorts in these trials: because of an 
administrative error, the whole 1934 birth 
cohort was invited to screening, and the 
1929 birth cohort participated in another 
research project in which they were 
offered mammography. Thus, only 663 
women were invited instead of the 
intended 777 (Olsen & Gotzsche, 2001). 
With a follow-up of 19.2 years in the first 
trial (age, 45-70 years at randomiza-
tion), the relative risk for death from 
breast cancer was 0.81 (95% Cl, 
0.66-1.00). The corresponding figures in 
the second trial (age, 43-49 years at 
randomization) after 9.1 years of follow-
up were 0.65 (95% Cl, 0.39-1.08). The 
results for the two trials were similar with 
and without inclusion of the 1929 and the 
1934 birth cohorts (Nystrom et al., 2002). 

The Two-county trial (Kopparberg and 
Ostergotland) 
The first results from the trial were pub-
lished in 1985 (Tabâr et al., 1985) and 
were updated comprehensively in 1992 
(Tabár et al., 1992). The follow-up has 
been continuous, the latest being 
through 1998, which showed a signifi-
cant, 32% reduction in breast cancer 
mortality in the two counties combined 
(relative risk, 0.68; 95% Cl, 0.59-0.80). 
After 20 years of follow-up, the relative 
risk for death from breast cancer in 
Kopparberg was reported to be 0.76 
(95% Cl, 0.42-1.40) for women aged 
40-49 years, 0.46 (95% Cl, 0.30-0.71) 
for women aged 50-59, 0.58 (95% Cl, 
0.39-0.87) for women aged 60-69 and 
0.76 (95% Cl, 0.44-1.33) for women 

aged 70-74 at randomization (Tabár et 
al., 2000b). In the follow-up through 1996 
(Nystrom et al., 2002), only data for 
Ôstergotland were available. After 17.4 
years of follow-up, the relative risk for 
death from breast cancer was 0.89 (95% 
Cl, 0.72-1.09) for women aged 40-74. 

Nixon et al. (2000) analysed the data 
for the two counties in four ways with 
various statistical assumptions, and 
found that the point estimates and the 
95% confidence intervals in fixed-effect 
models for women aged 40-74 (relative 
risk, 0.72; 95% Cl, 0.61-0.83) agreed 
closely with those derived from three 
random-effects models (0.70, 0.60-0.82; 
0.70, 0.57-0.84; 0.70, 0.59-0.83), 
because the heterogeneity between 
clusters was small. 

Olsen 	and 	Gotzsche 	(2001) 
described various potential problems 
with the Two-county trial. However, 
NystrOm et al. (2002) reported that the 
breast cancer incidence and mortality 
rates in the screened and control arms in 
Ostergotland County before the trial 
(1968-77) were similar. They suggested 
that there is no reason to believe that the 
cluster randomization in this component 
of the trial was biased, as any bias would 
have manifested in breast cancer inci-
dence and mortality. Duffy and Tabár 
(2000) rebutted similar criticisms pub-
lished in an earlier review by Gotzsche 
and Olsen (2000) of the trial in 
Kopparberg. 

The Stockholm trial 
After a median follow-up time of 14.9 
years, the relative risk for death from 
breast cancer was 0.90 (95% Cl, 
0.63-1.28). Although the possibility of 
double counting of controls in earlier 
analyses has been raised, this was not 
done in the most recent analysis 
(Nystrom et al., 2002). 

The GOteborg trial 
With a median follow-up of 13.3 years, 
the overall relative risk was 0.78 
(0.57-1.07). [The results of the trial for 

women aged 50-59 were described only 
in the overviews of Nystrom et al. (1993, 
2002).] 

Methodological issues with respect to 
the Swedish trials 
There have been three overviews of the 
Swedish trials (NystrOm et al., 1993; 
Larsson et al., 1997; Nystrom et al., 
2002), and the methodological issues 
have been addressed in several publica-
tions (NystrOm et al., 1995, 1996). 

Randomization: As discussed above, 
individual randomization simplifies statis-
tical analyses. This method was used in 
the MalmO trials and in the second part 
of the Gôteborg trial (women born 
1935-44), but not in the other trials (see 
Chapter 1). 

Inclusion and exclusion criteria: In all the 
Swedish trials, women randomized to the 
intervention group were invited to 
screening with mammography alone. 
Women in whom breast cancer had 
been diagnosed before invitation to 
screening were excluded from the statis-
tical analysis. As the overviews focused 
on the age group 40-74 years at entry, a 
small number of women under 40 and 
over 74 at randomization were excluded. 

Outcome measures: The main outcome 
measure in all the trials was death from 
breast cancer. Both the Two-county 
study and the first Malmö trial had 
detailed protocols for determining the 
cause of death as breast cancer. The 
protocol of the Two-county study pre-
scribed identification of women with 
breast cancer present at death, and the 
researchers themselves determined the 
cause of death. In the Malmö trial, two 
sources were used to determine the 
underlying cause of death: an indepen-
dent committee and the Cause of Death 
Register at Statistics Sweden. 

An independent end-point committee 
was appointed by the overview group, 
which consisted of a pathologist, a 

95 



IARC Handbooks of Cancer Prevention, Volume 7: Breast Cancer Screening 

radiologist, an oncologist (chairman) and 
a surgeon, who were unaware of 
whether a case had been found at 
screening or otherwise. Breast cancer as 
the under-lying cause of death and 
breast cancer present at death were the 
outcome measures (see above). A total 
of 27 582 deaths occurred during the fol-
low-up, between the date of randomiza-
tion through December 1989 (Nystrom et 
al., 1995). Of these, 1299 were reported 
as due to breast cancer to the Cancer 
Registry, and 14 were reported to the 
Cause of Death Register with breast can-
cer as the underlying or contributory 
cause of death only (Table 20). All 
available information was collected on all 
1313 deaths from breast cancer, 
including medical records, death certifi-
cates, autopsy protocols and histo-
pathology reports. The mode of detection 
was not revealed, and only year of birth 
and year of death were available to the 
reviewer (Nystrbm, 2000). Medical 
records and/or autopsy protocols were 
available for 99% of cases, death certifi-
cates for 99%, histopathology reports for 
90%, medical records for 86% and 
autopsy protocols for 39%. Autopsy was 
performed in 551 cases, according to the 
available information, but reports could 
be traced in only 511 cases (92%). The 
autopsy rate was 74% in the Malmö trial, 

45% in Kopparberg, 31% in the 
Gbteborg trial, 25% in Ostergötland and 
22% in the Stockholm trial. Fifteen cases 
were excluded because, although they 
were reported as being breast cancer, 
the end-point committee concluded that 
their cancer had arisen at another site. 
Out of 843 deaths in which the underly-
ing cause was classified by the end-point 
committee as having been breast cancer, 
829 (98%) were also classified as breast 
cancer present at death (Nyström et al., 
1995). 

The relative risks for death from 
breast cancer in the invited group in 
comparison with the control group, with 
the various end-points measured by the 
end-point committee and Statistics 
Sweden, are summarized in Table 21. As 
there was substantial concordance 
between the relative risks, both by trial 
and by age group (Table 22), Statistics 
Sweden was used as the source of 
cause of death for the follow-ups through 
1993 and 1996. 

Although it has been suggested the 
total mortality should be the main out-
come examined (Black et al., 2002; see 
above), the Swedish studies did not have 
sufficient statistical power for this to be 
used as the primary outcome. In the fol-
low-up through 1996, the relative risk for 
deaths from all causes was 0.98 

Source of Number 
information 

Reported to Cancer 1299 
Registry and Cause of 
Death Registry 

Reported to Cause of Death 14 
Registry only 

Total 1313 

Excluded by end-point committee: 

Not breast cancer 15 

Lack of information 2 

Study population 1296 

From NystrOm et al. (1995) 

(0.96-1.00) (Nysträm et al., 2002; Table 
23). 

Model for statistical analysis: In all the 
trials except for part of that in Malmö 
(women born between 1908 and 1922) 
and part of the Two-county trial (women 
aged 70-74 years at randomization), the 
controls were later also invited to 
screening. Deaths among women whose 
breast cancer was diagnosed after the 
controls had completed screening 

Source 	Cause of death No. of breast cancer deaths 

Invited Control RR 95% CI 

End-point 	Breast cancer underlying cause 418 425 0.77 0.67-0.88 
committee 

Breast cancer present at death 440 442 0.79 0.69-0.90 

Statistics 	Breast cancer underlying cause 419 409 0.80 0.70-0.92 
Sweden 

Breast cancer underlying plus 480 472 0.79 0.70-0.90 
contributory cause 

From Nystrom et al. (1995) 
Cl. confidence interval 



Efficacy o f screening 

End-point committee Statistics Sweden 
Trial ----- ---- -- - 

Age at entry Underlying Present at death Underlying Underlying plus 
cause cause contributory cause 

MalmO I 45-70 0.81 0.85 0.83 0.82 
Kopparberg 40-74 0.68 0.73 0.67 0.68 
Ôstergatland 40-74 0.82 0.78 0.89 0.87 
Stockholm 40-65 0.80 0.81 0.84 0.82 
GOteborg 40-59 0.86 0.84 0.93 0.87 

Overview 40-49 0.90 0.92 0.95 0.9 
50-59 0.72 0.71 0.76 0.74 
60-69 0.69 0.75 0.69 0.75 
70-74 0.98 0.92 1.05 0.86 
40-74 0.77 0.79 0.80 0.79 

From Nystrom etal. (1995) 

Trial Age at No. of woman-years x 1000 Total no. of deaths Relative risk 95% Cl 
randomization - 

Invited Control Invited Control 

Malmö I 45-70 360 362 5672 5796 0.99 0.97-1.01 

Malmä II 43-49 113 86 402 300 1.03 0.89-1.20 

Ôstergotland 40-74 589 572 10357 10036 0.98 0.95-1.01 

Stockholm 40-65 534 296 4 537 2 572 0.99 0.95-1.03 

GOteborg 40-59 268 373 1 430 2 241 0.94 0.88-1.00 

Overview 40-49 697 620 2 622 2 325 1.00 0.95-1.06 

50-59 709 677 6 398 6 464 0.95 0.92-0.98 

60-69 397 332 9 637 8 542 0.94 0.91-0.97 

70-74 62 59 3741 3614 0.99 0.91-1.07 

40-74 1865 1689 22398 20945 0.98 0.96-1.00 

- 40-74 0.98a 0.96-1.00 

From Nyström et al. (2002); Cl, confidence interval 

a Age-adjusted estimate 

cannot contribute useful information 	round of screening of the control group 	MalmO trial was (Nystrom et al., 2002). 

about the effects of screening (Nystram was completed, minimized the dilution of Statistics Sweden was used as the 

et al., 1993). Therefore, in addition to the 	screening 	effects 	originating 	from 	source for cause of death. Initially, a 

traditional approach of following all 	cancers detected after completion of the 	pooled analysis was performed; there- 

breast cancer cases diagnosed between 	first screening of the controls. 	 after, the analysis was stratified by age 

the date of randomization and the date of 	 group, trial and age group and trial. As 

follow-up, this 'follow-up' model was Follow-up through 1996 	 the stratified analysis gave the same 

complemented by an 'evaluation' model, 	For this follow-up, the Kopparberg part of 	results as the pooled analysis, only the 

which, by ignoring deaths in breast 	the Two-county trial was not available for 	results of the pooled data analysis are 

cancer cases diagnosed after the first 	analysis, but the continuation of the 	presented below, and as the results of 
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the follow-up and evaluation models 
were similar, the results from the evalua-
tion model are presented. 

With a median trial time of 6.5 years 
(range, 3.0-18.1) and a median follow-
up time of 15.8 years (5.8-20.2) (Table 
24), there was a significant, 20% reduc-
tion in breast cancer mortality (RR, 0.80; 
95% Cl, 0.71-0.90) (Table 25). Table 25 
also presents the results for all ages 
combined for each of the trials consid-
ered and the results for all trials com-
bined by age. 

With regard to total mortality, there 
were 22 398 deaths in 1 864 770 
woman-years in the invited group and 
20 945 in 1 688 440 woman-years in the 
control group, resulting in a relative risk 
of 0.98 (95% Cl, 0.96-1.00) (Table 23). 

[The Working Group considered that 
the latest published data from each of 
the Swedish trials were valid and should 
be included in its evaluation.] 

On-going trials 
United Kingdom 
In 1991, a national, multicentre random-
ized controlled trial was set up by the 
United Kingdom Coordinating Commit- 

tee on Cancer Research (Moss, 1999). 
The aim was to recruit 195 000 women 
aged 40-41 years, with 65 000 forming a 
study group and the remaining 130 000 a 
control group. Women in the study group 
are invited for annual screening by 
mammography and become eligible for 
the National Health Service Breast 
Screening Programme after the age of 50. 

Singapore 
During a 2-year period starting on 1 
October 1994, 67 656 women in 
Singapore aged 50-64 were randomized 
to two-view mammography and 97 294 
to the control group. Only 28 231 (42%) 
participated in the first screening round, 
suggesting that issues related to accept-
ability require further study (Ng et al., 
1998). No evaluation of the effect on 
breast cancer mortality has been reported. 

Slovenia 
In 1989, 12 400 women aged 50-64 
living in three regions of Slovenia were 
randomized to clinical breast examina-
tion, instruction in breast self-examina-
tion and a single medio-lateral view 
mammogram or to a control group with 

no intervention. The women in the inter-
vention arm were then offered clinical 
examination and mammography at a 
screening interval of 24-36 months. The 
first follow-up of breast cancer mortality 
is planned to cover the period 
1989-2000 (Rudolf, 1994). 

The Working Group's overview of all 
trials 
Table 19 summarizes the most recently 
published results from the trials 
described above for women aged 40-74. 
Altogether, the trials included over 
350 000 women in the intervention 
groups and 306 000 in the control 
groups, who were followed for an 
average of 14.1 years, giving a total of 
9.2 million woman-years of follow-up. 
There were 1241 deaths from breast 
cancer in the intervention groups and 
1331 in the control groups. 

Among the women included in the 
randomized trials of mammography 
alone versus no screening, 107 700 
were aged 40-49 at recruitment and 
336 300 were aged 50-69 (Tables 26 
and 27). The total number of deaths from 
breast cancer in the intervention and 

Trial Age group Trial time (years) Follow-up time (years) 

Median Range Median Range 

MalmO I 45-70 18.8 13.9-20.2 19.2 18.3-20.2 

MalmO II 43-49 5.8 3.1-18.1 9.1 5.8-18.3 

ÔstergOtland 40-74 7.7 6.5-10.9 17.4 15.8-18.6 

Stockholm 40-65 4.4 3.2-4.8 14.9 13.6-15.8 

Goteborg 40-59 6.7 4.8-7.5 13.3 12.7-14.0 

Overview 40-49 6.6 3.0-18.1 14.8 5.8-19.8 

50-59 4.9 3.2-8.7 15.6 13.3-20.2 

60-69 7.0 3.2-10.9 17.4 13.6-19.8 

70-74 9.2 6.6-10.9 17.4 15.8-18.6 

40-74 6.5 3.0-18.1 15.8 5.8-20.2 

From NystrOm et al. (2002) 



Efficacy of screening 

Trial 	 No. of woman-years 	No. of deaths 	 Relative risk 	95% Cl 

Intervention Control 	Intervention Control 

MaimS 1 360 362 161 198 0.81 a 0.66-1.00 

MaimS II 113 86 29 33 0.65 a 0.39-1.08 

ÔstergOtland 589 572 177 190 0.89a 0.72-1.09 

Stockholm 535 296 82 50 0.90 a 0.63-1.28 

GOteborg 268 373 62 113 0.78 0.57-1.07 

Overview (age at randomization) 

40-49 697 620 140 155 0.80 0.63-1.01 

50-59 709 677 206 235 0.84 0.70-1.01 

60-69 397 332 133 168 0.67 0.53-0.84 

70-74 62 59 32 26 1.18 0.71-1.97 

40-74 1865 1688 511 584 0.80e 0.71-0.90 

From Nystrom etal. (2002); Cl, confidence interval 

a Age-adjusted estimate 

control groups in these trials were 166 
and 173, respectively, among women 
aged 40-49 and 496 and 549, 
respectively, among women aged 50-69. 
The combined estimates of relative risk 
for death from breast cancer in these tri-
als were 0.81 (0.65-1.01) and 0.75 
(0.67-0.85), respectively. 

In the trials in which one-view 
mammography was used (Kopperberg, 
Ostergotland and Stockholm), the 
relative risk for death from breast cancer 
in the group given mammography versus 
the unscreened group was 0.77 (95% Cl, 
0.62-0.92). In the trials with pre-domi-
nantly two-view mammography (Göteberg, 
MalmO I and Il and Finland), the corre-
sponding figure was 0.78 (95% Cl, 
0.62-0.94). The exclusion or inclusion of 
any particular trial in the evaluation did 
not materially alter the overall estimates 
in Table 26 or 27. Further, addition of the 
Health Insurance Plan study, in which 
mammography plus clinical breast exam-
ination was compared with no screening,  

did not significantly change the overall 
estimate of effect for women aged 50-69 
(OR, 0.80; 95% Cl, 0.73-0.87). However, 
addition of the Health Insurance Plan 
study and the study in Canada of women 
aged 40-49 to the trials of mammogra-
phy alone among women age 40-49 
resulted in an odds ratio of 0.88 (95% Cl, 
0.74-1.04). 

The results of the trials in which the 
outcomes for women invited for 
mammography alone were compared 
with those for women given no screening 
can be used to estimate the absolute 
reduction in the number of deaths from 
breast cancer among women some time 
after screening. The results shown in 
Tables 26 and 27 indicate that the 
reduction in mortality from breast cancer 
over a 10-year period after first invitation 
for screening would be 0.5 per 1000 
women aged 40-49 and 0.9 per 1000 
women aged 50-59. Figure 29 gives the 
relevant results from the Swedish 
overview. 

The estimate of reduction in breast 
cancer mortality from an 'intention to 
treat' analysis can be translated into an 
estimate of the reduction for women who 
are actually screened by taking account 
of lack of compliance in the invited arm 
and dilution in the control arm (Cuzick et 
aI., 1997). The reduction in breast cancer 
mortality among women aged 50-69 pre-
senting for screening was estimated to 
be about 39% on the basis of the early 
results of the Swedish trials (Day, 1991). 

[Similar calculations based on the 
most recently published data from the 
Swedish trials give an estimate of 35% 
for women aged 50-69 at entry to the 
trial, who presented for screening.] 

Age-specific effects of screening 
Only the Canadian trial in women aged 
40-49 was designed to estimate the 
effect of screening during a limited age 
interval. The hypothesis that there might 
be a differential effect of screening by 
age was raised in the early analyses of 



0.0 	1.0 	2.0 

Malmo I, 
Sweden 

Malmo Il, 
Sweden 

Kopparberg, 
Swedish 
Two-county 

östergotland 
Swedish 
Two-county 

Stockholm, 
Sweden 

Goteborg, 
Sweden 

1976-78/45-49 4 in 8 years 4.0/4.1 34 (24)/45 (33) 

1978-90/43-49 4 in 8 years 9.6/8.2 26 (29)/38 (33) 

1976-78/40-49 3 in 6 years 9.5/5.1 14 (26)/18 (18) 

1978-81/40-49 4 in 8 years 10.3/10.5 18 (31)/17 (30) 

1981-83/40-49 2 in 4 years 14.3/8.0 17 (34)/11 (13) 

1982-84/40-49 3 in 5 years 10.9/13.2 16 (22)/28 (46) 
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Trial 
	

Enrollment 	Intervention Population Breast cancer mortality 
	

RR (95% Cl) 
(years/age) 	(invitation to x 1000 	per 100 000 person-years 

screening) 	(screened! (number) (screened/control) 
control) 

All trials 	 58.6/49.1 	19 (166)/24 (173 

Tests for heterogeneity between trials X2 = 7.34; p > 0.1; not significant 

0.74 (0.44-1.25) 

0.65 (0.39-1.08) 

0.76 (0.42-1.40) 

1.05 (0.64-1.71) 

1.52 (0.80-2.88) 

0.58 (0.35-0.96) 

0.81 (0.65-1.01) 

the Health Insurance Plan trial (Shapiro 
et aI., 1971). Subsequently, as summa-
rized earlier in this chapter, all the trials 
were analysed by age. Several biological 
phenomena are relevant to screening of 
women aged 40-49 that might explain 
the lower efficacy of screening, including 
greater breast density, resulting in lower 
sensitivity of mammography (see Chapter 
2), and the lower detection rates on 
screening, with lower prevalence and 
incidence ratios and higher proportionate 
rates of interval cancers (Fletcher et al., 
1993). 

Although the only trial to include 
women aged 70-74 did not find a 
significant effect of mammographic 
screening (Tabár et aI., 1992), the partic-
ipation rate of this group was poor, and  

only two screens were offered. However, 
there is no biological reason to expect 
less effectiveness in this age group than 
among women aged 60-69, apart from 
the slower growth rate of tumours in 
older persons. 

[The Working Group decided not to 
present a pooled estimate for all age 
groups, because of the differences in 
potential efficacy for women under and 
over the age of 50.] 

Frequency of mammo graphic 
screening 
In most of the randomized controlled 
trials, a 1-2-year screening interval was 
used. In the Swedish Two-county trial, a 
24-month interval was used for women 
aged 40-49 and a 33-month interval for 

women aged ~: 50. Although no formal 
comparison has been made, Tables 26 
and 27 suggest no major difference in 
efficacy by screening interval. 

The effect of annual versus 3-yearly 
mammography screening in increasing 

the likelihood of an improved outcome 

was tested in one trial (Breast Screening 
Frequency Trial Group, 2002). The 

measured outcomes included tumour 

size, nodal status and histological grade 
of invasive tumours. These data were 

fitted into two models to predict breast 

cancer mortality. Although the tumours 
diagnosed in the women in the study arm 

were significantly smaller than those in 

the control arm, there was no difference 

in terms of nodal status and histology 
grade. The relative risks for predicted 
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Efficacy of screening 

Table 27. Efficacy of screening for breast cancer by mammography alone in women aged 50-69 

Trial 	 Enrollment 	Intervention 	Population 	Breast cancer mortality 	 RR (95% CI) 
(years/age) 	(invitations 	x 1000 	per 100 000 

to screening) (screened! 	person—years (number) 
control) 	(screened/control) 

Malmo I, 1976-78/50--69 4 in 8 years 16.8/16.8 47 (134)/57 (162) 

Sweden 

Kopparberg, 1976-78/50-69 3 in 6 years 23.3/10.7 20 (93)/39 (83) 

Swedish 
Two-county 

östergotland, 1978-81/50-69 4 in 8 years 23.6/22.4 33 (117)140 (137) 

Swedish 
Two-county 

Stockholm, 1981-83/50-64 2 in 4 years 24.8/13.0 14 (48)/21 (37) 

Sweden 

Goteborg, 1982-84/50-59 3 in 5 years 10.1/16.0 31(40/33 (67) 

Sweden 

Finland 1987-89/50-64 2 in 4 years 89.9/68.9 16 (64)/21 (63) 

All trials 188.5/147.8 25 (496)/36 (549) 

Tests for heterogeneity between trials X 	= 8.83; p 	> OEl; not significant - 

0.84 (0.68-1.04) 

0.52 (0.39-0.70) 

0.81 (0.64-1.03) 

0.68 (0.44-1.04) 

0.94 (0.62-1.43) 

0.76 (0.53-1.09) 

0.75 (0.67-0.85) 

0.0 	1.0 	2.0 

 

deaths from breast cancer for annual 
versus 3-yearly screening were 0.95 
(95% Cl, 0.83-1.07) and 0.89 (95% Cl, 
0.77-1.03) in the two models. 

Cohort and nested case—control 
studies 
In 1973, the American Cancer Society 
initiated the Breast Cancer Detection 
Demonstration Project, a collaborative 
effort with the National Cancer Institute, 
to demonstrate the feasibility of large-
scale screening for breast cancer 
(Beahrs etal., 1979; Baker, 1982). A total 
of 280 000 volunteer women aged 35-74 
were recruited at 27 locations and 
screened annually for 5 years with two-
view mammography, clinical breast 
examination and, up to 1977, thermo-
graphy. The project was not designed for 
evaluation of the effectiveness of 
mammography screening; however, 

Morrison etal. (1988) followed-up 55 053 
white women for 9 years and, by calcu-
lating the 'expected' mortality from breast 
cancer for women without diagnosed 
breast cancer at the start of observation, 
they estimated ratios (observed: 
expected deaths from breast cancer) of 
0.89, 0.76 and 0.74 for women aged 
35-49, 50-59 and 60-74 years, 
respectively, at entry. [No confidence 
intervals or  values were reported.] 

In 1974, de Waard et al. (1984a) set 
up a population-based study of periodic 
screening of women aged 50-64 years 
in Utrecht, The Netherlands. Of 20 555 
invited women, 14 796 (72%) attended 
the first of four rounds (ended in 1987 
when the national programme was 
launched). The intervals between 
successive screening rounds were 12, 
18, 24 and 48 months. The effect of the 
programme on mortality from breast can- 

cer was evaluated in nested case—con-
trol studies (Table 28), which showed a 
significant reduction in mortality for 
women who had ever been screened 
when compared with those who had 
never been screened (OR, 0.30; 95% Cl, 
0.13-0.70) (Collette et al., 1984). The 
odds ratios for women aged 50-54, 
55-59, 60-64 and 65-69 at diagnosis 
were 1.13,0.31,0 and 0.10, respectively. 
These estimates were based on small 
numbers, and no confidence intervals 
were given. 

In 1975, a population-based screen-
ing programme was set up in the city of 
Nijmegen (150 000 inhabitants), The 
Netherlands (Peeters et al., 1989a). The 
first screening round, in 1975-76, 
involved 23 000 women born in 
1910-39, who were thus 35-64 years 
old. In the subsequent screening rounds, 
the same birth cohort was invited, as well 
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Figure 29 Cumulative mortality from breast 
cancer per 100 000 among women aged 
40-49, 50-59 and 60-69 years at time of invi-
tation to screening and among controls in the 
Swedish overview; evaluation model; follow-up 
until December 1996 
From Nyström et al. (2002) 

as 7700 women born before 1910. The 
odds ratio for death from breast cancer 
estimated in a case-control analysis 
were 1.2 (95% Cl, 0.31-4.8) for women 
aged 35-49, 0.26 (95% Cl, 0.10-0.67) 
for those aged 50-64 and 0.81 (95% Cl, 
0.23-2.8) for women aged ~ 65 (Verbeek 
et al., 1985). 

Between 1970 and 1980, 33 000 
women aged 40-70 years living in 24 
municipalities in Florence, Italy, were 
invited to mammographic screening with 
cranio-caudal and mediolateral-oblique 
views every 2.5 years. In 1989, the study 
area was extended to include the city of 

Florence. Palli et al. (1986, 1989) used a 
nested case-control approach to esti-
mate the impact on breast cancer mor-
tality (Table 28). The odds ratios for 
women aged 40-49 and ~! 50 at diagno-
sis were estimated to be 0.63 (0.24-1.6) 
and 0.51 (0.29-0.89), respectively. [The 
estimates of risk by age at diagnosis 
instead of age at initiation of screening 
are confounded by lead time.] 

The nested case-control approach 
was also used by Thompson, R.S. et al. 
(1994) to evaluate the effect of a screen-
ing programme in Washington State, 
USA, in 1982-88. The cohort consisted 
of 94 656 women aged ~t 40 years. 
During the study, there were 1144 inci-
dent cases of breast cancer, including 
126 deaths. A randomly selected sub-
sample representing 2.4% of the cohort 
constituted the control group. With a 
mean follow-up of 3.5 years after screen-
ing, the relative risk for mortality from 
breast cancer in screened as compared 
with unscreened women was 0.80 
(0.34-1.8) for women aged ~! 40 and 
0.61 (0.23-1.6) for women aged ~! 50. 

Two of the randomized controlled 
trials, the Health Insurance Plan trial 
(Friedman & Dubin, 1991) and one 
MalmO trial (Janzon & Andersson, 1990; 
Gullberg et al., 1991), were also 
evaluated in nested case-control studies 
(Table 28). For a discussion of the 
methodological issues related to these 
nested case-control studies, see above. 

A meta-analysis of the Utrecht, 
Nijmegen, Florence, United Kingdom 
and MalmO case-control studies resulted 
in an odds ratio of 0.44 (95% Cl, 
0.38-0.50) for screened versus 
unscreened women, with a slightly lower 
odds ratio for women in programmes in 
which mammography was combined 
with clinical breast examination (OR, 0.37; 
95% Cl, 0.30-0.45) as compared with 
mammography alone (OR, 0.49; 95% Cl, 
0.42-0.58) (Demissie etal., 1998). 

[The estimates in Table 28 should be 
treated with caution as they may be 
biased (see above).] 

Quasi-experimental study 
In the Trial of Early Detection of Breast 
Cancer in the United Kingdom, set up in 
1979, women aged 45-64 years were 
invited to screening at one of two cen-
tres, in Edinburgh and Guildford, every 
year for 7 years, by mammography and 
clinical breast examination every 2 years 
and by clinical breast examination only in 
the intervening years (UK Trial of Early 
Detection of Breast Cancer Group, 
1988). Women in the same age range in 
the comparison centres were identified 
but were offered no additional services. 
The rate of mortality from breast cancer 
was 27% lower (rate ratio, 0.73; 95% Cl, 
0.63-0.84) in the two screening centres 
combined than in the control centres. 
The rate ratios for women aged 45-49, 
50-54, 55-59 and 60-64 were 0.70 
(0.57-0.86), 0.79 (0.62-1.0), 0.71 
(0.51-0.90) and 0.72 (0.56-0.92), 
respectively (UK Trial of Early Detection 
of Breast Cancer Group, 1999). 

Efficacy of screening by 
clinical breast examination 

Estimating the efficacy of clinical breast 
examination alone in reducing breast 
cancer mortality is hindered by the 
paucity of relevant data. No randomized 
trial of clinical breast examination com-
pared with no screening has been 
completed. Indirect evidence of efficacy 
is based on comparisons by size, nodal 
status and stage of disease of tumours 
detected by clinical breast examination 
with others means of detection; compari-
son of the survival of women with 
cancers detected by clinical breast 
examination in contrast to mammogra-
phy; and the results of a randomized trial 
in which breast cancer mortality was 
compared in women given breast exam-
inations alone with that in women who 
received combined screening by mam-
mography and clinical breast examina-
tion (Miller etal., 2000, 2002). 
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The studies have found consistently 
that the percentage of tumours diag-
nosed at an early stage is higher with 
detection by clinical breast examination 
than those found by the women them-
selves but lower than with detection by 
mammography (Table 29). The largest of 
these studies was a nationwide study on 
mass screening for breast cancer 
involving clinical breast examination with 
or without instruction in self-examination, 
sponsored by the Ministry of Health and 
Welfare of Japan in 11 regions. Ota et al. 
(1989) compared the clinical stage and 
the survival rate of 728 patients with 
breast cancer detected during mass 
screening (726 by clinical breast exami-
nation) with those of 1450 patients in 
outpatient clinics, after matching on 
treatment facility, age and year of 
treatment. The proportion of cases 
detected at stage lis, O or I was 41% 
with detection during mass screening 
and 29% of those diagnosed in 
outpatient clinics. 

Nodal status at the time of detection 
in the Health Insurance Plan study 
(Shapiro et al., 1988), in the Breast 
Cancer Detection Demonstration Project 
(Beahrs etal., 1979) and in the Canadian 
National Breast Screening trial of women 
aged 50-59 (Miller et al., 1992b) is 
shown in Table 30. In the Health 
Insurance Plan study and in the Breast 
Cancer Detection Demonstration Project 
(in which both mammography and clini-
cal breast examination were provided), 
clinical breast examination alone and 
mammography alone resulted in detec-
tion of similar proportions of node-nega-
tive tumours. However, the large propor-
tions of cancers for which the mode of 
detection was unknown in the latter 
study makes the result questionable. 
Furthermore, the observations in these 
two studies probably reflect the lower 
quality of mammography in the 1960s 
and 1970s than in more recent years. In 
the Canadian National Breast Screening 
trial, annual clinical breast examination 
alone was associated with a lower pro- 
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Smith etal. (1980) In situ plus local 
(USA) 

Seidman et al. (1987) Intraductal plus in situ plus 1375 	35 
(USA) invasive < 1 cm 

Shapiro et al. (1 988a) Intraductal plus in situ plus 44 	39 
(USA) local 

Ota etal. (1989) TNM stage lis or O or I 
(Japan) 

Senie et al. (1994) Axillary node negative 30 	90 
(USA) 

Ohuchi etal. (1995) In situ plus invasive < 1 cm 35b 	26 
(Japan) 

McPherson et al. (1997)C Localized 293 	76 
(USA) 

Koibuchi etal. (1998) TNM stage Tis or O or I 
(Japan) 

Miller et al. (2002)C Invasive <9 mm 69 	33 
(Canada) 

Miller et al. (2000) Invasive <9 mm 126 	29 
(Canada)d 

Controls in randomized trial 
b Includes cases diagnosed by mammography plus clinical breast examination 
c Limited to women 40-49 years of age at enrollment 
ci Limited to women 50-59 years of age at enrollment 
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Table 29. Stage at diagnosis according to detection method  

Reference (country) 	Definition of early 	Mammography only Clinical breast 	Not detected at screening 
disease 	 examination only 

Total no. % early Total no. % early Total no. 	% early 
of cases stage 	of cases stage 	of cases 	stage 

portion of node-negative tumours than 
was combined screening. 

The survival rate was more 
favourable in cases detected by 
mammography than by clinical breast 
examination (Table 31). This is consis-
tent with the data on stage of diagnosis 
shown in Table 29 and suggests that 
there is a longer lead time with detection 
by mammography than by clinical breast 
examination. The differences in the sur-
vival of women whose tumours were 
detected by clinical breast examination 
and by other means are small and not 
consistent among studies. The differ- 

ence in 10-year survival reported by Ota 
et al. (1989) was not statistically signifi-
cant, but the difference at 5 years was 
(92% for clinical breast examination; 
86% for other modalities; p  <0.01). 

The results of the Canadian National 
Breast Screening study (Miller et aL, 
1992a,b, 2000, 2002) are shown in Table 
32. The survival rate after 7 years was 
only slightly better for women whose 
tumours were detected by mammogra-
phy than for those whose tumours were 
detected by clinical breast examination. 
The absence of a difference in mortality 
from breast cancer after 13 years  

suggests either that clinical breast 
examination was as effective as mam-
mography plus clinical breast examina-
tion in reducing deaths from breast can-
cer or that neither affected breast cancer 
mortality in these trials. 

In Japan, screening for breast cancer 
has been conducted mainly by breast 
examination by physicians. In a compari-
son of the change in age-adjusted death 
rate between 1986-90 and 1991-95, the 
average coverage rates for breast can-
cer screening per year for women aged 
30-69 years were calculated for 3255 
municipalities. Those with average 
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Efficacy of screening 

Nodal status 	Detected during first 5 years in Canadian National Breast Cancer Detection 
Health Insurance Plan Study Breast Screening Trial Demonstration Project (first screening) 

Mammo- 	CBE 	Both Mammo- CBE Mammo- CBE Both 
graphy 	alone graphy alone graphy alone 

Negative 	77 	76 	48 65 58 70 67 55 

Positive 	 16 	19 	41 26 36 10 17 26 

Unknown 	7 	5 	11 9 5 20 17 19 

From Beahrs et al. (1979); Shapiro et aI. (1988); Miller et al. (1992b) 
CBE, clinical breast examination 

Reference (country) Years of Mammography only Clinical breast Not detected by screening 
follow-up examination only 

Total no. of Survival Total no. Survival Total no. Survival (%) 
cases (%) of cases (%) of cases 

Shapiro et al. (1982) 12 44 68 59 56 294e 43 
(USA) 

Seidman et al. (1987) 10 1375 85 257 76 692 78 
(USA) 

Ota et al. (1989) 10 720 80 1440 78 
(Japan) 

Senie et aI. (1994) 10 30 83 101 73 598 64 
(USA) 

McPherson et al. (1997)b 8 293 88 114 71 364 75 
(USA) 

Koibuchi et al. (1998) 10 178 88 587 82 
(Japan) 

Stacey-Clear et al. (1992) 5 117 95 928 74 NA NA 
(USA) 

NA, not applicable  
a Controls in randomized trial 
b Limited to women 40-49 years of age at enrollment 

coverage rates of 20-40% and more death rate in the high coverage-rate tures (Miyagi and Gunma). Women who 
were each compared with two municipal- 	municipalities was statistically signifi- 	had died of breast cancer between 

ities selected as 'controls' and matched 	cantly greater than those in the control January 1993 and December 1995 were 

on population, national health insurance 	groups (Kuroishi et al., 2000; Table 33). 	identified from residential registers and 

rate and the age-adjusted death rate 	Kanemura et al. (1999) conducted a medical records. Controls matched for 

from cancer of the female breast in 	case—control study of clinical breast 	year of birth (within 2 years), sex and 

1986-90. The percentage reduction in 	examination in two Japanese prefec- 	address (administrative district) were 
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Women aged 40-49 

Mammography 
(n = 25 214) 

7-year survival after diagnosis (%) 

Mammography alone 	95 

Clinical breast examination 	89 
alone 

Both 	 86 

No. of deaths from breast 	105 
cancer at 13-year follow-up 

From Miller et al. (1992a,b, 2000, 2002) 
NA, not applicable 

Women aged 50-59 

Usual care (one clinical 	Mammography 	Clinical breast 
breast examination) 	(n = 19 711) 	examination only 
(n = 25 216) 	 (n = 19 694) 

NA 	 92 	 NA 

91 	 89 	 87 

NA 	 86 	 NA 

108 	 107 	 105 

Coverage, 	No. of Coverage rate by 1986-90 1991-95 Change in ADR (%) 
by age 	 municipalities screening  

No. of ADR No. of ADR 
deaths deaths 

All ages 
High coverage 	247 27 695 4.56 7.09 4.39 _37* 

Control 	494 8.5 5 144 5.09 6 346 5.62 10.6 

30-69 years 
High coverage 	247 27 557 7.56 512 691 _8.7** 
Control 	494 8.5 4 133 8.18 4 884 8.84 8.2 

From Kuroishi et al. (2000) 
ADR, age-adjusted death rate per 100 000 
* 

p <0.05; ** p <0.01 

selected randomly from the same regis- 	sis, respectively (Table 34). More cases 	effectively. This will require standardized 
fers. Screening history during 5 years than controls were symptomatic at training of examiners (see Chapter 2). 
before the date of diagnosis of cases screening. When women who had had 	Furthermore, if clinical breast examina- 
was ascertained from the files of the 	symptoms in their breasts were classi- 	tion is used in a screening programme, 
screening facilities, and 93 cases and 	fied as not screened, the odds ratio 	there must be complete follow-up of all 
375 controls were eligible for analysis. 	decreased to 0.56 (95% Cl, 0.27-1.18) 	women with abnormal findings. This 
The odds ratio for death from breast can- 	for the 1-year interval and 0.45 	might be difficult to achieve in developing 
cer was 0.93 (95% Cl, 0.48-1.79) and 	(0.22-0.89) for the 5-year interval, 	countries, as found in a randomized con- 
0.59 (95% Cl, 0.31-1.14) after participa- 	It is likely that a careful protocol for 	trolled trial of clinical breast examination 
tion in screening at least once in the 1- 	clinical breast examination will be 	in the Philippines (IARC, 1997): only 
year and 5-year intervals before diagno- required if this technique is to be used 	30% of women who were found to have 
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Feature of study 	 Group given instruction 

No. of women 	 57 712 

No. referred for evaluation 	4 300 (7.5%) 

No. with breast cancer 	 493 (0.9%) 

No of deaths from breast 	157(0.27%) 
cancer after about 10 
years of follow-up 

Survival 9 years after date 	65 
of detection (%) 

From Semiglazov et al. (1999) 

Control group 

64 759 

2438(3.8%)  

446(0.7%) 

167(0.26%) 

55 
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Efficacy of screening by 
breast self-examination 

Randomized trials 
Two randomized trials of breast self-
examination with mortality from breast 
cancer as the primary end-point have 
been conducted. The first, initiated in 
Moscow and St Petersburg, Russian 
Federation, were begun in 1985 
(Semiglazov et al., 1993). Preliminary 
results on deaths due to breast cancer 
have been reported only from the St 

Efficacy of screening 

IntervaP 	Cases 	 Controls Odds ratio 95% Cl 

No. 	% participatedb 	No. % participated' 

1 	 93 	17 	 375 18 0.93 0.48-1.79 

2 	 88 	24 	 347 25 0.86 0.46-1.60 

3 	 83 	24 	 328 31 0.63 0.33-1.18 

4 	 80 	25 	 319 33 0.57 0.30-1.07 

5 	 75 	25 	 299 33 0.59 0.31-1.14 

From Kanemura et al. (1999); Cl, confidence interval 
a Years before diagnosis of case 
b Percentage of women who had ever participated in screening within each interval 

abnormalities at screening received a 
definitive diagnosis after assessment. 

Thus, cancers detected by clinical 
breast examination tend to be diagnosed 
at a slightly earlier stage than those not 
detected by screening, but this had only 
a minor impact on survival. One 
case—control study and one ecological 
study (both in Japan) suggested that 
clinical breast examination reduces mor-
tality from breast cancer. In one random-
ized trial in Canada, mortality from breast 
cancer was similar among women who 
received combined screening (mam-
mography and clinical breast examina-
tion) and those who had clinical breast 
examination screening alone. 

Petersburg portion of the study 
(Semiglazov et aI., 1992, 1999). In that 
city, nine polyclinics and five enterprises 
were randomly selected as intervention 
facilities, and nine and five, respectively, 
as control facilities. Women aged 40-64 
who received their care in the interven-
tion facilities were invited to participate in 
the trial. Medical personnel in the clinics 
examined each woman's breasts, and 
the women in the intervention facilities 
were given detailed instruction in breast 
self-examination. They were also given a 
calendar to record their monthly practice 

and asked to return annually for 
reinforcement sessions. Women in the 
control clinics received clinical breast 
examinations alone. The results are 
summarized in Table 35. Significantly 
more women in the group given instruc-
tion than in the control group were 
referred for evaluation of a breast lump 
(p <0.05), and more were found to have 
a benign lesion. Breast cancer was 
diagnosed in more women in the group 
given instruction than in the control 
group, but the difference could have 
been due to chance, and the malignant 
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tumours in the two groups of women did 
not differ appreciably in size or percent-
age with axillary node involvement. 
Although the survival rate 9 years after 
diagnosis was somewhat more 
favourable for women who received 
instruction than in the control group 
(relative survival, 0.77 in log rank test), 
the difference was not statistically signif-
icant. After approximately 10 years of 
follow-up, almost equal percentages of 
women in the two groups had died with 
breast cancer (0.27% and 0.26%). One 
possible explanation for these results is 
poor compliance with the instructions for 
breast self-examination. In a sample of 
participants 1 year after training in the 
technique, 82% of the interviewed 
women reported practising breast self-
examination more than five times per 
year, and 53% reported monthly 
practice. However, by year 4, these per-
centages had dropped to 56% and 18%, 
respectively. Another possible reason for 
the results is that breast self-examination 
is not effective in reducing mortality from 
breast cancer among women who are 
also screened by clinical breast exami-
nation. 

The second randomized trial was 
conducted in Shanghai, China (Thomas 
et al., 1997, 2002). Between 1989 and 
1991, over 266 000 current and retired 
30-64-year-old female employees of the 
Shanghai Textile Industry Bureau, who 
worked in 519 different factories, were 
randomized by factory to receive instruc-
tion in breast self-examination or to a 
control group. Groups of about 10 
women received initial instruction in 
breast self-examination, two reinforce-
ment sessions 1 and 3 years later, 
consisting of videos and discussion 
groups, multiple reminders to practise 
breast self-examination and periodic 
practice sessions supervised by factory 
medical workers about every 6 months 
for 5 years. No breast cancer screening 
was offered to women in the control 
group. High levels of participation in the 
reinforcement and supervised breast  

self-examination sessions were docu-
mented during the first 4-5 years of the 
trial, during which time the women prac-
tised breast self-examination under med-
ical supervision an average of about 
once every 4-5 months. Women were 
encouraged to practise self-examination 
monthly, but the frequency of practice 
outside the clinic setting is unknown. 
Randomly selected women in the 
intervention group were more proficient 
in detecting lumps in silicone breast 
models than the control group. The 
results after 10-11 years of follow-up are 
summarized in Table 36. Benign breast 
lesions were diagnosed in more women 
in the group given instruction than in the 
control group (1.8% vs 1.0%). As 
expected, the numbers of women with 
breast cancer were similar in the two 
groups, and the breast cancers in the 
two groups did not differ appreciably in 
size (45% vs 42% were :5 2 cm) or 
stage (47% vs 48% had no axillary nodal 
involvement). Also, the proportion of 
deaths due to breast cancer (0.1% in 
each group; odds ratio for death, 1.04; 
95% Cl, 0.82-1.33) and the cumulative 
rates of mortality from breast cancer 
were nearly identical in the two 
groups, as were the survival rates of 
women with breast cancer, both from 
entry into the trial and from date of 
diagnosis. Evidence was presented that 
these results are not readily explicable 

No. of deaths from breast cancer 
after 10-11 years of follow-up 

From Thomas et al. (2002)  

by an absence of statistical power, 
insufficient duration or completeness of 
follow-up, failure of the randomization 
procedure to select two groups at equal 
risk for breast cancer, selective exclusion 
of women after randomization, incom-
plete or differential ascertainment of 
breast cancer cases or deaths, screen-
ing in the control group or insufficient 
treatment for breast cancer. 

Neither the trial in St Petersburg, 
where compliance was limited, nor the 
trial in Shanghai, where the level of com-
pliance was probably as high as could be 
achieved in a public health programme 
to promote breast self-examination, 
showed a reduction in mortality from 
breast cancer among women taught 
breast self-examination. 

Cohort studies 
Reports are available from three studies 
in which the rates of death from breast 
cancer were compared in women who 
did and did not practise breast self-
examination. The results are summa-
rized in Table 37. 

As part of the trial for early detection 
of breast cancer in the United Kingdom 
(Eliman et al., 1993; UK Trial of Early 
Detection of Breast Cancer Group, 
1999), women in the cities of 
Huddersfield and Nottingham were 
invited to attend educational sessions in 
breast self-examination, including a talk 

Feature of study 	 Group given instruction 	Control group 

No. of women 	 132 979 
	

133 085 

No. with benign breast lesions 	2387(l.8%) 	 1 296(1.0%) 

No. with breast cancer 	 864(0.7%) 	 896 (0.7%) 

135(0.1%) 	 131 (0.1%) 
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Efficacy of screening 

Reference (country) Years of Practised BSE No. of women No. of breast Rate ratio (95% CI) 
follow-up cancer deaths 

Holmberg et al. (1997) 13 Yes 177 602 925 1.03e (0.95-1.12) 
(USA) No 272 554 1375 1.00 (reference) 

Gästrin et al. (1994) 14 Yes 29 004 95 0.71 (0.57-0.87) 
(Finland) No General population 34b 1.00 (reference) 

134 
UK Trial of Early Detection 
of Breast Cancer Group 
(1999) (United Kingdom) 	16 	 Yes: 

Total 	 63373 	 661 	 099G (0.87-1.12) 
Huddersfield 	Not reported 	187 	 079G (0.65-0.96) 
Nottingham 	Not reported 	474 	 109G (0.95-1.26) 

No 	 127 123 	1312 	 1.00 (reference) 

a Adjusted for age, parity, family history of breast cancer, ages at menarche and first pregnancy and body mass index 
b Expected on basis of age-specific rates in general population of Finland 

Adjusted for age and pre-trial standardized mortality ratio 

and a film. In Huddersfield, calendars 
were sent out annually as reminders and 
for women to record their monthly breast 
self-examination practice. The rates of 
breast cancer mortality among women 
invited to breast self-examination training 
(whether or not they attended) were 
compared with those in four centres in 
which women received no breast cancer 
screening or breast self-examination 
instruction. No overall difference in mor-
tality rates from breast cancer was 
observed between the women in the two 
instruction centres combined and the 
women in the four comparison centres 
(Table 37). However, the rate ratio in 
Huddersfield was significantly lower than 
unity and similar to that observed in the 
Finnish Mama Program. As in that pro-
gramme, it was the centre from which 
calendars were sent, suggesting that the 
difference might have been due to more 
intensive breast self-examination prac-
tice in Huddersfield. More women in 
Huddersfield than Nottingham also 
received breast-conserving surgery, 
chemotherapy and tamoxifen, whereas 
the participation rates in the breast 

self-examination instruction were higher 
in Nottingham than in Huddersfield, 
suggesting that differences in treatment 
or other factors could explain the dis-
crepant results. 

In the Mama Program for Breast 
Screening (Gâstrin et aI., 1994), begin-
ning in 1973, groups of 20-50 women in 
Finland were given detailed instruction in 
breast self-examination, followed by 
periodic reminders and annual mailings 
of calendars for the women to record 
their practice. Mortality among the 
participants was compared with that of 
the general population of Finland. As 
shown in Table 37, the rate of mortality 
from breast cancer among the partici-
pants was significantly lower than 
expected (rate ratio, 0.71; 95% Cl, 
0.57-0.87), in spite of a higher incidence 
of breast cancer than expected (inci-
dence rate ratio = 1.2). Lower rates of 
death due to breast cancer were 
observed among women in most age 
groups and were most pronounced 3-6 
years after entry into the study. However, 
the mortality rates from all causes were 
similarly significantly lower (observed  

deaths, 2658; standardized mortality 
ratio = 0.67), suggesting that the partici-
pants were generally healthier than 
women in the general population, and 
that their lower rate of death from breast 
cancer was due to factors related to bet-
ter survival, other than early diagnosis 
resulting from breast self-examination, 
which were not controlled for in the 
analysis. 

Holmberg et al. (1997) calculated the 
rates of death from breast cancer in a 
cohort of women who, in 1959, were 
asked: "Many doctors recommend that 
women examine their breasts monthly. 
Do you do so?" A "Yes" answer presum-
ably indicated that the woman practised 
breast self-examination monthly, and a 
"No" answer indicated she they did so 
less frequently or not at all. After a 13-
year follow-up period, no association was 
found between breast cancer mortality 
and the answer to this question. The 
major strengths of this study are its large 
size, long follow-up, strong statistical 
power and control of multiple possible 
confounders. However, the absence of 
detailed information on the frequency or 
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manner of breast self-examination prac-
tice by the women in the study reduces 
the usefulness of the negative findings, 
since many of the women who reported 
practising self-examination may not have 
done so adequately. 

Two case—control studies nested 
within randomized trials, which did not 
rely on self-reported breast self-exami-
nation practice, provide additional 
evidence for a beneficial effect of this 
practice. 

Locker et al. (1989b) performed a 
case—control analysis of data for women 
invited to enrol in the Trial of Early 
Detection of Breast Cancer in 
Nottingham. Death from from breast can-
cer more than 3 months after invitation 
was recorded for 68 of 180 women 
(38%) who had attended the breast self-
examination instruction class and 258 
(43%) of 603 age-matched control 
women at the Nottingham centre, for an 
estimated relative risk of 0.70 
(0.50-0.97). The comparable relative 
risk estimates in pre- and post-
menopausal women were 0.85 (0.45-1.6) 
and 0.66 (0.45-0.97), respectively. 
These estimates were not controlled for 
factors other than age and might be con-
founded by other risk factors for breast 
cancer that were also associated with a 
decision to attend the breast self-exami-
nation instruction class. 

Harvey, B.J. etal. (1997) conducted a 
case—control study nested in the 
Canadian National Breast Screening 
Study on the basis of answers to ques-
tions on the frequency of breast self-
examination before enrollment and 
during the trial and the results of annual 
assessments of breast self-examination 
proficiency. Thus, 220 women with fatal 
or mestastatic disease and 2200 age-
matched controls were selected from 
those enrolled in the trial. Comparison of 
women who had practised breast self-
examination before enrollment with 
those who had not gave a relative risk for 
fatal or advanced breast cancer of 1.27 
(95% Cl, 0.96-1.68). The relative risks  

decreased with increasing frequency of 
breast self-examination practice prior to 
enrollment. The relative risk for 
advanced and fatal disease also 
increased slightly with decreasing fre-
quency of breast self-examination during 
the trial, but none of the estimates or 
trends was statistically significant. A sig-
nificant decrease in relative risk was 
found with increasing proficiency of 
breast self-examination, as observed in 
clinics by trained examiners 2 years 
before diagnosis of the cases. The level 
of proficiency was defined by exclusion 
of visual inspection, use of finger pads 
and systematic search, three key ele-
ments of proper self-examination. 
Similar but weaker trends in risk were 
observed in relation to level of 
proficiency 1 and 3 years before diagno-
sis, but none of the 95% confidence I 
imits excluded 1.0. The relative risk esti-
mates were not confounded by family 
history of breast cancer, age at menar-
che or menopause, education or 
occupation. 

Case—control studies 
The results of two additional case—con-
trol studies were also available. 

Muscat and Huncharek (1991) com-
pared 435 women in Connecticut, USA, 
with regional or distant breast cancer at 
diagnosis with 887 control women 
selected by random-digit dialling. Breast 
self-examination at least once a month 
was reported by 27% of the patients and 
20% of the controls. After control for a 
family history of breast cancer, age at 
birth of first child, race and frequency of 
mammograms, a relative risk of 1.3 
(95% Cl, 0.77-2.1) was estimated, but it 
is not clear from the report whether this 
estimate was for women who practised 
breast self-examination monthly or also 
less frequently. 

Newcomb et al. (1991) compared 
self-reported breast self-examination 
practice by 209 members of a prepaid 
health plan who developed late-stage 
(TNM Ill or IV) breast cancer during a  

defined period and 433 age-matched 
controls selected randomly from mem-
bers of the same plan. The relative risk 
for advanced disease in women who had 
ever practised breast self-examination 
was 1.15 (95% Cl, 0.73-1.81), and, 
unexpectedly, the relative risk increased 
with frequency of self-examination. 

Both of these studies relied on self-
reported practice, and the frequency 
reported by the women might have been 
inflated by reports of self-palpation in 
response to symptoms of breast cancer. 
The finding in the study of Newcomb et 
al. (1991), that the relative risks 
decreased with increasing proficiency in 
breast self-examination, suggests that 
women who regularly practised the 
technique according to rigorous 
standards may have accrued some 
benefit. These estimates were controlled 
for age and frequency of clinical breast 
examination. Other risk factors for breast 
cancer were considered as possible con-
founders but found not to alter the esti-
mates. 

The results of these two case—control 
studies thus provide some additional evi-
dence that breast self-examination may 
reduce the risk for fatal or advanced 
breast cancer if practised with a high 
degree of proficiency. 

Studies of survival 
If breast self-examination is effective in 
preventing deaths from breast cancer, 
follow-up studies of women with breast 
cancer should show that those who 
examined their breasts lived longer than 
those who did not. In addition, the 
observed differences in survival should 
be sufficiently large that they cannot 
reasonably be attributed to enhanced 
lead time or length bias sampling. Table 
38 summarizes the results of five studies 
in which the survival after diagnosis of 
women who either practised or received 
instruction in breast self-examination 
was compared with that of women who 
did not. In the first three studies shown, 
the observed difference in survival was 
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Reference 	 Years of 
follow-up 

Foster & Costanza 
(1984) (USA) 

Huguley et al. 
(1988) (USA) 

Locker et al. (1 989a,b) 	6 
(United Kingdom) 

Le Geyte et al. (1992) 	6 
(United Kingdom) 	6 

Auvinen et al. (1996) 	5 
(Finland) 	 5 

a Estimated from graph 
b Differences not statistically significant 

Definition of Practised BSE No. of cases 
BSE practice 

History of BSE Yes 424 
practice No 411 

History of BSE Yes 1400 
practice No 683 

Accepted invitation to Yes 372 
attend BSE instruction No 379 

History of being taught Yes 226 
BSE No 390 

Frequency of BSE Monthly 448 

practice None 104 

Efficac y of screening 

L!L1' 1uLi..Jtr :1 

% alive at follow-up 

80 
62 

70 
51 

—610  
4a 

73 
66 

73g) 

large, and the authors of the first two 
studies estimated that a lead time of 
about 3 years would be necessary to 
explain their results completely. In the 
last two studies summarized in the table, 
the differences in survival were smaller. 
The results of the study by Le Geyte et 
al. (1992) could be explained by a lead 
time of about 18 months, and the differ-
ences in survival reported from the 
Finnish study (Auvinen et al., 1996) 
could readily have been due to chance. 
In another study (Senie et al., 1994), 
conducted in New York City, USA, sur-
vival was not associated with the fre-
quency of breast self-examination, but 
no details were provided. 

Three studies addressed the survival 
of women who detected their breast can-
cer while practising breast self-examina-
tion in comparison with that of women 
whose neoplasm was detected by other 
means (Kuroishi et al., 1992; McPherson 
et al., 1997; Koibuchi et al., 1998). 
Although all three studies showed a 
slight survival advantage in women who 
found their tumour while practising 
breast self-examination, the differences 
in the first two studies were small and not 
statistically significant; in the third study,  

the difference could presumably be 
attributed to greater lead time. 

The results of most of the studies of 
survival were inconsistent with a benefi-
cial effect of breast self-examination on 
survival from breast cancer, and there 
are alternative explanations for most of 
the findings. These studies therefore do 
not provide strong evidence for the 
efficacy of breast self-examination in 
reducing deaths from breast cancer. 

Studies of extent of disease at 
diagnosis 
Many studies have been conducted to 
determine whether the practice of breast 
self-examination is associated with 
breast cancers that are smaller or at less 
advanced stage at the time of diagnosis 
than expected in the absence of self-
examination. Table 39 summarizes the 
results of studies in which the stage of 
breast cancer at diagnosis in women 
who found their tumour while practising 
breast self-examination was compared 
with the stage of diagnosis in women 
whose tumour came to their attention by 
means other than screening. In all the 
studies except one, the proportion of 
women whose tumour was diagnosed 

when it was confined to the breast was 
slightly higher among those who found 
their tumour while practising self-exami-
nation than among those who did not. 
None of the comparison groups 
intentionally included women screened 
by mammography. 

Tumour size at diagnosis was 
reported in five of the studies shown in 
Table 39, and in each the tumours 
detected by breast self-examination 
were slightly smaller than those in the 
comparison group. Smith et al. (1980) 
found that 23% of 57 tumours detected 
by self-examination and 22% of 35 
tumours detected by accident were < 2 
cm in diameter; in a second study, Smith 
and Burns (1985) found that 21% of 125 
tumours detected by self-examination 
and 19% of 92 tumours detected inci-
dentally were <2 cm in diameter. In addi-
tion, the mean diameters of tumours 
detected by self-examination and in 
comparison groups of cases were 2.2 
and 2.5 cm (Owen et al., 1985), 2.8 and 
2.9 cm (McPherson et al., 1997) and 2.2 
and 2.5 cm, respectively (Koibuchi et al., 
1998). 

Tumour size and stage at diagnosis 
were compared in women who reported 
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Reference Defintion of early Method of detection Definition of 
(country) stage comparison group 

Breast self-examination Comparison group 

Total no. % at early Total no. % at early 
of cases stage of cases stage 

Greenwald et al. TNM clinical stage I 53 38 178 27 Accidental 
(1978) (USA) 

Smith et al. In situ or localized to 107 59 57 58 Not BSE or CBE 
(1980) (USA) breast 

Gould-Martin et al. Localized to breast 60 48 169 59 Accidental 
(1982) (USA) 

Philip et al. (1984) TNM NO 35 83 109 66 Not BSE 
(United Kingdom) 

Owen et al. (1985) In situ plus localized 189 58 1218 52 Causal discovery 
(USA) 

Smith & Burns (1985) In situ plus localized 185 60 134 50 Not BSE 
(USA) 

Kuroishi et al. (1992) TNM Tis or I 355 37 1327 29 Chance 
(Japan) 

Auvinen et al. (1966) Localized 34 59 518 56 Not BSE 
(Finland) 

McPherson et a/. Localized 200 56 364 53 Incidental 
(1997) (USA) 

Koibuchi et al. (1998) TNM Tis or O or 1 	68 	47 	 178 	44 	 Not BSE 
(Japan) 

CBE, clinical breast examination 

practising breast self-examination at 	tumour size at diagnosis to be inversely 	Huddersfield, England (Philip et al., 
different frequencies. As shown in Table 	associated with the frequency of breast 	1984), who developed breast cancer 
40, eight of ten studies showed that a self-examination (Table 41). However, 	during the next 3 years, 45% of those 
higher percentage of women who Gould-Martin et al. (1982) found that the who attended the classes and 31% of 
reported practising breast self-examina- 	risk for regional disease at diagnosis was 	non-attenders had tumours that were !. 2 
tion monthly had tumours confined to the 	not lower for women who practised 	cm, but nearly equal proportions (53% of 
breast than women who did not examine breast self-examination routinely in com- 32 attenders and 54% of 70 non-atten- 
their breasts. In five of seven studies in 	parison with women screened by clinical 	ders) had no involvement of axillary 
which stage at diagnosis was reported in 	breast examination and was not lower for 	nodes, as confirmed histologically. 
women who practised breast self-exami- women who used techniques judged to 	Women who were taught breast self- 
nation, the percentage of cases with no be adequate than for women whose examination more frequently reported 
axillary node involvement was higher practice was considered not to be 	having found their tumours themselves 
among women who practised self-exam- adequate. In addition, among women than women who had not been taught 
ination monthly than in those who did so 	invited to attend classes in breast self- 	the technique (Philip et al., 1984). This is 
less than once a month. Similarly, 	examination as part of a non-randomized 	not surprising, as women who have not 
studies have fairly consistently shown 	trial of breast cancer screening in 	received instruction in breast self-exami- 
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Table 411,. stage ot breast cancer 

Reference (country) 

at allagnosis in relation 

Definition of 
early stage 

Never 

Total no. 
of cases 

to sen-reponeCl Trecl 

Frequency of breast self-examination 

<1/month 	 1/month 

%early 	Total no. % early 	Total no. 
stage 	of cases stage 	of cases 

% early 
stage 

Feldman et al. (1981) TNM stage O or I 588e 40 221 54 187 53 
(USA) 

Tam burini et al. (198 1) (Italy) Axillary nodes not involved 330 49 170b 59 - 

Hislop et al. (1984) (Canada) No palpable lymph nodes 104 78 264 85 36 86 

Foster & Costanza (1984) Axillary nodes not involved 292 15 192 29 177 37 
(USA) 

Mant et al. (1987) No report of involved nodes 294 54 82 64 144 68 
(United Kingdom) 

Ogawa et al. (1987) (Japan) TNM NO 60 82 60 80 30 87 

GIVIO (1991) (Italy) TNM NO 1307 52 480 53 329 56 

Gastrin et al. (1994) (Finland) Localized 1679 52 - - 432 52C 

Auvinen et al. (1996) (Finland) Localized 104 54 202 57 246 57 

Koibuchi et al. (1998) (Japan) Axillary nodes not involved 167 62 - - 64d 63 

a Rarely or never practised breast self-examination 
b Includes 56 women who practised breast self-examination monthly 
c Includes an unknown number of women who practised breast self-examination less than monthly 
b Monthly or every 2 months 

nation may not even know what it is. 
However, it is of relevance for assessing 
the efficacy of this technique to 
determine whether women who practise 
it regularly and competently are more 
likely to find their breast tumours them-
selves than women who have received 
instruction but practise it less diligently. 
Results from three studies suggest that 
this is so. Gould-Martin et al. (1982) 
found that 7 (44%) of 16 women who 
practised breast self-examination regu-
larly and adequately found their tumours, 
compared with 4 (29%) of 14 women 
who were judged to practise the exami-
nation less competently. Hislop et al. 

(1984) reported that 92% of 36 women in 
whom breast cancer was diagnosed 

when they were currently practising 
breast self-examination with techniques 
considered to be proper found their 
tumours, in comparison with 87% of 264 
women who were currently practising 
breast self-examination but using 
improper techniques. Ogawa et al. 

(1987) observed that 70% of 21 women 
who had been practising breast self-
examination monthly detected their 
tumours compared with 40% of 24 
women who did so less frequently. 

Most of the evidence from clinical and 
epidemiological 	studies 	therefore 
suggests that women who regularly and 
competently practise breast self-
examination are more likely to detect 
their breast tumours themselves and to 

have tumours diagnosed when smaller 
and at a less advanced stage than 
women who do not practise breast self-
examination. 

Efficacy of screening women 
at high risk 

Women who are at high risk for breast 
cancer might benefit more from breast 
screening programmes than women at 
average risk. Although there are many 
proposed risk factors for breast cancer, 
only a few clearly define groups of 
women who are at high risk. Foremost 
are women with a family history of breast 
cancer and those who are found by 
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Reference (country) Frequency of breast self-examination 

Never <1/month 1/month 

TotT < 2 cm Total no. % < 2 cm Total no. % <2 cm 

cases cases cases 

Feldman et al. (1981) (USA) 223e 39 140b  56 - - 

Tamburini et al. (1981) (Italy) 330 21 170G 37 - - 

Hislop et al. (1984) (Canada) 98 14 254 13 34 21 

Foster & Costanza (1984) (USA) 352 6.5 197 18 169 30 

Mant et al. (1987) (United Kingdom) 294 33 82 44 144 45 

Ogawa et al. (1987) (Japan) 60 15 60 23 30 33 

GIVIO (1991) (Italy) 1307 43 480 48 329 52 

Koibuchi et a/. (1998)d  (Japan) 178 44 - - 68e 47 

G  Rarely or never practised breast self-examination 
b Monthly plus several times yearly 
c Includes 56 women who practised breast self-examination monthly 
dTis + TO + Ti in TNM classification 
e Monthly or every 2 months 

genetic testing to be carriers of deleteri- 	al., 1989). There is emerging evidence 
ous mutations in the BRCA1 or BRCA2 that certain biomarkers, such as serum 
gene. In the latter, the lifetime risk may 	concentrations of insulin-like growth fac- 
exceed 80% (Ford etal., 1998). Women 	tor-1 (Hankinson etal., 1998a) or estra- 
with a history of atypical hyperplasia, 	diol (Hankinson etal., 1998b), the pres- 
DCIS or LCIS are also at elevated risk. 	ence of proliferative cells in a nipple aspi- 
Several models have been developed for rate (Wrensch et al., 2001) and breast 
estimating individual breast cancer risk 	density (Boyd et al., 1998) can be used 
which combine family history with other 	to define high-risk groups, but it has not 
risk factors, such as a history of benign yet been proposed that these women are 
breast disease and reproductive history. 	candidates for greater surveillance. Also, 
Women with a history of invasive breast the majority of breast cancers occur 
cancer are also at high risk for a second among women without greater mammo-
cancer. A small group of women are at graphic density (Tabár & Dean, 1982) or 
high risk for breast cancer because of a 	who belong to other high-risk groups, 
history of therapeutic radiation, in partic- 	and it would be inappropriate to exclude 
ular, young women who have been them from screening programmes. 
treated for Hodgkin disease (Bhatia et 	The relative risks and benefits of 
al., 1996) and also those who have 	mammography may be different for dif- 
undergone thymic irradiation (Hildreth et 	ferent groups of women within a popula- 
al., 1989) or chest fluoroscopy (Miller et 	tion. For example, the risk—benefit ratio 

may be favourable for women at high 
risk. As breast cancer is more prevalent 
in high-risk groups, this will affect the 
positive predictive value of the test used 
and the cost—benefit ratio. Conversely, 
women at high risk might benefit less 
from mammography than women at 
average risk. This would be the case if 
carriers of deleterious mutations were 
particularly radiosensitive or if the natural 
history of hereditary breast cancer were 
accelerated by radiation. It is therefore 
important to assess the efficacy of 
screening mammography for women at 
different levels of risk and with different 
risk profiles. It is also possible that the 
distribution of factors related to 
detectability by mammography might be 
different for women at high risk than for 
women at average risk. Such factors 
may include age and mammographic 
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density. Hereditary breast cancers typi-
cally occur in young women, and 
tumours in women under 50 are more 
likely to be missed by mammography 
than tumours in women over the age of 
50 (Ma et aI., 1992). To some extent, this 
reduction in sensitivity may be due to 
higher mammographic density, which is 
an established risk factor for breast 
cancer (Boyd et al., 1998) and correlates 
with other known risk factors, such as 
parity and oophorectomy. Because den-
sity can obscure cancer, screening mam-
mography is less sensitive in women 
with mammographically dense breasts 
than in women with mammographically 
lucent breasts (Mandelson et al., 2000). 
Therefore, mammographic screening will 
be more difficult for a risk group with 
breasts of a greater than average mam-
mographic density. To some extent, 
mammographic density is a heritable 
trait (Pankow et al., 1997), but there is lit-
tle evidence that mammographic density 
is greater among women at high genetic 
risk for breast cancer. 

Radiation sensitivity 
It has been proposed that the benefits of 
screening mammography might be offset 
in predisposed women by their 
enhanced sensitivity to the carcinogenic 
effects of radiation. Radiation is an 
established risk factor for breast cancer 
(see Chapter 5). The groups at risk 
include women with previous therapeutic 
exposure (Hildreth et al., 1989; Miller et 
al., 1989; Bhatia et aI., 1996) and sur-
vivors of the atomic bombs (Tokunaga et 
al., 1994). In a recent analysis of women 
who were exposed to the atomic bomb 
blasts, their risks for breast cancer were 
estimated separately for those exposed 
before and after the age of 35. The rela-
tive risk was much greater for the women 
who were younger at the time of expo-
sure (Tokunaga et aI., 1994). Because of 
the strong association between age at 
onset and hereditary breast cancer, the 
authors suggested that radiation-induced 
breast cancer might be a form of heredi- 

tary breast cancer or, alternatively, that, 
among women with hereditary predispo-
sition, radiation may be an important co-
factor. 

Several of the genes that have been 
implicated in susceptibility to breast can-
cer are involved in DNA repair, including 
BRCA1 and BRCA2 and the gene for 
ataxia telangiectasia (ATM). Both 
BRCA1 and BRCA2 participate in DNA 
repair through homologous recombina-
tion (Hoeijmakers, 2001). This mecha-
nism is responsible for repair of double-
strand breaks, which are typical of the 
damage induced by ionizing radiation. 
Concern has been expressed that 
women who carry a single mutant copy 
of the ATM gene are at increased risk for 
breast cancer and may be sensitive to 
the carcinogenic effects of ionizing radia-
tion. Several recent studies support the 
hypothesis that heterozygous carriers of 
certain ATM mutations are at increased 
risk for breast cancer (Angèle & Hall, 
2000; Dork et ai., 2001; Geoffroy-Perez 
et ai., 2001; Olsen et ai., 2001; 
Chenevix-Trench et ai., 2002). No epi-
demiological studies have been con-
ducted to evaluate whether mammogra-
phy (or other forms of ionizing radiation) 
poses a hazard to carriers of either ATM 
or BRCA1 or BRCA2 mutations. 

Tumour factors 
Certain characteristics of the tumours 
typically found in high-risk women might 
complicate screening them. These char-
acteristics include the growth rate or 
metastatic potential of the tumours 
(which reduces the preclinical latent 
period or sojourn period) and mammo-
graphic appearance (which reduces the 
sensitivity of screening). Fast-growing 
cancers are more likely to present as 
interval cancers than are slowly growing 
tumours. The histological features of a 
breast cancer may also be associated 
with 	mammographic 	detectability. 
Tumours with lobular or mucinous tissue 
are less likely to be detected by mam-
mography than are ductal carcinomas 

(Ma et ai., 1992; Narod & Dubé, 2001). 
In contrast, tumours with tubular features 
or with extensive in situ components are 
particularly likely to be identified at 
screening (Ma et ai., 1992). Other fea-
tures related to detectability on screen-
ing include low grade and the presence 
of estrogen receptors (ER). Although 
there is no consistent characteristic of 
hereditary breast cancer, several fea-
tures are commonly seen. The majority 
of breast cancers in carriers of BRCA1 
mutations are high-grade ductal carcino-
mas, are ER-negative and have a high 
proliferative index (Lakhani et al., 1998). 
Carriers of BRCA1 mutations also show 
less DCIS in relationship to the invasive 
tumour (Breast Cancer Linkage Consor-
tium, 1997), but the rate of DCIS in 
BRCA2 carriers is similar to that of con-
trols. The young age of the patients and 
the typical histological features can con-
tribute to the difficulty of using mammog-
raphy to detect hereditary breast cancer. 

Women can be considered to be at 
increased risk for breast cancer on the 
basis of a family history, the results of a 
genetic test or both. In general, women 
at risk of familial cancer fall into one of 
three groups: those with a documented 
deleterious mutation in BRCA1 or 
BRCA2; those with a strong family his-
tory of breast cancer and a history of 
breast cancer; and those with a strong 
family history of breast cancer but no 
personal history of breast cancer. The 
lifetime risk of women in the third group 
is much lower than that of the first two 
groups, because, even if a susceptibility 
gene is present in the family, the chance 
that a healthy relative will have inherited 
the predisposing mutation is less than 
50%. In contrast, almost all affected 
women in the family will be carriers. 
Screening programmes for high-risk 
women may include any or all of the 
groups listed above. 

Family history 
A family history of breast cancer is a con-
sistent risk factor for the disease. In a 
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Figure 30 Cumulative breast cancer risk in carriers of BRCA mutations 
From Ford eta!, (1998) 
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large meta-analysis, the cumulative risk 
for breast cancer up to the age of 80 was 
7.8% for women with no affected first-
degree relative, 13% for women with one 
affected first-degree relative and 21% for 
women with two affected first-degree 
relatives (Collaborative Group on 
Hormonal Factors in Breast Cancer, 
2001). The risk also depends on the age 
at diagnosis of the cancer. One factor in 
favour of screening high-risk populations 
is that the prevalence of breast cancer is 
greater than expected among women 
with a family history of breast cancer. In 
a screening study in San Francisco, USA 
(Kerlikowske et al., 1993), a family 
history of cancer was strongly related to 
both the prevalence of breast cancer and 
the positive predictive value of the test. 
In the age group 50-59, the positive pre-
dictive value of mammography was 0.22 
for those with a positive family history 
and 0.09 for those with a negative family 
history. In the age group 40-49, the pos-
itive predictive value was 0.13 for those 
with a positive family history and 0.04 for 
those with a negative family history. 

Many centres have now developed 
screening programmes for high-risk 
women. Lalloo et al. (1998) screened 
1259 women under the age of 50 who 
had a family history of breast cancer. 
Twelve invasive cancers were detected, 
with 8.45 expected (relative risk, 1.42). 
Kollias and colleagues (1998) followed a 
high-risk cohort of 1371 women under 
the age of 50 for a mean of 22 months 
and detected 23 invasive and six in situ 
cancers. They estimated this rate to be 
five times higher than expected. 

BRCA1 and BRCA2 
Only a small proportion of women with a 
family history of breast cancer carry a 
mutation in one of the breast cancer 
genes. Among women with a BRCA1 or 
BRCA2 mutation, the risk for breast can-
cer is estimated to be approximately 
80% up to the age of 70 (Ford et al., 
1998; Figure 30). In general, in the pres-
ence of a mutation, the estimated cancer 

risk is due to the mutation alone, i.e. it is 
not established that the family history 
adds additional predictive power. 
However, both genetic and non-genetic 
factors have been shown to modify the 
risk for breast cancer in carriers of BRCA 
mutations (Narod, 2002). Several 
studies are consistent in reporting the 
poor performance of mammography as a 
screening tool for BRCA carriers. Goffin 
et al. (2001) reviewed the mammo-
graphy records of 161 Ashkenazi Jewish 
women with breast cancer and classified 
them according to mutation status. 
Tumours < 2 cm in diameter were less 
likely to be detected by mammography 
among carriers than non-carriers (46% 
versus 89%; p  <0.001). In a small study 
in Asia, four of nine BRCA1-associated 
breast tumours were not mammographi-
cally visible, despite an average tumour 
size of 4.1 cm (Chang et al., 1999). In 
this study, the mammographic density of 
the BRCA1 carriers was reported to be 
higher than that of non-carrier controls. 

In a prospective screening study, 
Brekelmans et aI. (2001) found four  

cases of DCIS and 31 cases of invasive 
breast cancer in 1198 women with a high 
familial risk for breast cancer. Nine 
interval cancers occurred between 8 
weeks and 10 months after the last 
negative screen. The detection rates 
were 33 per 1000 per year in the BRCA 
mutation carriers, 8.4 per 1000 per year 
in the high-risk familial group and 3.3 per 
1000 per year in the moderate-risk 
group. Of the 29 tumours of known size, 
10 were < 1 cm, eight were 1-1.5 cm 
and 11 were >1.5cm. Eleven (35%) had 
node involvement, and five of nine of the 
cancers in mutation carriers had node 
involvement at diagnosis. Four of nine 
cancers detected in BRCA1 carriers 
were interval cancers. This study clearly 
demonstrates the high risk associated 
with a BRCA mutation but presents little 
evidence to support the benefit of 
mammographic screening. A large pro-
portion of the cancers among carriers 
were missed by mammography, and 
many women had involved lymph nodes 
at diagnosis. 
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Scheuer et al. (2002) followed 165 
women with BRCA mutations for a mean 
of 25 months and diagnosed nine 
incident, invasive, primary breast 
cancers. Three of these were detected 
by mammography, and six were detected 
in the interval between mammograms: 
five by self-examination and one by 
clinical examination. The women with 
interval cancers were younger than 
those with screen-detected cancers (41 
years versus 57 years; p = 0.05). 

Magnetic resonance imaging 
Because of the limitations of screening 
mammography (illustrated in the study of 
Brekelmans et a/., 2001), there has been 
much interest in evaluating more 
sensitive techniques of detecting breast 
cancer, including magnetic resonance 
imaging (MRI). MAI has been compared 
with mammography in screening of high-
risk women in four studies. In none were 

mortality rates compared, and in none 
were women assigned to screening at 
random, but all four studies found MAI to 
be more sensitive than mammography. 
Kuhl et al. (2000) screened 192 asymp-
tomatic high-risk women with MRI and 
found invasive or in situ cancers in six 
women at the first screening round 
(3.1%) and in three of 101 women 
(3.0%) at the second round. Of the nine 
MRI-detected cancers, only three were 
apparent on mammography. In a similar 
study, Warner et aI. (2001) compared 
mammography with MRI in 196 high-risk 
women in Ontario, Canada. Six invasive 
breast cancers were diagnosed; all were 
identified by MRI, but only two were 
identified by mammography. All the can-
cers were in women with either a BRCA 
mutation or a history of breast cancer. 
The six invasive cancers showed no 
node involvement, and each was < 1 cm 
in diameter. In this study, the specificity 

of MRI examination was lower than that 
of other screening modalities. Meijers-
Heijboer etal. (2001) followed a cohort of 
63 women with BRCA mutations for a 
mean of 3 years, the women being 
screened annually with MRI, mammog-
raphy or both. Eight incident cases of 
breast cancer were identified in the 
cohort. Examination by MAI allowed 
detection of six of eight breast cancers, 
but mammography allowed detection of 
only two of eight breast cancers. In a 
study 	from 	The 	Netherlands, 
Stoudjesdijk et al. (2001) studied a 
cohort of 179 women at high risk for 
breast cancer and also found that the 
sensitivity of MRI was significantly 
greater than that of mammography. Each 
of these studies was small, but, taken 
together, they provide evidence that the 
sensitivity of MAI is superior to that of 
mammography in screening women at 
high hereditary risk. 
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Chapter 5 

Effectiveness of screening 
Has screening been imple-
mented in accordance with 
the results of screening trials? 

National screening programmes were 
introduced in a number of countries, 
including Sweden, The Netherlands and 
the United Kingdom, following random-
ized controlled trials, and the experience 
from the trials was used to decide how 
screening should be implemented. A 
number of trials conducted after the start 
of those programmes concentrated on 
more specific issues and also influenced 
national programmes. 

There are now many national and 
regional population-based screening pro-
grammes, with various characteristics 
(see Tables 9-11, pp.  49-53). Ballard-
Barbash et al. (1999) reviewed breast 
cancer screening programmes in 21 coun-
tries and divided them into three groups: 

• those with national, government-sup-
ported, centrally organized health 
care systems, which have highly 
organized screening programmes 
that are distinct from the delivery of 
general medical care; 

• those with government-supported 
programmes that are organized more 
locally; and 

• those with government-supported 
programmes, where breast cancer 
screening is conducted within the 
context of general medical care. 

These distinctions were used to focus 
the discussion below, although examples 
from the first group were used mainly. 

The screening process can be a con-
tinuum, from organized national pro-
grammes through to opportunistic 
screening in which no 'programme' as  

such effectively exists (see Chapter 3). 
Organized programmes cover a defined 
population, and women in a specific age 
range are invited at regular intervals. 
These programmes are based on infor-
mation on all women in a geographical 
area, which allows tracking of both those 
who attend and those who do not. 
Organized programmes can be evalu-
ated by the techniques described below. 
Opportunistic screening is that con-
ducted after a request by a physician or 
a woman rather than by specified routine 
call and recall. In practice, many pro-
grammes have elements of both orga-
nized and opportunistic screening. By its 
nature, opportunistic screening is less 
amenable to quality control and the 
detailed evaluation specified for orga-
nized screening programmes; the evalu-
ation may therefore be limited to techni-
cal considerations. 

Methods of invitation 
For the majority of the randomized trials, 
population registers were obtained or 
compiled before randomization, from 
electoral or health authority registers 
(Tabár etal., 1985; Roberts et al., 1990) 
or from private health plan membership 
lists (Shapiro etal., 1967), and women in 
the intervention group were sent per-
sonal invitations. An exception is the 
Canadian trials (Miller et al., 1991b), in 
which women volunteered after media 
publicity. The advantages of a popula-
tion-based approach with individual 
invitations is that the whole eligible 
population and range of socioeconomic 
groups are identified. In most countries 
where this is feasible, such an approach 
was adopted for national screening pro-
grammes. In many countries, existing 

population registers were used, whereas 
in others (e.g. Ireland) registers had to be 
compiled from various sources. In a sur-
vey of screening in 21 countries, per-
sonal invitation was used as the only 
means for recruitment in five, and this 
was the commonest method in a further 
nine (Ballard-Barbash et al., 1999). In the 
USA, referral by a physician was the 
commonest method of recruitment. 
Media publicity was used in a number of 
countries, but it was the commonest 
method of recruitment in only two. 

In countries or regions where recruit-
ment is not organized by invitation, it may 
be difficult to encourage certain groups to 
attend for screening, and specific inter-
ventions may be needed (Whitman etal., 
1991; Paskett et al., 1999). In addition, it 
may prove more difficult to ensure that 
such women attend for further investiga-
tion whenrecommended or return for rou-
tine re-screening (Segura etal., 2000). In 
the province of Florence, Italy, a self-
referral policy resulted in only 10.2% of 
the target population having a mammo-
gram (Giorgi et al., 1994). 

Screening processes 
The screening process is described com-
prehensively in Chapter 3. It should be 
emphasized that screening comprises a 
series of elements, starting from identifi-
cation of the target population, through 
invitation of the woman and the point at 
which a women has a negative 
screening result or breast cancer is 
detected and treated, and the outcome is 
evaluated. Detailed information on the 
screening trials that have been per-
formed is given in Chapters 1 and 4, 
including those with conventional mam-
mography. This chapter addresses 
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how the trials have influenced the imple-
mentation of screening. In most of the 
randomized trials, the further assess-
ment of women with abnormalities 
detected on screening mammograms 
was also described. The extent to which 
this is done in population screening pro-
grammes depends partly on the health 
care system. 

Age range 
The most convincing evidence from ran-
domized controlled trials of the benefit of 
screening was for women aged 50-69 at 
entry to the trial. Few results are 
available for women aged ~! 70. With fur-
ther results and increased follow-up, a 
benefit is becoming apparent from some 
trials for women younger than 50 at 
entry, although it remains unclear to what 
extent this is due to screening after the 
age of 50 (de Koning et al., 1995b; 
Fletcher, 1997; National Institutes of 
Health, 1997; see also Chapter 4). 

All countries in which population 
screening is conducted (either nationally 
or sub-nationally) include women aged 
50-64, and a number include women up 
to the age of 69. Concern about lower 
attendance of older women led to an ini-
tial upper limit for invitation of 64 in the 
United Kingdom, but on the basis of the 
results of recent studies (Moss et al., 
2001), the upper limit is to be increased 
to 70, and that in The Netherlands has 
been increased to 74. In some countries, 
including the USA, there is no recom-
mended upper limit. As stated above, 
little evidence is available from the trials 
about the benefit of screening women 
> 70. 

If screening women younger than 50 
is to be effective, the interval will 
probably need to be < 2 years. A ran-
domized controlled trial of women aged 
40-41 at entry given annual mammo-
graphy is being conducted in the United 
Kingdom, and a report will become 
available within the next few years  

(Moss, 1999). Breast cancer is less com-
mon among younger women, and, while 
more life-years will potentially be gained, 
cost—effectiveness will be a key consid-
eration for this age group. At present, in 
most countries with screening pro-
grammes, routine screening of women 
under 50 is not recommended (National 
Institutes of Health, 1997; Ballard-
Barbash et al., 1999). 

Screening interval 
Most of the randomized controlled trials 
involved a 1- or 2-year screening 
interval. In the Swedish Two-county 
study, a 24-month interval was used for 
women aged 40-49 and a 33-month 
interval for those aged 50-75 at entry. 
Tabár et al. (1989) recommended that 
the interval should be no more than 18 
months for women aged 40-49 and no 
more than 2 years for women aged ~: 50, 
on the basis of the results of randomized 
controlled trials. 

Many countries have adopted a 2-
yearly screening interval because of the 
high interval cancer rates seen in the 
third year in trials. The United Kingdom is 
unusual in opting for a 3-year interval for 
women aged 50-64, but the programme 
is restricted by budget. The Microsimu-
lation Screening Analysis (MISCAN) 
model (see p. 128) predicts that 
substantial reductions in mortality would 
follow from extending the age range of 
women screened to 69 or reducing the 
screening interval to 2 years and 
suggests that the difference between 
these two policies would be so small 
that, depending on the outcome 
measure considered, either could be 
used (Boer et al., 1998). The results of 
Markov-chain models of breast tumour 
progression to determine the optimal 
screening interval (Duffy et al., 1997), 
with the data from the Swedish trials, 
suggest that the screening interval is crit-
ical for women aged 40-49 but less so 
for older women. For women aged  

40-49, a 3-year interval would result in 
little reduction in mortality (4%), but 
annual screening would result in a 36% 
reduction. For women aged 60-69, the 
predicted reductions in mortality with 3-
yearly, 2-yearly and annual screening 
are predicted to be 34%, 39% and 44%, 
respectively. 

Mammography 
Number of mammo graphic views 
In mammography, a single mediolat-
eral—oblique view with or without a 
second cranio-caudal view is usually 
used. Single-view mammography was 
used in the Swedish Two-county and 
Stockholm trials, while two-view mam-
mography was used in the MalmO, 
Goteborg, Health Insurance Plan and 
Canadian trials and in the first screen in 
Edinburgh. The results of a meta-analy-
sis of these trials (Kerlikowske et al., 
1995) suggested that there was no 
difference in the reduction in breast can-
cer mortality between screening with one 
view or two views; however, the trials 
were not designed to answer this 
question. 

In most national screening pro-
grammes, two views are used for the 
prevalence screen; in some, two views 
are used for all screens. In The 
Netherlands, two views are used for 
prevalence screens and about 20% of all 
subsequent screens if indicated 
(Fracheboud et al., 1998). In the United 
Kingdom, a single view was 
recommended for all screens; in 1995, 
however, on the basis of the results of 
the randomized controlled trial (Wald et 
al., 1995), the country changed its policy 
to two views for prevalence screens. It 
recently changed the policy again, to 
recommend two views for all screens by 
2003. In a national screening pro-
gramme, film readers will, at least 
initially, be less skilled than the experts 
involved in randomized controlled trials. 
Experience in the United Kingdom 
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showed a 32% increase in the detection 
of small invasive cancers when the 
programme changed from one view 
to two views at prevalence screens 
(Blanks et al., 1998) and also showed 
that two views were beneficial at inci-
dence screens (Given-Wilson & Blanks, 
1999). 

Double reading 
Deciding how many film readers to use is 
complicated by the number of ways in 
which film reading can be undertaken 
(see box). 

No randomized controlled trials have 
been conducted to examine this question 
specifically; a systematic review of 10 
cohort studies showed that double read-
ing increased the rate of cancer detec-
tion (Dinnes et al., 2001), but cost—effec-
tiveness remains an open issue (see 
Chapters 2 and 6). The policies of 
national screening programmes vary, but 
two readers are used in most. For exam-
ple, in The Netherlands, all films are read 
independently at a central unit by two 
radiologists. Consensus between the 
two readers is required for a referral, 
which may contribute towards the low 
referral rate in that country. 

Technique 	 No. of 
readers 

Single reading 	 2 

Double reading with 	2 
recall if necessary 

Double reading by 	2 
censensus 

Double reading with 	3 
arbitration 

In the United Kingdom, the policy is 
for single reading, although, in practice, 
some kind of double reading is used in 
most programmes. Radiographers (tech-
nicians trained to take radiographs) may 
also be trained as film readers, particu-
larly where too few radiologists are 
available. While issues such as screen-
ing interval, number of mammographic 
views and the lower age limit for 
screening have been further evaluated in 
specific trials, the issue of double 
reading has not, and it is likely to remain 
an open question. Studies will probably 
be undertaken to evaluate film reading 
by non-radiologists and with use of 
computer-aided detection (see Chapter 
2). 

Clinical breast examination 
In most population-based screening pro-
grammes, mammography is the only 
method used for detection, although clin-
ical breast examination is added in some 
countries or regions (see Chapter 2 and 
Shapiro et al., 1998). No randomized tri-
als of clinical breast examination versus 
no screening have been completed (see 
Chapter 4). 

Some form of clinical breast examina-
tion was used in the Health Insurance 
Plan, Edinburgh and Canadian trials. In 
the Health Insurance Plan study, 67% of 
cases were detected by clinical examina-
tion (with or without mammography), but 
in the UK Trial of Early Detection of 
Breast Cancer, which included the inter-
vention arm of the Edinburgh trial, the 
relative sensitivity of clinical breast 
examination was only 70% at first 
screens and 44% at subsequent screens 
(Moss et a/., 1993). As shown in Chapter 
4, no difference in the reduction in mor-
tality was found in trials with clinical 
breast examination and those with mam-
mography alone. 

The Canadian trial of women aged 
50-59 was specifically designed to com-
pare annual mammography plus clinical 
examination with clinical examination 
only (Miller et al., 1992b). No difference  

was found in the rate of death from 
breast cancer between the two arms of 
the trial after 13 years of follow-up, 
although more small tumours without 
node involvement were detected with 
mammography, and the confidence 
interval of the relative risk for breast 
cancer mortality was wide (RR, 1.02; 
95% Cl, 0.78-1.33) (Miller et al., 2000). 

Clinical examination is used alone in 
Japan, where annual screening is 
carried out by medical practitioners. 
Recent evidence suggested that this can 
reduce mortality rates (Kuroishi et al., 
2000). Screening by clinical breast 
examination alone has also been 
proposed for developing countries with 
limited resources (Mittra et al., 2000). 

Breast self-examination 
There is no evidence from randomized 
trials that breast self-examination is 
effective in reducing breast cancer 
mortality (see Chapter 4). A study in 
Shanghai, China, in which women 
employed in factories were assigned 
randomly to a self-examination instruc-
tion group or to a control group on the 
basis of factory, showed no difference in 
cumulative breast cancer mortality at 
10-11 years (Thomas et al., 2002). 
Nevertheless, a number of countries or 
programmes include it in their 
recommendations. 

Indicators for monitoring and 
evaluating the effectiveness 
of screening programmes 

An organized screening programme 
should have access to an information 
system that covers the programme and 
the entire target population. The 
background measures of coverage and 
attendance relate to the target popula-
tions and the women in it, whereas 
performance indicators, such as predic-
tive value and detection rate, are related 
directly to the mammography unit and 
other diagnostic facilities. Mortality from 
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Reason for delay in mortality 	 Comments and comparison 
reduction from national screening 	with trials 
programme compared with trials 

Dilution due to breast cancer deaths 	Pre-exisiting cases are 
in cases diagnosed before any invitation 	excluded from both arms of 
to screening 	 trials. 

IARC Handbooks of Cancer Prevention, Volume 7: Breast Cancer Screening 

Long time to cover national population, 
e.g., in the United Kingdom, the first 
invitations were sent between 1988 
(start of programme) and 1995 
(completion of prevalence round), 
depending on area of residence. 

Learning time for many staff new to 
screening 

breast cancer, excess mortality and total 
mortality are the indicators that cover the 
entire process. As they are related 
directly to the purpose of screening, 
mortality is the necessary and sufficient 
indicator of effectiveness. All other 
measures are necessary, and may be 
early indicators that the programme is 
operating as expected, but they are not 
sufficient and cannot as such be taken 
as proof of effectiveness. 

The aim of any breast cancer 
screening programme is to reduce 
breast cancer mortality. However, such a 
reduction will take many years to emerge 
in a population-based screening pro-
gramme, starting from a few years after 
introduction of the programme but 
taking decades to show a full effect. The 
effect is much slower than in randomized 
controlled trials, for the reasons shown 
in the box below. Implementation of 
national screening programmes has 
tended to be slow: the United Kingdom 
and The Netherlands started screening 
in 1988 and 1990, respectively, but all  

women were not screened until 1995 
and 1997. 

The reduction in breast cancer mor-
tality rates due to screening at a given 
time after the start of the programme is 
complex to measure because, in the 
absence of screening, breast cancer 
mortality in a defined age group is 
affected by a number of factors. These 
include cohort effects, improvements in 
treatment, presentation at an earlier 
stage as a direct result of the introduction 
of the programme and the attendant 
publicity (Stockton et al., 1997) and 
changes in death certificate coding. 
Furthermore, the effect of screening in 
reducing breast cancer mortality, as 
seen in national statistics, will be diluted 
by deaths among women in whom 
breast cancer is diagnosed before an 
invitation to screening. If record linkage 
to a cancer registry is available, 'refined 
breast cancer mortality' can be used, 
which excludes deaths among women in 
whom cancer was diagnosed before the 
start of screening (Hakama et al., 1999). 

A further complexity is that, although the 
reduction in breast cancer mortality seen 
in trials is related to the age of the 
women at entry into the trial, national 
breast cancer mortality statistics are a 
measure of the decrease in breast 
cancer mortality rates of women at the 
age at which they die. Therefore, some 
effect is seen in increasingly older 
women with time since the start of 
screening. Useful information is derived 
by comparing breast cancer mortality 
among women invited to screening with 
that of women who were not invited and 
that among invited women who partici-
pate with that of non-participants. 
However, these comparisons can be 
biased by differential access to treatment 
by uninvited women and by a differential 
cancer risk of non-attenders, unless 
proper controls are found. 

Therefore, early indicators are 
needed to ascertain whether adjust-
ments are required to a screening 
programme in the early stages. These 
indicators of performance can be used to 
predict the final reduction in breast 
cancer mortality that is likely to be 
achieved with the current level of 
screening 	performance. 	National 
screening programmes in countries with 
relatively small populations, and there-
fore large statistical uncertainty in breast 
cancer mortality rates by 5-year age 
band, and in which no control group is 
included are unlikely to allow a reliable 
estimate of the effect of screening unless 
indicators of performance are used. 

Origins of indicators of effective-
ness of screening 
Nearly all measures of the performance 
of breast cancer screening programmes 
are compared with target or expected 
values, which are derived, either 
explicitly or implicitly, from information 
from randomized controlled trials. Use of 
the results of such trials is essential, as 
they have produced well-defined 
reductions in breast cancer mortality. 
Application of the parameters of these 

Women enter trials at time of 
first invitation, which is time 
zero. 

Trials usually have highly 
experienced staff. 
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trials, 	adjusted 	for 	local 	conditions, Table 42. Measures of monitoring 
allows 	prediction 	of 	the 	eventual 
reduction in breast cancer mortality likely 
to be achieved in a national programme. 

Measure Type of evaluation provided 

In general, the targets or standards for Participation (or compliance) rate Indicates potential for effectiveness of the 
measures such as cancer and interval overall programme 
cancer detection 	rates 	in 	a 	particular 
population-based screening programme Prevalence rate at initial screening test Provides estimates of sensitivity, lead time, 
should take 	into 	account 	age 	range, and rate of interval cancers sojourn time and predictive value 

background 	incidence 	and 	screening 
interval. 	Accordingly, 	separate 	calcula- Stage (or size) distribution of Indicates potential for reduction in absolute 

tions are required for each population- screen-detected cancers rate of advanced cancers 

based screening programme. 
Some of the first suggestions were 

Rate of advanced cancers Early surrogate of mortality 

made by Day et aI. (1989) on the basis of Breast cancer death rate Final evaluation 
experience 	from 	the 	Swedish 	Two- 
county trial. In the latest follow-up, there From Day et aI. (1989) 
was a 32% (95% Cl, 20-41%) reduction 
in breast cancer mortality in the invited 
compared 	with 	the 	control 	group 
(Tabár et aI., 2000b). Table 42 lists these Table 43. Indicators for assessing the performance of a breast cancer 

indicators 	of 	performance 	in 	chrono- screening programme for  women 

logical 	order 	of 	availability 	of 	data. 
Proactive evaluation of breast cancer Performance indicator Acceptable level 	 Desirable level 

screening requires evaluation of data on 
an annual basis, even after the first year of Participation rate > 70% 	 > 75% 

screening, to determine whether correc- Technical repeat rate < 3% 	 <1% 
tive action is required. 	The European 
guidelines for performance are given as Recall rate 
examples in Tables 43 and 44. Initial screening <7% 	 <5% 

Subsequent regular screening <5% 	 <3% 
Performance indicators 
Participation Additional imaging rate at time of <5% 

The first important indicator of perfor- Screening 

mance is attendance to screening (also 
called 	participation, 	compliance 	or Pre-treatment diagnosis of malignant > 70% 	 > 90% 

uptake). Determination of this indicator 
lesions 

can 	be 	deceptively 	complicated. 	For Image-guided fine-needle aspiration <25% 	 < 15% 
example, 	in 	a 	programme 	in 	which cytology procedures with insufficient 
women aged 50-69 are screened every result 
2 years, 	10 	possible screening 	invita- 
tions 	can 	lead 	to 	210, 	or 	1024, Benign:malignant biopsy ratio 
different possible 	attendance 	patterns, Initial screening < 1:1 

all attending and all not attending being Subsequent regular screening :5 0.5:1 	 !~ 0.2:1 

the extremes. If a woman attends only 
two screens at the ages of 50 and 52, Re-invitation within the specified > 95% 	 100% 

the 	potential 	benefit 	will 	be 	clearly 
screening interval  

different from that of a woman who From Commission of the European Communities (2001) 
attends at the ages of 66 and 68. This is 
true 	for 	all 	variations 	in 	attendance 
pattern. 	The 	indicators 	used 	currently 
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Stage ~ Il/total cancers detected at 

screening 

Initial screening 	 25% 

Subsequent regular screening 	20% 

Invasive cancers < 10 mm/total 

invasive cancers detected at 

screening 

Initial screening 	 > 20% 

Subsequent regular screening 	~t 25% 

Invasive cancers/total cancers 	90% 
detected at screening 

Node-negative cancers/total cancers 

detected at screening 

Initial screening 	 70% 

Subsequent regular screening 	75% 

tend to be simplified measures of 
attendance, although they are likely to be 
reasonably accurate within the context of 
their use. 

When participation in screening is 
used to predict reduction in breast 
cancer mortality, the participation rate is 
compared with the target measure. For 
example, in the United Kingdom National 
Health Service Breast Screening 
Programme, the percentage of invited 
women who attended for screening was 
about 70% (Blanks etal., 2002), while in 
the Swedish Two-county trial it was 

<25% 
<20% 

> 25% 

a 30% 

80-90% 

> 70% 

> 75% 

about 90%; the relative attendance is 
therefore 0.78. If equivalent rates of 
detection of invasive cancer, or interval 
cancers, are assumed after allowing for 
differences in background incidence 
between the United Kingdom and 
Sweden, then the estimated reduction in 
the United Kingdom would simply be 
0.78 x 30% = 23%. This 
calculation is based on the assumption 
that there is no major effect of selection 
bias. Calculation of selection bias 
requires information on breast cancer 
incidence rates among non-attenders. 

Estimated reduction in breast cancer 
mortality based on cancer detection 
and participation rates 
Cancer detection rates are the first 
indicator of screening performance and, 
if monitored and evaluated on an annual 
basis, give the earliest information on 
achievable mortality reduction. They are 
subject to overdiagnosis bias (see 
later in this chapter), but participation 
and cancer detection rates can give the 
earliest indication of possible under-
performance of a regional or national 
programme. Corrective action can then 
be taken early, rather than waiting for 
other indicators, such as interval cancer 
rates, which can be measured only 
several years later. It is important to 
distinguish invasive from non-invasive 
cancers, as a high rate of detection of 
invasive cancers is the principal 
measure of interest. Cancer detection 
rate targets should take into account age 
range, background incidence and 
screening interval, and separate targets 
are required for prevalence and 
incidence screens. 

Detailed evaluations were made of 
the screening programme in the United 
Kingdom in 1995 by using the 
background rates in England and Wales 
to estimate the expected rates of detec-
tion of invasive cancers and interval can-
cers (Blanks etal., 1996; Moss & Blanks, 
1998). The standardized detection ratio 
was introduced, in which indirect age 
standardization was used to calculate 
the expected number of invasive cancers 
that would indicate parity with the 
Swedish Two-county study. The ratio 
was used to evaluate the performance of 
regional screening programmes among 
the 95 programmes in the United 
Kingdom, after adjustment of the 
expected number of invasive cancers by 
local background incidence (Blanks & 
Moss, 1996). In practice, the standard-
ized detection ratio was found to be a 
good quality assurance measure for 
detecting under-performing programmes. 
A standardized detection ratio of < 0.75 

Surrogate indicator 	 Acceptable level 	Desirable level 

Interval cancer rate/background 

incidence 

0-11 months 	 30% 	 <30% 
12-23 months 	 50% 	 <50% 

Breast cancer detection rate 

Initial screening 	 3 x incidence rate 	> 3 x incidence rate 
Subsequent regular screening 	1.5 x incidence rate 	> 1.5 x incidence rate 

From Commission of the European Communities (2001) 
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Screening 	Observed 	Expected 	SDR 	Modelled mortality 
year 	 reduction (%)° 

1993-94 4447 5344.6 0.83 19.4 

1994-95 4452 4952.5 0.90 21.0 

1995-96 4486 4725.5 0.95 22.2 

1996-97 4833 4799.7 1.01 23.6 

1997-98 5187 4964.2 1.04 24.3 

1998-99 5744 5064.2 1.13 26.4 

1999-2000 5795 5076.6 1.14 26.6 

From Blanks et al. (2000a); data for 1999-2000 are unpublished 
SDR, standardized detection ratio 
a Estimated on the basis of 70% participation 
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(the lowest recorded statistically stable 
ratio being 0.5) was taken to indicate 
possible under-performance and the 
need for a visit by quality assurance 
staff. On its own, a low standardized 
detection ratio merely suggests under-
performance and might be misleading if 
screened women have a different 
distribution of risk from the target popu-
lation. In the United Kingdom, this 
appears rarely to be the case, but it 
might hold in other countries. 

Table 45 shows the observed and 
expected numbers of invasive cancers in 
the United Kingdom annually between 1 
April 1993 and 31 March 2000 for 
women aged 50-64 (Blanks et al., 
2000a). The participation rate in the 
United Kingdom was about 70%, and the 
final reduction in mortality was estimated 
from the relative uptake x standardized 
detection ratio x 30%. In 1993-94, this 
was (70/90) x 0.83 x 30% = 19.4%; by 
1999-2000, it had risen to (70/90) xl .14 
x 30% = 26.6%. Previous work showed 
that, over the range 0.8-1.3, the 
standardized detection ratio and interval 
cancer rates are strongly correlated 
(Given-Wilson et al., 1999), which justi-
fies these calculations. The reduction in 
mortality is that which would have been  

achieved in a comparable randomized 
controlled trial, given similar diagnosis 
and treatment. 

Table 45 shows that, in the United 
Kingdom, the rate of detection of inva-
sive cancers was inadequate in the early 
years of the programme, as confirmed 
by the high rates of interval cancers. This 
low rate was not observed earlier partly 
because of a high rate of detection of 
DCIS, which contributed to achievement 
of what was considered to be an ade-
quate cancer detection rate. In fact, the 
high DCIS detection rate masked' a poor 
rate of detection of small invasive can-
cers. This example illustrates why the 
rates of detection of invasive cancers 
and small invasive cancers should be 
considered separately (Day et al., 1995) 
and cautiously because of overdiagno-
sis. Overdiagnosis is commonly associ-
ated with DOIS but is also likely to occur 
in the case of some invasive cancers 
and strongly correlates with stage of dis-
ease. A further measure used in the 
United Kingdom is the standardized 
detection ratio (< 15 mm), which is the 
ratio of the observed number of invasive 
cancers < 15 mm to that expected from 
the Swedish Two-county study. 
Alternatively, a standardized detection  

ratio for invasive cancers < 10 mm can 
be used. 

Estimated reduction in mortality 
based on interval cancer rates and 
participation 
Interval cancers are those which present 
in the interval between screens after a 
negative screen. The rate can be 
expressed either as that of interval 
cancers or as a proportion of the 
expected incidence rate (had screening 
not been undertaken). These estimates 
assume the existence of cancer 
registration. Poor quality cancer registra-
tien and/or record linkage can lead to 
underestimation of interval cancer rates 
and therefore overestimation of pro-
gramme performance. If it is assumed 
that the data are of sufficient quality, the 
expected reduction in mortality can be 
calculated from participation and the 
combined proportionate incidence of 
interval cancers. If the proportionate inci-
dence is x% in the first year, y% in the 
second and z% in the third, the com-
bined proportionate incidence is (x + y + 
z)13. 

Table 46 shows data for the Anglia 
region of the United Kingdom on interval 
cancer rates during the early years of 
screening (Day et al., 1995). The back-
ground incidence in the absence of 
screening was estimated as 2.2 per 
1000. The combined proportionate inci-
dence was (0.24 + 0.59 + 0.79)/3 = 0.54, 
indicating that 54% of the incidence 
expected in the absence of screening 
was observed. The Dutch screening 
programme, with a 2-year interval, gave 
similar estimates for the early years of 
screening, with proportional incidences 
of 27% and 52% in the first and second 
years (Fracheboud et al., 1999). The 
combined proportionate incidence can 
be used to estimate the expected reduc-
tion in mortality in conjunction with the 
participation rate. 

Day et al. (1995) were then able to 
calculate the expected reduction in 
mortality in the early years of screening 
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Interval cancers (combined Mortality reduction Mortality reduction 
proportionate incidence) with 70% participation with 80% participation 

0.34 24 29 

0.40 22 26 

0.50 19 22 

0.54 18 21 

0.60 15 18 

0.66 13 15 

From Day et al. (1995) 

IARC Handbooks of Cancer Prevention, Volume 7: Breast Cancer Screening 

Time since last nega-
tive screen (months) 

0-11 12-23 24-35 

Interval cancer 
rate per 10000 
women—years 5.2 12.8 18.9 

Proportionate 
incidence 	0.24 	0.59 	0.79 

From Day et a/. (1995) 

by inference to the Swedish Two-county 
study, as shown in Table 47. The partici-
pation rate in Anglia was 80%, which 
gave an estimated reduction in mortality 
of 21% at a combined proportionate inci-
dence of 54%. As 70% participation is 
achieved in the United Kingdom as a 
whole, an 18% reduction can be expected, 
with a combined proportionate incidence 
of 54%. This reduction is closely in line 
with the estimate of 19% from screening in 
1993-94 by use of the standardized 
detection ratio and participation rate (see 
Table 45). This is to be expected, as the 
standardized detection ratio and interval 
cancer rates are highly inversely 
correlated (Given-Wilson et aI., 1999). 

Estimated reduction in breast cancer 
mortality on the basis of prognostic 
factors 
Reduction in incidence of advanced 
cancer 
If screening programmes are successful 
in allowing earlier diagnosis of cancer, 
an overall reduction in the rates of 
advanced cancer should be observed in 
the target population. This should result 
in reduced mortality from advanced dis-
ease. Day et al. (1989) suggested that 
differences in stage distribution by mode 
of detection would appear immediately, 

an effect on advanced cancer rates at 
diagnosis would appear only about 4 
years after initiation of screening, and an 
effect on mortality some 2 years later, i.e. 
6-7 years after the onset of screening. 
On the basis of observations in the 
Swedish Two-county trial, they sug-
gested that screening should decrease 
the rate of advanced (stages Il—IV) 
tumours by at least 30% after 4 years. 

Obtaining information on stage 
Stage has major prognostic implications. 
It is based on several factors: size of the 
tumour mass, its degree of spread both 
locally and to distant (metastatic) sites 
and involvement of regional lymph 
nodes; it is recorded according to the 
TNM system (UICC, 2002), American 
Joint Committee on Cancer (2002) stage 
(l—IV) or the summary 'extent of disease' 
(local, regional, distant). In the last 
scheme, tumours classified as TNM 
T2NOMO or stage IIA of the American 
Joint Committee on Cancer (2 < 5 cm, 
localized to the breast) are considered 
'localized'. Thus, in different studies, 
advanced disease may correspond to 
stage II—IV or IIB—IV. 

Cancer registries do not always 
include information on stage of cancer. 
Registries may vary in the quality of 
information on stage and its complete-
ness (proportion of 'unstaged' cases)  

(Berrino etal., 1995) and over time. This 
must be taken into account in compara-
tive studies of incidence by stage, 
including time trends. Comparisons over 
time may be also be biased by the 
increasing availability of techniques for 
staging, so that cancers that might have 
been described as localized with less 
sophisticated diagnostic techniques are 
now described as advanced. This phe-
nomenon is known as 'stage migration'. 
As the size of a primary tumour is less 
subject to this type of bias, it is the mea-
sure preferred by many workers for 
evaluating stage, with corresponding 
prognostic implications for the patient. 
Size is ideally assessed from resected 
pathological specimens, as described in 
Chapter 1. 

Rates, not proportions 
Comparisons of prognostic factors 
(size, stage) should be presented as 
rates per population screened, as 
opposed to percentages. Rates allow 
consideration of changes in the propor-
tions of cancers detected by screening. 
In the early phase of a screening pro-
gramme, when most examinations are 
prevalence screens, a high proportion of 
small or early-stage cancers will be 
detected (and, in consequence, a 
decreased percentage of advanced can-
cers). Similarly, significant 'overdiagnosis' 
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of small lesions would lead to a 
decreased percentage of advanced 
tumours, altough the absolute rates may 
be unchanged. Expression of results as 
the percentage reduction in the inci-
dence of advanced cancers requires an 
estimate of the incidence of advanced 
cancers that would have been observed 
in the absence of the screening pro-
gramme. 

Time trends in the incidence of breast 
cancer by stage of disease 
In an analysis of data from the 
Surveillance, Epidemiology and End 
Results (SEER) programme in the USA 
for 1973-93, significant decreases in 
mortality were seen after 1989 in all age 
groups (a slight increase in rates had 
preceded this). The possibility that 
screening may have been partly respon-
sible was suggested by the increased 
incidence of localized disease and 
a subsequent decline in the incidence of 
regional disease in women in each age 
group over 40. By 1990, more than 40% 
of women had received a mammogram 
in the previous year, mainly for screening 
purposes (Chu etal., 1996). 

In Limburg, The Netherlands, the 
annual number of breast cancers diag-
nosed increased by almost 50% immedi-
ately after the introduction of screening 
and then decreased to previous levels 
after completion of the first screening 
round. There was a 10% decrease in the 
incidence of stage Il—IV tumours and a 
15% decrease in tumours with node 
involvement over those seen in the 
period directly before screening began 
(1987-90). The incidence of tumeurs 
with node involvement was 1% lower in 
1994 and 15% lower in 1995 (Schouten 

etal., 1998). 
In the study in East Anglia, United 

Kingdom, the increase in the incidence 
of small cancers in the early years of 
screening was much greater than the 
subsequent decrease in the incidence of 
advanced cancer, suggesting that the 
reduction in mortality might have been  

somewhat lower than that targeted 
(McCann et al., 1998; Table 48). The 
authors used three methods to estimate 
the 'expected' incidence of advanced 
cancer in the absence of screening. The 
first was a projection from the incidence 
observed in 1976-86 to that in 1995. For 
the second, they took the average rate of 
advanced cancers observed in 1987-88, 
immediately before the onset of 
screening, and compared it with the 
1995 rate. Finally, they took the ratio of 
advanced to early cancers in 1989-94 in 
women who had not yet received an i 
nvitation to screening, generated an 
expected incidence rate of advanced 
cancers, and multiplied this by the actual 
number of cases in order to obtain the 
number of cases expected. The pre-
dicted rates of advanced cancers from 
data for 1987 and 1988 suggested a 
reduction of about 20%, while the pre-
dicted rate with exclusion of 1987 and 
1988 indicated a much smaller reduction 

(5.3%). 
The screening programme in New 

South Wales (Australia) was started in 
1989. Between 1984 and the end of 
1995, an estimated 72% of women in 

Proportion of 	70 	68 	64 
advanced (%) 

From McCann etal. (1998)  

their 50s and 67% of women in their 60s 
had had at least one mammogram in the 
organized screening programme or in 
the private health system (Kricker et al., 
1999). Before 1989, the incidence of 
breast cancer increased only slightly 
(+1.3°c annually), but between 1990 and 
1995 it increased more rapidly (+3.1% 
annually). Between 1986 and 1995, the 
rates of small cancers (< 1 cm) 

increased steeply, by 2.7 times in women 
aged 40-49 and by 5.6 times in women 
aged 50-69. The incidence of large 
breast cancers (~! 3 cm) up to 1995, after 
little apparent change up to 1992, fell by 
17% in women aged 40-49 and by 20°c 
in those aged 50-69 years. Mortality from 
breast cancer increased slightly between 
1972 and 1989 (+0.5% annually) but then 
fell (-2.3% annually) between 1990 and 
1995 (Kricker etal., 1999). The decline in 
the incidence of advanced cancer was 
not, however, seen overall in 1995-97 
(Coates etal., 1999). 

For countries without organized 
screening programmes, monitoring and 
evaluation have certain requirements 
and limitations. The minimum level of 
information needed to make some 

Stage 	Year of diagnosis 

1981-86 1987-88 1989 1990 1991 1992 1993 1994 1995 

Early stage 	55.5 	76.1 	89.1 	141 	160 	142 	123 	141 	119 

(stage I) 

Advanced 	131 	162 	159 140 129 110 134 135 132 

(stages II, 

III, IV) 

Total (including 
unknown stage) 196 	245 	256 	289 	297 257 263 282 253 

50 45 44 48 49 53 
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Technique (reference) 	 Population 	 Mortality reduction (%) 

Standardized detection ratio plus 	United Kingdom 	19 
participation (Blanks et al., 2000a) 

Interval cancer rate plus 	 Anglia 	 21 
participation (Day et al., 1995) 

Interval cancer rates plus 	United Kingdom 	18 
participation (Day et al., 1995) 

Grade, size and nodal status 	Anglia 	 19 
(2-year adjusted lead time) 
(McCann et al., 2001) 

Grade, size and nodal status 	Anglia 	 15 
(3-year adjusted lead time) 
(McCann et al., 2001) 

MISCAN modela (van den Akker- 	United Kingdom 	24 
van Marie et al., 1999) 	 Netherlands 	 29 

From Tabár et aI. (1995); Blanks & Moss (1999) 
The estimates of mortality reduction from the MISCAN model are based on the esti-

mated sensitivity of the screening test and the screening interval and age range of the 
invited women. The estimate for the United Kingdom is higher than that with the other 
techniques because of the poor sensitivity of the screening programme in the early years. 
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estimate of performance is an indication 
of routine attendance for mammography 
(every 3 years or less), obtained from 
sample surveys with questionnaires, if 
no other source of information is avail-
able. Cancer registration provides some 
indication of screening activity. Trends in 
rates of advanced disease, as shown in 
the SEER programme in the USA (Chu 
et al., 1996) are informative. 

The screening programme in Tuscany, 
Italy (1970-97), showed a small decline 
in the rate of advanced cancers, but the 
timing and the fact that it occurred 
throughout the Province and not 
just where the organized screening pro-
gramme had been introduced, 
suggested that the changes were the 
result of widespread 'spontaneous' early 
detection activities (Barchielli & Paci, 
2001). 

Estimation of reduction in mortality from 
observed distributions of tumour grade, 
size and nodal status (surrogate mea-
sures) 
With the availability of detailed informa-
tion on tumour size, grade and node sta-
tus, a more sophisticated estimate can 
be made of the reduction in mortality. 
The technique requires, however, an 
uninvited comparison group as well as 
detailed information on survival in 
relation to size, grade and nodal status. 
This technique was used by McCann et 
al. (2001) with results from the Anglia 
region of the United Kingdom, where the 
introduction of screening was staggered 
by district and by year of birth. There 
were thus sufficient numbers of women 
in the region and in the age group 
targeted for screening who did not 
receive a first invitation until well after the 
start of screening in the region in 1989. 
The technique is more complex than 
estimates based on interval cancer rates 
and detection rates. The results sug-
gested that screening in Anglia would 
reduce mortality by around 7% in women 
aged 50-54 at diagnosis and by 19% in 
those aged 55-64 at diagnosis. Overall, 

for women aged 50-64 at diagnosis, the 
reduction would be 15%. However, the 
technique is sensitive to the lead time for 
the screen-detected cases: using a 
3-year lead time rather than 2 years gave 
an overall reduction in mortality of 19% in 
women aged 50-64 at diagnosis. The 
method is also dependent on assump-
tions about long-term survival, improved 
diagnostic classification (stage migration) 
and confounding by treatment. 

Table 49 summarizes the estimates of 
mortality reduction with the three 
techniques described above. For Anglia, 
the techniques result in a range of esti-
mates, from 15% to 21%. In the United 
Kingdom as a whole, the two simple esti-
mates are 19% and 18%. The broad 
conclusions are similar in all cases: that  

the programme in the United Kingdom 
was less effective in the early years of 
screening than in the Swedish Two-
county study. The performance of the 
United Kingdom programme has 
increased markedly in recent years for a 
number of reasons. First, use of two 
views and double reading has increased; 
secondly, standardization of film density 
has improved image quality; thirdly, 
under-performing programmes have 
been identified with the standardized 
detection ratio method and have been 
improved; fourthly, radiologists have 
become more experienced at both film 
reading and assessment during the 
decade since the start of the programme 
(Tabár et al., 1995; Blanks & Moss, 1999). 
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Any of these methods could be used to 
estimate mortality reduction, and, ideally, 
all the methods would be used sequen-
tially as the data became available. The 
standardized detection ratio method is 
useful for timely estimates of screening 
performance and can result in rapid 
implementation of quality assurance 
checks if the ratio is too low. It has the fur-
ther advantage that the calculations are 
very simple once the target rates for each 
age range and type of screen have been 
calculated. Use of interval cancer rates as 
a performance indicator takes longer but 
is in theory a better method, provided the 
data are of sufficient quality. Finally, surro-
gate measures represent the most 
sophisticated method for estimating the 
likely reduction in breast cancer mortality 
that will be achieved. 

MISCAN model 
In The Netherlands, the effectiveness of 
screening has often been estimated with 
the MISCAN approach (van den Akker-
van Marie et al., 1999), in which a 
simulated population is used which 
represents the demographic characteris-
tics and the breast cancer incidence and 
mortality of the population under study. 
The natural history of breast cancer is 
modelled as a progression through suc-
cessive disease states. Indicators of 
screening programme performance (e.g. 
attendance and sensitivity) are added to 
the model, and the effects on breast 
cancer mortality with and without screen-
ing are estimated. It has been estimated 
with the MISCAN model that breast can-
cer mortality in The Netherlands would 
decrease in women aged 55-74 by 5% 
in 1996, by 18% in 1999 and by 29% in 
the long term. 

Many of the above conclusions were 
reached by comparing performance with 
that in the Swedish randomized trials (as 
the gold standard) and modelling experi-
ence with intermediate indicators to the 
expected mortality reduction (de Koning 
etal., 1995b). 

Mortality from and screening for 
breast cancer in different countries 
Screening for breast cancer with 
mammography is based on the evidence 
from several randomized trials (see 
Chapter 4) that showed reductions in 
mortality from breast cancer of about 
20-30% for women aged ~! 50. The 
important question is whether these 
results are reproducible as a public 
health policy, by applying mammography 
in routine screening. It is likely that the 
organization, the quality of the technique 
and the devotion and skills of the 
persons running a routine programme 
are different from those in a scientific 
trial. 

Routine screening programmes can 
be evaluated most readily by time trends 
and differential mortality from the 
disease for which screening is being per-
formed. Probably the best known is 
screening for cervical cancer. The 
substantial differences among the Nordic 
countries in the extent of organized 
screening were closely matched by the 
mortality rates from cervical cancer 
(Läärä etal., 1987). 

Screening for breast cancer is done 
either as an organized public health 
policy or by more spontaneous activity. 
The International Breast Cancer 
Screening Network (Shapiro et al., 
1998; Klabunde et al., 2001b) com-
prises 22 countries with national, 
regional or pilot programmes for 
screening with mammography. The best 
known are those in the Nordic 
countries, The Netherlands and the 
United Kingdom. Regional efforts are 
being made in Italy and other southern 
European countries, and spontaneous 
activity is widespread, e.g. in Germany 
and the USA. The implementation 
period of these programmes is 
described in Chapter 3. 

One of the first papers to report the 
correlation between routine screening 
and breast cancer mortality was that of 
Quinn and Allen (1995) in England and 
Wales. A change in the trend of mortality  

was found at the time screening was 
introduced, whereas there should have 
been a lag between screening and death 
if the prolongation of life was due to 
screening. Hence, the change in trend 
was too early and probably due to a 
change in the national treatment policy. 
Up to the late 1990s, the trend in mortal-
ity from breast cancer was linear, with no 
major indication of an effect of mammo-
graphy (Figure 31). However, in a 
detailed analysis, Blanks et al. (2000b) 
estimated a 6% reduction in breast can-
cer mortality due to screening among 
women aged 55-69 in 1998, in a pro-
gramme which covered the population 
between 1988 and 1995. This estimate is 
likely to represent the beginning of the 
effect of screening in the United Kingdom. 

In Sweden, the screening programme 
started as a cluster-randomized trial in 
two counties (Tabár et al., 1985); individ-
ually randomized trials in various parts of 
Sweden soon followed (Nystrom et al., 
1993). A study based on geographical 
differences in mortality rates in Sweden 
and a comparison of the results of the 
original trials showed an estimated 
reduction in breast cancer mortality of 
19%, i.e. somewhat less than those 
reported in the original trials (TOrnberg et 
al., 1994). 

Jonsson et al. (2001) compared coun-
ties in Sweden and estimated a 20% 
reduction in breast cancer mortality due 
to screening in women aged ~ 50. The 
estimate was based on deaths only 
among women in whom breast cancer 
was diagnosed after the start of the 
programme. This refined mortality rate is 
not readily available in routine statistics 
and, furthermore, assumes the availabil-
ity of a cancer registry and data protec-
tion legislation that allow linkage of the 
two data sources. As only 27% of all 
deaths from breast cancer occurred 
among women in whom breast cancer 
was diagnosed after the start of the 
programme, the effect on overall breast 
cancer mortality can be estimated to be 
5-6%, which is clearly too small an effect 
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Figure 31 Trends in breast cancer mortality by age, United Kingdom, 1950-99 
From WHO (19991b) 
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to be readily identifiable in routine 
statistics (Figure 32). It is close to the 6% 
arrived at in the United Kingdom by 
Blanks et al. (2000b). Sjonell and Stahle 
(1999) found no reduction in mortality in 
Swedish national data. Given the smaller 
population and therefore greater 

due to these data. Depending on the 
comparison group (Arnhem or The 
Netherlands) and the assumptions used 
in the model, a nonsignificant 6-16% 
reduction in mortality was estimated. 

The acceptability of using a whole 
country as the control implies that the  

effect of the national programme on the 
risk for death from breast cancer is small; 
this is confirmed in Figure 33. In 2001, 
the National Evaluation Team for Breast 
Cancer Screening reported that the first 
significant reduction in breast cancer 
mortality had occurred in 1997-99, 
among women aged 55-74, of 7-13% in 
comparison with the pre-screening 
period of 1986-88. This effect was, 
however, less than the estimate arrived 
at with the MISCAN model (Fracheboud 
et al., 2001a). 

As mentioned earlier, a substantial fall 
in mortality from breast cancer was seen 
in Australia (Kricker et al., 1999), which 
was not totally attributable to screening. 
The difficulty of evaluating effectiveness 
can be exemplified by the situation in 
Finland, where overall breast cancer 
mortality can be specified for those pop-
ulations first subjected to screening, then 
by mortality refined for prescreening 
diagnosis and finally for those women 
first invited to screening, with prese-
lected (i.e. unbiased) controls at each 
stage. A nationwide population-based 
screening programme for breast cancer 
was started in 1987 and gradually 

instability of breast cancer mortality rates 
in Sweden, an early effect of breast can-
cer screening is unlikely to be seen. 

The effect of routine screening on 
mortality from breast cancer was also 
difficult to estimate in The Netherlands 
(van den Akker-van MarIe et al., 1999). In 
a recent study, Broeders et al. (2001) 
evaluated the effect of the screening pro-
gramme that started in Nijmegen a quar-
ter of a century ago. Mortality from breast 
cancer between 1969 and 1997 was 
analysed and compared with data for 
Arnhem, with no such programme, and 
for The Netherlands as a whole. Data 
were not available on deaths among 
patients in whom breast cancer was 
diagnosed before screening started, but 
the long follow-up and use of elegant 
modelling techniques reduced the bias 
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Figure 32 Trends in breast cancer mortality by age, Sweden, 1951-96 
From WHO (1999b) 
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extended to cover all women aged 
50-64 (Hakama et al., 1991). Women in 
1-year birth cohorts recommended by 
the National Board of Health were identi-
fied individually and invited for 
screening, and the same women were 
re-screened every 2 years. In 1987, it 
was recommended that women born in 
1928, 1932 and 1936 should be 
screened, and the programme was 
expanded to cover all the other even-
year birth cohorts. More age cohorts 
were included in the programme during 
the implementation phase. 

A centralized, comprehensive infor-
mation system is provided by the Mass 
Screening Registry within the nationwide 
Finnish Cancer Registry for identification, 
invitation and follow-up of women and for 
evaluation of the effectiveness of the pro-
gramme. Cancer registration is virtually 
complete (Teppo et al., 1994). The 
National Population Registry, the 
National Register of Deaths and the 
Cancer Registry are linked with the 
screening results via the Mass Screening 
Registry. Intermediate indicators derived 
from this programme, such as atten-
dance, specificity and sensitivity, show 
good quality (Pamilo et al., 1990; 
Saarenmaa et al., 1999). 

National figures are appropriate for 
evaluating the Finnish programme 
because the policy is nationwide and the 
programme was implemented for a 
relatively short time. No obvious change 
in national trends in mortality from breast 
cancer corresponding to the screening 
programme was seen (Figure 34) in the 
crude data, but a more refined analysis is 
needed. 

Any change in mortality rates should 
first be seen in women born in 1928, 
1932 and 1936—that is, in the cohorts 
that were screened first, in 1987, the first 
year of the public health policy. As 
screening was delayed for several years 
and for a minimum of 2 years among 
women born in the adjacent cohorts of 
odd birth years, they were selected as 
controls. It was assumed that any effect 

130.0 
100.0 

65- 

00.0 

• 60_ 

• 55- 

be- 
• 4s- 

• 4°- 

• 35  

• 30- 	1.0 
b25- 

it 20. 	0.0 

50.0 

65- 

0- 

b so- 
S so- 10.0 

U45- 

• 40- 5.0 

* 35- 

• 3°- 

25- 

20- 
1.0 

0.5 

would be seen some years after screen-
ing but before the controls benefitted 
from screening. As the mortality rates by 
birth cohort were similar (Figure 35), the 
cohort-specific deaths did not indicate 
any effect of screening. 

Screening will affect only deaths from 
breast cancer among women in whom 
breast cancer was diagnosed after the 
start of screening. There was no 
substantial difference in mortality 
between the target and the control 

1900 ioss 1960 1960 1970 1975 1060 1985 1990 1096 1999 
year  

Figure 33 Trends in breast cancer mortality by age, The Netherlands, 1950-99 
From WHO (19991b) 
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Figure 34 Trends in breast cancer mortality by age, Finland, 1952-98 
From WHO (1999b) 
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Figure 35 Birth cohort-specific mortality rates from breast cancer (per 100 000 woman-years) in 
Finland, 1990-95 
From Hakama et a/. (1999) 
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populations when incident cases 
diagnosed before 1987 were excluded 
(refined mortality rate) (Figure 36). 

The design of the Finnish programme 
allowed identification of individual 
women by screening status and by date 
of invitation to screening (Hakama et al., 
1997). The participants in the pro-
gramme were women born between 
1927 and 1939. Invitations to screening 
were given in 1987-89, and the invited 
women were classified as screened or 
non-responders. The controls were 
women in the same municipalities, 
matched for age with those screened 
and individually identified at the same 
time as women invited for screening. By 
the end of 1992, 64 women invited for 
screening and 63 controls had died from 
breast cancer diagnosed after the start of 
follow-up. The refined breast cancer 
mortality rate was lower for those invited 
to screening than for the controls 
(RR = 0.76), indicating a 24% protective 
effect of screening. This was not statisti-
cally significant (95% Cl, 0.53-1.09). For 
the cohorts born in 1932 and after, the 
effect was larger (RR = 0.56) and statis-
tically significant (95% Cl, 0.33-0.95). 
The protective effect appeared relatively 
early, from the third year of follow-up. 
More details of this trial-like evaluation of 
the public health policy are given in 
Chapter 4. The effect could not be 
demonstrated by routine statistics owing 
to dilution and selection. A study with 
randomized, matched individual controls 
was therefore essential. 

Alternative measures of effect on 
mortality 
A number of alternative measures 
derived from the estimated reduction in 
mortality due to screening may be useful 
in decision-making (Hakama et al., 
1999). These were calculated for the 
Finnish population, in which mammo-
graphic screening has been estimated to 
have achieved a 24% reduction in breast 
cancer mortality among women aged 
50-64 years who were invited to 

Figure 36 Cumulative (refined) mortality rates from breast cancer (per 100 000 woman-years) in 
Finland by birth cohort during 1987-95 after exclusion of incidence cases diagnosed before 1987. 
From Hakama et al. (1999) 
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Initial screens 	 Subsequent screens 

Observed Expected 	Observed Expected 

screening (Hakama et al., 1997). These 
measures include: the number of cancer 
deaths prevented per screen (estimated 
to be four deaths per 10 000 screens), 
life span gained per breast cancer death 
prevented (estimated to be 15 years), life 
span gained per patient with breast can-
cer detected by screening (estimated to 
be 1.5 years); life span gained per 
screen (estimated to be 2.2 days, which 
can be compared with the estimated half 
day spent by a woman attending for 
screening) and life span gained per invi-
tation to screening, i.e. per member of 
the target population of women (esti-
mated to be 1.9 days). 

- 	0t 

 

- 

Balance between false-positive 
and false-negative results 
Screening quality must be evaluated in 
parallel with estimates of breast cancer 
mortality reduction. While the emphasis 
in the United Kingdom screening 
programme tended to be on detection 
rates of invasive cancers, the screening 
programme in The Netherlands focused 
on prevention of too many false-positive 
results. Verbeek et al. (1991) suggested 
that the "first measure to pay attention to 
is the specificity. If the specificity does 
not meet the reference value, improve-
ments have to be made irrespective of 
the other control outcomes [positive pre-
dictive value and detection rate]. In such 
a screening set up [a high] proportion of 
healthy women with a positive screening 
test is not acceptable." They therefore 
introduced simultaneous evaluation of 
performance and quality. 

The screening programme in The 
Netherlands started in 1988, around the 
same time as that in the United 
Kingdom, and is notable for its very low 
recall rate for assessment (de Koning et 
al., 1995b). Verbeek et al. (1991) sug-
gested a target recall rate of < 1%, while 
the Forrest (1986) report indicated that 
the acceptable recall rate in the United 
Kingdom could be as high as 1000.  In the 
United Kingdom, variations in positive 
predictive value, referral rates for diag- 

nostic confirmation (also called recall 
rate) and cancer detection rates from 
individual programmes were studied with 
charts showing positive predictive value 
of referral against referral rate, with the 
cancer detection rate expressed as iso-
bars (Blanks et al., 2001). The variation 
in individual programmes for both mea-
sures was shown to be very high, the 
positive predictive value ranging from 
26% to 6% and the recall rate from 2% to 
9%. Programmes tended to have similar 
results each year. The diagrams suggest 
that, in the United Kingdom, a positive 
predictive value of 25% is too high and 
results in a marginally lower detection 
rate. Programmes with recall rates of 
about 4%, positive predictive values of 
15-20% and standardized detection 
ratios of around 1.3 achieved the highest 
quality of screening. It is clear that some 
individual programmes have better qual-
ity screening. In many cases, it is possi-
ble to suggest how detection rates could 
be improved. Like the standardized 
detection ratio, the positive predictive 
value—referral diagram is useful as an 
internal quality control measure for 
centres with similar risk distributions in 
their target populations. In the United 
Kingdom, the emphasis has been on 
detection rates and then on improving 

Referrals (% of screened 	1.4 
women) 

Positive predictive value of 	48 
referral (%) 

Detection rate per 1000 women 6.6 
screened 

screening quality once those rates have 
been achieved. This was true particularly 
after the high interval cancer rates 
reported in the early years of screening. 

It is interesting to compare the 
screening programmes in The 
Netherlands and the United Kingdom in 
terms of quality. It should be noted that 
the procedures used in the two countries 
are different, and some caution should 
be exercised in comparing the percent-
ages of women referred and positive pre-
dictive value. Nevertheless, in The 
Netherlands, there has been a strong 
effort to maintain high specificity 
(Verbeek et al., 1991) and, as a conse-
quence, a high positive predictive value 
and a low referral rate. The low referral 
rates are based partly on the low rates in 
the pilot study and the Nijmegen study 
and show the influence of those studies 
on national screening programmes. 

Table 50 shows the results of The 
Netherlands screening programme 
between 1990 and 1995. The referral 
rates are very low indeed, particularly at 
subsequent screens, and this is 
acknowledged as a feature of the 
national programme. However, the 
cancer detection rate at subsequent 
screens was 20% lower than expected, 
and the low referral rates at subsequent 

1.6 	0.7 	0.6 

41 	51 	57 

6.5 	3.4 	4.3 

From Fracheboud et al. (1998). Expected values estimated from MISCAN model 
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United Kingdom 	Netherlands 

Observed Expected3  Observed Expectedb 

Referrals (% of screened women) 3.4 	7 	0.7 	0.6 

Positive predictive value of 	13 	- 	51 	57 
referral (%) 

Detection rate per 1000 	4.3 	>3.5 	3.4 	4.3 

From Fracheboud et ai. (1998); Blanks et al. (2000a) 
In early years 

b Based on MISCAN model 
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screening rounds have been postulated 
as a possible explanation (Fracheboud 
et al., 1998). 

The screening programme in the 
United Kingdom provides an interesting 
contrast. Table 51 shows the data on 
subsequent 	screening 	in 	The 
Netherlands and the equivalent data for 
the United Kingdom in 1994-95. The 
comparison is interesting, although it 
also illustrates that great care should be 
taken in in interpreting performance data 
among countries, as women are referred 
differently in The Netherlands and the 
United Kingdom. Neverthelessi  the 
dramatic difference is surprising, as is 
the difference in cancer detection rates. 
Further work is required to enable a 
more useful comparison. It is debatable 
whether screening performance mea-
sures, particularly those related to qual-
ity, can be adequately compared across 
countries. 

Factors such as screening quality 
vary not only among countries but also 
dramatically within countries. In the 
United Kingdom, referral rates can vary 
by 2-9% and positive predictive value by 
6-26% (Blanks etal., 2001). Giordano et 
al. (1996) reported data derived by 
applying the performance measures in  

the European guidelines (Commission of 
the European Communities, 2001) to 
the Italian breast screening programmes 
and found that most have attained 
'acceptable' or 'desirable' levels for many 
indicators. The differences in indicators 
of screening quality show that the inter-
pretation of the measures is to some 
extent subjective. How many false-posi-
tive referrals should be tolerated for each 
cancer detected? In The Netherlands, 
the number is very low, but in the United 
Kingdom it depends on the clinician in 
charge of the screening centre. Setting 
screening quality targets is much more 
subjective than setting targets for 
screening effectiveness in reducing 
breast cancer mortality. Furthermore, 
measurement of screening quality is 
complicated by differences in the screen-
ing protocols among countries. 
Comparison of referral rates is complex, 
even when the national organized pro-
grammes are superficially not very differ-
ent, as in The Netherlands and the 
United Kingdom. Any comparison with, 
for example, the USA, which does not 
have a national organized screening pro-
gramme, would therefore be invidious. 

In contrast, measures of screening 
effectiveness in terms of reducing  

mortality, e.g. participation, cancer 
detection rates (standardized detection 
ratios), interval cancer rates (as a 
proportional incidence measure) and 
stage distribution of screen-detected 
cancers, can be compared across coun-
tries more readily. 

Conclusion 
Screening programmes should ulti-
mately be monitored in terms of deaths, 
the measure directly related to the 
purpose of screening. The effect of 
screening is real but small at present, the 
estimates of change in national overall 
breast cancer mortality rates being 
5-10% in countries with the longest 
experience. The estimates were larger in 
a few studies of sub-populations and 
after removal of bias due to deaths in 
cases diagnosed before the start of 
screening. The gain in life years per 
screen is nevertheless likely to remain 
small. Small reductions in breast cancer 
mortality, usually < 10%, will increase 
with length of follow-up and may 
ultimately approach the estimates found 
in randomized trials, of 20-30%. As such 
results will take a long time to achieve, 
the change will be very gradual and 
probably not immediately visible in 
national trends. Prolongation of follow-up 
will not affect the small estimated time 
gained in comparison with time spent, as 
screening is usually repeated every 2 
years. 

Although screening for breast cancer 
may thus appear to be insufficiently 
effective for use as a public health policy, 
that conclusion is probably not justified. 
Screening for breast cancer also has a 
humanitarian value, in addition to the 
prolongation of life. Screening, in princi-
ple, offers a greater chance to select the 
type of intervention, including breast-
conserving and less invasive treatment. 
Most recalls are due to false-positive 
results, which cause unnecessary 
anxiety and invasive or otherwise 
unpleasant investigations. A decision on 
whether to screen should depend on a 
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weighting of all the effects and how they 
compare with other health services. 
Many other health activities have not 
been properly evaluated and may be 
even less effective. 

Reliable monitoring of a screening 
programme should be based on death 
as the outcome indicator and on 
measures derived from deaths. When 
such an approach is not possible, 
surrogate outcome indicators should be 
used, although favourable results based 
on established standards do not 
necessarily imply a reduction in breast 
cancer mortality. Only in special 
circumstances will it be possible to 
distinguish the component of the 
reduction in mortality that can be 
attributed to screening from other 
effects, such as treatment. Screening 
with mammography prevents some 
deaths from breast cancer. The effect is 
certain but small. In terms of prolonga-
tion of life, the effect is about 2 days per 
woman per screen. In terms of standard-
ized mortality ratios, the effect may 
approach that seen in trials and ulti-
mately a reduction in breast cancer mor-
tality of about 20%. 

Hazards (risks) of screening 

The underlying rationale for breast 
cancer screening is to promote health by 
identifying women with breast cancer at 
an early enough stage that treatment will 
cure the disease. However, the vast 
majority of women undergoing screening 
do not have breast cancer at the time of 
the examination, and these women 
cannot derive a direct health benefit from 
screening; they can only be harmed. 
The following sections address the two 
major categories of possible harm that 
are relevant to any programme of early 
detection: false-positive results and 
overdiagnosis. In addition, although a 
diagnosis of breast cancer earlier than its 
clinical presentation is part of the 
pathway to potential benefit, it also 

implies that women have to live longer 
knowing that they have a potentially 
serious disease. For some women, this 
is balanced by more conserving surgery 
and improved survival or cure, but for 
the majority is represents only a 
disadvantage. The effect of an earlier 
diagnosis of disease on the quality of life 
is an immediate negative aspect of 
screening, against which any prolonga-
tion of life should be weighed (Figure 
37). 

Two possible harms specific to 
mammography are also considered: 
an early increase in mortality from 
breast cancer and radiation-induced 
cancer. 

Occurrence and consequences of 
false-positive results in mammo-
graphy 
False-positives and overdiagnosis 
The term 'false-positive' refers to an 
abnormal mammogram (one requiring 
further assessment) in a woman 
ultimately found to have no evidence of 
cancer. 'Overdiagnosis' refers to the 
diagnosis and treatment of cancers that 
would never have caused symptoms. 
Thus, a false-positive result can be found 
only in a woman without cancer, while 

overdiagnosis can be made only for 
women with cancer. While an individual 
woman can readily be identified as 
having had a false-positive result, 
overdiagnosis can never be identified 
reliably for an individual, as virtually all 
abnormalities labelled 'cancer' are 
treated. 

The 'harm' of false-positive mammo-
grams relates to the additional testing, 
invasive procedures and anxiety that 
would never have happened in the 
absence of screening. The 'harm' of 
overdiagnosis relates to unnecessary 
anxiety (associated with a diagnosis of 
potentially fatal disease) and unneces-
sary treatment. Both harms are 
inevitable if a screening programme is to 
be effective (Morrison, 1992). The 
challenge is to minimize both while still 
detecting those cancers for which early 
diagnosis and treatment can alter the 
clinical course of disease. 

Definition of a false-positive rate 
Two definitions have been used to define 
a false-positive screening result. The 
broad definition includes all mammo-
grams that are accompanied by a 
recommendation for further assessment 
(e.g. repeat examination, clinical exami- 

Screen 	Clinical 
detection presentation 

Quality of life lost 
by early detection 

Quality 
of lifelife 

Quality of life 
gained by 
early detection 

Figure 37 Quality of life over time for women whose breast cancers are found clinically and by 
screening 

135 



ARC Handbooks of Cancer Prevention, Volume 7: Breast Cancer Screening 

nation, diagnostic mammogram, ultra-
sound or breast biopsy) for women who 
are found ultimately not to have cancer. 
A narrower approach is to count only 
those recommendations that ultimately 
lead to a breast biopsy in these women 
(Kopans, 1992). While breast biopsies 
are arguably the most important adverse 
effect of a false-positive mammogram, 
the broader definition is used here, both 
because it is commoner and because it 
more completely captures all subse-
quent events. 

The frequency of false-positive 
mammograms is conceptually measured 
only among women ultimately found not 
to have cancer and is defined as: 

Number of exams with a 

recommendation for further assessment 

among women known not to have cancer 

Number of exams among women known 

not to have cancer 

In practical terms, however, the same 
number is well estimated as a product: 

% of all mammograms requiring 
further assessment x Il -- PPV) 

where PPV is the positive predictive 
value or the percentage of mammo-
grams requiring further assessment that 
are ultimately found to be cancer. 

Either approach can be interpreted as 
answering the question: 'What is the 
probability that a healthy woman will 
require further assessment after a single 
screening mammogram?' Although this 
measure is, strictly speaking, a probabil-
ity or a proportion, in the remainder of 
this chapter it is referred to by its familiar 
label: the 'false-positive rate'. 

False-positive rates observed in practice 
The reported false-positive rates range 
from < 1% to > 10% (Table 52). Two 
broad observations can be made from 

these data. First, false-positives are 
more frequent at a woman's first screen-
ing examination than at subsequent 
examinations. This observation probably 
reflects the value of having a previous 
film for comparison and, in national 
programmes, cumulative experience in 
mammography. 

Secondly, different groups of radio-
graphers perform differently. In particu-
lar, false-positive rates are an order of 
magnitude higher in community practice 
in the USA than in The Netherlands 
screening programme. This difference 
may reflect different thresholds for rec-
ommending further evaluation of specific 
mammographic abnormalities, such as 
calcifications and well-circumscribed 
nodules. For example, the false-positive 
rate will increase if further evaluation is 
suggested for smaller, less characteristic 
clusters of calcifications. These differ-
ences may, in turn, be explained by the 
distinct medico-legal climate in the USA, 
where a missed diagnosis of breast 
cancer is now the commonest and sec-
ond most costly basis for malpractice 
suits (Black et al., 1995; Mitnick et al., 
1995; Physician Insurers Association of 
America, 1995). 

Cumulative risk 
Most false-positive results are reported 
from a single mammogram. However, as 
women undergo screening mammo-
grams repeatedly, an individual woman's 
cumulative risk of ever having a false-
positive results increases with repeated 
screens. From the woman's perspective, 
therefore, it may be important to know the 
cumulative risk for a false-positive result. 

Some data are available. During the 4 
years of the Health Insurance Plan pro-
gramme, about 5% of women in the 
screened group had a recommendation 
for biopsy after a false-positive mammo-
gram (Shapiro et al., 1988a). In the 
Stockholm trial, approximately 1% of 
biopsies conducted as a result of false-
positive mammograms were performed 
in women invited for two annual rounds  

of screening (Lidbrink et al., 1996). This 
low rate was seen after only two 
screens, but there was also a low rate of 
abnormal 	mammogram 	readings 
(0.8-1.8%) in the Stockholm study. In the 
Screening Mammography Program of 
British Columbia, Canada, the cumula-
tive risk for a false-positive mammogram 
after 10 screens was estimated to be 
38% for women aged 40-49, 35% for 
women aged 50-59 and 29% for those 
aged 60-69 (Olivotto et al., 1998). 

In the USA, Elmore et al. (1998) 
studied the experience of 2400 women 
screened in a health plan in 
Massachusetts. After a 10-year follow-
up, 23.8% of the women had had at least 
one false-positive result and 5.1% had 
had an invasive procedure as a result of 
a false-positive result. Using a Bayesian 
version of a product or an estimate of the 
Kaplan-Meier type, in which mammo-
graphic screening events were used 
instead of time, the authors estimated 
that, after 10 mammograms, 49% (95% 
Cl, 40-64%) of the women would have 
had a false-positive result. When the 
definition of a false-positive result was 
limited to women without cancer who 
underwent a breast biopsy, the cumula-
tive risk over 10 mammograms was 
estimated to be 19% (95% Cl, 10-41%). 

The same general approach was 
used to estimate the cumulative risk of 
ever having a false-positive result as a 
function of the two most relevant inputs: 
the false-positive rate (in which first and 
subsequent screens are distinguished) 
and the number of times screening is 
repeated (a function of the screening 
interval; Table 53). The effects of 
various conditions on the cumulative risk 
for a false-positive result are clear. 

Adverse consequences of false-posi-
tive results 
The adverse effects reported after false-
positive results include increased use of 
health care and increased patient 
anxiety. 
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Setting 
	

Proportion of 
	

False-positive rate 
(% abnormal x (1—PPV)) (%) 

Mammograms requiring Abnormal examinations 
further assessment in which cancer is 
(% abnormal) diagnosed (PPV) (%) 

National programmes 
Netherlands (de Koning et al., 1995b) 

First screen 1.4 48-51 0.7 
Subsequent screens 0.9 36-54 0.5 

United Kingdom (Blanks et al., 2000a) 
First screen 7-8 6-8 7.0 
Subsequent screens 3-4 12-14 3.0 

US National Breast and Cervical Cancer 
Detection Program (May et al., 1998) 

First screen 5 9.5 4.5 
Subsequent screens 4 5.6 3.8 

Other 
US academic practice (Kerlikowske 
et al., 1993) 

First screen (age 50-59) 7 9 6.4 
First screen (age 60-69) 8 17 6.6 
Subsequent screens (age 50-59) 2 16 1.7 
Subsequent screens (age 60-69) 2 7 1.9 

US Medicare (age 65-69) (Welch & 
Fisher, 1998) 

Mixture of first and subsequent screens 8.5 8 7.8 

US community practice (Brown et al., 1995) 
Mixture of first and subsequent screens 11 3.5 10.6 

PPV, positive predictive value 

Increased cost and health-care use 
False-positive results are associated 
with increased numbers of office visits, 
diagnostic mammograms, ultrasounds 
and breast biopsies. Lidbrink et al. 
(1996) reported that 502 women with 
false-positive results in the Stockholm 
trial made 1539 visits to a physician and 
had 542 fine-needle aspiration biopsies, 
257 diagnostic mammograms and 118 
surgical biopsies. The cost of evaluating 
the false-positive results was 26.5% that 
of screening. In the study of Elmore and 
colleagues (1998), 631 false-positive 
results generated 601 office visits, 384 

diagnostic mammograms, 176 breast 
ultrasounds, 100 open or core biopsies, 
28 fine-needle aspirations and one 
hospitalization. In the same study, it was 
estimated that about US$ 33 would be 
spent on follow-up procedures to evalu-
ate false-positive results for every US$ 
100 spent on screening mammography. 
May et a/. (1998) found that abnormal 
mammogram results generated addi-
tional mammographic views in 56%, 
sonography in 31%, clinical examina-
tions in 30%, fine-needle aspirations in 
8.7% and breast biopsy in 28% of cases. 
These percentages were not broken 

down according to true- and false-
positive results, and no costs were 
included. 

None of these studies included the 
costs of increased health-care use by 
patients. Barton and colleagues (2001) 
found that, in the 12 months after recom-
mended follow-up, false-positive results 
were associated with more patient-
initiated visits for both breast-related 
(incidence ratio, 4.03; 95% Cl, 
2.97-5.47) 	and 	non-breast-related 
(incidence ratio, 1.18; 95% Cl, 
1.09-1.28) reasons, including mental 
health services. Extrapolating to women 
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0.7 	 0.5 	 3.2 

	

2.0 	 1.0 	 7 

	

4.0 	 2.0 	 13 

	

6.0 	 3.0 	 19 

	

8.0 	 4.0 	 25 

	

10.0 	 5.0 	 30 

	

10.6 	 10.6 	 49 

eligible for screening in the population of 
the USA, the authors estimated that 
false-positive results could generate as 
many as 14.4 million non-breast-related 
physician visits over a decade. 

Emotional and psychological effects 
Rimer and Bluman (1997) reviewed nine 
studies conducted before 1997 which 
specifically addressed the psychological 
impact of false-positive results of 
mammography. Using the same search 
strategy, the Working Group identified 
nine more studies (Table 54). The stud-
ies vary by country, the type of patients 
studied, when in relation to the mammo-
gram they were studied and the instru-
ments used to determine their psycho-
logical state. Nonetheless, all but one 
showed transient negative psychological 
effects associated with a false-positive 
result. 

	

5 	 10 

	

10 	 19 

	

20 	 35 

	

29 	 47 

	

36 	 58 

	

43 	 66 

	

67 	 89 

Most of the studies showed that the 
increase in anxiety was moderate. 
Although the increase was short-lived in 
most women (e.g. Brett et al., 1998; 
Gilbert et al., 1998; Olsson et al., 1999), 
some experienced longer-term conse-
quences of a false-positive result. In one 
study, an increased anxiety score was 
reported 3 months after an abnormal 
mammogram, and in another the score 
was still increased 18 months after the test 
(Gram et al., 1990; Lerman et al., 1991). 

Few studies have addressed the 
impact of a false-positive result on 
behavioural measures. One study 
showed that women who were recalled 
were more likely to continue practising 
breast self-examination (Bull & Campbell, 
1991). Barton et al. (2001) reported that 
physicians were more likely to record 
breast-related concern for women who 
had had a false-positive result and that  

these women were more likely to use 
health-care services, for both breast and 
non-breast-related problems. 

Three studies have been conducted 
of the effect of a false-positive result on 
future screening behaviour. Burman and 
colleagues (1999) compared the subse-
quent adherence to screening mammog-
raphy of 813 women who had had false-
positive results and 4246 women who 
had had normal mammograms. After 
adjustment for multiple risk factors, the 
women who had had a false-positive 
result were slightly more likely to attend 
for their next screening mammogram 
than women with a normal result (odds 
ratio, 1.21; 95% Cl, 1.01-1.45). Pisano 
et al. (1998) surveyed 43 women who 
had undergone excisional breast biopsy 
after receiving a false-positive result 3 
years earlier. When compared with 53 
randomly selected women with normal 
mammograms and 83 women with 
6-month recall, the women who had had 
a biopsy were slightly more likely to 
attend for subsequent screening 
mammography. Lerman et al. (1991) 
also found that more women who had 
had a false-positive result than those 
with normal screens attended for their 
next scheduled screening mammogram 
(74-78% versus 68%, p > 0.05). No 
studies were found of screening 
behaviour after repeated false-positive 
results. 

Clearly, substantial proportions of 
women who have a false-positive result 
become anxious about breast cancer. 
This was true in several countries and 
cultures. Anxiety tends to be greatest at 
the time of notification of an abnormality 
and less (or resolved) when the work-up 
is completed without breast cancer being 
found. There is no evidence that false-
positive results decrease future 
adherence to screening recommenda-
tions and in fact may increase it slightly. 
Women may therefore understand that 
false-positive results are a part of 
mammography. Schwartz et al. (2000) 
found that 99% of 479 women were 

False-positive results (%) 

First screen 	Subsequent 	20-year programme of screening with 
screens 	 examination every: 

3 years 	 2 years 	 1 year 

The cumulative risk is calculated as 1 minus the chance of never having a false-positive 
result (which, in turn, is the product of the probabilities of having a normal result in multi-
ple examinations). For example, consider the upper left-hand cell - the probability of 
ever having a false-positive result of a women screened every 3 years for 20 years in a 
programme with a false-positive rate of 0.7% on the first screen and 0.5% on subsequent 
screens. The chance of not having a false-positive result is 99.3% on the first examation 
and 99.5% on each subsequent screen. The cumulative risk over 20 years in which six 
examinations are performed is 1 - (0.993 x 0.995 x 0.995 x 0.995 x 0.995 x 0.995) or 
3.2%. 
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Reference and 	Type and time of measurement 	Groups and numbers 	 Response Results 
country 	 of women and response 	rate (%) 

Ellmann et al. (1989) General health questionnaire in 
United Kingdom 	person 

At visit and 3 months later 

Bull & Campbell 	Mailed self-administered question- 
(1991) 	 flaire 
United Kingdom 	Before screening 

6 weeks after screening 

Sutton et a/. (1995) 	Mailed general health questionnaire 
United Kingdom 	with 7-item anxiety subscale 

Before screening 
At screening 
9 months after screening 

Swanson et al. (1996) Psychological consequences 
United Kingdom 	questionnaire, mailed and on-site 

At invitation 
At screening 
At recall 

Ong et al. (1997) 	Mailed psychological 
United Kingdom 	conseqences questionnaire 

1 month after final visit 

% anxious: 
Normal 	False-positive result 

Normal mammogram: 295 Overall, 98 At visit 	35 	44 
False-positive result: 271 3 months 	26 	29 
Breast cancer: 134 later 

p <0.02-002 at visit 

% anxious about 	% practising 
breast cancer 	self-examination 

Invited to screening: 750 72 5 	 10 
Normal mammogram: 420 79 4 	 10 
False-positive result, no 2 	 24 
invasive test: 240 72 6 	 35 
False-positive result, biopsy: 68 Not significant 	p <0.00 

Retrospecitive anxiety score: 
False-positive 	Normal 
result 

1021 68 1.6 	 1.6 
795 78 1.7 	 1.3 
795 78 1.1 	 1.1 

Mean psychological score 
Invited 	Screened 	Recalled 

False-positive result: 33 49 Physical 	0.7 	0.2 	3.0 
68 Emotional 	1.3 	0.5 	4.1 

100 Somatic 	1.1 	0.5 	3.3 
* All recall scores significantly differ from 
earlier scores 

% psychological consequences 
Regular recall: 130 Overall, 75 29 

after assessment: 128 50 
after fine-needle 
aspiration: 106 58 	p <0.0005 

Early recall after 
assessment: 130 63 
Regular recall after biopsy: 30 87 
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Reference and Type and time of measurement Groups and numbers Response 	Results 
country of women and response rate (%) 

% psychological consequences 
Brett et al. (1998) Mailed psychological consequences Normal mammogram 52 Overall, 76% 	10 
United Kingdom questionnaire False-positive result, non- 

5 months after screening non-invasive work-up: 51 45 
False-positive result, fine- 
needle aspirate cytology: 41 44 	 p <0.0001 
False-positive result, biopsy: 45 59 
False-positive result, 6-month 
recall: 23 61 

Gilbert et al. (1998) 	Mailed and (on-site hospital) anxiety 
United Kindom and depression scale and health 

questionnaire % anxious: 
Before screening 2110 90 39 
At screening 1463 70 31 
At recall 122 98 47 
5 weeks after recall 90 74 34 
4 months after recall 90 74 33 

p <0.02-0.001 for recall vs others 

% anxious about breast cancer: 
Gram et al. (1990) Mailed self-administered questionnaire Normal mammogram: 152 73 13 
Norway 18 months after screening False-positive result: 126 79 29 

P = 0.001 

% anxious about breast cancer 
Gram & Slenker Mailed self-administered questionnaire Normal mammogram: 209 84 22 
(1992) Norway 1 year after screening False-positive result: 160 89 40 

p <0.05 

Lidbrink et al. (1995) Self-administered questionnaire: 
Sweden and blood tests on site Mood score: 

At follow-up test Time!: 2.3 
3 weeks after completed work-up False-positive result: 48 98 Time 2: 3.4 

p <0.05 
No difference in cortisol or prolactic 
concentration or in lymphycytic 
stimulation 



Reference and Type and time of measurement Groups and numbers Response Results 
qoyuDtr of women  and response rate (%) 

Mean psychological score 
Olssen et al. (1999) Mailed psychological consequences False-positive result: 235 93 1 month 	6 month 
Sweden questionnaire Normal mammogram: 987 89 -0.75 	-0.3 

1 and 6 months after final visit —0.19 	—0.17 

p <0.001 between false-positive result 
and normal mammogram 

Lerman et al. (1991) Anxiety questionnaire by telephone % anxious about % attendance at 
USA interview mammography 	next screen 

Mammography adherence 
by telephone interview 
3 months after false-positive result: Normal mammogram: 121 Not reported 48 	 68 
All work-up completed False-positive result, low 

suspicion: 119 61 	 78 
15 months later False-positive result, high 

suspicion: 68 70 	 74 
P = 0.008 	p <0.05 

Pisano et al. (1998) Record of intention for screening % attended 	% intended 
USA mammogram, by telephone interview False-positive result and screen x 3 years 	regular future screens 

3-4 years after index screening excisional biopsy: 43 Overall, 75 72 	 98 
False-positive result and 
6-month recall: 83 58 	 82 
Normal mammogram: 53 66 	 90 

p = 0.26 	p = 0.036 

% returned for recommended screen: 
Burman et al. (1999) Screening mammogram, by False-positive result: 813 Overall 85 73 
USA computerized record review Normal mammogram: 4246 74 

Up to 6 months after next 
recommended screening 

% medical records with anxiety about 
breast cancer noted 

Barton etal. (2001) Office visits by medical record Normal mammogram: 496 100 (medical 0.2 
USA reviewer False-positive result: 496 records) 10.0 

For 12 months after screening p = 0.001 

Cockburn et al. Mailed and on-site psychological False-positive result: 58 70 Mean emotional and physical 
(1994) USA consequences questionnaire Normal mammogram: 142 68 dysfunction scores significantly increased 

At screening 'Community': 52 72 in group with false-positive results at 
Before results recall and 1 week after 'all-clear'. 
At recall clinic Otherwise, scores in 3 groups similar 
1 week after 'all clear' 
8 months later 
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aware that false-positive results occur, 
and most accepted them as a conse-
quence of screening. This was true 
regardless of whether the respondent 
had actually experienced a false-positive 
result. 

Decreasing the adverse effects of 
false-positive results 
As false-positive results cannot be totally 
eliminated, strategies to reduce the 
occurrence and severity of the adverse 
psychological effects and behaviour 
should be developed. Lindfors et al. 
(2001) compared stress in women who 
had undergone immediate work-up and 
received a false-positive result and 
women who returned for later work-ups 
and reports. The mean overall stress rat-
ing on a five-point scale was 2.3 for 
women who had undergone immediate 
work-up and 2.8 for women who 
returned later for work-up. The response 
rate to the survey was 40%, but the two 
groups of women who did respond were 
similar in terms of demographic 
variables. Women receiving immediate 
follow-up evaluation after an abnormal 
result may not have time to become 
anxious before the result is clarified, and 
some may be unaware that an extra view 
or ultrasound is conducted because an 
abnormality was found on their screen-
ing mammogram. Immediate follow-up 
requires the presence of a radio-
grapher, and the cost implications of this 
strategy should be assessed if the find-
ing that immediate follow-up reduces 
anxiety is repeated. 

Ong and Austoker (1997) studied the 
effect of discussion of results with nurses 
when patients were recalled for further 
evaluation after an abnormal mammo-
gram. Fewer women who had a chance 
to talk with a nurse wanted to talk later 
about why the assessment was needed 
(4%) than women who did not talk to a 
nurse (30%), and fewer wanted addi-
tional information. The result was similar 
when an information leaflet was added to 
the recall letter (Austoker & Ong, 1994). 
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When information was given in the 
leaflet, women perceived less need for 
more information. Whether educating 
women about false-positive results in 
general or making counselling services 
available prevents or lowers anxiety is 
not known and should be studied. 

Decreasing the rate of false-positive 
results 
Although the literature on strategies for 
lowering the false-positive rate is sparse, 
and no formal trials of strategies were 
found, it would appear reasonable to 
address the risk factors for false-positive 
results. The literature suggests that char-
acteristics relating to both the subject 
and the mammography process are 
involved. 

Factors related to women that affect the 
false-positive rate 
Age is inversely related to the false-pos-
itive rate (Kerlikowske et al., 1993; 
Kopans et al., 1996; Lidbrink et al., 
1996), at least partly because dense 
breasts are more difficult to read radi-
ographically (Fajardo et al., 1988). 
However, it was found in one study (van 
Gils et al., 1998) that no such difficulty 
was apparent for mammograms read 
after 1983, when compared with those 
read between 1975 and 1982. No strati-
fication by age was reported, which 
could be important, because average 
breast density decreases slightly as 
women age and epithelial tissue is 
replaced with fatty tissue (Tabár & Dean, 
1982). White et al. (1998) demonstrated 
that the breast density of premenopausal 
women was greater during the luteal (2 
weeks before onset of menses) than the 
follicular (2 weeks after onset of menses) 
phase of menses. 

Several studies have shown that 
postmenopausal hormonal replacement 
therapy also increases breast density 
(Berkowitz et al., 1990; Stomper et al., 
1990; Kaufman et al., 1991; McNicholas 
et al., 1994; Laya et al., 1995; Greendale 
et al., 1999). Four studies documented  

an increased frequency of false-positive 
readings in postmenopausal women on 
hormone replacement therapy. Laya and 
colleagues (1996) found a relative risk 
for a false-positive mammogram reading 
of 1.71 (95% Cl, 1.37-2.14) in current 
users and 1.16 (95% Cl, 0.93-1.45) in 
former users, versus never users of 
estrogen 	replacement 	therapy. 
Christiansen et al. (2000) found similar 
effects, while Kavanagh et al. (2000) 
found that, in comparison with non-
users, users of hormone replacement 
therapy had an adjusted odds ratio of 
1.12 (95% Cl, 1.05-1.19) for a false-
positive result. Thurfjell et al. 1997 found 
decreased mammographic specificity, 
especially in women treated with 
both estrogen and progesterone replace-
ment. 

Having had a breast biopsy was 
associated with a higher risk for a false-
positive result (Brenner & Pfaff, 1996), 
although one prospective study of recall 
rates among women with and without a 
history of breast biopsy showed no dif-
ference (Slanetz et al., 1998). 
Christiansen et al. (2000) found a risk for 
a false-positive result of 20% for women 
with a history of three or more breast 
biopsies, 13% for women with two, 11% 
for women with one and 6.1% for women 
with no history of a breast biopsy (p < 
0.01). 

Factors related to mammography that 
affect the false-positive rate 
Perhaps the most important effects on 
the risk for a false-positive result are 
related to the diagnostic ability of the 
radiographer. Brown et al. (1995) found 
that the frequency of reading screening 
mammograms in 50 individual practices 
in a representative national sample in the 
USA ranged from a low of 3% to a high 
of 57%. Using a model with adjustment 
for multiple variables relating to the 
woman, Christiansen et al. (2000) stud-
ied 35 community radiologists and esti-
mated that the odds of a woman having 
a false-positive result was 11-fold higher 

(95% Cl, 2-17) if the film was read by the 
radiologist with the highest false-positive 
rate than when it was read by the radiol-
ogist with the lowest rate. While some of 
this variation undoubtedly reflects the 
small sample studied (mean of 35 films 
per radiologist in both studies), the varia-
tion is nonetheless substantial. 

The availability of previous mammo-
gram films for comparison when reading 
mammograms has been shown to 
decrease the frequency of false-positive 
results. Christiansen and colleagues 
(2000) found that the false-positive rate 
was halved when previous films were 
available. Frankel et al. (1995) found that 
the frequency of abnormal results 
dropped from 7% at initial examination to 
3% on subsequent examinations at 
which previous films were available. 

Only one report (Christiansen et al., 
2000) was available of the combined 
effect of patients' risk profile and radio-
logical variables on a woman's risk for a 
false-positive result in multiple screens. 
The characteristics examined included 
the age, history of previous breast 
biopsy, family history of breast cancer, 
menopausal status, estrogen use, body 
mass index, race and median household 
income of the patient and comparison 
with previous mammogram, time since 
last mammogram and radiologist's recall 
rate. In a multivariable model, four patient 
variables emerged as independent risk 
factors. The risk decreased with the 
patient's age and increased with the 
number of breast biopsies, family history 
of breast cancer and estrogen use. In 
addition, all three radiological variables 
were independent risk factors. A woman 
with average risk factors had a 15% 
chance of having a false-positive result 
by the ninth mammogram if her films were 
read by a radiologist with a low recall 
rate, and an 86% chance if her mammo-
grams were read by a radiologist with a 
high recall rate. This study was of one 
setting and may not be generalizable to 
others. Also, breast density was not 
included as a variable. Although many of 
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these features are immutable, all 
three radiological variables associated 
with false-positive readings are 
modifiable. 

Banks et al. (2002b) predicted the 
recall rate after a false-positive result for 
60 000 women in the United Kingdom 
who were not using hormone replace-
ment therapy. Premenopausal and pen-
menopausal women were more likely 
than postmenopausal women to be 
recalled for false-positive results, and the 
variation in recall rate by age was 
accounted for by the menopausal status 
of the women. Furthermore, women 
were more likely to be recalled if they 
had had breast surgery in the past, and 
less likely to be recalled if a comparison 
mammogram was available. There were 
also weak associations with parity and 
weight, but other factors, including edu-
cational level, family history of breast 
cancer, tobacco and alcohol consump-
tion, height, age at birth of first child, 
breastfeeding history and past use of 
hormonal contraceptives had no effect 
on the recall rate. 

Possible strategies for decreasing false-
positive rates 
It may be reasonable to alter estrogen 
use in the short term, thereby decreasing 
the false-positive rates for women on 
hormonal replacement therapy. In a pre-
liminary study, Harvey et al. (1997) found 
that stopping hormone replacement ther-
apy for 10-30 days before a repeat 
mammogram resulted in resolution of or 
a decrease in mammographic abnormal-
ities in 35 of 47 patients. 

Changing mammographic practices 
in settings with high false-positive rates 
is probably a more relevant option. One 
way of lowering the frequency of false-
positive results is to set explicit goals for 
lowering recall rates. In the USA, the 
Agency for Health Care Policy and 
Research has recommended that the 
recall rate be no more than 10% of 
screening mammograms (Bassett et al., 
1994a). In Europe, the Europe Against 

Cancer Programme suggested that the 
'acceptable' level of recall after the first 
screen should be < 7%, and the 'desir-
able' level should be <5% (Commission 
of the European Communities, 1996). 
Lowering recall rates may be easier in 
Europe than in North America because 
of the tendency for malpractice suits in 
the latter. 

It has been suggested that more 
experienced radiologists with a higher 
volume of mammographs have lower 
false-positive rates (Sickles etal., 1990), 
but this requires confirmation. There is 
evidence that the availability of previous 
mammograms and interpretation of the 
image by two radiographers (see above) 
can decrease the false-positive rate. 
Both of these ideas should be weighed 
against increased costs, the feasibility of 
obtaining 	previous 	mammograms 
(Bassett et al., 1994b) and the costs of 
more professional input. 

Overdiagnosis 
An obvious source of harm associated 
with any screening programme is unnec-
essary treatment of cancers that were 
not destined to cause death or symp-
toms. This section describes the concept 
of overdiagnosis and reviews the evi-
dence for overdiagnosis of breast cancer 
after screening mammography. The sec-
tion concludes with a description of 
autopsy series in which there was a 
reservoir of undetected breast cancers, 
which might be diagnosed as imaging 
techniques become capable of detecting 
progressively smaller lesions. The fol-
lowing section describes mammographic 
detection of DCIS, for which overdiagno-
sis may be particularly common. 

The concept of overdiagnosis 
Overdiagnosis refers to the detection of 
cancers that would never have been 
found were it not for the screening test 
(Prorok et al., 1999). Patients in whom 
such indolent cancers are detected do 
not benefit from screening and can only 
experience harm: the worry associated 

with a 'cancer' diagnosis and the compli-
cations of therapy. For most prospective 
screenees (and many clinicians), over-
diagnosis is a foreign concept. This is 
understandable, given the widespread 
perception of cancer as a relentlessly 
progressive disease which, if left 
untreated, leads to death. 

In fact, lesions called 'cancer' by 
pathologists can have very different 
growth rates. The concept of overdiag-
nosis is probably best understood by 
collapsing this spectrum of growth rates 
into four discrete categories, fast, slow, 
very slow and non-progressive, as 
depicted in Figure 38. Fast-growing 
cancers metastasize rapidly, produce 
symptoms and cause death. While they 
are potentially detectable by screening, 
they are easily missed and instead 
become evident in the interval between 
screening tests (so-called 'interval 
cancers'). Slowly growing cancers are 
destined to cause symptoms and death 
but can be detected by routine 
screening. It is on deaths from these 
cancers that screening is likely to have 
its greatest impact. 

The two other growth rates represent 
cancers that never result in symptoms or 
death—cancers that Morrison (1992) 
and others have referred to as 'pseudo-
disease'. Some cancers progress so 
slowly that they are interrupted by death 
from unrelated causes before symptoms 
develop. The existence of this type of 
pseudodisease is therefore a function 
not only of the cancer's growth rate but 
also of the patient's competing risks for 
death. Although, in principle, screening 
will always lead to its detection (simply 
because some patients with screen-
detected cancers will die of other 
causes), the problem is most relevant for 
cancer screening in the elderly, prostate 
cancer serving as the best example. 
Furthermore, some cellular abnormali-
ties that are labelled 'cancer' never grow 
(or may even get smaller), and these 
non-progressive cancers will never 
cause symptoms, no matter how long 
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Figure 39 Breast cancer incidence among women invited to screening versus those who were not (con-
trols) in eight randomized trials of screening mammography 
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the patient lives. One can postulate a 
number of mechanisms for this type of 
pseudodisease: some cancers may out-
grow their blood supply (and be starved), 
others may be recognized by the host's 
immune system (and be successfully 
contained), and some may never have 
been that aggressive. In the case of 
breast cancer screening, this second 
type of pseudodisease is probably the 
most relevant. 

While the foregoing theoretical 
framework is a simplification of a wide 
spectrum of growth rates, it does serve 
as a basis for a straightforward definition 
of overdiagnosis. If pseudodisease is 
detected, then overdiagnosis has 
occurred. Practically, however, it is extra-
ordinarily difficult to determine overdiag-
nosis, because virtually all detected can-
cers are treated, making it impossible to 
distinguish their natural history from the 
effect of treatment. Nonetheless, there 
are two sources of data from which some 
inferences about overdiagnosis can be 
made: randomized trials of mammography 
and population-based incidence rates. 

Overdiagnosis in randomized trials of 
mammography 
No screening test has been as thor-
oughly studied as screening mammogra- 

Very slow 

Non-progressive 
30 	i 

Time 	 Death from 
other causes 

phy: over 500 000 women have been 
entered into eight randomized trials (see 
Chapter 4). As in each trial a group of 
women undergoing regular mammogra-
phy (with or without clinical breast exam-
ination) is compared with those who are 
not, these studies provide some indica- 

tion of the effect of mammography on the 
observed incidence of cancer, and the 
relative incidences in the screened and 
control groups can shed some light on 
the question of overdiagnosis. 

The trials differ, however, in ways 
that potentially affect the rate of over-
diagnosis. The screening intensity was 
greatest in the Canadian trials both 
because of the intervention (two-view 
mammography performed annually) and 
because of the high participation rate 
(nearly 100% at the first screening). If 
mammography resulted in overdiagno-
sis, it would be expected to be most obvi-
ous in these two trials. In trials with less 
intense interventions (single-view mam-
mography every 2 or 3 years) or lower 
participation rates, overdiagnosis would 
be expected to be less evident. 

Figure 39 shows the incidence of 
breast cancer in each of the trials at the 
end of the intervention period, 5-8 years 
after randomization. This figure high-
lights another characteristic that affects 
the relative incidence in the screened 
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and control group: whether or not the 
control group was screened at the close 
of the intervention period. 

In the three Swedish trials in which 
the control group was screened at the 
end of the study, the relative incidence 
was essentially 1. This suggests either 
that there was no overdiagnosis or that it 
was confined to prevalent cases 
detected during the initial screening 
(their counterparts in the control group 
being detected during screening at 
closure). If there was overdiagnosis during 
subsequent screening, the control group 
would be expected never to catch up to 
a relative incidence of 1. The Two-county 
trial showed directly that the number of 
cancers detected after the prevalence 
round is no greater in the screened pop-
ulation than among controls. 

In the five other trials, the relative 
incidence (screened versus control) 
ranged from 1.07 in the Health Insurance 
Plan trial to 1.38 in the study in 
Edinburgh. Because the Health 
Insurance Plan trial was performed in the 
1960s, with mammographic equipment 
with much lower resolution than is 
available today, it does not provide 
relevant information on the problem of 
overdiagnosis. If the control groups in 
the remaining four trials are taken as 
representing the underlying true' 
incidence, then mammographic screen-
ing initially increases the observed inci-
dence of breast cancer by 24-38%, sug-
gesting potential overdiagnosis. Further-
more, long-term follow-up of women in 
the Canadian trials showed that this 
excess persists (Miller et al., 2000, 2002). 

Overdiagnosis in population-based 
incidence rates 
Matched communities 
Population-based data from two commu-
nities in The Netherlands point to over-
diagnosis of similar magnitude and 
support the notion that the problem is 
largely confined to the initial screening 
(Peeters et al., 1989b). In 1975, the City 
of Nijmegen started population-wide 

screening with mammography every 2 
years. The neighbouring city of Arnhem, 
which had had a similar overall incidence 
in the preceding 5 years, served as the 
control. In the 4-year period immediately 
after initiation of screening, the overall 
incidence in Nijmegen was 30% higher 
than that in Arnhem. In the two 
subsequent 4-year periods, the inci-
dence rates were again similar. 

National screening programmes 
Another means for investigating over-
diagnosis is to examine breast cancer 
incidence rates in countries before and 
after initiation of national screening 
programmes. As other factors may 
influence incidence trends, inferences 
based on these data are less sure than 
those 	from 	randomized 	trials. 
Nevertheless, they offer the advantage 
of external validity; they offer, in fact, the 
best opportunity to see what happens in 
the real world. To make the inferences 
more secure, candidate countries should 
have initiated screening at a defined 
time, have programmes that are truly 
national in scope and have mature 

Year 

tumour registries. Two countries that 
meet these three criteria are Finland and 
the United Kingdom. In January 1987, 
Finland started two-view mammography 
screening every 2 years among women 
aged 50-59. The participation rate 
among those invited to screening 
approached 90% (Dean & Pamilo, 
1999). One year later, the United 
Kingdom (Breast Screening Programme, 
1999) began 3-yearly one-view (with a 
subsequent single view) mammographic 
screening of women aged 50-64 and 
reported a participation rate of > 70%. 

In both countries, the incidence of 
breast cancer among women in the tar-
get age group rose after the introduction 
of screening (Figure 40). It should be 
emphasized that a temporary rise is not 
only expected but is necessary for 
screening to be successful, as the time 
of diagnosis is advanced for pre-existing 
cases (Morrison, 1992). While the rise 
may be temporary, it is nonetheless sub-
stantial: both countries experienced 
roughly a 50% increase in incidence in 
the target age group during 5 years after 
introduction of screening. Current data 
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Figure 40 Trends in incidence of invasive breast cancer among women of screening age in Finland 
(50-59) and the United Kingdom (50-64) 
Data from European Network of Cancer Registries (2001). The Finnish data are nationwide; data for the 
United Kingdom are from eight registries that have been collecting data since 1978 (East Anglia, 
Merseyside and Cheshire, North-western, South Thames, Trent, Yorkshire, Scotland and Wales). The 
arrow denotes the last data point before initiation of the national screening programme in each country. 
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from both countries suggest that the rise 
may be persisting. 

Because incidence rises with age, 
one plausible explanation for the 
continuing rise in age-specific incidence 
is that the rates among women of 
screening age are 'shifted up' to the 
higher rates of older women. In other 
words, 60-64-year-old women assume 
the incidence rates of women aged 
65-69 as their time of diagnosis is 
advanced. Were this to be the case, 
some fall in incidence would be expected 
in older, unscreened women. As shown 
in Figure 41, the breast cancer incidence 
in women aged 65-69 has in fact fallen 
slightly since 1991. Thus, to some 
extent, the increase in incidence simply 
reflects an advance in the time of 
diagnosis. However, the observed 
incidence rate among women aged 
60-64 now exceeds that of women aged 
65-69 and exceeds that which would be 
predicted in women aged 65-69 if 
the underlying 1.5% increase incidence 
had persisted. These data suggest that 
overdiagnosis is occurring in the United 
Kingdom. Early modelling indicated that 
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Figure 41 Age-specific breast cancer incidence 
trends in the United Kingdom for the oldest 
women invited to screening (60-64) and the next 
oldest unscreened group (65-69). Screening 
started between 1988 and 1995 

overdiagnosis represents about 6% of 
detected cancers (Boer et al., 1994). 

Reservoir of potentially 
detectable breast cancer 
In this section, we report on the 'disease 
reservoir' of breast cancer, which is the 
term given to the prevalence of disease 
observed at autopsy but undetected 
during life (McFarlane et al., 1987). 

Although the evidence for this reservoir 
is derived from data on cancers detected 
after death, a proportion of those 
cancers could be detected during life, 
given enhanced imaging (e.g. computed 
tomography or magnetic resonance 
imaging) and/or more frequent biopsy. In 
other words, these data provide some 
sense of the upper limit of the problem of 
overdiagnosis of breast cancer. 

A number of careful autopsy studies 
of the breast have been conducted 
(Table 55; Welch & Black, 1997). The 
series fall into two broad categories: 
hospital-based and forensic autopsies. 
The latter are consecutive cases 
presented to a coroner's office (e.g. 
deaths in which homicide is suspected). 
Each series was restricted to women not 
known to have breast cancer during life. 
Although the level of scrutiny varied 
from study to study (e.g. in terms of how 
many tissue sections were made and 
whether post-mortem mammography was 
used), the same fundamental approach 
was used in each study, comprising 
systematic pathological examination of the 
breast. 

Reference Location No. Mean no. of Invasive DCIS Proportion of middle-aged 
(autopsy slides per cancer (%) women with any breast cancer 
type) breast (%) (%) 

Kramer & Rush (1973) USA 70 (hospital) 40 1.4 4.3 ND 

Wellings et al. (1975) USA 678 (hospital) ND 0 4.5 10 (age 50-70) 

Nielsen et al. (1984) Denmark 77 (hospital) 95 1.3 14.3 ND 

Alpers & Wellings (1985) USA 101 (hospital) ND 0 8.9 13 (age 40-70) 

Bhathal et al. (1985) Australia 207 (forensic) 11 1.4 12.1 ND 

Bartow et al. (1987) USA 221 (forensic) 9 1.8 0 7 (age 45-54) 

Nielsen et al. (1987) 	Denmark 	109 (forensic) 	275 	 0.9 	14.7 	39 (age 40-49) 

DCIS, ductal carcinoma in situ; ND, not described 
a  Reported as number of breasts, not number of women; prevalences are therefore percentages of breasts, not of women. 
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Figure 42 Mammograms of a patient who presented with a striking nonpalpable breast asym-
metry. The structure of the tissue of the right breast (A) imitates glandular tissue. Magnetic reso-
nance imaging (MRI) was performed, which showed intense enhancement with contrast medium 
of the patient's left breast (B). A histological diagnosis of high grade papillary ductal carcinoma in 
situ (DOIS) was made. 

The median observed prevalence of 
invasive breast cancer among women 
not known to have breast cancer was 
1.3% (range, 0-1.8%). The median 
prevalence of DCIS was 8.9%, but this 
varied widely: one series found none, 
while in three DCIS was found in over 
10% of women undergoing autopsy. The 
observed prevalences were higher 
among women most likely to have been 
screened - middle-aged women - as 
much as one-third of whom showed 
some evidence of cancer. By compari-
son, the lifetime risk of dying from breast 
cancer was less than 4%. Consequently, 
many more breast cancers can be found 
than will ultimately matter to women. 

Ductal carcinoma in situ 
Aspects of the pathology and molecular 
biology of DCIS are described in Chapter 
1. Clinical follow-up of women found to 

have DCIS has shown that it is a pre-
invasive neoplastic lesion and that the 
histological grade is related to prognosis 
(recurrence rates). Atypical ductal hyper-
plasia shows molecular genetic changes 
similar to those in DCIS and is also asso-
ciated with an increased risk for the 
development of invasive cancer. 

In the past, DCIS was a rare diagno-
sis, but the introduction of screening 
programmes for breast cancer resulted 
in the diagnosis of large numbers of 
cases of DCIS. High-grade DCIS more 
frequently shows abnormal mammo-
graphic features than low-grade DCIS, 
as the calcification present is more 
obvious, and the high-grade form is 
more specific for malignancy (see 
Chapter 1, Figure 42). 

In screening programmes in Europe, 
the proportion of DCIS diagnosed 
ranged from 9 to 21% (Giordano et al.,  

1996; Fracheboud et al., 1998; Blanks et 
al., 2000a). In the USA, about one-third 
of all mammographically detected can-
cers are DCIS (Kerlikowske et al., 1993; 
Beam etal., 1996a; Poplack etal., 2000). 
With increased screening by mammogra-
phy and increased sensitivity, perhaps 
combined with readier use of biopsy and 
diagnosis, the incidence (or, more cor-
rectly, the diagnosis) rates have 
increased dramatically. For example, the 
age-adjusted incidence of DCIS in the 
registries of the SEER programme in the 
USA have increased almost 10-fold over 
the past 20 years (from 2.7 to 25 per 
100 000) (National Cancer Institute, 
2001 b). 

Some researchers consider that 
detection of DCIS is one of the benefits 
derived from breast cancer screening. 
Indeed, aggressive screening for what 
was then called 'minimal breast cancer' 
was strongly advocated in the belief that 
only by detecting such lesions would 
mortality from breast cancer be reduced 
(Moskowitz et al., 1976). Minimal breast 
cancer as then defined consisted of two 
components: invasive breast cancers 
<10 mm in size and DCIS. 

Until recently, the usual treatment for 
DCIS was mastectomy. This probably 
explains the excess rate of mastectomy 
in the groups receiving mammography in 
the Canadian trials, for example (Miller, 
1994), and the increased rate of 
mastectomy associated with increased 
detection of DCIS in the SEER pro-
gramme (Ernster et al., 1996). With the 
advent of large numbers of mammo-
graphically detected DCIS, breast-con-
serving therapy has been used more 
widely. The two approaches have not 
been compared in a randomized con-
trolled trial; however, when DCIS was 
treated by local excision, local recur-
rence was observed in 16% of cases 
within 4 years (Julien et al., 2000), and 
the percentage was significantly lower 
(9%) when radiotherapy was given. The 
risk for invasive recurrence was not 
related to the histological type of DCIS, 
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although distant metastasis was 
significantly more common in poorly 
differentiated DOIS (Bijker etal., 2001b). 
About 20% of the DOIS lesions in these 
studies were palpable; the natural history 
of DCIS detected solely by mammo-
graphy is less clear. Holland et al. (1990) 
found no association between the mode 
of detection of DCIS and the size of the 
resected lesion. Frequently, DOIS extends 
over more than one quadrant of the 
breast, 	making 	breast-conserving 
surgery impossible. 

The important issue is what propor-
tion of cases of DOIS detected at screen-
ing would have progressed to invasive 
cancer if they had not been detected, 
and how many represent 'over-
diagnosis'. If a substantial proportion of 
cases of DOIS were destined to progress 
to invasive breast cancer, some decre-
ment in the rate of invasive breast 
cancer would be expected as DOIS was 
increasingly diagnosed (a 'new case of 
cancer' can occur only once). In other 
words, as DOIS becomes an increasingly 
common diagnosis, women destined to 
get invasive cancer are counted as new 
cases of DOIS, not as new cases of inva-
sive breast cancer. One diagnosis is sub-
stituted for the other. 

Information on the extent to which the 
incidence of invasive breast cancer 
might be reduced by detection of DOIS is 
available from the long-term follow-up in 
the Canadian National Breast Screening 
Study of women aged 50-59 on entry 
(Miller et al., 2000). Of the 267 invasive 
breast cancers detected at annual mam-
mography, 48 were < 10 mm in size, 
whereas only 6 of 148 found by clinical 
breast examination were this size. In 
addition, 71 in situ breast cancers were 
detected in the women receiving annual 
mammography and 16 in those exam-
ined physically. However, there was no 
evidence that the detection of in situ 
cancers resulted in a reduction in breast 
cancer incidence: the cumulative 
numbers of invasive breast cancers 
(including those ascertained after the  

end of the 4-5-year screening period) 
were 622 in women with annual mam-
mography and 610 in those given clinical 
breast examination. The data for the 
50 000 women aged 40-49 on entry to 
the Canadian trial are similar (Miller et 
al., 2002). Once again, more in situ can-
cers were diagnosed in women given 
mammographic screening (71 cancers) 
than in those receiving usual care (29 
cancers). However, no indication was 
found of a reduction in breast cancer 
incidence over the 11-year follow-up, the 
cumulative numbers of invasive cancers 
as determined by linkage to the national 
cancer registry being 592 and 552, 
respectively. 

Similar follow-up data have not been 
published from the other breast cancer 
screening trials. However, many have 
reported the proportion of DOIS among 
the cancers detected, ranging from 8.4% 
in the Two-county trial to 16% in the 
Malmö trial (Fletcher et al., 1993). 

Studies of populations in which breast 
cancer screening has been implemented 
provide no evidence that the rising rates 
of incidence (diagnosis) of DOIS have 
been accompanied by a decrease in the 
incidence of invasive cancer. Data from 
the SEER programme in the USA (Figure 
43) indicate that detection of DOIS simply 
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Figure 43 Incidences of ductal carcinoma in situ, 
(DCIS), invasive breast cancer and the two com-
bined, USA, 1978-98 
From National Cancer Institute (2001b) 

adds to the total number of cancers 
detected (although, of course, the 
increase in incidence of invasive cancer 
might have been even greater in the 
absence of DOIS detection and treatment). 

DOIS does not always progress to 
invasive breast cancer, as shown by two 
lines of evidence. The first derives from 
studies of cases of DOIS followed only 
by biopsy (without treatment). Of 28 
cases of non-palpable, low-grade (non-
comedo) DOIS, seven (25%) developed 
into invasive cancer within 10 years and 
a further two within the next 20 years 
(Page etal., 1995). In Bologna, Italy, only 
3/28 cases (11%) of DOIS developed 
into invasive cancer during an average 
follow-up period of 17 years (Eusebi et 
aI., 1989). The second type of evidence 
derives from studies of the outcome (sur-
vival) of registered DOIS cases. The 
SEER data for 7072 cases of DOIS reg-
istered in 1978-89 showed a low risk for 
death from breast cancer during the 
10-year follow-up. In cases diagnosed in 
1978-83 (mainly before mammographic 
screening), the risk for death from breast 
cancer was 3.1 times (at 5 years) and 
3.4 times (at 10 years) that of the general 
population. In cases diagnosed in 
1984-89 (mainly detected by mammog-
raphy), the relative risk for death was 
much lower: 1.6 (95% Cl, 1.1-2.1) at 5 
years and 1.9 (95% Cl, 1.5-2.3) at 10 
years. Some of the excess risk may be 
due to 'missed' invasive disease among 
the DOIS cases. The women with DOIS 
had an overall mortality rate that was 
20-30% lower than that of the general 
population, as they represented a group 
with higher socioeconomic status, who 
undergo frequent mammography 
(Ernster et al., 2000). 

Part of the difficulty in determining the 
role of DOIS in screening is the fact that 
mammography has revealed a new 
spectrum of disease that would have 
been largely undiagnosed in the absence 
of screening, although the presence of a 
'reservoir' of DOIS was evident from 
studies of autopsy series (see above). 
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This has contributed to confusion as to 
what these lesions truly represent and 
even whether it is appropriate to use the 
term 'carcinoma' when no precise guid-
ance can be provided on eventual prog-
nosis (Foucar, 1996). Miller and Borges 
(2001) suggested that true precursors of 
invasive cancer, with atypical epithelial 
hyperplasia and incipient invasion, are 
not detectable with current screening 
methods. Some high-grade cancers may 
have a transitory in situ phase, with rapid 
progression to invasion, thus not 
allowing time for their detection as DCIS 
(Barnes et aI., 1992). 

Early mortality from breast cancer 
A possible, nonsignificant excess of early 
mortality from breast cancer was noted 
among groups invited to screening, 
especially women under the age of 50, in 
some screening trials (Tabár et aI., 1985; 
Andersson et al., 1988; Miller et al., 
1992a, 2002). In a meta-analysis of all 
screening trials with data on women 
under the age of 50, Cox (1997) noted 
that the rate ratio for mortality at 3 years 
was 2.4 (95% Cl, 1.1-5.4), although all 
the rate ratios computed earlier or up to 
11 years after entry were approximately 
1.0. Miettinen et al. (2002), in an analysis 
of the data on women aged 55-84 on 
entry to the Malmö trial, noted a 3-year 
average rate ratio of 1.5 3-4 years after 
entry, although the lower 95% Cl was 
approximately 0.6 (data derived from a 
figure). Retsky et al. (2001a,b) sug-
gested that the surgical removal of a pri-
mary breast tumour from premenopausal 
women with involved lymph nodes trig-
gers the growth of temporarily dormant 
disease in approximately 20% of cases. 
This suggestion is in line with the results 
of tests in experimental animals (Fisher 
& Saffer, 1989). 

Risk for breast cancer induced 
by radiation 
Several epidemiological studies have 
addressed the risk for breast cancer 
induced by radiation and provided 

quantitative estimates of the level of risk 
after different doses of radiation. Age-
related risk estimates are needed for cal-
culating the risk of a patient undergoing 
mammography, as the risk for radiation-
induced breast cancer decreases with 
age at exposure. Additionally, informa-
tion about the time between exposure 
and diagnosis is essential for risk evalu-
ation, as there is a latency of 5-10 years 
between irradiation and the appearance 
of any excess cancer risk, with further 
increases over the next 5-10 years. The 
risk then probably persists for the 
remainder of the lifespan. The latency 
may be longer with lower doses. 
Although the data are not fully 
consistent, dose fractionation does not 
appear to reduce the risk. In other words, 

Sweden, treatment for benign breast 
disease 

Canada, treatment for tuberculosis, 
1950-80 

Nova Scotia 
Other provinces 
Canada 

USA 
Massachusetts, treatment for 
tuberculosis 

the effect of low doses seems to be addi-
tive, and low-dose fractions appear to be 
as effective in inducing breast cancer as 
a single large dose. 

Age-specific risk estimates from 
large epidemiological studies 
Sixteen epidemiological studies have 
provided relative risk estimates for 
breast cancer associated with exposure 
to radiation: 12 for incidence and four for 
mortality (for overviews, see Boice, 
2001; Little, 2001). Only eight of the 
studies of incidence and three of those of 
mortality provide estimates for women 
aged ~: 20 at the time of exposure. Age-
specific excess relative risks (ERRs) 
were summarized by UNSCEAR (1994, 
Annex A) and are presented in Table 56. 

	

1.9 	0.4 	0.1 	0.1 

	

1.6 	0.8 	0 	0 

	

0.4 	0.2 	0 	0 

	

0.22 	0.04 	-0.01 	-0.03 

	

0.5 	0.2e 	0.2e 	0.2e 

Study Age at exposure (years) 

20-29 	30-39 	40-49 	> 50 

Japan, 1950-85 
Incidence 1.27 	1.23 	0.54 	0.31 
Mortality 0.96 	1.09 

California, treatment for Hodgkin disease 04b 	04b 	01b 	01b 

New York, treatment for mastitis 	0.4 	0.6 
Contralateral breast 	 - 	 0.2c 	0.2e' 	0.0 

From UNSCEAR (1994; Tables 11 and 20) 
a One risk coefficient reported for women aged ~! 30 at exposure 
b One risk coefficient reported for women aged 20-39 and one for women aged ~ 40 at 
exposure 
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The two largest cohort studies are the 
Life Span Study cohort of survivors of 
the atomic bombs in Japan and a cohort 
study of women who were examined fre-
quently by X-ray fluoroscopy during 
therapy for tuberculosis in Massa-
chusetts, USA. Age-specific risks were 
also reported in a Canadian study of 
women with tuberculosis and a Swedish 
study of benign breast disease. Other 
studies carried out on women irradiated 
for diagnostic, therapeutic or occupa-
tional reasons are summarized in IARC 
Monographs Volume 75 (IARC, 2000). 

Risk models for dose—response analysis 
The linearity of the dose—response curve 
for the ERR (or AR = 1 + ERR) is widely 
accepted for the relationship between 
exposure to radiation and risk for breast 
cancer. Two models, an 'age-at-expo-
sure' model and an 'age-attained' model 
have been described. The 'age-at-
exposure' model is often presented as a 
function of the form: 

ERR (D) = D x a x exp(— f3 (e - 30)), 

where e is the age at time of exposure, 
D, the dose of radiation and a can be 
interpreted as the excess relative risk 
(ERR per Sv) of a women exposed at the 
age of 30. The model for the 'age-
attained' model is often given in the form: 

ERR (D) = D x a x exp(— f3 (a - 50)), 

where a is the age at diagnosis and a 
can be interpreted as the excess relative 
risk (per Sv) of a woman aged 50. 

In models fitted with data from the Life 
Span Study, the ERR increased by 3.7% 
per year with the 'age-at-exposure' 
model, whereas the ERR increased by 
4.6% per year with the 'age-attained' 
model. No significantly increased risk 
was seen for women aged ~: 50 at the 
time of exposure (Thompson et al., 1994; 
Tokunaga et al., 1994). 

The Committee on the Biological 
Effects of Ionizing Radiation (BEIR;  

1990), the International Commission for 
Radiation Protection (ICRP, 1982, 1987, 
1991) and the National Council on 
Radiation Protection and Measurements 
(USA; 1986) have reported risk 
coefficients for various organs, but the 
values are difficult to compare. The BEIR 
Committee reported age-specific coeffi-
cients for breast cancer separately. The 
lifetime risks for death due to radiation-
induced breast cancer were given as 
0.43% per Sv for women aged 30-40 at 
the time of exposure, 0.2% per Sv for 
women aged 40-50 and 0.06% for 
women aged 50-60. The risk coefficient 
for women > 60 at the time of exposure 
was 0. Most predictions of radiation-
induced breast cancer are based on the 
age-specific risks reported by the BEIR 
Committee. Jung (2001) presented the 
risk coefficients reported by the three com-
mittees in a comparable way and showed 
that they differed substantially, particularly 
for exposure after the age of 50. 

Dose of radiation from mammography 
Considerable effort has been expended 
in estimating and measuring the dose of 
radiation to the breast during mammo-
graphy (Hammerstein et al., 1979; 
Stanton et al., 1984; Wu et al., 1994; 
Young et al., 1996; Young & Burch, 
2000). As it is now generally assumed 
that glandular tissue is the most 
vulnerable of the tissues making up the 
breast, some authors consider that the 
average dose to the glandular tissue is 
the most appropriate dosimetric quantity 
for predicting the risk for cancer. This 
quantity is also recommended by the 
ICRP (1987) and others. The average 
glandular tissue dose is calculated by 
multiplying the measured 'entrance 
surface air kerma free in air' by g, a 
conversion factor, which depends 
mainly on the radiation quality and the 
thickness and tissue composition of the 
breast. 

The exposure of two groups of 
women who underwent mammography 
at a gynaecological clinic during two dif- 

ferent periods was compared. The first 
group comprised 1678 women who were 
examined between February 1992 and 
July 1992 with a tungsten and wolfram 
anode tube, and the second comprised 
945 women who were treated 1 year 
later (July 1993—November 1993) with a 
dual-track molybdenum—wolfram anode 
mammographic unit. The mean average 
glandular tissue doses were 1.6 and 2.1 
mGy, with an average of 3.4 and 3.6 
exposures per women, respectively 
(Klein et al., 1997). 

The doses to other organs were con-
sidered by the ICRP (1982) and were 
assumed to be negligible. Since then, 
few measurements of doses to other 
organs have been undertaken. In a report 
on thyroid doses due to mammo-graphy 
in 91 women, the average dose to the 
skin overlying the thyroid was 0.39 mGy 
per mammographic examination, the val-
ues ranging from background levels to 
1.2 mGy. The authors estimated that this 
value corresponds to an average dose to 
the thyroid during mammography of 0.04 
mGy, with an average dose to the breast 
of 4 mGy (Whelan et al., 1999) 

In a study of the dose absorbed by 
seven organs other than the breast 
during mammography, the absorbed 
dose was measured with an anthropo-
morphic phantom containing thermolu-
minescent dosimeters. Doses to the red 
bone marrow of the sternum and the thy-
roid, lung, liver, colon, oesophagus and 
stomach were considered. The mean 
dose to the red bone marrow was 
0.40-1.3 pGy/mAs, and that to the thy-
roid was 0.05-0.17 pGy/mAs. The doses 
to the other five organs were considered 
negligible. When the effective dose of 
radiation was calculated, the dose to the 
breast contributed > 98% (Hatziioannou 
et al., 2000). 

Estimated numbers of cases of or deaths 
from breast cancer due to mammogra-
phy 
The risks and benefits of specific 
screening policies that include mammog- 
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Reference, Dose, view Total dose 	Total dose Screening 	Breast can- 	Breast can- 	Lifetime risk Comments 
country per exami- 	per length policy, age 	cer incidence cer deaths 	per 106 

nation (both of observa- at screening per 106 	per 106 	women 
sides) 	tion women/mGy women/mGy 

Howe et al. 0.7 mGy; 	 10 mGy Age 40-59, 	0.66 Two values are for 
(1981), max, 2.5 	 25 mGy annually for 5 0.87 linear additive 
Canada mGy 	 5 examina- years model and linear 

tions multiplicative 
model plus term 
for cell killing 
Latency, 10 years 
Mortality reduc- 
tion, 40% 

Feig (1984), 1-8 mGy Age at expo- 0.35 0.175 Latency, 10 years 
USA sure: National Cancer 

40 10 Institute model 

45 9 

50 7 
55 6 

60 4 

65 3 

70 2 

Zuur & 1 mGy 30 mGy/30 	Age 35-75, 20 8 600 cases Absolute risk 
Broerse examinations annually and 240 model 
(1985), deaths 
Netherlands 1071 cases Relative risk 

and 428 model 
deaths Latency, 10 years 

Gohagan et 0.6 mGy 2-3 views, Age 35 at 150 cases Low-dose 
aI. (1986), 1.2-1.8 mGy baseline 2-3 with 1.2 film—screen sys- 
USA 4 mGy 2-3 views, examination; mGy/exami- tem vs 

8-12 mGy age 40-80 nation; 4-mGy system; 

annually 1000 cases breast com- 
with 12 pressed to 6 cm 
mGy/exami- 
nation 

Law (1987), 1 mGy 2 mGy Age at expo- 18.6 Breast corn- 

United 10 mGy 20 mGy sure: 3.6 pressed to 5 or 8 

Kingdom 35 cm at 2 doses 

65 Latency, 10 years 

Single exami- 
nation at 
each age 

Hasert 10 mGy Age ~:35, 0.35 0.18 Not screen—film 

(1988), 1 mGy annually 0.35 0.17 Screen—film 

Germany Latency, 10 years 
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Effectiveness of screening 

Reference, Dose, view Total dose Total dose 	Screening Breast can- Breast can- Lifetime risk Comments 
country per exami- per length of policy, age 	cer incidence cer deaths per 106 

nation observation at screening per 106 per 106 women 
(both sides) women/mGy women/mGy 

Mettler et aI. 1.38 mGy 2.8 mGy 112 mGy/40 Age 35-75 15 Mortality reduction: 
(1996), USA examinations Age 40-75 10 

98 mGy/35 Age 50-75 5 40-49,15% 
examinations Annually 50-75,25% 
70 mGy/25 Mortality, 40% 
examinations Average lifespan, 75 

years 
Latency, 10 years 

Andersson & 2 mGy 4 mGy 36 mGy/9 Age, <50 5 Mortality reduction, 
Janzon examinations Every 2 36% 
(1997), 20 mGy/5 years (adjusted for fatal 
Sweden examinations radiation-induced 

breast cancer) 

Feig & 2.5 mGy 4 mGy Age 40 0.05 8 deaths Breast compressed 
Hendrick 5.5-6.5 Annual to: 
(1997), USA mGy screening 4.2 cm 

for 10 years 5-5.7 cm 
Screening 0.05 4 deaths 
every 2 years 
for 10 years 

Beemsterboer 2 mGy 1 view, 2 views at Age 50-69, Dose measured on 
et al. (1998a), 2 mGy first screen- every 2 years phantom 
Netherlands 2 views, ing, 1 view Age 40-69, Attendance rates: 

4 mGy subsequently: every 2 years 40-49,75% 
22 mGy Age 40-49 50-69,70% 
32 mGy annually and 
42 mGy 50-69 every 2 
62 mGy years 

Age 40-69 
annually 

Mattson et aI. 1.5 mGy Average, 13 mGy/7 Age 40-49, Incidence: Annual mortality 
(2000), 2.25 mGy examinations  every 18 530 with reduction beginning 7 
Sweden 1.5 views! 33 mGy/1 7 months assumption of years after examina- 

examination examinations Age 50-69, higher risk tion: 40-49, 25% 
every 2 years 120 with 50-69,30% 

assumption of Latency, 10 years 
lower risk Attendance rate, 80% 
Deaths: 240 Recall rate, 5%, with 
(higher risk) 3 views at recall 
50 (lower risk) examination 
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Reference, Dose, view Total dose Total dose 	Screening 
country 	 per exami- per length of policy, age 

nation (both observation at screening 
sides) 

Young & Average 	3.68 mGy 2 views at 
Burch mean glan- first visit: 18.4 
(2000), dular tissue mGy; 1 view 
United dose: (oblique) at 
Kingdom 2.03 mGy subsequent 4 

(oblique visits: 11.8 
view) mGy 
1.65 mGy 
(cranial- 
caudal view) 

Jung (2001), Mean 	4 mGy 24 mgGy/6 
Germany parenchy- examinations 

mal dose/- 
view, 
2 mGy 

	

Breast can- Breast can- Lifetime 	Comments 
cer incidence cer deaths risk per 106 
per 106 	per 106 	women 
women/mGy women/mGy 

Breast compressed 
to 4-4.5 cm 

	

Deaths: 	Breast compressed 
13 55 133 to5.0-5.5cm 
7.1 3.1 74 Relative biological 
4.8 2.1 51 effectiveness, 2 
1.8 0.79 19 Equivalence dose, 
0.95 0.42 10 8 mSv 

Latency, 12 years 

Age at first 
exposure: 
37.5 
42.5 
52.5 
57.5 
62.5 
Every 2 years 

Säbel et al. 	 2 mGy 
	

Age 40-49 	4.5 	2.0 	 Relative biological 
(2001), 	 Age 50-59 	1.5 	0.65 	 effectiveness, 1 
Germany 
	

Morbidity:mortality, 
2.3 

raphy have been estimated in a number 
of publications, sometimes with 
estimates of the numbers of cases of or 
deaths from radiation-induced breast 
cancer. However, different values for 
radiation dose, different risk models and 
different assumptions about age range 
and screening interval in the mammo-
graphy programmes were used in the 
various papers. Some provided only 
risk-benefit ratios under an assumption 
for the effect of mammography screen-
ing and did not provide the numbers of 
radiation-induced breast cancer cases or 
deaths. Others calculated various 
indices for possible harm due to radiation 
and estimated, e.g., the lifetime risk of 
1 million women. The model-based cal-
culations are difficult to compare, as the 
results are presented differently. The 
assumptions used and the estimates 

made are summarized in Table 57. 
Howe et al. (1981) assumed that 

women aged 40-59 were screened five 
times with a dose of 0.7-2.5mGy per 
view and used various models to calcu-
late the number of induced cancers. A 
mortality reduction factor of 40% was 
taken to calculate the number of deaths 
from breast cancer; however, the esti-
mated number of deaths was not given, 
as only the combination of induced and 
'saved' deaths was calculated. In the 
model, 553 deaths from breast cancer 
would have occurred among unscreened 
women 20 years after entry into the 
study, while 487 (additive model) or 490 
(multiplicative model) women in the 
screened group would have had breast 
cancer. The corresponding numbers 
after 30 years were 892 deaths in the 
unscreened group and 825 (additive  

model) or 831 (multiplicative model) in 
the screened group. It was concluded 
that the number of radiation-induced 
cancers is negligible in comparison with 
the spontaneous incidence. 

Zuur and Broerse (1985) calculated 
the risk for breast cancer of women aged 
35 who were screened with 1 mGy 
per examination every year until the age 
of 75, that is, 40 times. A latency of 
10 years was assumed. Models for 
absolute and relative risk were used. 
With the absolute risk model, the 
estimated lifetime risk for 1 million 
screened women was 600 induced 
cases of breast cancer (incidence) and 
240 deaths. The relative risk model 
resulted in somewhat larger numbers: 
1071 additional breast cancer cases 
and 428 deaths from breast cancer. 
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Gohagan et al. (1986) estimated the 
number of deaths from breast cancer 
induced by a screening policy that 
included one baseline examination at the 
age of 35 and an annual examination 
between the ages of 40 and 80. Two 
mammographic techniques were assumed: 
a low-dose film–screen system emitting 
0.6 mGy dose per view and a system 
emitting 4–mGy per view. Two to three 
views were assumed at each examina-
tion, resulting in typical absorbed doses 
of 0.12 and 0.18 mGy, or 8-12 mGy. In a 
linear dose–response model, the lifetime 
radiogenic risk in a population of 1 million 
women screened was 150 (low-dose 
film) or 1000 breast cancer cases (4-mGy 
system), compared with 93 000 'sponta-
neous' cases. 

Law (1987) investigated the effect of a 
programme in which women were screened 
between the ages of 35 and 65 in three risk 
models. Screening at the age of 35 resulted 
in 18.6 additional cases (per examination), 
while screening at the age of 65 gave 3.6 
induced cases per million screened 
women. The author concluded that 
screening from the age of 35 with current 
techniques was not recommendable. 

Hasert (1988) compared the numbers 
of radiation-induced breast cancer cases 
that would be induced with a dose of 10 
mGy per examination in conventional 
techniques and 1 mGy with a new 
screen–film combination. For women 
over 35, he estimated that there would be 
3.5 additional cases of breast cancer per 
million women exposed to 10 mGy and 
0.35 additional cases with the lower dose. 

Mettler et al. (1996) assumed annual 
mammography beginning at 35, 40 and 
50 years and continuing until the age of 
75. The dose at each examination was 
assumed to be 2.8 mGy, resulting in a 
total dose of 112 mGy if screening began 
at the age of 35, 98 mGy with screening 
from the age of 40 and 70 mGy with 
screening from the age of 50. A linear 
model from the Life Span Study and a 
latent period of 10 years were used. If 
mammography was started at the age of  

35, 15 fatal induced breast cancer cases 
per million women were predicted, 10 if 
screening started at the age of 40 and 
five if screening started at the age of 50. 
The authors also calculated risk–benefit 
ratios for breast cancer screening, argu-
ing that the benefit to a woman begin-
ning annual screening at the age of 35 
and continuing until 75 would be 25 
times greater than the potential risk. If 
screening began at the age of 50, the 
risk–benefit ratio would be about 100. 

Andersson and Janzon (1997) 
assumed a dose of 4 mGy for each 
examination (both sides), resulting in a 
total dose of 36 mGy for women under-
going nine examinations and 20 mGy for 
women undergoing only five examina-
tions. They assumed that screening 
every 2 years started at the age of < 50 
but with incomplete participation rates. 
The calculations are based on a linear 
dose–response model with age-depen-
dent risk coefficients. Ten radiation-
induced breast cancer deaths were esti-
mated per million women screened. 

Feig and Hendrick (1997) assumed 
screening annually or every 2 years, 
beginning at the age of 40 or 50, and 
estimated the numbers of radiation-
induced breast cancer with a dose of 4 
mGy at a two-view examination. Three 
models were used to determine the dose—
response relationship, with assumptions 
of a 10-year latency and age-specific 
factors from the BEIR Committee (BEIR, 
1990). Annual screening for 10 years 
from the age of 40 was estimated to 
result in eight deaths from breast cancer 
per million women (lifetime risk), while 
screening every 2 years resulted in four 
induced breast cancer deaths. In an ear-
lier paper, Feig (1984) compared linear, 
linear–quadratic and quadratic dose--
response models, with an assumed 
latency of 10 years. In their worst-case 
scenario (assuming a dose of 100 mGy), 
20 excess deaths from breast cancer 
would be induced during a lifetime. 
Fewer induced breast cancer cases 
were estimated with the other models. 

Beemsterboer et al. (1998a) esti-
mated the number of breast cancer 
deaths among 1 million screened women 
induced by various mammography pro-
grammes. The latency was taken to be 
10 years, and models based on age at 
exposure and attained age were used 
with coefficients calculated by the BEIR 
Committee. It was further assumed that 
the ratio of incidence to mortality rates is 
2.6. The total exposure of women 
screened every 2 years between the 
ages of 50 and 69 was estimated to be 
22 mGy. With these assumptions, 5.1 
deaths from breast cancer were esti-
mated to be induced. With screening 
every 2 years between the ages of 40 
and 69, for a total of 30 examinations, 
7.3 deaths were estimated to be induced 
per 1 million women. For screening 
every 2 years between the ages of 50 
and 69, the baseline scenario, the ratio 
of induced prevented breast cancer 
cases was estimated to be 1:242, 
whereas the ratio was 1:97 when 
screening was performed for women 
aged 40-49 at a 2-year interval and 1:66 
at a 1-year interval. 

Mattsson et al. (2000) compared the 
risk–benefit relationship for a reduction 
in breast cancer mortality in various 
models and with various assumptions. 
Two polices were compared: screening 
of women aged 40-49 at an 18-month 
interval and screening of women aged 
50-69 every 2 years, which would result 
in lifetime doses of 13 and 33 mGy, 
respectively. Risk models from various 
epidemiological studies were used. In a 
hypothetical cohort of 100 000 women 
aged 40 who were followed-up until the 
age of 100, the number of induced 
deaths ranged from 5 to 24 and the num-
ber of years lost from 71 to 325. 

Jung (2001) investigated the risk of 
mammography in two models of 
screening: screening every 2 years and 
screening starting at different ages but 
continuing for 10 years for a total of six 
examinations. He assumed a mean 
parenchymal dose per view of 2 mGy, 
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resulting in 4 mGy per examination and 
thus 24 mGy from the six examinations 
of the screening programme. He also 
assumed a relative biological effective-
ness of 2, and consequently a dose of 8 
mSv per examination, and a linear 
dose—response model based on BEIR 
Committee coefficients (BEIR, 1990). 
The risk—benefit ratio for women first 
screened in their 40s was about 6, and 
that for women first screened in their 50s 
was about 25. The risk for developing 
breast cancer increased from 9 for 
unscreened women to 9.036, and the 
risk for dying from breast cancer 
increased from 3.96 to 3.961. He 
concluded that the risk for death from 
breast cancer is negligible if screening 
starts at 50 but should be taken into con-
sideration in screening women aged 
40-50. 

Säbel et al. (2001) calculated the risk 
associated with a single examination at 
2 mGy for women aged 40-49 or 50-59. 
In the younger women, 4.5 cases of breast 
cancer would be induced per 1 million 
women, while for the group aged 
50-59 only 1.5 additional cases would 
be induced. The incidence: mortality ratio 
was taken as 2.3, resulting in 1.96 and 
0.65 breast cancer deaths, respectively. 

Although the authors of these studies 
use different assumption for the screen-
ing programmes, such as different age 
groups, screening intervals, doses of 
radiation at each mammography and 
models to estimate the numbers of 
radiation-induced breast cancer cases, 
the results are consistent in showing 
that few breast cancer cases are 
induced by radiation during mammo-
graphy. If screening was begun at the  

age of 50, the number of deaths from 
breast cancer during the remaining 
lifespan was estimated to be 10-50 per 
million regularly screened women 
(10-20 screens, 2-5 mGy per screen), 
while if regular screening was begun at 
the age of 40, the number of radiation-
induced deaths from breast cancer 
would be 100-200. These numbers can 
be compared with the tens of thousands 
of breast cancer deaths in un-screened 
populations (cumulative mortality). The 
low additional risk is due to the fact 
that exposure to radiation after the 
menopause is associated with a low risk, 
as observed in many epidemiological 
studies. 
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Chapter 6 

Cost—effectiveness of population-based breast 
cancer screening 

Cost—effectiveness analysis: 
What and why? 

As resources are limited, more and more 
decisions about health care interventions 
are based on cost—effectiveness analy-
ses, so that health care is spread as 
equitably and efficiently as possible. In 
many countries, it has become routine 
policy to assess the costs of new 
(promising) health care interventions in 
relation to their expected benefits before 
actually implementing them. Interven-
tions have a price, and most do not save 
total expenditure, but a minor change to 
an intervention strategy can lower the 
cost without a substantial loss of 
benefit, or, on the contrary, more 
benefit can be expected for similar cost 
(van den Akker-van Marie et aI., 2002). 
The most accurate instrument for com-
paring different strategies is a cost—
effectiveness analysis, to calculate out-
come measures of effectiveness, such 
as a decrease in mortality and/or mor-
bidity, as economic costs. Usually, a 
cost—effectiveness analysis is used to 
compare alternative health care inter-
ventions, including current or proposed 
policy, with no intervention, taking future 
costs and benefits into account and esti-
mating the cost per life—year gained with 
the different policies (Brown & Fintor, 
1993). Preferably, the costs per life—year 
gained are adjusted for quality of life, but 
quality of life is not always measured in 
practice. 

Published analyses 
International studies of the cost—effec-
tiveness of breast cancer screening 
show substantial differences in cost per 
life—years gained (Brown & Fintor, 1993; 
de Koning, 2000b). The cost—effective-
ness ratio appears to be more 
favourable for most well-organized 
screening programmes, often European 
ones, than for spontaneous screening. 
The probable explanation is that having 
a special organization only for screening 
helps keep costs low, promotes more 
efficient use of resources, with high 
attendance of invited women and good 
quality screening leading to a health ben-
efit. Moreover, as the direct cost for the 
screening examination is probably the 
most important single factor in total costs 
(Brown, 1992), organized large-scale 
screening may reduce the average cost 
per screen. 

Comparisons of cost—effectiveness 
ratios between programmes in different 
countries is complex. Even with similar 
quality of mammographic screening (e.g. 
sensitivity), differences are found in 
almost all the factors that affect both 
effectiveness and cost. Thus, not only 
the epidemiology of breast cancer but 
also the organization and the costs of 
health care in general may differ. It is 
therefore surprising that one of the lower 
(and therefore favourable) estimated 
cost—effectiveness ratios (2650 euros 
per year of life gained; 5% discount rate) 
is seen in Navarra, Spain, where the 
breast cancer incidence is substantially 
lower than in northern countries (de 

Koning, 2000b; Table 58). The Navarra 
programme had a very high participation 
rate of invited women (90%), a high 
breast cancer detection rate, indicating a 
high-quality programme, and a relatively 
unfavourable clinical stage distribution of 
breast tumours before the introduction of 
screening (van den Akker-van Marie et 
aI., 1997). Conversely, in Germany, the 
estimated cost—effectiveness ratio was 
high-9600 euros per life—year gained—
which must be attributed to the decen-
tralized health care system, the lack of 
centralized screening settings and of 
personal invitations to screening and 
lower breast cancer incidence and mor-
tality rates than in, for example, the 
Netherlands (Beemsterboer etal., 1994). 

The estimated cost—effectiveness 
ratios for the Netherlands and the United 
Kingdom were similar and relatively low 
(de Koning et al., 1991). Both countries 
have nationally organized health care 
systems, high rates of breast cancer inci-
dence and mortality and strictly nation-
ally coordinated screening programmes 
with clear quality assurance and evalua-
tion criteria. During the 1990s, a reduc-
tion in breast cancer mortality was 
observed among women aged 55-74 in 
both countries. The reduction is likely to 
be due partly to the screening activities, 
but other components of breast cancer 
control may also have played a role 
(Quinn & Allen, 1995; van den Akker-van 
Marie et al., 1999; Blanks et al., 2000b), 
particularly in the United Kingdom, 
where breast cancer mortality had 
already decreased in the early 1990s. 
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Country (age range) Breast cancer Life-years Difference in Difference in Cost-effectiveness 
deaths prevented gained life-years costs (euros)a, ratio (euros/life-year 
(if 27 years of gained, 5% 5% discounting gained)a,  5% 
screening) discounting discounting 

Spain, Navarra (45-65) 1100 22 000 Not reported 60 2650 

Germany 54 300 860 000 206 500 2000 9600 

Spain, Catalonia 195 per year Not reported 19 450 90 4475 

United Kingdom, 4 880 81 000 15 000 60 3950 
north-west (50_64)b 

Australia Not reported 250 000 53 500 450 8300 

Spain 22000 316000 79000 560 7125 

France 42000 649000 155000 765 4950 

United Kingdom (50-69) 72 000 1 046 000 252 000 730 2900 

Netherlands 17 000 260 000 61 000 210 3400 

From de Koning (2000b) 
a www.exact.nl  
b 6% discount rate 

Improvements in clinical care may be 
favoured by implementation of a screening 
programme, because of improved diag-
nostic assessment and treatment, and 
this can be regarded as a positive side-
effect of screening programmes. For this 
reason, it is important that cost—effective-
ness analyses also take into account 
possible changes in treatment patterns. 

Application of strict rules 
A major problem in comparing the 
cost—effectiveness ratios of different 
screening programmes is differences in 
the analyses. Brown and Fintor (1993) 
presented a good example of how differ-
ences in screening modality, in the 
assumptions made with respect to the 
expected effects and in the assessment 
result in very different cost—effectiveness 
ratios (see box below). They used a 
report from the Office of Technology 

Assessment (US Congress, Office of 
Technology Assessment, 1987) in the 
USA and the Dutch study (de Koning et 
al., 1991). After adjusting the data for the 
differences, the outcome of the Office of 
Technology Assessment study was very 
similar to the alternative described in the 
study of de Koning et al. The cost—effec-
tiveness ratios for different studies 
cannot be compared unless such adjust-
ments are made. Therefore, an overview 
of cost—effectiveness ratios based on the 
same method of analysis provides a 
better insight into how a screening pro-
gramme can be ranked internationally. 
The cost—effectiveness ratios for 
Navarra, Spain, and for Germany 
were derived from studies in which the 
'Dutch model' was applied (de Koning, 
2000b). 

Elements of cost—effectiveness 

The outcomes of a cost—effectiveness 
analysis are standard, in the following 
hierarchical order: 
• number of prevented breast cancer 

deaths and life—years gained in 
absolute terms; 

- discounted effects (see below); and 
• discounted cost and cost—effective-

ness ratio, adjusted for quality of life. 

Effectiveness 
The most important benefit of an effec-
tive breast cancer screening programme 
is a reduction in breast cancer mortality, 
together with life—years of relatively good 
quality gained. In a cost—effectiveness 
analysis, this is the most important 
element. Screening conducted in the 
1970s and 1980s was shown to be 
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Report from the Office of Technology Assessment, f 

Cost—effectiveness = US$ 3A SUS / le—v r vc 

Adjustment for lag effects 

Cost—effectiveness = US$ 26 183/life—year saved  

Adjustment for screening price, US$ 50 - US$ 2 

J Cost—effectiveness = US$ 11 267 I life—yeai-  saved  

Adjustment for biopsy, costs -+ saving 

Cost—effectiveness = US$ 8931 / life—year saves 

Adjustment for effectiveness, 13% - 16% 

Cost—effectiveness = USS 7256 / life— year 
saved 

de Koning et al. (1991) 

Cost—effectiveness= 

From Brown and Fintor (199 

effective when compared with no screen-
ing (see Chapter 4). On the basis of the 
early outcomes of three Swedish 
screening trials, a 16% reduction in 
breast cancer mortality, i.e. 600 fewer 
women dying from breast cancer annu-
ally, was estimated to be realistic for a 
nationwide programme of breast cancer 
screening every 2 years for women aged 
50-69 in The Netherlands (de Koning et 
al., 1991). Integration of more data from 
five Swedish screening trials published 
in 1993 (NystrOm et al., 1993) indicated 
a probable 17% reduction in total breast 
cancer mortality in The Netherlands, that 
is to say 800 fewer breast cancer deaths 
per year and 15 life—years gained per 
individual (de Koning et al., 1995a). In 
the United Kingdom, it was estimated 
before implementation of the nationwide 
breast cancer screening programme that 

screening of women aged 50-64 every 3 
years should reduce breast cancer 
mortality by 25%, assuming 70% partici-
pation. 

If screening is effective, it also leads 
to a reduction in advanced stage 
disease. This is important not only from 
the point of view of reduced costs due to 
less radical treatment but especially from 
the perspective of improved quality of 
life, less morbidity and fewer out-patient 
clinic visits (de Haes et al., 1991; de 
Koning et al., 1992). 

Unfavourable effects 
The impact of national programmes on 
quality of life has been the subject of 
much discussion. The potential negative 
effects of the screening examination 
itself (ElIman et al., 1989), the referral of 
a significant number of women with 

benign lesions (Gram et al., 1990) and the 
consequences of earlier and often more 
intensive treatment cannot be ignored. 

Many factors determine the favourable 
and unfavourable effects of screening 
and, possibly, its cost—effectiveness. 
Important variables are improved progno-
sis of cases detected at screening, the 
predictive value of the screening test and 
the detection of DCIS that would have 
progressed to invasive carcinoma. 
Although mortality reduction is the funda-
mental effect, other desirable and 
undesirable consequences of screening 
may influence a woman's quality of life. 

Figure 44 summarizes the most 
important favourable and unfavourable 
effects of a screening programme (per 
million screens), other than mortality 
reduction or gain in crude number of 
life—years. The scale represents the rela-
tive weights given to various types of 
morbidity at different phases, 100 repre-
senting perfect quality of life and O repre-
senting the worst possible state. The 
value 82 for adjuvant hormonal treat-
ment implies an estimated 18% loss in 
effect during this phase as compared 
with the situation of perfect health (de 
Haes et al., 1991; de Koning et al., 
1991). Screening 1 million women is 
expected to make adjuvant hormonal 
treatment unnecessary for 525 women, 
owing to the smaller number of women 
with lymph-node metastases. Therefore, 
this effect would lead to an increase of 
(525 x 0.18 x 2 years) = 189 quality-
adjusted life—years. 

The screening examination itself is 
estimated to have only a slight, short-
term (1 week) negative impact, resulting 
in a decrease of (1 million x 0.006 x 

1/52 year) = 115 quality-adjusted 
life—years. Even though it is estimated 
that 15.8 million women will have been 
screened during the period 1990-2017, 
only 7% of the total negative quality 
adjustment is incurred by these exami-
nations. More importantly, breast cancer 
will be diagnosed in approximately 4500 
women an average of 4 years earlier 
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Screen (1 week) J1 100 
Breast-conserving 

- therapy instead of P mastectomy (10 months) 	j Year i n follow- Year 

ga)a 
_______ 

:0 
- Biopsy with benign result 
- (5 weeks) 	

J I 	Year in 
follow-up 
(earlier 

diagnosis)° No adjuvant hormonal 
treatment (2 or 5 years) 

Breast- 	J 
74-0  

therapy 

[ 

No treatment of advanced 

(10 months) 
disease (20 months)  

6 

False-positive 
 result led to 	I 

biopsy (5 weeks) 5- -0 

Primary surgical 

EIEEIE- (2 months) 4:: 

Primary radiation 
treatment No terminal-stage advanced  
(2 months) 3:o 1 disease (I month) 

2-U-0 

1 -WO 

0-l-0 

Figure 44 Unfavourable and favourable effects, other than reduction in mortality, of 2-yearly screening of women aged 50-70 

Differences are given per million screens (not discounted). Scale represents relative weights given to various types of morbidity, with decreases in quality of 
life due to unfavourable changes on the left and increases due to favourable changes on the right. Effects on morbidity are classified as short-term (treatment 

phase; 2 months), intermediate (first year after treatment; 10 months) and long-term (life—years). Durations (in parentheses) are assumed durations of impact 
on health-related quality of life for each episode. 

From de Koning et al. (199 1) 

I Appear on negative side of the balance to correct the total gain in life-years for quality of life 
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(lead time), and more than 1000 patients 
will experience a longer disease-free 
interval (16 500 life—years gained). In 
Figure 43, both types of additional years 
appear on the negative side of the bal-
ance, in order to correct the total gain in 
life—years for quality of life. The small 
loss in cost—effectiveness during follow-
up is explained by the introduction of 
several medical follow-up procedures 
and by the negative impact on a 
woman's quality of life resulting from 
breast surgery and the knowledge that 
she has had breast cancer. The large 
increase in woman—years in follow-up is 
almost entirely responsible for the nega-
tive quality-of-life adjustment, whereas 
the decrease in the number of patients 
with advanced breast cancer as a result 
of screening is responsible for 70% of 
the positive quality-of-life adjustment. In 
the 27-year programme, a total of 
252 000 quality-adjusted life—years are 
gained, which is a very small decrease 
from the 260 000 unadjusted life—years 
gained. As the more favourable effects 
are preceded by unfavourable effects, 
this difference becomes larger when 
effects and costs are discounted. 

Differences in quality-adjusted life—
years is a preferable measure to crude 
life—years gained. When associated mor-
bidity in all possible phases is taken into 
account, favourable and unfavourable 
effects other than mortality reduction 
have only a limited impact and appear to 
cancel each other out. More extreme 
assumptions about expected cost—effec-
tiveness in the various phases result in 
an adjustment of between - 20% (most 
unfavourable) and + 3% (most 
favourable) on life—years gained for 2-
yearly screening of women aged 50-69 
(de Haes et al., 1991). 

It can be estimated that only one-
quarter of the women in whom breast 
cancer is detected by screening benefit, 
in the sense that they do not die from 
breast cancer (de Koning, 1995). Even 
then, they have to live for longer with the 
knowledge of having cancer, which can  

negatively affect their quality of life. 
Some women in whom breast cancer is 
diagnosed at a screening will die from it. 
Other women with screen-detected 
breast cancer might not have died from 
the disease, depending on the general 
diagnostic and therapeutic quality and 
survival rate. Screening generates a 
number of false-positive results, leading 
to temporary anxiety and additional 
assessment. False-negative, and also 
true-negative, results may falsely reas-
sure women, so that they are less aware 
of symptoms and wait too long to see 
their general practitioner. 

Costs 
The costs of systematic breast cancer 
screening can be divided roughly 
into those for organizing and implement-
ing the programme, those for assess-
ment, including that for false-positive 
results, those for additional primary treat-
ment and savings in treatment costs due 
to a decreased number of cases of 
advanced disease. There has been 
debate about whether costs for health 
care not related to the treatment of 
breast cancer should be considered as 
well (Johnston, 2001). 

The direct costs for screening 
include all those for inviting and screen-
ing women, e.g. for employing and train-
ing staff and for housing and material. 
These depend not only on the character-
istics of a country but also on the organi-
zation of the screening programme. 
Separate screening units require high 
investment but guarantee high perfor-
mance and better use of capacity. A cen-
tralized organization will keep overhead 
costs for coordination, quality assurance 
and monitoring low. Other determinants 
of the costs of screening are the type of 
invitation (personal letter or only general 
announcement), the number of views per 
screening examination, single or double 
reading of films and, especially, the total 
number and age range of the women 
invited and the frequency of screening 
examinations. 

The costs of assessment depend ini-
tially on the number of recalled or 
referred screen-positive cases and sec-
ondly on the setting in which the further 
diagnostic assessment is carried out. In 
general, the higher the recall or referral 
rate, the higher will be the proportion of 
false-positive screen results. As diagnos-
tic assessment of women with a true-
positive result will almost always result in 
some kind of biopsy, the costs can be 
estimated precisely; however, this is not 
the case for false-positive results. In 
some cases, assessment will be limited 
to clinical investigation and a review of 
screening mammograms; in others, the 
assessment will be extended by magnifi-
cation views and/or ultrasound examina-
tion, and a proportion of women with 
false-positive results will undergo a diag-
nostic biopsy. It is therefore difficult to 
estimate the costs related to false-posi-
tive screening results, and reliable data 
on the distribution of diagnostic proce-
dures are often available only in an on-
going programme. 

In the first few years after implemen-
tation of a screening programme, the 
treatment costs will rise owing to the 
increase in breast cancer detection. 
Thereafter, when most women have 
been invited for incidence screening 
rounds, the number of breast cancers 
detected in an advanced stage can be 
expected to decrease, and the costs of 
extensive breast cancer treatment can 
be saved (de Koning et al., 1992; 
Richards et aI., 1993). 

Implementation of a breast cancer 
screening programme can lead to a 
broad tendency to earlier detection of 
symptomatic breast cancers, as a conse-
quence of publicity, increased aware-
ness and improved early detection meth-
ods in clinical care. Although this gener-
ates additional costs, it will ultimately 
lead to a shift towards prognostically 
more favourable tumour stages and the 
possible saving of treatment costs for 
palliative care. A screening programme 
may also lead to less diagnostic 
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assessment of breast symptoms among 
screened women. This assumption in the 
Dutch cost—effectiveness analysis was 
confirmed later by other studies in The 
Netherlands, showing that the demand 
for mammography outside the screening 
programme decreased among targeted 
women and remained stable in groups 
that were not targeted (Beemsterboer et 
al., 1999; van Leiden et al., 1999). 
Interestingly, during the first 2 years after 
the start of implementation of the screen-
ing programme, use of mammography 
outside the programme increased in all 
age groups but was significant only in 
the targeted age band. After 2 years, the 
frequency of spontaneous mammogra-
phy returned to the previous level in the 
age groups that were not targeted but 
was significantly lower than before the 
start of the screening programme in the 
targeted population (Beemsterboer et al., 
1999). 

Discounting effects and costs 
The costs and savings of a screening 
programme are not all seen at the same 
time. For example, the costs of the 
screening test(s) itself (seen at the start 
of the screening) represent the largest 
share, while much of the savings is due 
to avoidance of future treatment of dis-
ease. Furthermore, various target popu-
lations can be screened for the same 
disease, leading to different time profiles. 
It is generally accepted that earning an 
amount of money today is preferable to 
earning the same amount next year, 
because it can be put into a bank 
account where it will grow' by earning 
interest. This concept is called 'time pref-
erence' in economics. For example, if the 
'real' interest rate (the interest without 
inflation) is 3%, a sum of 1000 will grow 
to 1000 + (1000 x 3%) = 1030 in 1 year. 
Conversely, the amount of 1030 of next 
year can be regarded as equivalent to an 
amount of 1000 in this year, provided the 
interest rate is 3%. The interest rate in 
this reverse reasoning is called the 
'discount rate', and the amounts obtained 

by applying discount rates to future costs 
and savings are called 'present values'. 

Table 59 gives an example of how 
cost—effectiveness indices should be 
presented, for the Dutch situation. First, 
the table presents the number of breast 
cancer deaths and the number of 
life—years lost as a result of breast can-
cer in the absence of mass screening 
and in the presence of mass screening, 
respectively. All effects are evaluated 

No discounting 

Effectiveness 

No. of deaths from breast cancer 

Life—years lost from breast cancer (x 1000) 

Quality-adjusted life—years lost (x 1000) 

3% discounted 

Effectiveness 

No. of deaths from breast cancer 

Life—years lost from breast cancer (x 1000) 

Quality-adjusted life—years lost (x 1000) 

Costs (x 106 euros) 

Screening 

Diagnosis 

Primary treatment 

Follow-up 

Palliative care 

without discounting, but discount rates 
are applied to the costs. The effect of dis-
counting is that the later certain costs 
arise, the less heavily they weigh in the 
cost—effectiveness analysis. The higher 
the discount rate, the more strongly this 
mechanism works. Various discount 
rates have been proposed (3%, 5%, 6%, 
10%). In this table, a discount rate of 3% 
was used. The costs for screening, diag-
nosis and breast cancer therapy are 

No screening 	Screening (difference 
from no screening) 

351 364 —31 195 

6374 —514 

7168 —468 

140520 —16180 

2395 —203 

2715 —179 

0 +630 

2921 —58 

4159 +119 

1456 -i-43 

5481 —287 

Total 	 14017 	+448 

Cost—effectiveness (euros) 

Cost per life—year gained 	 2209 

Cost per quality-of-life year gained 	 2 496 

Adapted from de Koning et al. (1991) 
Assuming women aged 50-69 screened every 2 years 
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distinguished to provide insight into the 
costs and savings at various stages of 
breast cancer. Finally, in the computation 
of cost—effectiveness ratios, a discount 
rate equal to that used for the cost should 
be applied to the effects. Although this 
principle has been debated, it is based on 
theoretical grounds. One is that not dis-
counting effects will always lead to a situ-
ation in which postponing a programme 
(discounted less cost) is more cost—effec-
tive than starting the programme today. 
The cost—effectiveness is expressed as 
the cost per breast cancer death pre-
vented or as the cost per life—year 
gained. If the effects have been adjusted 
for quality of life, the outcome is cost per 
quality-adjusted life—year gained. 

Modelling for policy decisions 

The Netherlands was one of the first 
European countries to begin organized 
breast cancer screening. In 1974 and 
1975, population-based, experimental, 
mammographic screening programmes 
were started in the cities of Utrecht and 
Nijmegen. The two programmes differed 
with respect to the targeted age groups, 
the screening interval and the re-invita-
tion policy. In a case—control study, the 
two programmes were estimated to have 
resulted in a reduction in breast cancer 
mortality among screened women of 
50-70% (Collette etal., 1984; Verbeek et 
al., 1984). 

In the 1980s, the Department of 
Public Health at Erasmus University, 
Rotterdam, developed a computer-simu-
lation package for analysing the effects 
of screening (Mlcrosimulation SCreening 
ANalysis, MISCAN). The natural history 
and epidemiology of the disease, the 
design of the screening programme and 
the performance of screening are 
incorporated in this application. Roughly 
summarized, it simulates life histories in 
the absence of a screening programme 
and evaluates how these would be 
changed by various screening strategies  

(van Oortmarssen et al., 1990; de 
Koning et al., 1995a). At the request of 
the Dutch Ministry of Health in 1986, a 
national research group was set up to 
determine the expected effects of a 
nationwide breast cancer screening pro-
gramme based on model calculations 
with data from three randomized screen-
ing trials and from the two Dutch experi-
mental programmes. With the inclusion of 
estimates of various cost aspects, this 
evaluation became an extensive cost—
effectiveness analysis (de Koning et al., 
1991). It takes into account various 
screening strategies with respect to the 
total number of screen examinations per 
woman, the length of the interval 
between successive screening rounds 
and referral modalities. 

In general, the age at which a pro-
gramme is started, the interval at which 
the test is applied and the age at which 
the programme is stopped are consid-
ered the major organizational aspects 
(Commission of the European Commu-
nities, 2000). Unfortunately, these aspects 
cannot be simply copied from experience 
elsewhere, because each country and 
trial is unique in terms of the underlying 
incidence and stage distribution of breast 
cancer and the screening design, which 
must be taken into account in interpret-
ing efficacy' (de Koning et al., 1995a; de 
Koning, 2000b). Small differences in 
general circumstances or in design can 
have heavy consequences on both 
effects and costs. The same applies to 
modelling and its assumptions. 

Policy decisions on age 
categories to be screened 
Whereas, in general, screening of post-
menopausal women by mammography 
is considered to result in a reduction in 
breast cancer mortality, there remains 
uncertainty about its effect in women 
under 50. 

Younger ages 
It appears to be more cost—effective to 
increase the frequency of screening 

examinations in a programme for women 
aged 50-69 than to screen women 
under 50 (de Koning et al., 1991). The 
same conclusion was drawn from a 
study on the screening programme for 
breast cancer in Catalonia, Spain, for 
women aged 50-64: on the basis of 
proven benefits and costs, extension of 
the programme to older women would be 
more effective than including younger 
women (Beemsterboer et al., 1998a). 
This conclusion was drawn in spite of the 
fact that in the Catalonian study exten-
sion to older and to younger ages 
appeared to be almost equally 
cost—effective and that, theoretically, 
younger women could gain more 
life—years. Extension to older women, 
however, would prevent more breast 
cancer deaths. Furthermore, screening 
has proved to be effective for women 
aged 50-69 years, whereas the effec-
tiveness in younger women remains 
uncertain. 

The lower cost—effectiveness of 
screening younger women is due to the 
lower breast cancer incidence and the 
poorer performance of the screening test 
due to denser breast tissue, resulting in 
a lower positive predictive value of an 
abnormal mammogram and higher rates 
of false-positive and false-negative 
results. These disadvantages could be 
partly outweighed by a higher frequency 
of screening examinations; that, how-
ever, would increase not only the costs 
but also the risk for radiation-induced 
breast cancers (Beemsterboer et al., 
1998b). 

Figure 45 shows the marginal costs 
per additional life—year gained and the 
corresponding changes in total costs 
with different screening policies, on the 
basis of inequal effectiveness by age 
group (de Koning et al., 1991). In 
comparison with increasing the invitation 
frequency of a 2-yearly screening 
programme for women aged 50-69, 
extension to women aged 40-49 would 
lead to a relatively high marginal 
cost—effectiveness ratio (additional cost 
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Figure 45 Marginal cost-effectiveness (additional euros per additional life-year gained) of six breast 
cancer screening policies: 5, 10, 15 or 20 invitations to women aged 50-69 (filled triangles), 12 invita-
tiens to women aged 50-75 (square) and 5 invitations to women aged 40-49 followed by 10 invitations 
when they are 50-69 (open triangle).The corresponding differences in cost for each screening policy are 
shown on the horizontal axis; 5% discount rate. 
From de Koning etal. (1991) 
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per additional life-year gained) of 35 500 
euros. This finding is in line with the 
analyses of Salzmann et aI. (1997), who 
showed that the cost-effectiveness was 
almost five times that in older women. 

Upper age limit 
Another point that has not been com-
pletely resolved is the upper age limit for 
mass screening. The increasing breast 
cancer incidence with age favours better 
performance of a screening test among 
older women in contrast to younger 
women. Nevertheless, participation rates 
among older women may be lower, rela-
tively more of the breast cancers 
detected may be of lesser clinical impor-
tance, and competing causes of death 
will play a greater role and limit the 
number of life-years gained. All these 
factors will affect the cost-effectiveness 
of 	screening 	older 	populations 
unfavourably (Commission of the Euro-
pean Communities, 2001). However, few 
empirical data are available from 
screening trials and pilot programmes on 

women over 70; thus, the choice of an 
upper age limit of 69 or 70 would seem 
arbitrary. Some studies have suggested 
that mortality from breast cancer is also 
reduced among women aged > 70 
(Tabár et al., 1989; van Dijck et al., 
1996), but no large-scale randomized 
controlled trials have been performed to 
settle this question. 

Model simulations show that breast 
cancer screening is cost-effective for 
women aged >69 years, on the assump-
tion that the efficacy is the same as in 
women aged 50-69 (Boer et al., 1995; 
Kerlikowske et al., 1999). It is likely that, 
in organized programmes, reasonable 
attendence rates can be achieved for 
this age group. However, it is conceiv-
able that, after a certain age, the balance 
between the benefits and harms of 
screening will become unfavourable. 
This depends theoretically on the 
behaviour' of the preclinical sojourn time 
of breast tumours, i.e. whether it 
increases continuously with age or 
whether it remains stable in women over  

a certain age, for instance 65 years 
(Figure 46). In the first case—a continu-
ous increase with age—unfavourable 
effects of screening, such as detection of 
clinically less important cancers and 
concomitant loss of quality of life, will 
outweigh the benefit of screening from a 
certain age (Boer et al., 1995). 

Policy decisions on screening 
interval 
The choice of frequency of screening 
depends directly on the epidemiology 
and natural history of the disease and 
especially on the sojourn time. If this 
increases with age, as is generally 
assumed for breast cancer, a longer 
screening interval would be justified for 
older women. A study in which an 
increase in the sojourn time for preclini-
cal breast cancer was observed showed 
a more favourable cost-effectiveness 
ratio in women aged ~: 65 when they 
were screened less frequently than 
younger women (Boer et al., 1999a). 
However, the logistics of a population-
based breast cancer screening pro-
gramme with different invitation sched-
ules for different subgroups, especially 
for a programme in which mobile units 
are used, may become complex and 
expensive. In the Swedish trials, the 
screening intervals varied from 18 to 33 
months. Currently, most organized 
breast cancer screening programmes 
invite eligible women every 2 years 
(Shapiro et al., 1998). 

Of the large-scale nationwide pro-
grammes, that in the United Kingdom 
represents the most important exception, 
as it provided mammographie screening 
only every 3 years. Despite this impor-
tant difference in programme design 
from the Dutch programme, the 
cost-effectiveness ratios are similar, but 
the effectiveness is expected to be lower 
(de Koning, 2000b). A study in 1998 
showed the cost-effectiveness of 
shortening the screening interval in the 
programme in the United Kingdom from 
3 to 2 years, and estimated that 2-yearly 
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screening would cost UK2 2709 per 
life—year gained versus UK2 2522 with 
the current policy (Boer et al., 1998). In 
the same study, it was calculated that 
extending the upper age limit for invita-
tion from 64 to 69 years would increase 
the cost per life—year gained from UKE 
2522 to UKE 2990. The study, which con-
cluded that either of the two alternatives, 
shortening the screening interval or 
extending the age range, would be effec-
tive, demonstrates that the policy choice 
of screening interval is related to the 
choice of age group to invite and vice 
versa (see also Figure 44). 

Policy decisions on high-risk 
groups 
Instead of screening large populations at 
relatively low average risk of developing 
the disease in question, one alternative 
could be to limit screening to persons at 
high(er) risk, in order to reduce costs and 
unfavourable effects. This alternative 
approach would require accurate identifi-
cation of high-risk' individuals. In the 
case of breast cancer, this is unrealistic, 

as there are no clear markers of risk. To 
date, high-risk breast cancer screening 
is an option for women at high lifetime 
risk for familial breast cancer (see 
Chapter 4). This concerns predominantly 
young women, however, for whom mam-
mography is probably not the most 
effective screening method. It is there-
fore still uncertain whether, from the pub-
lic health point of view, screening high-
risk groups would be cost—effective. 

Policy decisions on recall or 
referral 
The method used for reading screening 
mammograms and the recall or referral 
policy affect the cost of screening and its 
effectiveness. A low recall threshold 
results in a high proportion of screened 
women with a false-positive result and 
thus lower specificity; a (too) high thresh-
old leads to an inadequate rate of breast 
cancer detection and a high frequency of 
interval cancers. These aspects depend 
on the number of views used, the quality 
of the films and the training and experi-
ence of the readers. At the start of a 

screening programme, a decision must 
be taken whether one, two or more 
readers, generally radiologists, are to 
read the screening mammograms. If 
there is to be double (or multiple) read-
ing, various strategies are possible, such 
as independent double-reading of all 
films or pre-screening of all films by a 
first reader followed by double-reading of 
the initially selected mammograms. In 
the near future, computer-aided detec-
tion may play a role in supporting the 
reading process. All double or multiple 
readings will lead to discrepant findings, 
interpretation and referral recommenda-
tions in a proportion of cases, and clear 
guidelines should be drawn up to deal 
with the discrepancies and to decide 
which of them requires a recommenda-
tion for recall or referral, e.g. always 
referral, decision by one reader, decision 
by a third reader or after consensus of 
the two readers. 

Several studies of the effect of single 
versus double reading on sensitivity and 
specificity generally agree that double 
reading leads to a higher detection rate 
and to lower specificity (Anderson et al., 
1994; Denton & Field, 1997; Blanks et al., 
1998). However, it is not clear whether the 
increased effect of double reading com-
pared with single reading is also 
cost—effective (Haiart & Henderson, 1991; 
Brown et al., 1996; Leivo et al., 1999). 

Participation 

Inadequate data are available to allow 
estimation of the cost—effectiveness of 
recruitment strategies or the effects of 
different attendance rates. 

Cost-effectiveness in practice 

The continuing cost-effectiveness of a 
breast cancer screening programme in 
actual practice should be monitored 
carefully. Breast cancer screening 
should be offered only if there are 

120 

CD 
1151 

Sojourn  
o 

	

-- 	110 after age 65 
U) 

105I 	/ 
o ioo 	/ 

	

= 	 / 	 Sojourn time continues 

	

95 	/ 	 to increase after age 65 

	

(I, 	 / 

	

90 	 - - 	- 

	

' 	85 

o 
70 	75 	80 	85 	90 	95 	100 

Age at last screening 

Figure 46 Numbers of 5% discounted quality-adjusted life—years gained as a function of the upper age 
limit of invitation to screening in a programme with a 2-year screening interval, starting at age 51 
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concomitant efforts to maximize the ratio 
of benefits to harm. This requires effec-
tive routine monitoring of performance 
(Commission of the European Commu-
nities, 2001). Any unfavourable develop-
ment with regard to effects or cost might 
adversely affect the cost—effectiveness 
and will require interventions. 

In The Netherlands, a national team is 
responsible for evaluating and monitor-
ing the effects of the Dutch breast cancer 
screening programme (Fracheboud et 
al., 2001 a). In general, the results of sub-
sequent screens are considered the 
most important indicator of the effective-
ness of the programme. Subsequent 
examinations account for over 85% of all 
screening examinations now that the 
Dutch programme has been fully imple-
mented. 

As the decision to implement the 
Dutch nationwide breast cancer screen-
ing programme was based on the 
favourable outcomes of computer simu-
lations with the validated MISCAN 
model, the observed effects have regu-
larly been measured against those 
expectations. Now, more than 10 years 
after the start of screening, it is still not 
possible to answer the question of 
whether the programme has resulted in 
a reduction in breast cancer mortality. 
Although the mortality rate has been 
decreasing throughout the past decade 
in both The Netherlands and the United 
Kingdom, it is not clear to what extent the 
screening programmes contributed to 
this reduction. In anticipation of the 
answer to this question, the monitoring 
and evaluation of the programme con-
centrate on short-term results, such as 
participation rate, breast cancer detec-
tion rate, tumour stage distribution, false-
positive and false-negative screening 
rates and sensitivity and specificity. 

Although favourable short-term 
results do not guarantee a reduction in 
mortality, they are essential prerequi-
sites. In Table 60, the short-term results 
of the Dutch screening programme for 
1990-97 are compared with the expected  

results from the MISCAN model 
(Fracheboud et al., 2001b). The results 
are largely in line with the expectations, 
although some deviations were seen. 

First, the attendance rate was higher 
than expected. When the Dutch screen-
ing programme was extended to women 
aged 69-75, there was some concern 
that the participation rate of women in 
this age group would be considerably 
lower than that of younger groups. In the 
first year, however, 64.6% of the invited 
women participated in the screening pro-
gramme. This percentage is expected to 
increase in future, when this group will 
include only women who have been par-
ticipating in the programme since the 
age of 50. 

Second, fewer women were recom-
mended for further diagnostic testing 
than expected. In initial screens, the high 
predictive value of referral resulted in a 
breast cancer detection rate that con-
formed to expectation (taking into 
account the falling average age of the 
women attending initial screens over the 
course of the years). The breast cancer 
detection rate at subsequent screens, 
however, was lower than expected. The 
question is whether the relatively low 
referral rate—which is four to six times 
lower than that in the United Kingdom—
is the cause. Efforts must be made to 
increase the referral rate, in order to 
increase the detection rate without a dis-
proportionate increase in the number of 
false-positive screening results. 

Third, the stage distribution of can-
cers detected at subsequent screens 
was similar to that at initial screens, 
although it had been expected that the 
distribution at subsequent screens would 
be more favourable. Possible explana-
tions are that the natural history of breast 
cancer is different from that currently 
assumed, shortcomings in the quality 
and assessment of the mammograms or 
a difference in the interpretation or policy 
in national screening programmes from 
that in some of the trials (Beer et al., 
1999b). 

Fourth, the incidence of interval can-
cers after subsequent screens was 
higher than expected in the early years 
but gradually changed with increasing 
numbers of screened women and inter-
val cancers towards the expected values 
(Fracheboud et aI., 1999). 

Finally, considerable differences 
emerged between regions with regard to 
several important parameters. It can be 
concluded that the national average 
would improve if the regions with less 
favourable results were to improve their 
programmes to the level of the other 
regions (Fracheboud et al., 2001 b). 

In its annual evaluation reports, the 
team expressed concern about the 
detection rate, the stage distribution and 
interval cancer incidence observed at or 
after subsequent screens. A study was 
initiated in 1999 to find ways of optimiz-
ing the effectiveness of the Dutch 
screening programme and to reduce the 
variation in regional results. 

Quality of life 
In the early 1990s, there was little empir-
ical evidence for the effects of screening 
on the short-term quality of life of women 
who participated or for the long-term 
quality of life resulting from the expected 
shift in the number of women experienc-
ing early and advanced disease. The 
adjustment for quality of life in the 
MISCAN model was based on the 
results of a literature review and on the 
assignment of values to various disease 
and treatment phases by experts in 
breast cancer and public health (de 
Haes et al., 1991). The early computer 
simulations predicted that 2-yearly mam-
mographic screening for women aged 
50-70 would be 8% 'less effective' after 
adjustment for quality of life. The conclu-
sion was that quality of life was not a 
major issue in the decision to undertake 
a large-scale breast cancer screening 
programme. 

Since 1990, there has been increased 
interest in health-related quality of life, 
and this aspect has been assessed in 
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Result 

Attendance (%) 

Referrals/1000 

Biopsies/1 000 

PPV of referral (%) 

PPV of biopsy (%) 

Screen-detected cancers/1000 

Tumour size distribution of screen-
detected cancers (all carcinomas) 

Ductal carcinoma in situ (%) 

Ti a—Tic (%) 

> 12 (%) 

Unknown 

Axillary lymph node status (% of 
invasive carcinomas) 

Positive 

Negative 

Unknown 

Interval cancers/1000 woman—years 
of follow-up 

PPV, positive predictive value 
From Fracheboud et al. (2001 b) 

Initial screen Subsequent screens (<2.5 years after 
previous screen) 

Observed Expected Observed 	 Expected 

78.5 70.0 78.5 	 70.0 

13.1 16.0 6.9 	 7.5 

9.2 12.0 4.5 	 6.0 

47 41 51 	 57 

66 54 78 	 72 

6.1 6.5 3.5 	 4.3 

14 	 13 14 14 

61 	 65 64 73 

20 	 18 17 9 

5 	 5 5 5 

27 26 23 23 

67 68 71 71 

6 6 6 6 

0.96 1.00 0.93 0.96 

the various phases of breast cancer 	up. Cockburn et al. (1994) and many oth- treatment such as breast-conserving 

diagnosis 	and 	treatment. 	The 	ers have reported on the psychological 	therapy, quality of life will be better than 

Interdisciplinary Group for Cancer Care consequences 	of 	mammographic with invasive treatment such as mastec- 

Evaluation (GIVIO, 1994) has under- 	screening (see also Chapter 3). 	 tomy. Any shift towards less invasive 

taken programmes to assess the health- 	The measurements of quality of life treatment, resulting not only from mass 

related quality of life of patients with early 	made about a decade ago are still 	screening but also from improved 

breast cancer since 1980 and in 1994 	largely valid; however, their influence on 	medical techniques or new insights, will 

compared the quality of life in groups 	cost—effectiveness may have changed. 	result in a more favourable cost—effec- 

with intensive and conservative follow- 	For instance, 	with 	less invasive 	tiveness ratio. 
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Cost 
In the late 1980s, much effort was made 
to obtain an overview of all the relevant 
costs of breast cancer screening, diag-
nosis and treatment. In order to adjust 
for time preference, the cost—effective-
ness ratio was calculated with 3% and 
5% discount rates. The development of 
costs that has been observed subse-
quently in The Netherlands is largely in 
line with the estimates. However, some 
changes warrant renewed cost—effec-
tiveness analysis. For instance, the 
duration of hospital stay after surgical 
procedures has been reduced, which 
will lower the cost. 

Developments in the costs of diagno-
sis and treatment were not monitored as 
continuously as the effects. Treatment 
for breast cancer in particular has 
become more expensive during the past 
decade, but that will be partly out-
weighed by the shortening of in-patient 
stays. Furthermore, the increased costs 
will be accompanied by increased 
savings. 

Cost—effectiveness 
There is no sign that the cost—effective-
ness of the Dutch breast cancer screen-
ing programme is less favourable than 
was expected. Many surrogate mea-
sures have been monitored and evaluat-
ed, and the results do not refute most of 
the assumptions made in earlier 
cost—effectiveness analyses. The partic-
ipation rates, detection rates, size distri-
bution, interval cancer rates and referral 
rates have been fairly stable or 
improved over time, suggesting possible 
effectiveness at the nationwide level. In 
The Netherlands, assumptions on effec-
tiveness were based initially on three, 
and later five Swedish randomized con-
trolled trials (de Koning et al., 1991, 
1995a). Although recent reviews have 
given rise to discussion and the results 
can be used in sensitivity analyses for 
cost—effectiveness, they do not change 
the general picture that breast cancer 
screening can be very cost—effective. 

Assumptions of 50% lower effectiveness 
lead to ratios in the order of those of the 
Dutch cervical cancer screening pro-
gramme. 

Limitations of cost-effective-
ness analysis 

Evaluation of the cost—effectiveness of 
any screening programme is highly rec-
ommended. This requires adequate 
quantification of all the relevant effects 
and costs, which, in turn, requires con-
tinuous collection and registration of rel-
evant data. The effort required to 
accomplish this is often enormous. In 
practice, a number of obstacles may 
limit a comprehensive cost—effective-
ness analysis. These include practical 
limitations, gaps in knowledge, current 
and future developments in the diagno-
sis and treatment of breast cancer and 

alternative screening policies. Model-
based cost—effectiveness analysis can 
provide relevant estimates of these 
long-term effects, but comparison with 
published analyses is often hampered 
by differences or lack of clarity in the 
assumptions made. Many so-called 
model-based cost—effectiveness analy-
ses have been published which do not 
have the scientific rigour, clarity about 
assumptions and sensitivity analyses 
that should be provided. The box below 
provides an overview of the shortcom-
ings of cost—effectiveness. Some of 
these shortcomings are discussed 
below in the context of the Dutch breast 
cancer screening programme. 

Practical limitations 
All the information considered important 
for an optimal cost—effectiveness 
evaluation of the Dutch breast cancer 

Practical problems 

Limitations of obtaining-data (privacy regulations, informed consent) 

Limitations of registries (incompleteness, not national) 

Gaps in knowledge 

Natural history of breast cancer (duration of preclinical detectable 
phase with increasing age, biology of ductal carcinoma in situ) 

False reassurance 

New developments 

Diagnosis and treatment of cancer (such as large-core needle biopsy) 

Screening methods (digital mammography) 

Alternative screening strategies (<50 years) 

Quality of life evaluation 

Empirical data on episodes induced and prevented 
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screening programme is simply not 
available. 

Monitoring the effects of screening, 
particularly the effect on breast 
cancer mortality, is hindered by 
privacy regulations. All women 
participating in the Dutch screening 
programme are asked to give 
informed consent for use of their 
data in evaluating the screening 
programme. As such permission is 
not obtained from unscreened 
women, evaluation of breast cancer 
mortality at an individual level is 
impossible. 
The increasing amount of data regis-
tered by the screening organizations 
and regional cancer registries leads 
to a longer delay until delivery of the 
data. 
Some relevant data are not available 
nationally. For instance, in The 
Netherlands, there are no national 
data on the grade of malignancy of 
breast cancers. 

Gaps in knowledge 
The model-based cost—effectiveness 
analysis of 1990 was based partly on a 
number of assumptions, because of lack 
of empirical data. Some of the assump-
tions and uncertainties are discussed 
below. 

The duration of the preclinical 
detectable phase with increasing 
age (~ 65) is unknown. In order to 
estimate this duration, it is essential 
to have information about the detec-
tion rate in prevalence rounds and in 
subsequent rounds at an interval 
longer than 2.5 years and about the 
interval cancer rate. In The 
Netherlands, empirical evidence is 
expected to become available 
around 2003, 5 years after introduc-
tion of mass screening for women 
aged 70-75. At that time, the bal-
ance between favourable and 
unfavourable effects of breast 

cancer screening for women aged ~ 

75 will be estimated more carefully; 
The 1990 cost—effectiveness 
analysis was based on the assump-
tion that the number of requests by 
the target population for mammo-
graphy outside the programme 
(opportunistic screening) would 
decrease. Opportunistic screening in 
a target population can negatively 
influence the effectiveness of 
screening and the costs of health 
care, and opportunistic screening of 
women in adjacent age groups 
would be another negative effect of 
screening from the public health 
perspective. In order to quantify 
these aspects, the effect of the start 
of the Dutch screening programme 
on the number of mammographies 
requested in general practice was 
examined (Beemsterboer et al., 
1999). The study showed an 
increased number of requests by 
general practitioners after the start of 
the screening programme, for 
women in all age groups. More than 
2 years after the start of screening, 
however, the number of requests for 
mammography in all age groups 
had decreased to that before the 
start. In the age group 50-69, the 
number of mammographies was 
significantly lower than before 
screening started, probably due to 
the introduction of the national 
screening programme. Opportunistic 
screening was not clearly 
demonstrated in adjacent age 
groups. 
Negative results in a screening 
examination may falsely reassure 
screened women and lead to 
delayed diagnosis of symptomatic 
breast cancer, either during the 
interval or at the next screening 
examination. However, it is not 
known whether false reassurance 
indeed plays an important role and, 
if so, to what extent. 

At the time the decision was made to 
introduce breast cancer screening in 
The Netherlands, the radiation dose 
used in modern medicine was 
assumed to be negligible (Health 
Council, 1987). As a result of new 
techniques and continuous improve-
ment of image quality, the radiation 
dose has probably increased from 
0.5 mGy to about 2 mGy per exami-
nation. In order to study the risk of 
mammographic radiation and the 
implications for screening pro-
grammes for different age groups 
and intervals, model-based esti-
mates were made of the number of 
breast cancer deaths induced by 
low-dose radiation (2 mGy per view) 
in breast cancer screening pro-
grammes and the numbers prevent-
ed (Beemsterboer et al., 1998b). 
This study showed that the balance 
between the number of deaths 
induced and those prevented was 
favourable in the age group 50-69, 
assuming a screening programme 
with a 2-year interval. If screening is 
extended to the age group 40-49, 
the results are less favourable: one 
induced breast cancer death versus 
66 prevented with a 1-year interval 
and one versus 97 with a 2-year 
interval. 
Little is known about how the effects 
of adjuvant systemic therapy interact 
with the proposed benefits of 
screening in trials performed in peri-
ods when such treatment was not 
available. 

New developments 
New developments in breast cancer 
diagnosis and treatment may also 
necessitate a review of cost—effective-
ness analysis, as they may have conse-
quences for both the effectiveness and 
the costs of breast cancer screening and 
for quality of life. Important develop-
ments are: 
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New diagnostic procedures for 
impalpable breast lesions. Less 
invasive diagnostic procedures, 
such as stereotactic core biopsy, 
have increasingly replaced needle-
localized biopsy for the evaluation 
and treatment of impalpable breast 
lesions. 	In 	general, 	these 
procedures are cheaper and are 
assumed to have fewer negative 
effects on quality of life than open 
breast biopsy. Introduction of these 
procedures will lead to fewer unnec-
essary open surgical biopsies, thus 
lowering health care costs and, as a 
consequence, influencing cost—effec-
tiveness. 
Digital mammography. Replacing 
conventional screen—film mammo-
graphy by digital mammography will 
require heavy initial financial invest-
ment (purchase of expensive equip-
ment) but in the long run may save 
costs (transport, files, archives). 
Another favourable aspect of digital 
mammography may be a reduction 
in risk from radiation and better per-
formance of screening programmes 
due to high-quality imaging. 

Computer-assisted pre-selection 
and enlargement of mammographic 
images are related techniques. The 
possible consequences are not yet 
clear. 

Cost—effectiveness analysis is 
essential if an alternative screening pol-
icy is being considered, such as exten-
sion of the age limit of the target popula-
tion, an increase or decrease in the 
screening interval or choice of another 
screening instrument. For instance, the 
results of current screening trials involv-
ing women under the age of 50, such as 
the trial in the United Kingdom for 
women aged ~! 40 (Moss, 1999), may 
warrant reconsideration of the lower age 
limit in the Dutch breast cancer screen-
ing programme and an update of the 
cost—effectiveness analysis. 

Because 	of 	the 	relatively 
unfavourable detection rate after subse-
quent screens, in combination with the 
relatively low referral rate, in the Dutch 
programme, an alternative referral strat-
egy might be considered. Currently, all 
screening mammographies are read by 
two readers, and women are referred  

only if there is consensus between the 
two. An alternative strategy would be to 
refer women if at least one of the two 
readers recommends further assess-
ment of the mammographic lesion. This 
would result in a higher referral rate and 
a larger number of false-positive results, 
but with an expected increase in the 
detection rate. A revision of the 
cost—effectiveness analyses would then 
be required. 

The differences found between 
observed and expected outcomes in The 
Netherlands may have several implica-
tions. There may be some dysfunction in 
actual screening practice, which should 
be corrected. The regional differences in 
particular imply that some improvement 
is possible. Another explanation is that 
the expectations were too optimistic. It is 
not unlikely that the results of 10 years' 
screening in The Netherlands are more 
representative of reality than the model-
based expectations. In that case, the 
model used to estimate cost—effective-
ness should be reconsidered and 
revised. At least in The Netherlands, 
both explanations may be true. 
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Chapter 7 

Summary 

Breast cancer and screening 

World-wide burden 
Breast cancer is the commonest cancer 
among women in both high-income and 
low-income countries, accounting for 
22% of the 4.7 million new cases of can-
cer occurring annually among females 
worldwide. Improvements in treatment 
and possibly breast screening by mam-
mography have reduced mortality from 
breast cancer in high-income countries, 
but the risk continues to increase in east-
ern Europe and Latin America. 
Substantial improvements in survival 
have been reported in high-income 
countries such as the USA, where the 
prevalence of breast cancer is estimated 
to be 1.5% of the female population, 
whereas survival from this cancer in mid-
dle- and low-income countries remains 
poor, mainly because of late presenta-
tion of cases. 

Biology, pathology and natural 
history 
Breast cancer appears to be a heteroge-
neous disease. The introduction of mam-
mographic screening has altered the 
range of benign lesions and the patterns 
of neoplastic entities that are removed 
surgically. In general, there are three cat-
egories of breast abnormalities: benign 
conditions, in-situ conditions and inva-
sive cancer. Benign conditions are asso-
ciated with a risk for breast cancer rang-
ing from one- to fivefold, depending on 
the degree of epithelial proliferation and 
atypia. In-situ lesions are lobular or 

ductal. Lobular carcinoma in situ is 
associated with an increased risk for 
invasive breast cancer but is usually an 
incidental finding and is not generally 
detected by mammography. Although 
data on the natural history of ductal car-
cinoma in situ are limited, it is likely that 
poorly differentiated cytonuclear lesions 
(high grade) are associated with a signif-
icantly higher risk for development of 
invasive carcinoma than well-differenti-
ated cytonuclear lesions (low grade). 
High-grade lesions appear to be more 
biologically aggressive, with a higher 
rate of recurrence after breast-conserv-
ing surgery. Low-grade ductal carcinoma 
in situ is associated with low-grade inva-
sive cancer, which is generally charac-
terized by indolent behaviour and a good 
prognosis. Molecular markers may 
become available that will improve eval-
uation of prognosis. 

Reliable classification of in-situ and 
invasive breast cancers provides impor-
tant clinical information and can con-
tribute to the evaluation and quality 
assurance of breast cancer screening 
programmes. The grading of in-situ 
cancers is evolving, and standardized 
staging of invasive cancers has become 
possible. 

Conceptual considerations 
The main concept in cancer screening is 
that detection of early disease will make 
it possible to reduce mortality, because 
treatment at early stages is more effec-
tive than treatment at later stages. The 
purpose of modelling the screening 
process is to identify the characteristics 
of both a screening test and a screening 

programme that will determine the extent 
to which cancers are detected earlier, 
and thus the potential for reducing mor-
tality. A model is presented, which is 
based on the assumption that the aim of 
screening for cancer is to detect lesions 
that, if left untreated, would progress to 
clinical cancers. The definitions of sensi-
tivity, specificity and positive predictive 
value are therefore based on the propor-
tion of cancers that would otherwise be 
diagnosed clinically during some speci-
fied period after screening but which are 
diagnosed at screening. The model 
allows for the considerable heterogene-
ity among cancers indicated by increas-
ing knowledge of tumour biology. This 
heterogeneity is expressed partly as 
variation in the preclinical detectable 
phase, which results in variation in the 
potential lead time of lesions. The mod-
els can be used to identify intermediate 
outcomes of a screening programme 
that predict future reductions in mortality 
from the cancer in question and, as 
such, are valuable monitors. 

Screening techniques 

Screening mammography 
Modern mammography machines are 
equipped with devices to reduce scatter, 
automatically control exposure and opti-
mize the quality of the image in relation 
to the dose of radiation. The mean 
absorbed dose to the average-sized 
breast is in the order of 1.0-2.0 mGy. 
The sensitivity and specificity of mam-
mography depend on several factors, 
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including the density of the breast 
parenchyma, which in turn is related to 
age, parity, menopausal status and use 
of hormone replacement therapy, and 
technical variability. Sensitivity is also 
determined by the number of image pro-
jections used. Variability in interpretation 
by readers can be partly offset by train-
ing and by double reading of films. 
Continuing training and monitoring of the 
imaging process is a crucial part of a 
quality assessment programme for 
mammographic screening. 

Other and emerging imaging 
techniques 
Many techniques have been suggested 
for breast cancer screening. Although 
several of them hold promise, a system-
atic review showed that few have been 
used to screen populations, and the 
studies were generally small and of poor 
quality, so that the evidence for the 
following statements is weak. A combina-
tion of ultrasound and mammography 
may increase sensitivity, especially in 
women with radiographically dense 
breasts, but with a concomitant reduction 
in specificity. Magnetic resonance imag-
ing is more sensitive than mammo-
graphy in women at high risk for breast 
cancer but has less specificity. 
Computer-aided diagnosis may improve 
sensitivity when used in combination 
with conventional mammography, 
although it is unclear whether the 
improvement is greater than with other 
techniques, such as double reading and 
special training of film readers. The role 
of computer-aided diagnosis in speci-
ficity is unclear. The sensitivity of full-field 
digital mammography may be similar to 
that of film mammography. Only one 
small study has been reported of use of 
positron emission tomography in screen-
ing, and none has been reported for 
computed tomography scanning, mag-
netic resonance spectroscopy, scinti-
mammography, electrical impedance, 
infrared spectroscopy, light scanning or 
recent thermography. 

Clinical breast examination 
No one technique for clinical breast 
examination has been shown to be bet-
ter than any other for breast cancer 
screening. The technique generally rec-
ommended involves visual examination 
and systematic palpation of the entire 
breast and regional axillary nodes. The 
sensitivity of clinical breast examination 
alone in large studies ranged from 55% 
to 70% and the specificity from 85% to 
95%. 

Breast self-examination 
Women often find their own breast 
cancers. Detailed protocols for breast 
self-examination have been designed, 
and competence in the practice has 
been evaluated by use of silicone mod-
els of the breast. Training and reinforce-
ment improve the quality and increase 
the frequency of use of breast self-exam-
ination. While many programmes have 
been designed to promote breast 
self-examination, a minority of women 
practise it and fewer do it well. 

Use of breast cancer screening 

Delivery and uptake of screening 
Breast cancer screening is delivered in a 
variety of ways, including organized pro-
grammes and 'opportunistic' activities, 
which involve referral to mammography 
facilities by clinicians and self-referral by 
women themselves. Organized pro-
grammes include an administrative 
structure responsible for implementation, 
quality assurance and evaluation. Most 
programmes emphasize mammography. 
The characteristics of screening in vari-
ous regions are summarized below. 

Europe 
Organized breast cancer screening pro-
grammes were first established in north-
ern Europe and the United Kingdom. 
Currently, screening is done through 
organized screening programmes in 19 

countries, although opportunistic screen-
ing co-exists. Seven of the programmes 
are organized nationally, nine are orga-
nized regionally, and three are pilot 
programmes. The programmes target at 
least women aged 50-69, but some 
extend invitations to women aged up to 
74 or under 50. In most of the 
programmes, women are invited to 
mammography about every 2 years; in 
the United Kingdom, women are invited 
every 3 years. Seven countries 
offer clinical breast examination in addi-
tion to mammography in their screening 
policies 

The proportion of women with access 
to organized screening programmes 
varies markedly, from 2% in the German 
pilot programme to nearly 100% in six 
countries. Quality review is extensive, 
following European or national guide-
lines for addressing the technical quality 
of mammography, external and internal 
control, recall rates and cancer detection 
rates and a wide range of other relevant 
indicators. 

The Americas 
In Canada, screening is done primarily 
through 	a 	nationally 	organized 
programme that is funded and adminis-
tered at provincial level, targeting women 
aged 50-69. Although all women have 
access to screening, 79% of those aged 
50-69 reported ever having had mam-
mography, and 54% reported having had 
one within the previous 2 years. The 
technical quality of mammography is 
reviewed within programmes according 
to national standards. 

In contrast, in the USA, screening is 
primarily opportunistic, and few orga-
nized programmes exist. The recom-
mendations of the Preventive Services 
Task Force now include mammography 
for women aged 40-69. Assessment of 
mammography use in a state-based 
telephone survey showed that 85% of 
women over 40 had ever had a mammo-
gram, and 71% had had one in the 
previous 2 years. Quality assurance is 
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nationally based and focuses on 
certification of mammography facilities. 

Mammography is available on 
demand in Latin America and the 
Caribbean; however, most countries 
report either no policy regarding breast 
cancer screening or policies that may not 
completely reflect the available scientific 
evidence. No population-based esti-
mates of mammography use are 
available. 

Oceania and Asia 
Australia and New Zealand have orga-
nized national mammographic screening 
programmes; a few other countries have 
initiated local screening, usually not 
based on mammography. Screening in 
the organized programmes is targeted at 
women aged 50-69 in Australia and 
50-64 in New Zealand and involves 
invitation for a mammogram every 2 
years. In Australia, women aged 40-49 
and ~ 70 years may also attend, but they 
are not systematically invited. In 
Australia in 1997-98 and in New 
Zealand in 1999-2000, 54% of all eligi-
ble women had had mammograms in the 
previous 2 years. The Australian and 
New Zealand programmes have man-
agement structures for quality assurance 
and national standards for participation, 
recall rates, technical radiological perfor-
mance, cancer detection rates and data 
monitoring. 

Behavioural considerations in 
screening participation 
Women should be fully informed about 
the potential benefits and harms of peri-
odic screening so that they can decide 
whether to take part. Most women tend 
to overestimate both the likelihood of 
developing breast cancer and the 
sensitivity and specificity of screening; 
they vary in their preference for numeri-
cal and verbal information about risk, 
and this information is often not well 
understood. 

Some women are anxious about 
mammographic screening, primarily  

because of fear of an abnormal result. 
Women experience a moderate increase 
in anxiety after a false-positive mammo-
gram, although this is usually short. 

Factors associated with participation 
in mammographic screening include: an 
invitation or reminder to attend within an 
organized programme, a recommenda-
tion from a doctor to attend, good under-
standing of the benefits of mammo-
graphic screening, a belief that breast 
cancer can be treated, a perception of 
personal risk, moderate anxiety about 
breast cancer and having had other pre-
ventive health interventions. 

The effects of a number of interven-
tion strategies on participation have 
been studies, including programmes 
targeting individual women, community 
strategies, health care provider pro-
grammes and strategies for special 
groups. Most of these strategies were 
found under trial conditions to be 
effective to some extent in increasing 
participation; however, the feasibility and 
cost—effectiveness of these strategies as 
part of routine programme implementa-
tion is unknown. 

Efficacy of screening 

Methodological and analytical 
issues in assessing efficacy 
The efficacy of screening is best evalu-
ated by means of randomized screening 
trials. Such trials, with mortality from the 
cancer of interest as the end-point, avoid 
selection bias and the biases associated 
with studying survival after diagnosis, 
including lead-time bias, length bias and 
overdiagnosis bias. Trials must be 
planned and conducted with attention to 
the necessary quality standards, particu-
larly in the areas of randomization, 
confirmation that balance is achieved by 
randomization (especially if cluster 
randomization is used), delivery of the 
screening intervention, participation by 
the intervention group and little contami-
nation from screening in the control 

group, comparison of cases in the two 
arms of the trial with regard to early 
indicators of an effect of the intervention 
such as tumour size and nodal status, 
treatment according to stage of detection 
applied equally in both groups and 
adequate documentation of the study 
end-point, preferably after an indepen-
dent review of cause of death by persons 
unaware of the allocation of the woman 
to intervention or control. Observational 
studies of screening, such as cohort and 
case—control studies, may give biased 
measures of effect because of self-
selection of women for screening. There 
are no certain ways of eliminating this 
bias. 

Conventional screening mammo-
graphy 
The screening modality use mainly as a 
public health intervention at present is 
mammography alone. The Working 
Group therefore focused its attention on 
trials in which the efficacy of mammo-
graphy alone was compared with no 
screening. 

Of the 10 randomized trials of breast 
cancer screening, the effect of invitations 
to mammography alone was compared 
with that of usual care in six studies, all 
conducted in Sweden. In two of these, 
women were randomized by cluster, 
while various forms of individual 
randomization were used in the others: 
two according to randomly ordered 
birth cohort and the other two by date of 
birth, either exclusively or in part. Various 
analytical approaches confirmed that 
these processes achieved balance. In 
addition, for a short period at 
the beginning of the Finnish national 
programme, women born in even-num-
bered years were invited to be screened. 
This is equivalent to randomization, and 
the results of this experience were incor-
porated into the evaluation of screening 
for women aged 50-69. 

The findings from the latest follow-
ups for women aged 50-69 in the five 
trials of mammography alone that 
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included this age group and the Finnish 
programme gave a combined rate ratio 
of 0.75 (95% confidence interval, 
0.67-0.85) and displayed no hetero-
geneity. 

The findings for women aged 40-49 
(43-49 in one trial and 45-49 in another) 
in the six trials of mammography alone 
that included this age group gave an 
overall rate ratio of 0.81 (95% confidence 
interval, 0.65-1.01). It is uncertain how 
much of this effect could have been due 
to screening after the age of 50. 

The possibility of the introduction of 
bias into the results of the studies of 
screening with mammography alone by 
a range of methodological factors was 
considered. The available evidence sug-
gested that none, if any, bias was pre-
sent that could have had a sufficiently 
large effect to affect the overall rate 
ratios appreciably. 

The other trials involved combined 
screening with mammography and 
clinical breast examination. In one, con-
ducted in the 1960s in New York, USA, 
the results for both age groups were sim-
ilar to those in the trials with mammo-
graphy alone. One, conducted in 
Edinburgh, Scotland, as a randomized 
component of the Trial of Early Detection 
of Breast Cancer and involving com-
bined mammography and clinical breast 
examination, was based on cluster 
randomization. There was evidence that 
the randomization had failed, as there 
were appreciable differences between 
the two groups in distribution by social 
class and mortality from causes other 
than breast cancer. The Working Group 
was not convinced that the adjustments 
undertaken in the analysis of the trial 
would satisfactorily have removed any 
bias due to differences between the two 
groups. 

Of the two trials in Canada, both of 
which involved individual randomization 
of volunteers, one addressed combined 
screening with mammography and 
clinical breast examination of women 
aged 40-49 in comparison with usual  

care. The women were also taught 
breast self-examination. After an aver-
age of 13 years of follow-up, there was 
no evidence of a reduction in mortality 
from breast cancer, although the confi-
dence interval was compatible with the 
overall estimate of effect in this age 
group in the trials of mammography 
alone. 

The other trial in Canada, of women 
aged 50-59, was a comparison of 
screening with mammography plus clini-
cal breast examination with clinical 
breast examination alone. Thus, its 
results do not allow a direct evaluation of 
the efficacy of screening for breast can-
cer with mammography alone. 

In addition to the trials, there have 
been one quasi-experimental study, one 
cohort study and four case—control stud-
ies, conducted independently of the 
trials. In general, the observational stud-
ies showed greater reductions in the rel-
ative risk for death from breast cancer 
than the trials. This difference has often 
been attributed to the fact that observa-
tional studies address the effect of atten-
dance for screening rather than that of 
invitation to screening, as is measured in 
trials. However, observational studies 
have an inherent potential for bias, due, 
for example, to self-selection of women 
for screening, which would make such 
interpretation inappropriate. Estimates of 
efficacy should rather be based on the 
results of trials, after adjustment for non-
participation and contamination. By 
making such adjustments, the Working 
Group estimated that attendance for 
screening would reduce mortality from 
breast cancer by about 35%. 

Various frequencies of screening 
were used in the trials, ranging from 12 
to 33 months. In view of the small num-
ber of trials, which also had many other 
differences, it is impossible to assess the 
effect of screening frequency on the 
reduction in mortality. One subsequent 
randomized trial was designed to com-
pare the effect of annual versus three-
yearly screening on the size, stage and  

grade of tumours. Predictive models 
based on these data suggest that the 
effect of shortening the screening inter-
val is modest. 

The conclusions of the Working 
Group differ from those of the review 
published 	by 	the 	Cochrane 
Collaboration. In particular, the Group 
disagreed with the exclusion in that 
review of several of the randomized trials 
carried out in Sweden. 

Clinical breast examination 
The efficacy of screening by clinical 
breast examination alone in reducing 
mortality from breast cancer has not 
been demonstrated in randomized con-
trolled studies. A case—control study and 
an ecological study in Japan provided 
very weak evidence for a reduction in 
mortality in women screened by clinical 
breast examination as compared with no 
screening. One randomized controlled 
trial showed similar rates of mortality 
from breast cancer in women screened 
by clinical examination alone and by a 
combination of clinical examination and 
mammography. 

Breast self-examination 
Among women who present clinically 
with breast cancers, the tumours 
detected in those who practise self-
examination tend to be smaller and to be 
associated with longer survival than 
those in women who do not examine 
themselves. Cohort and case—control 
studies provide some evidence for a 
reduction in the risk for death from breast 
cancer among women who practise 
breast self-examination frequently and 
competently. Randomized trials in the 
Russian Federation (of which only one of 
two components has been reported) and 
in China showed that women who were 
taught breast self-examination were 
more likely than women in the control 
groups to detect benign breast lesions 
but not more likely to detect breast 
cancers at a less advanced stage of 
progression. Neither the trial in the 
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Russian Federation, where participation 
was relatively limited, nor the trial in 
China, where participation was high, 
showed a reduction in mortality from 
breast cancer among women taught this 
technique. 

Women at high risk 
Women who carry mutations in either the 
BRCA1 or the BRCA2 gene have a very 
high lifetime risk for breast cancer, and 
many clinicians recommend annual 
mammographic screening of carriers of 
such mutations, beginning some time 
between the ages of 25 and 35. It has 
not yet been proven that screening of 
this predisposed group by mammo-
graphy reduces their mortality from 
breast cancer, and no randomized trials 
with mortality as the end-point have been 
conducted in this group of women. 
Because of their high risk for cancer, 
both the prevalence of cancer at 
screening and the positive predictive 
value of the screening test are higher 
than in other women. Because the 
BRCAI and BRCA2 genes participate in 
the repair of radiation-induced DNA 
breaks, it has been suggested that 
women who carry these mutations are at 
greater risk for radiation-induced breast 
cancer than are women in the general 
population; however, no relevant data 
are available. The sensitivity of magnetic 
resonance imaging has been reported to 
be greater than that of screening 
mammography for women at high risk 
because of a BRCA mutation or a family 
history. These studies, however, were 
based on small numbers of women. 

Effectiveness of population-
based screening 

Implementation of population-
based screening in accordance 
with results of screening trials 
The results of randomized trials of mam-
mographic screening compared with no 
intervention have been used as the basis 

for centrally organized screening pro-
grammes, to decide the age range of 
women to be screened and the screen-
ing interval. All national screening 
programmes cover at least women aged 
50-64, and all programmes involve an 
interval of 3 years or fewer. Older and 
younger women are invited in some 
countries. Other components of a 
screening programme, such as the num-
ber of film readers and the number of 
mammographic views, are based largely 
on considerations other than the results 
of trials. 

Indicators of the effectiveness of 
population-based screening pro-
grammes 
The basic indicator used for effective-
ness is the standardized mortality ratio 
(SMR). From the point of view of public 
health, a relative measure such as the 
SMR may be an incomplete indicator; 
absolute measures will provide addi-
tional information on effectiveness. In 
none of the national mammographic 
screening programmes has a reduction 
in mortality from breast cancer of the 
order demonstrated in the randomized 
trials yet been observed. If such a reduc-
tion is achievable in practice, it will take 
many years to occur. 

Indicators of performance can be 
used as a basis for corrective action to a 
screening programme in the early stages 
and can be used to predict whether a 
reduction in mortality is likely to be found 
in the long term. These indicators include 
measures of coverage, participation, 
age-specific or age-standardized rates of 
detection of cancer and rates of detection 
of advanced disease and interval cancers 
(by stage). Predictions of mortality 
reduction can be based on modelling, 
and several techniques with various 
assumptions can be used and validated 
by comparison with the results of 
randomized experiments. The microsim-
ulation screening analysis (MISCAN) 
model has been used for several popula-
tions. 

Intermediate indicators and surrogate 
measures are important in order to 
obtain an early estimate of effect. They 
are necessary but not sufficient for an 
effective screening programme. The 
interval cancer rate is a useful determi-
nant of programme sensitivity and the 
rate of advanced disease of programme 
effectiveness. Both are predicated on the 
availability of cancer registration in the 
target population; the identification of 
interval cancers also requires linkage of 
data sources into a coherent information 
system, and measurement of the rate of 
advanced cancer also requires that the 
cancer registry records clinical stage. 

In the few instances in which assess-
ment of advanced cancer rates has been 
possible, screening appears to have 
been followed by a decline in the rates of 
advanced disease (albeit more than off-
set by the large numbers of early and in 
situ cancers detected). In all the pro-
grammes examined, the decreases in 
advanced disease rates have been 
smaller than predicted from the data of 
the Two-county study in Sweden. 

Given the natural history of the dis-
ease and the long implementation period 
of national programmes, it is too early to 
expect a substantial reduction in breast 
cancer mortality. Evidence from the 
United Kingdom has shown that the 
recent substantial declines are probably 
due to multifactorial causes, and the pre-
cise roles of screening and other factors, 
including improved therapy, are hard to 
determine. This is even truer in areas 
that depend only on overall rates of 
breast cancer mortality for evaluating 
effectiveness, as the quality of screening 
and the extent of information are likely to 
be correlated. 

Cases of breast cancer diagnosed 
before the start of screening contribute to 
the mortality rates, and removal of these 
cases results in a better estimate of 
effect. Such estimates of 'refined' mortality 
require the existence of a cancer registry 
and the possibility of linkage to data on 
screening. Refined mortality should be 
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estimated for screened and unscreened 
populations to ensure comparability. 
Furthermore, cancer registration with 
data on treatment is likely to be the only 
means for differentiating the confounding 
effect of changes in treatment from the 
effect of screening. 

Studies on effectiveness, including 
those based on modelling, have so far 
resulted in estimates of 5-10% reductions 
in mortality in the the target population 
due to screening. The estimates of 
refined mortality have been higher, 
around 20%, closer to the effect indi-
cated by the screening trials. In terms of 
prolongation of life, the effect per screen 
remains small. 

Hazards of screening 
False-positive mammograms: 
False-positive results are inevitable in 
screening. However, the rate varies dra-
matically from one area to another; it is 
particularly high in the USA. Depending 
on the setting and the frequency of 
examinations, the cumulative risk of a 
woman who receives a false-positive 
result after completing a screening 
programme can be extrapolated to be as 
low as 2% or as high as 50%. False-
positive results increase health care use 
associated with screening. Women 
experience considerable anxiety after 
being told they have a positive result; this 
effect is largely transient and is an 
accepted part of screening for most 
women. The greatest opportunity for 
reducing false-positive results is in 
improving radiological interpretation. 

Overdiagnosis 
"Overdiagnosis' is the term used to 
describe the detection of cancers that 
would never have been found without 
screening. Patients who have such indo-
lent cancers experience only harm: the 
anxiety associated with a cancer diagno-
sis and the complications of therapy. 
Overdiagnosis increases the cost of 
screening and complicates evaluation of 
the programme. 

There is evidence of some over-
diagnosis of breast cancer in the ran-
domized trials of mammography and 
from population-based incidence rates. 
From 5 to 25% of cancers detected by 
mammography may represent over-
diagnosis. The finding of a substantial 
breast cancer reservoir suggests that 
perhaps the most pressing challenge for 
breast cancer screening is to determine 
which lesions should be treated. 

Ductal carcinoma in situ 
Evidence from clinical studies suggests 
that a proportion of ductal carcinomas in 
situ will progress to invasive cancer. How 
small this proportion is for non-palpable 
lesions detected by mammography is, 
however, less clear. The results of the tri-
als in Canada suggested that detection 
of ductal carcinoma in situ by mammog-
raphy and its subsequent treatment did 
not lead to a reduction in the incidence of 
invasive cancer within 11 years. As cur-
rent work suggests that the prognosis of 
ductal carcinoma in situ differs according 
to its nuclear grade, screening might 
offer greater benefit to women with some 
types of lesion than to others. It is an 
open question, therefore, whether the 
potential benefits of detecting and treat-
ing ductal carcinoma in situ outweigh the 
harmful effects of treatment (anxiety, 
operations, radiotherapy). 

Radiation 
Exposure to radiation ia a known risk 
factor for breast cancer. The mean 
absorbed dose of radiation to the breast 
during mammography is now generally 
below 3 mGy per screen, and the dose of 
radiation to the thyroid and other organs 
is assumed to be negligible. The risk for 
radiation-induced 	breast 	cancer 
decreases with age and is particularly 
low for women after the menopause. In a 
model based on the assumption of a 
linear relationship between risk for 
breast cancer and dose of radiation, the 
number of deaths from radiation-induced 
breast cancer during the remaining life 

span when screening is begun at the age 
of 50 is estimated to be 10-50 per million 
in regularly screened women (10-20 
screens, 2-5 mGy per screen), These 
numbers can be compared with the 
30 000-40 000 deaths from breast 
cancer over a lifespan after 50 years of 
age per million women in the whole 
population, of which some 10 000-15 000 
may be preventable by screening. If 
screening is begun at the age of 40, the 
number of radiation-induced breast 
cancers is estimated to be 100-200 per 
million regularly screened women. 

In relation to the expected benefit, 
the risk is negligible when screening is 
started at the age of 50 but is higher 
when screening is begun between the 
ages of 40 and 50. The risk for radiation-
induced breast cancer should be taken 
into account if screening is started at a 
younger age. 

Cost—effectiveness of popula-
tion-based screening 

In many countries, it has become routine 
policy to assess the costs of new, 
promising health care interventions in 
relation to their expected benefits, before 
implementation. The screening policy for 
breast cancer that is most cost—effective 
in a particular country depends on 
various factors, including the incidence 
of breast cancer, its stage distribution 
and mortality rate, the expected quality 
of the screening programme, the 
national health care setting and econom-
ics. Although the final ratio, cost per 
life—year gained, is considered most 
important by some, the hierarchy in 
cost—effectiveness analyses is, first, to 
assess the benefits (breast cancer 
mortality reduction and life—years 
gained), second, to assess the possible 
harm and benefits other than reduction in 
mortality (quality of life) and, finally, to 
weigh these against induced costs and 
possible savings. 
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Given the evidence about reduction of 
mortality from breast cancer in 
randomized trials of breast cancer 
screening, screening programmes for 
women aged 50-69 at a 2- or 3-year 
interval are expected to be cost—effective 
in high-incidence countries with well-
organized programmes. National reduc-
tions in breast cancer mortality may be of 
the order of 10-20%; women who do not 
die from breast cancer may gain approx-
imately 15 years of life, and the 
cost—effectiveness ratio is 3000-8000 
euros per life—year gained. Very high 
referral rates of about 10% unfavourably 
influence cost—effectiveness ratios, as 
does the delicate balance between 
favourable and unfavourable effects. In  

general, the harm inflicted on a group of 
screened women is less than the bene-
fits achieved by some part of the same 
screened group. Correction for all antici-
pated unfavourable effects in terms of 
quality-adjusted life—years gained may 
diminish the total number of life—years 
gained by 5-15%. 

The most important cost elements to 
consider are the cost of screening and 
the cost of treating advanced disease. 
Savings in the cost of screening of up to 
30% may be achieved by the reduction 
in the cost of treating advanced disease, 
but breast cancer screening will always 
lead to substantial additional cost for a 
country. It should be compared with 
other health care priorities, preferably by  

cost—effectiveness ratios too. Low-risk 
and low-income countries are likely to 
give higher priority to other activities. 

The marginal cost—effectiveness of 
expanding a programme to younger 
women (40-49) greatly depends on its 
effect on reducing breast cancer mortal-
ity as estimated from randomized con-
trolled trials. Under the assumption of 
less or relatively low benefits of screen-
ing younger women, it would be more 
cost—effective to increase the upper age 
limit to 74 or to narrow the screening 
interval from 3 to 2 years for the age 
group 50-69, rather than expand the 
programme to women aged 40-49. 
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Chapter 8 

Evaluation 

Evaluation of the efficacy of breast cancer screening 

There is sufficient evidence for the 
efficacy of screening women aged 
50-69 years by mammography as the 
sole screening modality in reducing 
mortality from breast cancer. 

There is limited evidence for the effi-
cacy of screening women aged 40-49 
years by mammography as the sole  

screening modality in reducing mortality 
from breast cancer. 

There is inadequate evidence for the 
efficacy of screening women under 40 or 
over 69 years by mammography in 
reducing mortality from breast cancer. 

There is inadequate evidence for the 
efficacy of screening women by clinical  

breast examination in reducing mortality 
from breast cancer. 

There is inadequate evidence for the 
efficacy of screening women by breast 
self-examination in reducing mortality 
from breast cancer. 

Overall evaluation 

Effect of screening with mammography on mortality from breast cancer 

There is sufficient evidence from 
randomized trials that inviting women 
50-69 years of age to screening with 
mammography reduces their mortality 
from breast cancer; the best current esti-
mate of the average reduction is 25%. 
There is only limited evidence for this 
effect in women 40-49 years of age, in 
whom the reduction, if real, is estimated 
at 19% but could be less, depending on 
the extent to which it is due to screening 

of the women after they reached the age 
of 50. No direct conclusions can be 
drawn about the efficacy of inviting 
women younger than 40 or older than 69 
years of age to screening with 
mammography. 

The reduction in mortality from breast 
cancer in women 50-69 years of age 
who accept an invitation to screening 
has been estimated to be about 35%, by 
adjustment of the results of the trials for  

the effect of non-acceptance of the 
invitation by some women. 

Both apparent and real deficiencies 
of the randomized trials that were con-
sidered in making this evaluation of the 
efficacy of invitation to screening were 
carefully assessed for their impact on its 
validity. They were judged not to invali-
date the trials' findings and therefore the 
evaluation. 

Influence of inter-screening interval on effect of screening by mammography 

There is little evidence on which to base 
recommendations on the frequency with 
which women should be offered mam-
mographic screening. In most of the ran-
domized trials on which the evidence of 
efficacy of screening was based, women 
were invited to be screened at intervals 

of about 24 months. Modelling has sug-
gested that about a further 5% reduction 
in mortality is gained for women 50-69 
years of age for each reduction in the 
inter-screening interval of one year, 
between three years and one year. 
These estimates are compatible with the 

results of a randomized trial of the 
effects of annual compared with three-
yearly screening, which predicted breast 
cancer mortality on the basis of the prog-
nostic characteristics of breast cancers 
at the time of diagnosis. 
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Effect of breast screening by clinical breast examination on mortality from breast cancer 

There is inadequate evidence that examination, whether alone or in addi- 	reduce mortality from breast cancer. 
breast screening with clinical breast tion to screening mammography, can 

Effect of breast screening by breast self-examination on mortality from breast cancer 

There is inadequate evidence that breast self-examination can reduce mortality from breast cancer. 

Effectiveness in practice of breast cancer screening with mammography 

There is some evidence for the effective-
ness of programmes of screening with 
mammography, with or without clinical 
breast examination, in reducing mortality 
from breast cancer in targeted popula-
tions. Estimates made in some 
European countries with organized 
breast screening programmes suggest 
that reductions of some 20% can be 
expected in the long term in the target 
populations of screening. Estimates of 
the actual reduction achieved so far 
have ranged between 5% and 20%. The 

lower early figures are probably due to 
the length of time taken to achieve full 
implementation of national programmes, 
a substantial proportion of the breast 
cancer deaths in the first 5-10 years 
after implementation being due to can-
cers diagnosed before screening began 
or lower quality screening in the early 
years of implementation. 

Changes in breast cancer mortality 
due to screening are difficult to distin-
guish from other trends in breast cancer 
mortality in many populations. An  

alternative would be to measure 
intermediate indicators of the effective-
ness of screening programmes, such as 
participation rate, rate of detection of 
small cancers, rate of interval cancers 
and the incidence rate of later-stage 
cancers, to show whether the pro-
gramme is adequate to achieve the 
desired long-term outcomes. These indi-
cators will also be valuable for improving 
the quality of service. 

Adverse effects of breast screening 

Between 50% and 90% of women who 
are referred for assessment after a pos-
itive screening mammogram will prove 
not to have breast cancer. These false-
positive mammograms generate anxiety, 
additional physician visits and diagnostic 
tests, and some excision biopsies. If a 
false-positive result is not recognized as 
such during assessment, some such 
referrals may also lead to unnecessary 
treatment for breast cancer. 

Some 20% of women in whom breast 
cancer is diagnosed have ductal carci-
noma in situ, a cancerous change that 
has not extended beyond the tissue lin-
ing the breast ducts. Treatment of some  

forms of this lesion will prevent develop-
ment of an invasive cancer in the 
affected tissue. In a currently unknown, 
but possibly high, proportion of women 
in whom ductal carcinoma in situ is diag-
nosed as a result of breast cancer 
screening, invasive cancer would not 
develop in the in-situ cancer within the 
lifetime of the woman. Some of these 
women, however, will be treated for 
breast cancer, with little prospect of long-
term benefit from the therapy. 

In some women in whom an abnor-
mality is detected by breast cancer 
screening, an invasive cancer may be 
diagnosed that would never have pro- 

gressed to produce symptoms and be 
diagnosed clinically in their lifetime. This 
possibility is suggested by the persis-
tence of the increased incidence rates of 
breast cancer that occurs with the 
introduction of screening to a population 
and, initially at least, can be attributed to 
earlier detection of cancers that would 
otherwise be incident in a later period. 
No population into which breast 
screening has been introduced has yet 
been reported to show an unequivocal 
return of incidence rates to the baseline 
expected from pre-screening trends; 
but there have been no rigorous 
analyses. 
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Evaluation 

As irradiation of the breasts with X-
rays is known to increase a woman's risk 
for breast cancer, the exposure of 
women from mammography should be 
the lowest compatible with adequate 
image quality. In women 50-69 years of  

age, the increase in risk for breast 
cancer due to this exposure is extremely 
small and is substantially outweighed by 
the benefits of mammography. This 
balance is probably not as favourable, 
however, for women 40-49 years of age. 

In women under 40 years of age, the risk 
for radiation-induced breast cancer is 
higher, and there is no evidence of 
benefit for this age group. 

Cost—effectiveness of a programme of screening with mammography 

A recent summary of analyses of the 
cost—effectiveness of breast cancer 
screening programmes in a number of 
countries, done with similar methods, 
has shown costs per year of life saved 
varying from 3000 to 8000 euros for two- 

Implications for public health 

Health policy-makers can make deci-
sions about the screening services they 
offer women, and women themselves 
can take decisions about whether to 
seek or accept an offer of breast cancer 
screening, in the knowledge that quality 
screening mammography done every 
two years in women 50-69 years of age 
should reduce their risk for death from 
breast cancer by about 35%. 

When such a programme is offered 
and there is a high participation rate, it 
would be reasonable for a health service 
to expect a fall in the mortality rate from 
breast cancer in the target population for 
screening of some 20% in the long term. 
This reduction may be less if there is a  

yearly screening of women 50-69 years 
of age. If, in addition, the impact of 
screening on quality of life is considered 
and account is taken, on the negative 
side, of the longer period of life with a 
diagnosis of breast cancer and of the the 

high level of opportunistic screening 
before an organized programme is intro-
duced. 

The cost—effectiveness of a pro-
gramme of screening mammography is 
comparable to that of other cancer 
screening programmes. As in all screen-
ing programmes, there are adverse con-
sequences. For breast cancer screening, 
these include costs to the quality and, to 
a very small extent, the quantity of a 
woman's life due to false-positive diag-
noses, and the diagnosis of some in-situ 
and possibly invasive breast cancers that 
would not otherwise have been 
diagnosed. A few rare cases of breast 
cancer may be caused by mammo- 

consequences of false-positive diag-
noses, the costs per quality-adjusted 
year of life saved may, depending on the 
assumptions, be up to 23% higher or 3% 
lower than those stated above. 

graphic radiation, but this adverse effect 
is substantially offset by the net reduction 
in mortality due to screening. 

When mammographic screening can-
not be offered, for practical or economic 
reasons, or women cannot afford to 
accept it, there is no other method of 
screening that is known to reduce the 
risk for death from breast cancer. 
Specifically, it is unlikely on present evi-
dence that a programme to encourage 
breast self-examination alone would 
reduce mortality from breast cancer. 
Women should, however, be encouraged 
to seek medical advice immediately if 
they detect any change in a breast that 
suggests breast cancer. 
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Chapter 9 

Recommendations 

Research recommendations 

Improving conventional mammography 

The sensitivity and specificity of conventional mammography could be improved by conducting studies to explore: 

the relative sensitivity, specificity and cost—effectiveness of various approaches to double reading; 
the sensitivity, specificity and cost—effectiveness of computer-assisted reading and tactics to improve interpretation; 
and 
the effects of training film readers, of their experience and volume of practice and of peer evaluation. 

Implementing mammographic screening programmes 

A better understanding of factors affecting the acceptability, cost and implementation of mammographic screening pro-
grammes is needed. Studies should be conducted: 

• in a variety of cultural settings to understand women's preferences for information and how best to communicate the 
harms and benefits of participation in mammographic screening; 

• into the costs and benefits of initiating screening at various ages, particularly to evaluate the cost—effectiveness of 
starting screening of women at 45 years and stopping screening at 70 years; and 

• to determine why some women with a suspect mammogram do not present for further evaluation for the presence of 
breast cancer. 

Accuracy of mammographic screening 

Research should be conducted on the effect of menopausal status, with or without hormone replacement therapy, on 
the accuracy of mammography. 

Clinical breast examination 

The efficacy and effectiveness of clinical breast examination in reducing mortality from breast cancer are unknown, and 
the trials in which clinical breast examination was combined with mammography cannot answer the question. A beneficial 
effect of clinical breast examination was suggested, however, in the Canadian comparison of mammography plus clinical 
breast examination with clinical breast examination alone, in which there appeared to be no additional benefit from the 
addition of mammography. 

Clinical breast examination may be of particular importance in countries where there are insufficient resources for 
mammography and where disease is usually at an advanced stage at the time of diagnosis. 
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Many of these countries cannot afford mammography at all; others need evidence to allow them to decide whether to intro-
duce mamography or clinical breast examination. Multi-country studies would be feasible in some regions of the world. 
Therefore: 

• a randomized trial of clinical breast examination versus no screening should be conducted in a country or countries 
where resources are unlikely to permit implementation of mammographic screening in the foreseeable future, and 

• a randomized trial of clinical breast examination versus mammography should be conducted in a country or 
countries where resources may permit some mammographic screening but are insufficient to cover the entire popu-
lation at risk. 

Breast self-examination 

The efficacy of the practice of breast self-examination in reducing mortality from breast cancer is unproven. It is 
unlikely that teaching breast self-examination as the sole method for breast cancer screening would reduce mortality 
from this disease. It could, however, be a useful adjunct to screening by other means, by allowing detection of interval 
cancers earlier. Therefore: 

• a randomized trial should be conducted of the efficacy of breast self-examination versus no breast self-examination 
in detecting interval cancers in women who receive periodic mammographic screening. 

Consequences of diagnosis of breast cancer 

By leading to earlier diagnosis of breast cancer, screening lengthens the period during which a woman lives with the 
knowledge that she has or has had cancer, whether ot not her life is actually lengthened as a result of the earlier diagno-
sis. To better understand the consequences of longer life with breast cancer: 

• studies should be conducted to evaluate the psychological and physical consequences of living with a 
diagnosis of breast cancer and the sequelae of treatment for breast cancer. 

Biology of breast tumours in relation to screening 

The natural history of breast cancer and its relevance for screening programmes are not yet fully understood. Studies 
should therefore be conducted: 

• to study the natural history of ductal carcinoma in situ of various grades; 
• to evaluate the likely impact of detection and treatment of ductal carcinoma in situ on the incidence of invasive cancer; 
• to improve differentiation of high-grade and low-grade ductal carcinoma in situ during reading of mammograms. 

There is probably wide heterogeneity in the malignant potential of the many small invasive tumours detected by 
screening. Molecular and histological markers might be useful in classifying such small cancers according to their malig-
nant potential and thus to allow treatment to be designed in accordance with the expected behaviour of the cancer. 
Therefore: 

• rigorous studies should be done of the predictive value of combinations of histological and recent molecular markers 
for the behaviour and outcome of small invasive breast cancers; and 

• measurement of promising markers should be included in clinical trials of treatment of small invasive breast cancers, 
to determine whether some categories of cancers defined by these markers could be treated less aggressively with-
out loss of efficacy. 
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Recommendations 

New techniques 

Mammographic screening has imperfect sensitivity and specificity. The sensitivity, specificity and cost—effectiveness of 
new screening modalities should be compared with those of mammographic screening. Studies with rigorous designs 
should be conducted to evaluate: 

• the effectiveness of new techniques, including magnetic resonance imaging, full-field digital mammography and 
positron emission tomography; 

• the use of ultrasound as a screening modality in conjunction with mammography for women with dense breasts; and 
• the usefulness of computer-assisted diagnosis in combination with full-field digital mammography: its impact on sen-

sitivity and specificity, possible use as a 'second reader' and interaction with the 'experience' of film readers. 

Women at high risk 

The issues for high-risk women associated with participating in mammographic screening should be better understood. 
Mammographic screening has potentially adverse effects on women with a genetic predisposition to breast cancer. 
Studies should be conducted: 

• to identify high-risk women, with a variety of methods for estimating risk, including family history, results of genetic 
tests, nipple aspirates and biological markers; and 

• on the use of density and characteristics of calcifications and other initial mammographic images as sensitive mark-
ers for estimating future risk and adapting screening. 
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Public health recommendations 

Information systems 

Before establishing a new screening programme: 

Surveillance systems should be ideally available to provide estimates of incidence, morbidity, survival and mortality 
from breast cancer in the community and its impact on the health status of the population, and to allow follow-up to 
ensure that women are treated. 
Information systems should be in place to measure rates of participation, cancer detection, interval cancers and 
deaths from breast cancer. This can be done in the absence of a full cancer registry. 
Efforts should be made to establish standard approaches to reporting breast cancer by agreed protocols, including: 
stage of cancer, tumour size, histological grading and differentiation of both invasive and in-situ cancers. 

Implementation of mammographic screening programmes 

Women should be given information about the potential harms and benefits of mammographic screening to enable 
them to make an informed decision about whether to participate. 
Mammography equipment should be monitored regularly and the radiation emitted minimized, while preserving the 
sensitivity to detect cancer. 
Screening programmes should be implemented, where possible, in a step-wise fashion, for example by introducing 
mammography in selected geographical areas or inviting women by birth cohort. This approach will help to circum-
scibe the scope of the programme in its early stages, ensuring that the available resources are not overwhelmed. In 
addition, it would provide a temporary control group for determining the effectiveness of the programme. 
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Glossary 

Background incidence rate: 	 The breast cancer incidence rate expected in the absence of screening 

Invasive breast cancer detection 	The number of histologically proven malignant lesions of the breast (invasive) 
rate: 	 detected at screening per 1000 women 

Total breast cancer detection rate: 	The number of histologically proven malignant lesions of the breast: in-situ (ductal 
only, not lobular) and invasive detected at screening per 1000 women 

Breast cancer incidence rate: 	The rate at which new cases of breast cancer occurs in a population. The numera- 
tor is the number of newly diagnosed cases of breast cancer that occurs in a 
defined period. The denominator is the population at risk of a diagnosis of breast 
cancer during this defined period, sometimes expressed in person-time. 

Breast cancer mortality rate: 	The rate at which deaths from breast cancer occur in a population. The numerator 
is the number of breast cancer deaths that occurs in a defined time period. The 
denominator is the population at risk of dying from breast cancer during this defined 
period, sometimes expressed as person—time. 

Breast cancer register: 	 Recording of information on all new cases of and deaths from breast cancer occur- 
ring in a defined population 

Delay time: 	 The time between when a cancer could be detected by screening and when it is 
actually detected 

Efficacy: 	 The reduction in breast cancer mortality in randomized trials, under ideal conditions 

Effectiveness: 	 The reduction in breast cancer mortality in screening practice, under real conditions 

Eligible population: 	 The adjusted target population, i.e. the target population minus those women who 
are excluded according to screening policy on the basis of eligibility criteria other 
than age, sex and geographical location 

Further assessment: 	 Additional diagnostic steps (either non-invasive or invasive) performed to clarify the 
nature of an abnormality detected at screening, either at the time of screening or on 
recall 

Interval cancer: 	 A primary breast cancer diagnosed in a woman who had a result in a screening test, 
with or without further assessment, that was negative for malignancy, either: 

• before the next invitation to screening was due or 
• within a period equal to a screening interval for a woman who has reached the 
upper age limit for screening 

219 



IARC Handbooks of Cancer Prevention, Volume 7: Breast Cancer Screening 

Interval cancer rate: 	 The number of interval cancers diagnosed within a defined period since the last 
negative result in a screening examination per 1000 women with negative results 

Lead time: 	 Period between when a cancer is found by screening and when it would be detect- 
ed from clinical signs and symptoms (not directly observable) 

Length bias: 	 The bias towards detection of cancers with longer sojourn times and therefore a 
better prognosis by screening 

Open biopsy: 	 Surgical removal of (part of) a breast lesion 

Organized screening: 	 Screening programmes organized at national or regional level, with an explicit poli- 
cy, a team responsible for organization and for health care and a structure for 
quality assurance 

Opportunistic screening: 	 Screening outside an organized or population-based screening programme, as a 
result of e.g. a recommendation made during a routine medical consultation, con-
sultation for an unrelated condition, on the basis of a possibly increased risk for 
developing breast cancer (family history or other known risk factor) or by self-referral 

Overdiagnosis: 	 Detection of breast cancers that might never have progressed to become sympto- 
matic during a woman's life 

Participation rate: 	 Number of women who have a screening test as a proportion of all women who are 
invited to attend for screening 

Population access: Proportion of the national population of elegible women who have access to a 
screening programme 

Positive predictive value: Proportion of all positive results at screening that lead to a diagnosis of cancer 

Recall: Physical recall of women to the screening unit, as a consequence of the screening 
examination, for: 

• a repeat mammogram because of technical inadequacy of the screening 
mammogram (technical recall); or 

• clarification of a perceived abnormality detected at screening, by performance 
of an additional procedure (recall for further assessment). 

Recall rate: The number of women recalled for further assessment as a proportion of all women 
who were screened 

Refined mortality: 	 Mortality rate among women, excluding those in whom breast cancer was diag- 
nosed before screening began 

Screening interval: 	 Fixed interval between routine screenings decided upon in each programme, 
depending on screening policy 

Screening policy: 	 Specific policy of a screening programme which dictates the targeted age and sex 
group, the geographical area, the screening interval (usually 2 or 3 years), etc. 
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Screening test: 	 Test applied to all women in a programme, consisting of a single or two-view mam- 
mogram with or without clinical examination 

Sensitivity: 	 The proportion of truly diseased persons in the screened population who are iden- 
tified as diseased by the screening test. The more general expression for 'sensitiv-
ity of the screening programme' refers to the ratio of true positives (breast cancers 
correctly identified at the screening examination) f true positives + false negatives 
(breast cancers not identified at the screening examination, detected as interval 
cases). 

Sojourn time: 	 Detectable preclinical phase; time between that at which a tumour could be found 
by screening and that at which it would appear symptomatically (not directly observ-
able) 

Specificity: 	 Proportion of truly non-diseased persons in the screened population who are iden- 
tified as non-diseased by the screening test (i.e. true negatives f true negatives + 
false positives) 

Target population: 	 The age-eligible population for screening, e.g. all women offered screening 
according to the policy 
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Working Procedures 

Prevention of cancer is one of the key 
objectives of IARC. Secondary preven-
tion by early diagnosis and screening in 
non-symptomatic individuals is a funda-
mental component of any cancer control 
programme. The aim of secondary 
prevention is to reduce mortality and 
suffering from the disease. When 
screening is planned as part of a cancer 
control programme, only strategies 
proved to be effective should be pro-
posed to the general population. 
Screening usually requires repeated 
interactions between healthy' individu-
als and health care providers, which 
can be inconvenient and costly. 
Furthermore, screening requires an 
ongoing commitment between the public 
and health care providers. 

Scope 
Cochrane (1972) first discussed the 
concepts of efficacy and effectiveness in 
the context of health interventions. 
Efficacy was later defined by Last (1995) 
as "the extent to which a specific inter-
vention, procedure or service produces 
a beneficial result under ideal circum-
stances". In contrast, the related term 
"effectiveness" is defined by the same 
author as "... a measure of the extent to 
which a specific intervention, procedure, 
regimen or service, when deployed in 
the field in routine circumstances, does 
what it is intended to do for a specific 
population." The distinction between effi-
cacy as measured in experimental stud-
ies and the effectiveness of a mass pop-
ulation intervention is a crucial one for 
public health decision-making. In 
particular, the fact that the effectiveness 
of a screening procedure may be differ- 

ent in different populations is often over-
looked. A mass programme of screening 
must satisfy certain minimal require-
ments (e.g. acceptability, availability of 
relevant personnel, facilities for screen-
ing and access to pertinent health ser-
vices) if it is to achieve the results that 
have been documented in randomized 
trials. The acceptance and use of 
screening services may vary from one 
population to another, implying that a 
given screening procedure is not univer-
sally effective. Even when a screening 
procedure is effective as a mass inter-
vention, other outcomes such as harms 
and costs and the potential for other 
interventions to achieve equivalent ben-
efits must be considered. 

Efficacy is a necessary but not a 
sufficient basis for recommending 
screening. The efficacy of a screening 
procedure can be inferred if effective-
ness can be proven. Screening has 
sometimes been implemented by a 
given procedure on the assumption that 
'earlier is better', even when no evi-
dence of efficacy was available. If such 
interventions result in a significant 
reduction in mortality that cannot other-
wise be explained (by reduced inci-
dence, due perhaps to primary preven-
tion or better treatment), it can be 
inferred that the procedure is effective. 
However, uncontrolled interventions in 
which individuals are exposed to 
unknown risks and benefits should be 
avoided. 

Objectives 
The objectives of the Working Group 
are: 

(1) to evaluate the strength of the 
evidence for the efficacy of a screen-
ing procedure; 

(2) to assess the effectiveness of 
defined screening interventions in 
defined populations; 

(3) to assess the balance of benefit and 
harm in target populations; and 

(4) to formulate recommendations for 
further research and for public health 
action. 

The conclusions of the Working Group 
are published as a volume in the series 
of the IARC Handbooks of Cancer 
Prevention. 

Working groups 
An international working group of 
experts is convened by the IARC. The 
tasks of the group are: 

(1) to ascertain that all appropriate data 
have been retrieved; 

(2) to select the data relevant for evalu-
ation on the basis of scientific merit; 

(3) to prepare accurate reviews of data 
to allow the reader to follow the rea-
soning of the working group; 

(4) to evaluate the efficacy and effec-
tiveness of the screening procedure; 

(5) to summarize the potential adverse 
consequences of screening; 

(6) to prepare recommendations for 
research and for public health 
action; and 

(7) to prepare an overall evaluation of 
the screening procedure at the pop-
ulation level. 

Approximately 13 months before a 
working group meets, the topics of the 
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Handbook are announced, and prospec-
tive participants are selected by IARC 
staff in consultation with other experts. 
Subsequently, relevant data are collect-
ed by the IARC from all available 
sources of published information. 
Working Group participants who con-
tributed to the considerations and evalu-
ations within a particular handbook are 
listed, with their addresses, at the begin-
ning of each publication. Each partici-
pant serves as an independent scientist 
and not as a representative of any orga-
nization, government or industry. They 
are expected to put aside any stake they 
may have in a particular outcome and to 
evaluate the evidence objectively and 
with scientific rigour. Scientists nominat-
ed by national and international agen-
cies, industrial associations and con-
sumer and/or environmental organiza-
tions may be invited as observers. IARC 
staff members involved in the prepara-
tion of the handbook are listed. 

About eight months before the meet-
ing, the material collected is sent to 
meeting participants who are asked to 
prepare sections for the first drafts of the 
handbook. These drafts are then 
compiled by IARC staff and sent, before 
the meeting, to all participants of the 
working group for review. 

Data for handbooks 
The handbooks do not necessarily cite 
all of the literature on the agent or strat-
egy being evaluated. Only those data 
considered by the working group to be 
relevant to making the evaluation are 
included. Meeting abstracts and other 
reports that do not provide sufficient 
detail upon which to base an assess-
ment of their quality are generally not 
considered. 

With regard to reports of basic scien-
tific research, epidemiological studies 
and clinical trials, only those that have 
been published or accepted for publica-
tion in the openly available scientific lit-
erature are reviewed by the working 
group. In certain instances, government  

agency reports that have undergone 
peer review and are widely available are 
considered. Exceptions may be made 
ad hoc to include unpublished reports 
that are in their final form and publicly 
available, if their inclusion is considered 
pertinent to making a final evaluation. 

The available studies are summa-
rized by the working group. In general, 
numerical findings are indicated as they 
appear in the original report; units are 
converted when necessary for easier 
comparison. The working group may 
conduct additional analyses of the pub-
lished data and use them in their 
assessment of the evidence. These 
analyses are described in the handbook. 
Important aspects of a study, directly 
impinging on its interpretation, are 
brought to the attention of the reader. 

Evaluation of screening 
The framework of a handbook on 
screening includes the following nine 
chapters: 

Chapter 1. Disease 
characteristics, global burden 
and rationale for screening 

Descriptive epidemiology 
The purpose of this section is to docu-
ment the importance of the disease in 
the context of the general health status 
of different populations. The worldwide 
burden of the cancer is described (mor-
tality, incidence, prevalence and survival 
rates) and integrated with measures of 
the occurrence of cancers at other sites, 
of mortality from all causes and life 
expectancy. Expected trends in the 
absence of screening are a relevant 
component of this section. 

Natural history of the disease as 
relevant to screening 
In this section, the natural history of the 
disease of interest and the relevance 
and potential of screening for early 
detection and for reducing mortality are 
described. Evolving concepts and 

principles pertinent to screening are also 
discussed. 

There is now a wealth of evidence 
(both direct and indirect) to support the 
principle that screening and detection of 
certain cancers in appropriate target 
populations are associated with a lower 
probability of dying from the disease. 
The scheme (on the next page) illus-
trates the temporal framework common-
ly subscribed to in modern screening 
models 

It should be noted that early 
diagnosis, due to greater awareness 
and improved access to appropriate 
medical services, has resulted in many 
countries in a reduction in diagnostic 
delay, probably reducing mortality. As a 
consequence, symptomatic cancers are 
frequently diagnosed and treated early 
after the onset of symptoms in many 
developed nations. In such instances, 
screening for the disease will improve 
outcomes (such as a reduction in mor-
tality) only if treatment of the disease at 
an even earlier phase in its development 
provides additional benefit. The rapid 
evolution of molecular or genetic 
markers of pre-malignant conditions or 
individuals at 'high risk' has modified the 
concepts of 'disease onset' and 'lead 
time'. Hence, the model outlined above 
may require adaptation or development 
to allow for detection of pre-clinical 
conditions of undetermined significance 
(including serological and molecular 
markers and genetic predisposition), if 
they are relevant for screening for the 
cancer in question. 

Chapter 2. Screening tests 
It is important to distinguish between 
screening tests and screening proce-
dures, i.e. the test itself and the way in 
which it is administered. The two merit 
separate, detailed evaluation. Each of 
the screening tests to be considered is 
described. The ability of each test to 
detect cancer and to distinguish cancer 
from non-cancer conditions will be 
assessed as: 
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Lead time 

Symptoms 	 Death 
Onset 

the validity of the test, expressed as 
its sensitivity and specificity under 
various conditions; 
all known or potential side-effects; 
and 
the cost of the test when imple-
mented in mass screening pro-
grammes. 

Chapter 3. Delivery and 
uptake of screening 
Information on how screening is deliv-
ered in different countries is reviewed in 
this section, with emphasis on the fol-
lowing aspects: 

infrastructure for diagnosis and 
treatment: the nature of standard 
diagnostic procedures and treatment 
regimens and their availability to the 
target population; 
extent of population coverage and 
participation rates; 
equity, as defined by the extent to 
which access to the procedure 
(including diagnostic investigation 
and treatment) is ensured for all 
eligible individuals, irrespective of 
any personal characteristics; 
informed decision and informed 
consent: the extent to which individ-
ual values are respected when 
information on potential benefit and 
harms is conveyed; and 

Pre-clinical detectable phase 

Screening 

behavioural and demographic 
considerations that affect participa-
tion in screening. 

Chapter 4. Efficacy of 
screening tests 
In this section, evidence from experi-
mental and observational studies is 
reviewed, and aspects of study design 
and analysis are critically discussed. 

The handbooks are not intended to 
summarize all published studies. The 
working group considers the following 
aspects: 

(1) the relevance of the study; 
(2) the appropriateness of the design 

and analysis to the question being 
asked; 

(3) the adequacy and completeness of 
the presentation of the data; and 

(4) the degree to which chance, bias and 
confounding may have affected the 
results. 

Studies that are judged to be inade-
quate or irrelevant to the evaluation are 
generally omitted. They may be 
mentioned briefly (i) when the informa-
tion is considered to be a useful supple-
ment to that in other reports, (ii) if they 
provide the only data available or (iii), in 
exceptional cases, if they have been 
widely perceived as being pertinent but 
are deemed otherwise by the Working 

Group. Their inclusion does not imply 
acceptance of the adequacy of the study 
design nor of the analysis and 
interpretation of the results, and their 
limitations are outlined. 

The appropriate outcome(s) (mortali-
ty or incidence) of a given procedure, 
e.g. the detectable phase(s) of the 
natural history of the disease, are also 
defined. Aspects that are particularly 
important in evaluating experimental 
studies are: the selection of participants, 
the nature and adequacy of the 
randomization procedure, evidence that 
randomization achieved an adequate 
balance between the groups, the 
exclusion criteria used before and after 
randomization, compliance with the 
intervention in the screened group 
and 'contamination' with the intervention 
in the control group. Other considera-
tions are the means by which the end-
point was determined and validated 
(either by screening or by other means 
of detection of the disease), the length 
and completeness of follow-up of the 
groups and the adequacy of the 
analysis. 

Whenever possible, similar criteria 
should be used to evaluate non-experi-
mental comparative studies. 

In the Working Group's analysis of 
the efficacy of the screening procedure, 
a meta-analysis may be used, when 
applicable. 

225 



IARC Handbooks of Cancer Prevention, Volume 7: Breast Cancer Screening 

In evaluating case—control and cohort 
studies, particular attention is paid to the 
definition of cases, controls and expo-
sure and, for cohort studies, the length 
and completeness of follow-up. Potential 
bias, especially selection bias, is 
carefully examined in all observational 
studies. 

Chapter 5. Effectiveness of 
population-based screening 
The impact of the screening procedure 
when implemented in defined popula-
tions is examined in this section. 
Indicators used to monitor effectiveness, 
such as positive and negative predictive 
values, detection rate, rates of interval 
cancers and the number of tests 
performed, are reported. Time trends 
before and after implementation of 
screening as well as geographical 
comparisons of the occurrence of the 
disease and death from the disease in 
populations exposed and not exposed to 
screening are reviewed and interpreted. 
In doing this, the Working Group takes 
into account differences in screening 
procedures (e.g. frequency and the age 
of the target population) and of partici-
pation rates. 

An integral component of this section 
is an evaluation of the benefits and 
harms of the screening procedure to the 
population. Reductions in mortality 
and/or incidence of invasive disease are 
fundamental measures of benefit. A 
reduction in the cumulative prevalence 
of advanced disease may be a useful 
predictor of a reduction in mortality from 
the disease. An additional benefit may 
be that more cases can be treated by 
less 	aggressive, 	less 	invasive 
procedures, thus improving the quality 
of life. 

The spectrum of health care is 
dynamic, and a screening procedure 
should not be viewed in isolation. 
Greater awareness of the disease, 
brought about by publicity about 
screening that may result in early 
diagnosis, could be regarded as another  

benefit of a screening programme. This 
section should also consider the 
possibility that there might have been a 
change in treatment of the cancer, 
which even in the absence of screening 
would have resulted in a substantial 
decrease in mortality. As far as possible, 
an evaluation should be made of 
the extent to which improved treatment 
has been responsible for any changes 
seen in mortality from the specific 
disease. 

Estimates of the rates of false-
positive and false-negative findings in 
screened individuals and their 
consequences (false sense of security 
with false-negatives and false alarm 
with false-positives) are an integral part 
of this section. The rates of short- and 
long-term side-effects and the possibility 
of unnecessary treatment of borderline 
or indolent cases detected at screening 
are discussed. Management procedures 
for lesions detected at screening are 
reviewed. Psychological factors, such as 
anxiety induced by undergoing the test 
procedure, are also considered. 

Chapter 6. Cost-effectiveness 
of population-based screening 
In this section, the cost-effectiveness of 
various modalities of test administration 
in various settings is considered. The 
discussion takes into account the costs 
per case detected and per death pre-
vented. 

Chapter 7. Summary of data 
In this section, the relevant data are 
summarized. Inadequate studies identi-
fied in the preceding text are generally 
not included. 

Chapter 8. Evaluation 

Evaluation of the efficacy of the 
screening procedure 
An evaluation of the degree of evidence 
for the efficacy of a screening procedure 
is formulated according to the following 
definitions: 

Sufficient evidence of the efficacy of 
cancer-preventive activity will apply 
when screening interventions by a 
defined procedure are consistently 
associated with a reduction in mortality 
from the cancer and/or a reduction in the 
incidence of invasive cancer, and 
chance and bias can be ruled out with 
reasonable confidence. 

Limited evidence of the efficacy of 
cancer-preventive activity will apply 
when screening interventions by a 
defined procedure are associated with a 
reduction in mortality from the cancer 
and/or a reduction in the incidence of 
invasive cancer or a reduction in the 
incidence of clinically advanced cancer, 
but bias or confounding cannot be ruled 
out with reasonable confidence as 
alternative explanations for these 
associations. 

Inadequate evidence of the efficacy 
of cancer-preventive activity will apply 
when data are lacking or when the 
available information is insufficient or too 
heterogeneous to allow an evaluation. 

Sufficient evidence that the screen-
ing procedure is not efficacious in can-
cer prevention will apply when any of the 
following cases hold: 

the test does not result in earlier 
diagnosis than with standard tests 
already in use; 
the survival of cases detected at 
screening is no better than that of 
cases diagnosed routinely; 
the screening interventions are 
consistently associated with no 
reduction in mortality from the 
cancer, and bias can be ruled out 
with reasonable confidence. 

In case of limited or inadequate 
evidence, the Working Group should 
highlight those aspects of the procedure 
for which information is lacking and 
which led to the uncertainty in evalua-
tion. This will provide indications of 
research priorities. 
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Overall evaluation 
Finally, the body of evidence is consid-
ered as a whole, and summary state-
ments are made about the cancer-pre-
ventive effects of the screening interven-
tion in humans and other beneficial or 
adverse effects, as appropriate. The 
overall evaluation is usually in the form 
of a narrative. The data on the effective-
ness of the screening intervention are 
summarized, including the factors that 
determine its success and failure under 

routine conditions. Finally, the balance 
between expected benefit and harm is 
described. 

Chapter 9. Recommendations 
After its review of the data and its delib-
erations, the working group formulates 
recommendations, where applicable, 
for: 
• further research and 
• public health action. 
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