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BSE = breast self examination

CI = confidence interval

CNB = core needle biopsy

DCIS = ductal carcinoma in situ
FNAB = fine needle aspiration biopsy
FNAC = fine needle aspiration cytology

HRT = hormone replacement therapy
MR = magnetic resonance imaging
OR = odds ratio

TIS = tumour in situ

UsS = ultrasonography



1 Introduction

Breast cancer is the most common cancer in Finland (Finnish Cancer Registry 2000)
and worldwide the most common cancer in women (Kelsey and Bernstein 1996). Every
year new breast cancer is diagnosed in over 3 400 Finnish women and 10-20 men
(Finnish Cancer Registry 2000). Over 800 patients die yearly from breast cancer.
However, the survival of breast cancer patients has been improving in the last four
decades (Dickman et al. 1999). Early diagnosis is one means to lower breast cancer
mortality. Breast self examination (BSE) has been shown to lower breast cancer
mortality among compliers in one study in Finland (Géstrin 1994). In the UK Trial of
Early Detection of Breast Cancer (TEDBC) the effect of mammography screening and
education about breast self-examination was studied in a non-randomized setting. No
reduction of breast cancer mortality was observed due to breast self-examination (Moss
et al. 1999). Some other studies have also failed to show clear evidence to either
confirm or deny the efficacy of BSE as an intervention to reduce breast cancer mortality
(Auvinen et al. 1996, Hider and Nicholas 1999). However, BSE is a means to make
women more "breast aware" (Austoker 1994) and perharps to avoid tumour growth to
inoperable size. There is also little evidence of the effect of clinical breast examination
alone on breast cancer mortality (Barton et al. 1999).

Mammography screening has been shown in many studies to decrease breast
cancer mortality at least in women older than 50 years (Shapiro et al. 1982, Eddy 1989,
Duffy et al. 1991, Nystrom et al. 1993, de Koning et al. 1995, Kerlikowske et al. 1995,
Larsson et al. 1996, van Dijk et al. 1996, Frisell et al. 1997, Tabar et al. 1997,
Alexander et al. 1999, Given-Wilson et al. 1999, Blanks et al. 2000, de Koning 2000).
The effectiveness of screening for breast cancer as a public health policy was
demonstrated in Finland (Hakama et al. 1997). There are some trials which also show an
effect on breast cancer mortality for younger women (Kopans et al. 1996, Thurfjell and
Lindgren 1996, Bjurstam et al. 1997, Kopans 1997a, UK Trial of Early Detection of
Breast Cancer Group 1999, Andersson 2000).

Tumours are found clinically in women not covered by or attending the screening
programme. Clinical mammography also has major importance in detecting breast
cancer when small and curable. Even if there is a palpable mass or verified breast cancer
in the breast, it is important to use mammography to screen the remainder of both
breasts for nonpalpable cancer (Robidoux et al. 1997, Rosen et al. 1999). Ultrasono-
graphy has a major role as a complementary examination to mammography (Moss et al.
1999, Zonderland et al. 1999). There may be considerable interobserver variation in the
interpretation of both mammography and US (Skaane et. al. 1997, Skaane et al. 1999),

thereby having a noteworthy effect on the sensitivity of these examinations. It is a well-



known fact in radiology that some originally undetected tumours are visible in
retrospective review of mammograms (Harvey et al. 1993, Jones et al. 1996). These
tumours may be of great medical-legal significance (Berlin 2001). The proportion
reported of such tumours varies between studies.

With fine needle biopsy the cytology and with core needle biopsy the histology of
the tumour can be verified before open biopsy. The sensitivity of these examinations
determines how small the tumour is when found and how effective the diagnostic
procedure is.

The purpose of this thesis is to evaluate the sensitivity of breast cancer diagnostics

as well as the proportion of restrospectively visible tumours.



2 Review of the literature

2.1 Mammographic appearance of breast cancer versus benign
breast abnormalities

Benign and malignant tumors are shown in mammography mainly as densities or
microcalcifications. Breast cancer is a rare condition in male population. Mammo-
graphically the same characteristics are observed in men with breast cancer as in women
(Barth and Prechtel 1991, Stewart et al. 1997), but the smaller breast size makes
mammography imaging technically difficult and also complicates the interpretation of

mammograms.

Densities

Dense, irregular mass with spiculated margin (stellate lesion) can be regarded as typical
for malignancy. A postoperative scar may give almost a similar picture and sometimes
differential diagnosis between scar and recurrent tumour may cause difficulties
(Stomper et al. 1988, Kopans 1998). Radial scar and fat necrosis may also appear like a
stellate lesion in mammography. New or growing masses are malignant suspect, but
also some benign abnormalities, like fibroadenomas may appear or grow (Kopans
1998). Lesions with ill-defined or microlobulated margins and density increasing over
time should arouse suspicion of malignancy (Kopans 1998). Halo-sign, a narrow
radiolucent ring or a segment of a ring aroud the periphery of a lesion, is typical for a
benign lesion with three exceptions: intracystic carcinoma, papillary carcinoma and
carcinoma in a fibroadenoma may have a halo-sign (Tabar and Dean 1983). Solitary
sharp circumscribed low density mass is probably benign. Mammography, however,
cannot differentiate, for example, a cyst from a solid lesion and mammography can

rarely be relied on to make a conclusive diagnosis of a benign process (Kopans 1998).

Microcalcifications

Casting type ductal calcifications are built of fine, linear, branching calcification
fragments, that differ in density, length and outline and form the most typical and
reliable sign of intraductal carcinoma (Tabar and Dean 1983). Clustered tiny, dotlike

innumerable and irregularly grouped calcifications resembling fine grains of salt or



powdery calcifications are also malignant suspect (Tabar and Dean 1983). In differential
diagnosis of benign and malignant calcification the form of the microcalcification
cluster is also helpful and a triangular shape helps to differentiate comedocarcinoma
from a calcifying fibroadenoma (Lanay 1986). Lesions with changing calcifications
should arouse suspicion of malignancy (Kopans 1998). Round, regular clustered
calcifications are probably benign.

Indirect signs

New architectural distortion and a distorted edge should arouse suspicion of
malignancy. Asymmetric breast tissue, ducts or veins, skin and trabecular thickening,
nipple retraction, deviation or inversion and enlarged axillary lymph nodes support the
possibility of malignancy (Kopans 1998).

Mammographic-histologic correlation

Mammography finding of breast cancer depends on the histological subtype of the
tumour (Le Gal et al. 1992, Newstead et al. 1992). There are three major subtypes of
noninvasive, or in situ carcinoma (Rubin and Farber 1988). The most common of these
is intraductal carcinoma or ductal carcinoma in situ (DCIS). Microcalcifications without
or with a tumour mass are the most important mammographic findings of DCIS
(Dershaw et al. 1989). Lobular carcinoma in situ has no specific mammography finding
(Sonnenfeld et al. 1991) and it is found periodically when a palpable mass or benign
mammographic abnormality is removed. Intraductal papillary carcinoma is a rare
condition (Rubin and Farber 1988).

Almost 90% of all invasive breast cancers are of the invasive ductal type (Rubin
and Farber 1988). Invasive ductal carcinoma appears in mammography as spiculated or
ill-defined mass with or without microcalcifications or as microcalcifications only
(Newstead et al. 1992, Rothman et al. 1996).

Because of the diffuse growth pattern and tendency to form lesions with opacity
equal to or less that of the parenchyma, invasive lobular carcinoma can be extremely
difficult to detect mammographically (Hilleren et al. 1991).

Medullary carcinoma is usually an uncalcified mass with indistinct or
circumscribred borders in mammography (Liberman et al. 1996), and it may mimic a
benign mass both in mammography and US (Meyer et al. 1989). Mucinous carcinoma

may also resemble a benign mass and appears as a well-circumscribed, round or oval,



"soft" density in mammography. Tubular carcinoma shows a small stellate density in

mammography.

Mammography techniques and interpretation

Special mammography views (spot compression-magnification and tangential views)
may help in differentiating benign from malignant lesions. Faulk and Sickles (1992)
evaluated the role of special mammographic views in examining palpable breast masses.
Special views depicted 9% of palpable masses not seen on standard views (cranio-
caudal and mediolateral or mediolateral oblique views). Special views allowed correct
prediction of benign or malignant status in 77% of cases while standard views allowed
correct prediction in 69% of cases. Berkowitz et al. (1989) found 8 (11%) lesions of 75
to be more suspicious on spot compression views than in standard projections and all of
them were cancers on biopsy. Microfocus magnification mammogram is essential by
analysing microcalcifications (Tabar and Dean 1983).

Mammography interpretation varies among individuals. Linver et al. (1992)
concluded that dedicated mammography courses can help improve radiologists'
performance and alter their interpretive approach. However, even with best technical
quality of mammograms and skills of the radiologist not all breast cancers are visible in
mammography. Coveney et al. (1994) reported 16.5% false negative mammograms in

patients with palpable breast cancer.

2.2 Breast density

On the basis of its mammographic appearance, the breast can be considered to have two
major components: fibroglandular tissue and fat. Fibroglandular tissue is a mixture of
fibrous connective tissue (the stroma) and glandular tissue (epithelial cells that line the
ducts). Fat is more radiolucent than fibroglandular tissue and appears darker in
mammography. Regions of brightness associated with fibroglandular tissue are referred
to as mammograpic density (Byng et al. 1998). The breast size and density of woman
varies during lifetime and those differ considerably among individuals (Warner et al.
1992). In the breast there are both translucent and dense areas to an individually varying
degree (Barth and Prechtel 1991).

The breast parechymal patterns or the breast density have been classified in
different ways in different numbers of categories. In the 1970’s Wolfe (1976a, 1976b)

classified breast into four density classes by visual pattern reading. Breast parenchymal
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density has also been classified in percentages (Wolfe et al. 1986). Threatt et al. (1980)
classified breast into three major density classes: lucent, intermediate and dense. Tabar
classified breast parenchymal patterns into five groups based on anatomic-mammo-
graphic correlations, following three-dimensional (thick slice technique) histopatho-
logic-mammographic comparisons (Gram et al. 1997). To evaluate the association
between mammographic density and breast cancer risk, a simple, observer-assisted
technique called interactive thresholding was developed. This allows reliable
quantitative assessment of mammographic density from digitized mammograms using a
computer workstation (Byng et al 1998, van Gils 1998).

The age of the patient influences breast parenchymal density significantly.
Stomper et al. (1996) found in the age cohort 25 through 29 years old 38%
predominantly fatty breasts compared to age cohort 75-79 years old with 76% fatty
breasts. Salminen et al. (1998b) found incidence of fatty breast to increase with
increasing age in a population based follow-up study of mammography screening.
Incidence of fatty breast was almost two times higher among women aged 45 or more
compared to women under 45.

Hormone contraceptives may reduce (Spicer et al. 1994) and hormone
replacement therapy (HRT) may increase mammographic density (Berkowitz et al.
1990, Stomper et al. 1990, Kaufman et al. 1991, McNicholas et al. 1994, Laya et al.
1995, Persson et al. 1997, Salminen et al. 1999, Schairer et al. 2000). HRT may increase
the size of fibroadenomas and cysts (Cyrlak and Wong 1993), the recall rate in
screening (Litherland et al. 1997) and the amount of interval cancers (Litherland et al.
1999). In 1988-1993 in the West of Scotland 12% of women with screen-detected
cancers and 22% of women with interval cancers were using HRT. The relative risk of
an interval cancer arising in the first year after screening for a woman on HRT was over
twofold compared to women without HRT (Litherland et al. 1999). Dense breast
parenchymal pattern may be a contraindication for HRT (Salminen et al. 2000, Schairer
et al. 2000), but there is no total agreement on the real influence of the risks and benefits
of HRT. Further evaluation is needed (Colditz et al. 1990, Thurfjell et al. 1997, Colditz
1998).

Ever since Wolfe’s publication there has been debate about the significance of
breast parenchymal density. It is still unclear which patterns represent the normal or
which, if any, are abnormal (Kopans 1998). In 1976 Wolfe suggested that the tissue
pattern of the breast, as seen in mammography, might predict a risk for developing
breast cancer. In 1986 Wolfe suggested that women with mammographic densities in at
least 25% of the breast have a significantly elevated risk of 4.3 to 5.5 compared with
women with less than 25% density (Wolfe et al. 1986). Besides him, many other authors

suggest that dense breast parenchyma increases the risk of breast cancer. Salminen et al.
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(1998a) found the age adjusted relative risk of breast cancer to be 2.5 among women
with high-risk mammographic parenchymal patterns (dense to relatively dense) at the
screening preceding cancer diagnosis compared with low-risk patterns (fatty to
relatively fatty). Byng et al. (1998) suggested that mammographic density is one of the
strongest risk factors for breast cancer. Some authors suggest that these patterns do not
constitute a true risk factor, rather the effect is caused by the greater difficulty of
detecting breast cancer in the dense patterns compared with the fatty patterns (Ma et al.
1992, Bird et al. 1992, Sala et al. 1998, van Gils et al. 1998). Whitehead et al. (1985)
found both theories to be true; dense breast parenchyma did have a masking effect, but
it was also a breast cancer risk factor. Boyd et al. (1998) pointed out in their review
article, that studies using quantitative measurement to classify mammographic patterns
have consistently found that women with dense tissue in more than 60-75% of the
breast are at four to six times greater risk of breast cancer than those with no densities.
However, Tabar concluded that even though there is a significantly higher risk of breast
cancer in so called high-risk breasts (dense to relatively dense), more than 72% of the
cancers were found in so-called low-risk breasts (fatty to relatively fatty) (Tabar and
Dean 1982). There is no such combination of breast cancer risk factors which could be

used in selective screening of breast cancer (Soini and Hakama 1978).

2.3 Effectiveness of mammography based breast cancer screening

There are a number of randomized and non-randomized studies of mammography
screening for breast cancer for which mortality data have been published (Shapiro et al.
1982, Andersson et al. 1988, Eddy 1989, Roberts et al. 1990, Duffy et al. 1991,
Nystrom et al. 1993, de Koning et al. 1995, Kerlikowske et al. 1995, Larsson et al.
1996, van Dijck et al. 1996, Frisell et al. 1997, Tabar et al. 1997, Alexander et al. 1999,
Given-Wilson et al. 1999, Blanks et al. 2000). The results of the studies are difficult to
compare because of differences in their settings, attendances, penetrations of inter-
vention into the control group, study design and the number of women years at follow-
up. Despite differences in the design and settings between these studies, it seems
reasonable to conclude that mammography based breast cancer screening results in
significant reduction in breast cancer mortality at least for women over 50 years
(Kopans 1997b). The studies demonstrated an average reduction of about 30% among
women who were offered screening. Recently Tabar et al. (2001) published results from
organized mammography screening in a clinical setting in the two county study in
Sweden. The breast cancer mortality of women who were actually screened during the

period 1988-1996 were compared with breast cancer mortality during the time period
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when no screening was available (i.e. 1968—1977) and 63% mortality reduction was
observed. No significant change in breast carcinoma mortality was observed either
among young women (i.e. aged 20-39) or among the invited non-attenders in the 40—69
year age group.

There has been debate over the drawbacks and benefits of screening for over 30
years (Dilhuydy and Barreau 1997). Recently there has been debate over the
effectiveness of mammography screening, especially because of the article by Gotzsche
and Olsen in spring 2000. They concluded that mammography screening does not
reduce breast cancer mortality. They based their criticism on the assumptions, that
randomisation in mammography screening trials has been weak and on the Canadian
trials (Miller et al. 1992a, Miller et al. 1992b), where no effect on mortality was found.
Other investigators found the weaknesses in the trials to be non-significant, and that the
effectiveness of mammography screening has been proven (de Koning 2000, Screening
mammography re-evaluated 2000). Feig (1999) calculated that 18 900 deaths from
breast cancer could be averted by screening annually 1 million women from age of 40
until age of 74. At that case at most 21.6 excess deaths might be caused by radiation
from mammography.

The clinical value of mammography depends on the age of the patient and is
doubtful among young women (Harris and Jackson 1989). Hindle et al. (1999)
examined 1908 symptomatic women < 35 years old in the period 1992—-1995. They
found no clinically unsuspected cancers by mammography alone; all of the 23 invasive
cancers were palpable. Lannin et al. (1993) reported the sensitivity of mammography in
women less than fifty years of age to be significantly lower than that of older women
(68% versus 91%, p <0.005). Therefore screening women under 50 years is more
controversial and the results in different studies varied concerning mortality reduction
rates. Andersson (2000) found in his review article that trials indicate that screening
women between 40 and 49 with mammography results in a clear mortality benefit. Such
results were obtained in the Gothenburg trial (Bjurstam et al. 1997), in the UK trial,
where no evidence of less benefit in women aged 45—46 at the screening was found (UK
Trial of Early Detection of Breast Cancer Group 1999) in Uppsala, Sweden (Thurfjell et
al. 1996) and in New Mexico (Linver and Paster 1997). Kopans (1997a) concluded in
his overview of the screening trials, that screening 40—49 year-old women is as
important as screening older women; and that there is no abrupt change at the age of 50
years (Kopans et al. 1996). Fletcher et al. (1993), on the contrary, concluded that there
is no benefit from screening in the first 5-7 years after entry for women offered
screening in their forties. Fletcher (1997) stressed that women need age-related
information about both the benefits and potential risks of screening in order to make

appropriate decisions regarding mammography.
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A shorter, i.e. one year screening interval for younger women’s screening has
been recommended (Day and Miller 1988, Tabar et al. 1995, Jansen and Zoetelief
1997). The upper age limit for breast cancer screening has also been discussed (Horton
1993, Boer et al. 1995, Chen et al. 1995, Gabriel et al. 1997, Kerlikowske et al. 1999,
Edwards and Jones 2000) and some benefit has been found up to the age of 79.

The European Union recommends that Member States offer a organised mammo-
graphy screening programme with quality assurance at all levels for asymptomatic
women aged 50—69 years. The screening interval should be 2-3 years. If screening is
offered to women 40—49 years, women should clearly be informed about the possible
benefits and adverse effects of screening. Organised programmes should be set in order
to discourage spontaneous screening in units without adequate quality control systems,
two-view mammography with double reading and 12—18 months’ interval should be
used and data monitoring and proper evaluation should be mandatory (Advisory
Committee on Cancer Prevention 2000).

In 1995 in at least 22 countries there was a national, regional or pilot based
mammography screening programme (Shapiro et al. 1998). The programmes vary in
how they have been organised; guidelines for the lower and upper age limit for
mammography (lowest 40 to 50, upper limit most commonly 69 but in some countries,
for instance in Germany, there is no upper age limit), in screening intervals (1-3 years)
and whether there is breast self examination or clinical breast examination included in
the programme (for instance both in the United States and in the United Kingdom).
Most programmes began in late 1980°s or early 1990’s and the number of countries that
have established or plan to establish breast cancer screening programmes is increasing.
Depending on how the mammography screening programme is organised, the
percentage of target population covered by the programme and the expectations of
coverage vary (Shapiro et al. 1998).

The effectiveness of screening for breast cancer as a public health policy was
demonstrated in Finland (Hakama et al. 1997). In Finland a nationwide population
based screening programme for breast cancer was started in 1987 and gradually
implemented (Hakama et al. 1991, Hakama et al. 1999). The effectiveness in reducing
breast cancer mortality has been assessed initially for the main part of the screening
programme in unique group-randomised design, built-in while implementing the
programme in the late 1980’s. The follow-up during the period 1987-1992, up to five
years from the start, showed an effect of 24% reduction in breast cancer mortality
attributable to screening among those invited. The effect was statistically significant
only among women under 56 at entry (Hakama et al. 1997). There is no reliable data on
the later developments of the effectiveness of the programme, nor data on other centres

not included on the original design.
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From 1987 to 1997 the participation rate in the mammography screening
programme in Finland has been high, around 89% (Pamilo et al. 1993, Dean et al. 1999)
as in the Swedish screening trials (Tabar et al. 1992) and higher than that (75%) in the
United Kingdom (Blanks et al. 2000). No decrease in the course of the programme has
been observed as, for instance in the Netherlands from 88% in the initial screen to over
60% until round eight (Scaf-Klompf et al. 1995). The recall rate decreased from initial
4.7% to 3.3% in the first three years, with little variation thereafter. The biopsy referral
rate also decreased from 1.1% to 0.6% during the first three years with little variation
thereafter. 5 595 breast cancers were operated on (0.4% of those participating) of which
11% were stage 0 or TIS, 29.7% were Stage I <10mm, 26.9% were Stage [ 11-20 mm
and 28.2% were Stage II-IV (Pamilo et al. 1993, Dean et al. 1999).

2.4 Interval cancers

The effectiveness of breast cancer screening measured by reduction in breast cancer
mortality depends on how the screening programme is organised, i.e. how the popu-
lation targetted for screening is defined, attendance rate in screening, cancer detection
rate and number of interval cancers (cancers detected between two screening rounds).
The quality of mammography work up and the clinical work up, i.e. how small
clinically detected breast cancers are found and how effective the treatment of breast
cancer is also have an effect on the success of screening. (de Wolf and Perry 1996)

Interval cancers are a direct indicator of the sensitivity of mammography and the
success of a mammography screening programme (Day 1985). The sensitivity of
mammography is also affected by the biology of the breast (breast parenchymal
density), histology of the tumour (diffuse growth pattern), quality of mammography and
its interpretation. The visibility of breast cancer in earlier mammograms can be also
regarded as a direct indicator of the sensitivity of mammography.

Day et al. (1995) compared interval cancer rates in the Swedish two county study
in the first, second and third years (17%, 30% and 56% of the expected underlying
incidence in the absence of screening) to those in East Anglia, U.K. (24%, 59% and
79%) and concluded that because of higher interval cancer rate the mortality reduction
following screening will be lower in East Anglia (21%) compared to that observed in
Sweden (35%). Frisell et al. (1987) analysed the interval cancers in the first interval in
the Stocholm study and found 1.8 interval cancers per 1 000 examinations in 24 months.
Burrel et al. (1996) reported 8.2 interval cancers per 10 000 women screened in 24
months after screening in Nottingham, U.K. The interval cancer rate depends on the

screening interval (Frisell et al. 1987, Woodman et al. 1995) and on the age group to
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which screening is offered. Klemi et al. (1997) found in a population based screening
422 screen-detected and 104 (25%) interval cancers. In the age group 40—49 years the
interval/screen detect cancer rate was 17/52 (25%) in one-year screening intervals and
17/32 (35%) in three-year screening intervals. Women aged 50—74 years were screened
at 2-year intervals and the responding rate for them was 70/338 (17%).

The sensitivity of mammography screening improves with experience. Denton
and Field (1997) reported improvement during the three years of the first screening
round. Kan et al. (2000) found that the mean standardized abnormal interpretation ratios
and cancer detection ratio improved gradually with the increasing annual reading
volume of the radiologists.

Double reading has been reported to increase the number of breast cancers
detected (Thurfell 1994) and decrease the number of women recalled i.e. to increase
both sensitivity and specifity of screening. According to Anttinen et al. (1993)
independent double reading of mammograms increased the breast cancer detection rate
by 9% and decreased recall rate by 45%. Brown et al. (1996) found a consensus double
reading policy to increase the number of breast cancers detected by 9 per 10 000 women
screened and to decrease the recall rate significantly. There have been experiences
suggesting that the use of a third reader to arbitrate on disagreements reduces
unnecessary recalls (Mucci et al. 1999).

2.5 Retrospective review of mammograms

The amount of retrospectively visible cancers (cancers which were originally not noted
but were visible in retropective review) can be estimated in different ways.
Retrospective review of earlier mammograms can be made blinded or retrospectively,
i.e. with the finding in diagnostic mammograms known or not known and by one or
more radiologists. The number of retrospectively visible carcinomas depends on the
design of the review.

Frisell et al. (1987) found 31/60 of interval cancers to be true interval tumours, i.e.
no sign of them could be found in the first mammogram; the rest, non-true, could be
traced on the first mammogram. Ikeda et al. (1992) reported 94 interval carcinomas with
earlier mammograms available and found that 10 of them were missed (observer’s
error), 63 had no tumour in retrospective review and 21 had subtle signs of malignancy
in earlier mammogram, mostly nonspecific densities or asymmetries. Burrel et al.
(1996) analysed the earlier screening mammograms of 90 interval cancers. Of these 51
were true-positive (mammographic abnormality was seen at the time of symptoms, but

screening mammography was regarded as normal by all four reviewer radiologists), 20

16



were false negative (some of the reviewers would have recalled the patient), 7 were
mammographically occult (no mammographic abnormality at the time of symptoms)
and 12 were unclassified (mammography was not obtained at the time of symptoms).
The most common missed abnormality in the false-negative cases was architectural
distortion. It was found, that prognosis of interval cancers is similar to that in
symptomatic, unscreened tumours and statistically poorer than that of screen-detected
tumours.

Jones et al. (1996) in a blinded review found that 30 (22.6%) out of 133 incident
screening cancers were false negative at the prevalent screen. Of these 25 were earlier
either not noticed or diagnosed as benign and 5 were misdiagnosed on further
assessment. Harvey et al. (1993) reviewed 152 previous mammograms in patients in
whom inpalpable breast carcinomas were subsequently detected on later mammograms.
The earlier studies were interpreted both blinded (without knowledge that carcinoma
was subsequently detected and retrospectively (with the mammogram showing the
carcinoma for comparison). They found 30 (41%) out of 73 previous mammograms
performed 6-39 months before the diagnostic mammograms to have evidence of
carcinoma in blinded review. Out of the remaining 43 mammograms they found some
signs of malignancy in 25 (34%) when preoperative mammograms were shown. Ma et
al. (1992) analysed the mammograms of histologically confirmed breast cancer patients
and found three variables to be associated with failure to detect breast cancer: extensive
parenchymal densities in mammography, a tumour of lobular histology and tumours of
small size.

The Northern Region Breast Screening Audit Group (Simpson et al. 1995) has
developed a method of classifying interval cancers. Each member of the group
independently reads a set of films which contains both interval cancers and controls
from centres other than their own. A cancer is classified as "false negative" only when it
is correctly identified, on the previous screening film, by at least two members of the
group. Analysis of 167 interval cancers showed 46% "true intervals" (cancer was
detected on pre-operative mammogram and was not present on the earlier screening
mammogram), 26% "false negatives", 1.2% technical false negatives (screening
mammogram was technically inadequate), 11% "occult" (clinically detectable but not
shown on pre-operative mammogram), and 16% not classifiable because of incomplete
data. Van Dijck et al. (1993) reviewed the previous screening mammograms of 44
screen-detected and 40 interval cancer cases. They classified 13% of all cases as
"screening error", 38% as "minimal sign present", 43% "radiographically occult" (no
changes at all from the previous mammogram) and 6% as "radiographically occult at

diagnosis".
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Bird et al. (1992) found that missed cancers occured in women with denser
breasts, were less likely to demonstrate malignant microcalcifications and were more
likely to demonstrate a developing opacity than cancers correctly diagnosed at sceening
mammography. Moberg et al. (2000) reported reviewing mammograms of 119 women
with breast cancer and the previous round attendance. The earlier screening mammo-
grams were reviewed by both single and double reading, first mixed with other
screening images and then non-mixed. The proportion of cancers detected on
retrospective review varied between 5% and 50% depending on the reviewing method
used and the number of reviewers included to classify a case as truly identified.
Generally more cancers were detected when non-mixed samples of mammograms were
reviewed than when mixed samples were reviewed (mean increase 23%) and when
interpreted by double reading compared with single reading (mean increase 14%).
Goergen et al. (1997) concluded that missed cancers were statistically significantly
lower in density and more often seen on only one of two views than detected cancers.

Coveney et al. (1994) reviewed 291 mammograms taken prior to biopsy of a
palpable tumour. False negative reports occured in 16.5%. Retrospective review of false
negative mammograms showed 20% oversights i.e. missed carcinomas, 50% showed
subtle radiographic abnormalities (27% asymmetric breast density, 14% micro-
califications initially considered benign, 7% minor architectural distortion of the breast
parenchyma and 2% benign looking postmenopausal cyst, which histology revealed to
be a fibroadenoma with adjacent minimal breast carcinoma) and 30% were normal with
no abnormality

Kavanagh et al. (2000) examined the sensitivity, specificity and the positive
predictive value of screening mammography by symptomatic status in first round
mammography. They divided symptomatic status into the following categories:
asymptomatic; significant symptoms, if the woman reported a breast lump and/or blood
stained or watery nipple discharge; and other symptoms, if reported. They found the
sensitivity lower for women with other symptoms (60.0%) than asymptomatic women
(75.6%) or women with significant symptoms (80.8%). They regarded increased breast
density and poor image quality as possible explanations for lower sensitivity for women
with other symptoms.

Poplack et al. (2000) described measures of mammography performance in a
geographically defined population. Screening mammography had a sensitivity of 72.4%,
specificity of 97.4% and positive predictive value of 10.6%. Diagnostic mammography
had higher sensitivity, 78.1%, lower specificity, 89.3% and better positive predictive
value, 17.1%. The cancer detection rate with screening mammography was 3.3 and
interval cancer rate 1.2 per 1 000 women.
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2.6 Ultrasonography

In the 1970's ultrasonography (US) was used mainly in the identification of breast cysts.
In the 1980's investigators reported on the features of benign and malignant breast
masses in US, which, however, were not yet reliable enough to avoid biopsy (Rahbar et
al. 1999). Recently Rahbar et al. (1999) investigated the general applicability and
interobserver variability of US features in differentiating benign from malignant solid
breast masses. Benign features in US were round or oval in shape, and displayed
circumscribed margins and width-to-anteroposterior ratio greater than 1.4. Malignant
features were irregular shape, microlobulated or spiculated margins and width-to-
anteroposterior ratio 1.4 or less. Enhancement of the beam is usually associated with
benign lesions, particularly cysts; reduction or shadowing with malignancy (Egan
1988).

Zonderland et al. (1999) investigated the value of US as an adjunct to mammo-
graphy for the diagnosis of breast cancer. With US the sensitivity of breast cancer
diagnostics increased from 83% to 91% and the increase was highest among women
younger than 50 years. Moss et al. (1999) investigated the value of US adjunct to
mammography in symptomatic women. They concluded that extensive use of US
increased the cancer detection rate by 14%. US is also widely used as a guidance
method for cyst aspiration and fine or core needle biopsies (Rumack et al. 1991,
Rissanen 1994).

The members of the Eurorean Group for Breast Cancer Screening recommended
US to be used as a complementary method to mammography and clinical examination
in the further assessment of both palpable and impalpable breast abnormalities (Teh and
Wilson 1998). They found that there is little evidence to support the use of ultrasound in
population based screening at any age. The International Breast Ultrasound School
(IBUS) has given guidelines for the ultrasonic examination of the breast. The quality of
ultrasonic imaging depends on equipment, examination technique and interpretation and
only high resolution instrumentation producing high quality images should be used by
experient investigators (Majdar et al. 1999).

Kopans et al. (1985) in a 4-year follow-up found no cancers in the group that had
suspicious findings by whole-breast US imaging only. However, some physicians have
used US as a screening method in women with dense breasts. Kolb et al. (1998)
reported the results of a total of 11220 consecutive patients prospectively examined. All
3626 women with dense breasts and normal mammographic and physical examination
findings underwent screening US performed by a physician. Out of 136 cancers 11 (8%)

were identified by US alone. US and mammographically detected cancers regarding
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mean surgical size and stage were not statistically different and were both smaller and
lower in stage than palpable cancers. Buchberger et al. (1999) found 23 malignancies in
21 patients by high-resolution sonography as an adjunct to mammography (prevalence
0.31%) found in 6113 asymptomatic women with dense breasts. Berg and Gillbreath
(2000) evaluated preoperative whole-breast US in the ipsilateral breast of 40 patients
with known breast cancer, or high suspicion of it, to find out the multicentricity or
multifocality of the tumour. Nine out of 64 malignant foci were seen with US alone and
required wider excision than by mammography finding.

Metastatic involvement of the axillary lymph node is the primary prognostic
factor for breast cancer and US may be more sensitive than mammography or clinical
examination in detecting it (Pamilo et al. 1989). Bruneton et al. (1986) compared
clinical examination of axillary lymph nodes to US. The sensitivity was 45% versus
72.7%. However, US depicts lymph node enlargement, but provides no information on
the histology, thus metastases must be confirmed by biopsy.

Tumour size varies according to the time of diagnosis. The correct determination
of tumour size is important for patient management, particularly for breast conservation
therapy. US has shown the best correlation with pathologic cancer size when compared

with mammographic and clinical measurements (Solbiati et al. 1995).

2.7 Fine needle aspiration biopsy

Fine needle aspiration cytology (FNAC) assessed by palpation, US (Rissanen et al.
1998a), mammographic or sterotactic guidance (Evans and Cade 1989) is a valuable
diagnostic method for both palpable and non-palpable breast lesions. Hann et al. (1989)
found 61 out of 96 cytology aspirates taken with standard mammographic technique
adequate for diagnosis, and cytologic examination permitted accurate diagnosis of 21
out of 23 carcinomas. Hinton et al. (1999) published their FNAC data recently. Out of a
total 138 cancers the FNAB result was malignant (class 5) in 125 (90.6%).

The accuracy of mammography in differentiating benign and malignant
subclinical breast lesions is not high, and unnecessary biopsies of benign lesions are the
cost to be paid for the detection of subclinical cancers. FNAB of nonpalpable
mammographic lesions under sonographic or stereotactic guidance can achieve a sharp
reduction in unnecessary benign biopsies in cases of low suspicion of malignancy in
mammography. FNAC also has a major role in diagnosing recurrences (Rissanen et al.
1997).

Ciatto et al. (1989) reported the results of their institution where the benign-to-

malignant biopsy ratio of nonpalpable lesions was greatly reduced after all nonpalpable
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mammographic lesions were assessed by means of stereotactic aspiration cytology. The
sensitivity and specificity of FNAC can be high (96.7% and 77.7%) and false-negative/
inadequate cytology low (27/ 2444 cases) with low suspicion of malignancy at mammo-
graphy as in Ciatto et al. (1997). With FNAB the need for follow-up mammography can
be reduced and so radiation exposure, patient anxiety, unnecessary biopsies and costs
will be likewise reduced (Franquet et al. 1992). Dowlatshahi et al. (1989) reached 95%
sensitivity, 91% specificity and 92% accuracy with stereotactic guided FNAB of
clinically occult breast cancers.

Insufficient specimens may be a major problem in FNAB (Pisano et al. 2001).
Hayes et al. (1995) decreased the rate of insufficient specimens for FNAC from 27% to
8% by modification of techniques and implementation of a quality assurance
programme. Another problem with FNAB is that it may cause suspicious density in
mammography and malignant-looking features in US and should always be performed

after other diagnostic approaches (Svensson et al. 1992).

2.8 Core needle biopsy

The limitations of FNAB, especially the false negative rate due to insufficient material
and the absence of information concerning the invasive characteristic of the lesion has
led to the use of core needle biopsy (CNB) in many mammography units (Dronkers
1992). CNB can be performed by palpation, US or stereotactic guidance (Hall 1997).
Special needles and automated biopsy devices are used to obtain adequate specimens for
histological diagnosis (Bernardino 1990). The combination of FNAB and CNB has
decreased the amount of unnecessary surgery on abnormal but benign mammographic
lesions (Dowlatshahi et al. 1991). In long-term follow-up studies the false negative rate
with stereotactic, automated large-core needle biopsy has been as low as 1.2%—4.0%
(Jackman et al. 1999).

We can expect that the rate of mammography follow-up studies on probably
beingn lesions (Varas et al. 1992, Sickles 1991) can be lowered through FNAB and

CNB. These were earlier used otherwise successfully, but with patient anxiety.
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3 Aims of the study

The general aim of the study is to evaluate the sensitivity of mammography screening in

relation to its determinants. The more detailed aims are to evaluate the effect of age of

the patient, breast parenchymal density, the tumour characteristics, the interpretation of

the mammograms on the sensitivity of mammography; and to compare sensitivity of

mammography to other diagnostic methods.

The thesis consists of four articles which specifically cover the following issues:

1)

2)

3)

4)
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to examine the effect of age of the patient on the sensitivity of mammography and
how much extra benefit US and FNAB offer for mammography (Publications I
and II).

to find out whether both patient’s age and density of the breast have an
independent effect on the sensitivity of mammography or whether one of these
correlated variables, age or density, accounts for all the variation in the sensitivity
of mammography. Breast pattern is not uniform over the breast and therefore the
effects of both the overall density of the breast and the density at the site of the
tumour on the sensitivity were examined (Publication II).

to examine the visibility of screening and clinically detected cancers in earlier
mammograms by a retrospective review without and with preoperative mammo-
grams shown, how much age of the patient and breast parenchymal density
influenced the retrospective visibility and what kind of changes originally
remained unnoticed (Publication IITI).

to estimate how many screening and interval cancers could have been detected in
the earlier screening round by improved interpretation of the mammogram and
whether there are any radiological or clinical differences between retrospectively
visible and invisible cancers (Publication IV).



4 Materials and methods

The thesis is based on two different materials. The first material (screening results in
general; Publication IV) originates from the mammographically screened women in
Tampere and its surroundings (about 440 000 inhabitants) in the period 1987-1992
(Table 1).

Screening mammography was performed in two mammography units: women
living in the city of Tampere were screened in Tampere City Hospital and women living
in the surroundings of Tampere were screened in Pirkanmaa Cancer Society. The
mammograms were taken with Mamex DC (Soredex, Helsinki, Finland), later Alfa 3
(Instrumentarium, Helsinki) or Mamex Dc S (Soredex, Helsinki, Finland) using Kodak
Min Rm screen film combination for mammography. The developers were Kodak X-
omat 35 S, later Kodak Day-light M 35-M, and Cronex.

Regular screening is organised and paid for by the municipalities. The recom-
mendation for screening interval is 24 months. Cancers diagnosed at screening, between
screens, and among non-attenders were checked by linkage of the screening data to the
Finnish Cancer Registry. Therefore the study material includes all new breast cancer
cases in the defined population in the age groups screened. A woman was classified as a
non-attender if she had not responded to the invitation for the screening round preceding
the diagnosis of breast cancer. Cancers diagnosed between two consecutive screening
rounds were considered to be interval cancers. To further confirm the validity of the
patient data, all medical records were retrospectively reviewed by a senior radiologist

and oncologist.

Table 1. Population based mammography screening results in numbers (N) and percentages (%)
in the Tampere screening programme 1987—-1992 (material I, Publication IV).

N %

Invited 63 731
Screened 56158 88.00"
Recalled 2269 4.00°
Open surgical biopsies 441 0.79°
Benign 218 0.397
Screen-detected cancers 213 0.38>

1. round cancers 136 0.24

2. round cancers 52 0.09?

3. round cancers 25 0.04
Interval cancers 54 0.10
Cancers among non-attenders 9 0.02'
All cancers 276 0.49°
Recurrences 9’ 0.02>

"% among those invited
? 9% among those screened
3 excluded from the data
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In 130 (76 screen-detected and 54 interval cancer) cases the radiologist who
diagnosed the breast cancer in or outside of the screening reviewed the mammograms
taken in an earlier screening round together with the subsequent mammograms and
recorded radiological data concerning the visibility and size of the tumour (Publication
V).

No blinded review of mammograms was carried out. The tumour was regarded as
visible in retrospect if there were any, even minimal, abnormalities in the location
where cancer was subsequently detected. All kind of densities, even benign-looking
tumour masses, structural distortions and microcalcifications were regarded as
abnormalities. The radiological signs and tumour characteristics were analysed from the
mammogram taken at the time the tumour was diagnosed.

Clinical and histopathological data were recorded from patient files of the Tampere
University Hospital or Tampere City Hospital, where all the patients were treated and
followed up. Clinicopathological characterization of tumours was done according to
TNM classification and histopathology classification was performed according to the
WHO scheme. TNM system offers details regarding the size of the tumour (T), the
status of lymph nodes (N), and any distant metastases (M) (Kirby and Copeland 1991).
It can be used for clinical diagnostic, surgical evaluation or postsurgical pathological
staging. The TNM system classifies tumours by their anatomical extent using
designations and then combines these groups into prognostically similar categories
called stages. The stages are numbered from the best (Stage 0) to the poorest (Stage IV)
regarding prognosis based on survival rates: i.e., Stage 0, carcinoma in situ; Stage I,
localized cancer; Stage II, limited local or regional spread; Stage III, extensive local or
regional spread; and Stage IV; distant metastasis. Grading is a measurement of the
degree to which the tumour tissue lacks normal histological differentiation; this may be
recorded as general grade or nuclear grade. In general, the better the differentiation or
grade, the better the prognosis. Grade I means well-differentiated; Grade II moderately
differentiated and Grade III poorly differentiated. (Kirby and Copeland 1991.) All
cytological samples were taken using fine needle aspiration technique under
mammographic, ultrasonographic or palpation guidance.

For the second study material oncologists collected clinical data and radiologists
group radiological data on 659 histologically and 6 cytologically verified new
consecutive breast cancers in the period 1996—-1997 in two areas of Finland (Pirkanmaa
and North-Karelia). The study areas covered 227 000 and 89 000 women respectively.
Yearly 300 and 100 new breast cancers were diagnosed in the study areas. Each area has
only one oncological clinic and almost all new breast cancer patients were referred there
for treatment or consultation. Most municipalities offer organised mammography

screening for women aged 50-59 years. For women older than that local cancer

24



societies have offered screening at the patients’ expense. Both screenings are based on
personal invitation, two-view, double reading mammograms at two-year intervals.
Study material II consists of 90% of all new breast cancers in the study areas during the
study period. (Table 2)

The youngest patient in material I was 26, the oldest 92, the mean age being 60.
Tumour size varied between 3 and 130 mm, mean 19mm. A total of 62% of cancers
were node negative; 76% of screen-detected cancers, 77% of screen-detected at own
expense, 55% of interval cancers, 77% of cancers in non-attenders and 50% of cancers
in women under and 53% in women over screening age. In only 21 cases (3%) were
there distant metastases by the time breast cancer was diagnosed; seven in young
women, one in a woman with interval cancer, one in a woman in whom cancer was
detected by screening at own expense and 11 in women older than screening age. (Table
3)

Table 2. Study material IT according to age of the patient and detection mode of the
tumour (Not in original Publications)

N %

Under screening age
26-39 years 18 3
40-49 years 105 16
Screen-detected (50-59/64 years) 192! 29
Interval cancer 78 12
Cancers among non-attenders 17 3
Screening at own expense (60/65-70 years) 44 7
Other over screening age 207 31
Men 4 1
Total 665 100

'4,?1 and *5 women had bilateral cancer

Table 3. Study material IT according to stage and detection mode of the tumour (Not in
original Publications)

TIS Stage 1 Stage II-1V,  Total
<11 mm 11-20 mm X'

% % % % N
Under screening age 4 16 21 59 123
Mammography screening 14 26 31 30 192
Interval cancer 8 19 18 55 78
Cancers among non-attenders 0 35 41 24 17
Screening at own expense 9 25 23 43 44
Other over screening age 5 8 20 67 207
Men 0 25 0 75 4
Total 8 18 24 51 665

1 . . .
Tumour size cannot be assessed or it is missing.
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Of these tumours 24% were operated on in two weeks, 53% in two to four weeks
and 17% in one to two months after radiological examination.

Interval cancers amounted to 27% in material II of all cancers in screening age
groups including non-attenders during the study period. Stage distribution was more
favourable in screen-detected tumours and in material II they were more often node
negative local tumours than cancers among women over or under screening age (Table
3). Out of the four men one had nodal and one nodal and distant metastases.

The study area covers over 10 mammography units. The original radiological
work-up was done by over 50 radiologists. However, 76% of the examinations were
done by 5 radiologists.

Publication I included all patients of material II.

Publication II comprised those 577 breast cancer patients from material II on
whom both mammography and US was performed preoperatively and in whom breast
parenchymal density could be classified both in total breast and in the tumour area.

Publication III included those 320 patients from material II from whom earlier and
preoperative mammograms were available for review and breast parenchymal density
was classified both in total breast and in tumour area.

Radiologists use a 5-point rating scale for grading probability of malignancy in
mammography and ultrasonography findings (1 = normal, 2 = benign, 3 = indeter-
minate, 4 = probably malignant, 5 = malignant). Classes 1-2 indicate benign findings,
classes 3—5 malignant findings. Cytological and histopathological examinations were
done by several cytopathologists whose experience varies. FNAC findings were
classified originally by a pathologist according to Papanicolau into classes 0—5, where
class 0 is an acellular or inadequate aspirate and classes 1-5 the same as those used for
the radiological scale. No reclassifications were done. Performing core needle biopsies
began during the study period. 25 core biopsies were obtained with Bard TruGuide
Coaxial Biopsy Needles (C.R.Bard Inc., Covington, KY, USA) using a biopsy gun with
a 22-mm throw (Bard Magnum, Bard Radiology Division) under stereotactic or US
guidance.

The sensitivity of the examinations was calculated by the model:
sensitivity (S) =a / (a+c),
where a=true positives i.e. patients with the disease who are correctly
diagnosed with the test
c=false negatives i.e. patients with the disease who were not
diagnosed with the test

This means that sensitivity defines how many of the diseased patients the test diagnoses.
We considered classes 1-2 as negative and classes 3—5 as positive for the disease. An
ideal test has high sensitivity (correctly identifies a high proportion of truly diseased
individuals) (dos Santos Silva 1999).
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Table 4. Patients in Publications I-III originating from study material II, and purpose of
publications

Publication I Publication 11 Publication III
Gender
Women 651' 577 320
Men 4 0 0
Age
Minimum 26 26 36
Maximum 92 92 76
Mean 60 59 59
Purpose Sensitivity of Sensitivity of Visibility of
mammography, mammography cancers in earlier
US and FNAB and US by age mammograms by
and density age, density and
type of finding

10 women had bilateral cancer

The material consists of breast cancer patients only, and no false positive cases or
total number of examinations made during the study period are included. That is why
we cannot estimate specificity.

Retrospective evaluation of mammograms was made by groups of local
radiologists. In both areas one radiologist was present at each reading session (IS or PP),
and the rest consisted of at minimum two and at maximum seven radiologists with long
experience in mammography work-up. In practice it was not always possible for the
whole group to participate in all reading sessions.

The groups of radiologists classified breast density in mammogram in total breast
and in tumour area in three classes (fatty, mixed and dense) by comparison with model
mammograms. Tumours were classified as not visible (finding normal or benign) and
visible (finding malignant or suspect) in mammogram. Whether the tumour was
originally visible or not was decided on the basis of original patient files and reviewing
results on the consensus opinion of the radiologist group.

For both materials statistical analyses were made by SPSS for Windows 95 and
INSTAT softwares. The statistical test of significance was based on two-tailed Fisher’s
exact test, and Chi-square test was used for testing trends (Motulsky 1995). Because of
the dependency between observations McNemar test was used to find out whether there
is statistically significant differencies in the sensitivities of different diagnostic methods.
Chi-square tests were done to find out whether the sensitivity differs between age
groups and breast density classes and whether the screen-detected cancers differ from
interval cancers. Logistic regression was used to analyse both univariate and
multivariate effects of age, breast density and time lag on the sensitivity of both

mammography and ultrasonography (Hosmer and Lemeshow 1989).
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5 Results

5.1 Process measures of the screening programme

Material I consisted of 50—59 year old women to whom mammography screening was
offered in the period 1987-1992 according to the national recommendations. The
attendance rate was 88% of those invited, the recall rate was 4% among those screened
and cancer detection rate was 0.4% of those screened. The most common screening
interval was 23-25 months, the shortest interval was 12 months and the longest five
years eight months, the mean was 24.4 months. There were 136 first round, 52 second
round, 25 third round screen-detected cancers and 54 interval cancers. Nine cancers
among non-attenders were diagnosed. (Table 1)

Half of the tumours in material I were palpable, interval cancers (91%)
statistically significantly more often than screen-detected (p <0.0001) and first round
screen-detected (48%) more often than those detected in subsequent rounds (35%)
(p <0.08). Three out of nine non-attenders’ cancers (30 %) had axillary metastases
(Table 5). First round screen-detected cancers had axillary metastases more often (24%)
than later rounds cancers (19%), but the difference was not statistically significant (p =
0.6). Interval cancers had axillary metastases significantly more often (38%) than
screen-detected ones (p = 0.04). Only two interval cancers had distant metastases by the
time of detection of the tumour.

Tumour size was <10mm in 44% and <20mm in 82% of all cancers. Only 7% of
cancers exceeded 40mm in size. In subsequent screening rounds more tumours (41%)
were detected as <10mm in size than in first round screening (29%) or among interval
cancers (16%). Most of the first round screening cancers were slow growing since 59%
of them were Grade 1 and only 4% were Grade 3 compared with 50% Grade 1 and 13%
Grade 3 of subsequent round and 36% Grade 1 and 19% of Grade 3 of interval cancers.
On the other hand more (28%) first round screening cancers were Stage 2—4 (size
>20mm and / or axillary or distant metastases) than in later rounds (20%).

Out o 54 interval cancers, 16 (30%) appeared within 12 months of a previous
screening, 15 (28%) within 12 to 18 months, 16 (30%) within 18 to 24 months and 7
(13%) more than 24 months after the earlier screening round; mean interval was 16.8
months. The shortest time from normal interpreted screening mammography to interval
cancer operation was two months and the longest three years seven months. Interval
cancer rates in the first and second years after a negative screen were 18% and 54%, and
in total the interval cancer rate was 61% of the expected underlying incidence in the
absence of screening which in 1986 — just before screening started — was 168/100 000
(Finnish Cancer Registry 1990).
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Table 5. Tumour size measured from the surgical specimen by a pathologist, tumour
grade, axillary nodal status and postsurgical tumour stage determined by a clinician.
Tampere screening programme 1987-1992 (Not in original Publications).

Screening round Interval Non-attenders Total
1. 2.-3.
N (%) N (%) N (%) N (%) N (%)
Tumour size
1- 9 mm 20 ( 29) 19 ( 41) 5( 16) 0o(C 0 44 ( 30)
10-14 mm 18 ( 26) 11( 24) 8 ( 26) 0o(C 0 37( 25)
15-19 mm 8( 12) 7( 15) 4(13) o(C 0 19( 13)
20-29 mm 10 ( 15) 4( 9 8 ( 25) 1(25) 23 ( 15)
30-49 mm 8( 12) 4( 9 5( 16) 1(25) 18( 12)
50-55 mm 0o(C 0 0(C 0 0(C 0 2 ( 50) 2( D
No measurable tumour 4( 6) 1( 2) 1( 3) 0o(C 0 6( 4
Total with data known 68 (100) 46 (100) 31 (100) 4 (100) 149 (100)
Data missing 68 31 23 5 127
Tumour grade
1 40 ( 59) 27 ( 50) 13 ( 36) 0o(C 0 80 ( 49)
2 25( 37) 19 ( 35) 16 ( 44) 2 ( 50) 62 ( 38)
3 3( 4 7( 13) 7(19) 2 ( 50) 19( 12)
Total with data known 68 (100) 53 (100) 36 (100) 4 (100) 161 (100)
Data missing 68 24 18 5 115
Axillary nodal status
pNO 84 ( 76) 55( 81) 30 ( 63) 1( 25%) 170 ( 74)
pN+ 26 ( 24) 13( 19) 18 ( 38) 3( 75%) 60 ( 26)
Total with data known 110 (100) 68 (100) 48 (100) 4 (100%) 230 (100)
Data missing 26 9 6 5 46
Postsurgical tumour stage
0 13(11) 2( 3) 0(C 0 0o(C 0 15 7
1 71 ( 61) 53(77) 24 ( 63) 1(17) 149 ( 65)
2 28 ( 24) 12( 17) 12 ( 32) 3( 50) 55( 24)
3 3( 3) 2( 3) 2( 95 2(33) 9( 4
4 1( D 0(C 0 0(C 0 o(C 0 1( D
Total with data known 116 (100) 69 (100) 38 (100) 6 (100) 229 (100)
Data missing 20 8 16 3 47
Total study material I 136 77 54 9 276

Only two interval cancer patients had distant metastases by the time of detection of the breast cancer.
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5.2 Mammographic appearance of tumours detected in and outside
of screening

In mammogram most tumours occurred as spiculated tumour masses and there were no
major differences depending on the detection mode. Screen-detected cancers had
microcalcifications statistically significantly more often (35% in first and 31% in later
screening rounds) than interval cancers (8%) (p = 0.005). In Table 6 the mammo-

graphical characteristics of cancers in material I are shown.

Table 6. Main mammography findings depending on detection mode in numbers (N)
and percentages (%). Tampere screening programme 1987-1992 (Not in original
Publications).

Screening round Interval Total

1. 2.-3.

N (%) N (%) N (%) N (%)
Main finding
Mass 89 ( 66) 53 ( 68) 21 ( 70) 163 ( 67)
Microcalcifications 24 ( 18) 14 ( 18) 1( 3) 39( 16)
Mass with microcalcifications 14 ( 10) 8( 10) 3( 10) 25( 10)
No abnormality 2( 2 0(C 0 1( 3) 3D
Other’ 6( 4) 2( 4 4( 13) 12( 5)
Total with data known 135 (100) 77 (100) 30 (100) 242 (100)
Data missing 1 0 24 25
Tumour borders
Spiculations 84 ( 62) 43 ( 56) 18 ( 67) 145 ( 60)
Unsharp defined 26 ( 19) 18 ( 23) 5(19) 49 ( 20)
Well defined 1( 1 3( 4 0( 0 4( 2)
No tumour 25( 18) 13( 17) 4( 15) 42 ( 18)
Total with data known 136 (100) 77 (100) 27 (100) 240 (100)
Data missing 0 0 27 27
Microcalcifications
No microcalcifications 89 ( 65) 53 ( 69) 24 ( 92) 166 ( 69)
Microcalcifications 47 ( 35) 24 ( 31) 2( 8 73 ( 31)
Total with data known 136 (100) 77 (100) 26 (100) 239 (100)
Data missing 0 0 28 28
Total study material 136 77 54 267

'Other mammography findings include asymmetry, architectural distortion and skin retraction. There was very
little information available about non-attenders’ cancers; one out of nine had microcalcifications and all other
radiological data were missing.
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5.3 Sensitivity of mammography by age of the patient

In material I 92% of cancers were diagnosed by mammography (mammograpahy
originally classified malignant or suspect, classes 3 to 5) and thus the sensitivity of
mammography was 0.92. The sensitivity of mammography increased by increasing age
of the patient and was 0.83 among patients aged 2649, 0.91 among patients aged
50-59 and 0.96 among patients aged 6092 years (p <0.0001 for trend). (Publication I)
3% of breast cancer cases were operated on without any radiological examinations and
11% without cytological or histological verification.

By logistic regression analysis (Publication II) the relative sensitivity of mammo-
graphy was 0.1 (95% CI 0.1-0.3) in the youngest age group and 0.3 (95% CI 0.1-0.8) in
the middle age group compared to the oldest age group.

5.4 Effect of density of the breast on the sensitivity of mammography

In material II the density of the breast was heavily dependent on the age of the patient
and decreased with age both in total breast and in tumour area. In most cases overall
density and density in tumour area were classified to be the same, there was a difference
in only 12% of cases. The relative sensitivity of mammography was 0.3 (95% CI
0.1-0.6) in dense and 0.9 (95% CI 0.4-2.3) in mixed breast compared to fatty breast by
using overall density. Density in the tumour area had slightly more effect on the
sensitivity. The relative sensitivity of mammography was 0.2 (95% CI 0.1-0.4) in dense
and 0.7 (95% CI 0.3—1.6) in mixed parenchyma compared to fatty. (Publication II)

5.5 Retrospective visibility of cancer in penultimate mammograms

In material II out of 320 earlier mammograms of consecutive new breast cancer cases
14% (45) of cancers were retrospectively visible in earlier mammograms without the
preoperative mammograms having been shown and 29% (95) when preoperative
mammograms were shown to the group of radiologists who were reclassifying the
findings. The percentage of retrospectively visible cancers increased by age and was
12%, 28% and 30% among premenopausal, perimenopausal and postmenopausal
women respectively. (Publication III)

In material I out of the 130 later screening rounds or interval cancers cases 43
(33%) of cancers were visible, 84 (66%) invisible and three (2%) not included on the

mammogram in a retrospective review. Later-round screen-detected cancers were
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statistically significantly more often visible in earlier screening mammograms (43%)
than interval cancers (19%) (p = 0.002). (Publication I'V)

5.6 Sensitivity of mammography by radiological and histological
appearance of the tumour

In material II the most common reasons as assessed by the radiologists for non-
detection were that the lesion was overlooked (55 cases), diagnosed as benign (33 cases)
or was visible only in one projection (26 cases). Growing density was the most common
(37%) feature of those lesions originally overlooked or regarded as benign. (Publication
110)

In material I primary screen-detected cancers showed microcalcifications more
frequently (28%) than interval cancers (13%), but the difference was not statistically
significant (p = 0.13). Retrospectively invisible carcinomas showed microcalcifications
more often (19%) than the visible ones (15%), but the difference was not statistically
significant either (p = 0.15). Tumours missed by screening mammography but which
were visible on retrospective review were often histologically well-differentiated and
more often diagnosed by the subsequent screening round than by clinical diagnosis as
interval cancers. If all retrospectively visible interval cancers had been diagnosed by
screening 19% (10/54) of the interval cancers could have been avoided. If all
retrospectively visible cancers had been diagnosed at the time of false negative
screening or assessment 65% (84/130) of all patients would have benefitted from an

earlier diagnosis compared to the actual figure of 31% (41/130). (Publication IV)

5.7 Joint effects of determinants on the sensitivity of mammography

Age and density are correlated (Table 7) and therefore we considered the effect of age
and density simultaneously. The density-adjusted sensitivity of mammography in the
youngest age group was OR = 0.2 (95% CI 0.1-0.5) and 0.4 (95% CI 0.1-1.0) in the
middle age group compared to that in the oldest age group. Sensitivity of mammo-
graphy increased with fattiness of the breast, especially in the tumour area. Age-
adjusted OR was 0.4 (95% CI 0.1-1.0) for dense breast in tumour area compared to
fatty breast. (Publication II)
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Table 7. Original interpretation of mammogram by overall density of the breast and age.

Age Overall density Interpretation of mammogram
of the breast 1-2 3-5 Total
26-49 Fatty 1 8 9
Mixed 5 37 42
Dense 12 44 56
50-59 Fatty 3 36 39
Mixed 5 105 110
Dense 8 49 57
60-92 Fatty 4 133 137
Mixed 2 102 104
Dense 1 22 23
All Fatty 8 177 185
Mixed 12 244 256
Dense 21 115 136

The retrospective visibility of breast cancers in earlier mammograms increased
with age because the breast parenchymal density decreased with age. The retrospective
visibility was affected by the time period between the two mammogram examinations,
and this should be considered as a confounding factor. We therefore considered the
effect of age, density and lag simultaneously. The restrospective visibility of cancer was
2.9 times higher among women aged over 55 compared to women aged under 55 (95%
CI 1.6-5.2) and 1.5 times higher among women with fatty parenchyma compared to
women with mixed or dense parenchyma. The effect of age was stronger than that of
density. (Publication III)

5.8 Sensitivity of mammography vs. US and FNAB

Mammography was significantly more sensitive (Se = 0.92) at the cutoff level of class 3
than ultrasonography (US) (Se =0.86, p=0.004) or fine needle aspiration biopsy
(FNAB) (Se 0.85, p = 0.004). In 4% of cases the mammography finding was normal or
benign but US finding was malignant and thus US increased sensitivity by 4%. US was
more sensitive in younger than in older women. US increased sensitivity 11% in the
youngest age group, 3% in the middle age group and 2% in the oldest age group.
Mammography finding was normal or benign but the FNAB finding was
malignant in 7%, and thus FNAB increased sensitivity by 7%. In 3% the mammography
and US findings were normal or benign but FNAB was malignant. In 0.7% the
mammography and FNAB finding were benign but the US finding was malignant. In
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4% of cases US and FNAB findings were benign but the mammography finding was
malignant. The sensitivity of FNAB was not dependent on the age of the patient.

All three examinations failed to show the malignant characteristics of the tumour
in two cases, which were operated on without delay because of a palpable lump after the
false negative examinations. (Publication I)
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6 Discussion

Our first study material consists of all cancers among screen-aged women and our
second material of 90% of all breast cancers in the study areas during the study period.
Diagnostic work up was made in several mammography units by many physicians. Thus
the results reflect everyday diagnostic work well. In routine work radiologists use a 5
point rating scale for grading the probability of malignancy in mammography findings
resembling the grading system by Roche et al. (1998), which makes retrospective
review of patient files easy and reliable. On the other hand in many cases important data
regarding tumour size and stage was not available. It was especially difficult to get
information about interval cancer cases, which were often diagnosed outside of the
screening units.

The attendance rate in screening material was 88%, which is as high as in Sweden
(Tabar et al. 1985) and higher than in the United Kingdom (Blanks et al. 2000) and has
not fallen with time. In the Netherlands the attendance rate in the initial screening round
was 82% —89% but it decreased approximately 12% or more in later screening rounds
(Scaf-Klomp et al. 1995).

Recall rate was 4%, which is on approximately the same level as in other
screening units in Finland, likewise the benign to malignant ratio for surgical biopsies in
the first years of screening (Dean et al. 1999).

The age-specific and age-adjusted incidence rate of breast cancer in screen-aged
women in 1986 — just before screening started — was 168/100 000 (Finnish Cancer
Registry 1990). The cancer detection rate in screening was two times higher than the
expected underlying incidence in the absence of screening and on the same level as
elsewhere in Finland.

It is difficult to compare sensitivity to results from other studies because of
differences in age groups screened, screening intervals, screening modes (one versus
two-view mammography, single versus double reading), accuracy in reporting of
interval cancers, the length of the follow-up and different methods in calculations.
Interval cancer rates are expressed in different ways in different studies and it is difficult
to compare these.

In our material interval cancer rates in the first and second years after a negative
screen were 18% and 54% of expected underlying incidence in the absence of
screening. These figures are slightly higher than those in Sweden in the two county
study (with corresponding figures for first and second years’ interval cancer rates 17%
and 30%) and slightly lower than in East Anglia (with corresponding figures for first
and second years’ interval cancer rates 24% and 59%) (Day et al. 1995).
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Advanced cancers were rare, among 276 cancers only two had distant metastases,
both of them in non-attenders. During the period 1985-1989, 58% of breast cancers
were found as localised node negative disease in screening age groups (Dickman et al.
1999). In our study 74% of all cancers in the age groups screened were localised.
Axillary metastases were present in 24% of the first and 19% of subsequent round
screen-detected cancers and in 38% of interval cancers. Interval and non-attenders’
cancers were larger, they more often had axillary or distant metastases and tumour grade
and stage was higher than screen-detected cancers. Subsequent rounds’ screen-detected
cancers were more often <10mm and less often >40mm than first round screen-detected
cancers. In the later rounds the radiologist had earlier mammograms to compare and this
may have helped to detect smaller lesions. First round screen-detected cancer had more
time to grow and, according to lower tumour stage and grade, they were not as
aggressive as later round cancers. The result is similar to earlier publications (Burrel et
al. 1996, Fracheboud et al. 2001).

In material IT 62% of all cases were node negative and the stage distribution as a
whole was more favourable than that reported by the Romagna Cancer Registry (1997).
This may be due to wide use of BSE in Finland. On the other hand our TIS rate was 8%,
which is much lower than the 17% reported by Silverstein in 1998 in the United States.
This difference may depend on different material selection and of diagnostic criteria.
The stage distribution is more favourable in screen-detected cases than in younger or
older women, which is to be expected and similar to screening trials.

In our material II 1.5% of the cancers were bilateral, which is in the range of
earlier publications (Bruenner et al. 1984). Men accounted for 0.5% of cancer patients,

which is on the same level as in earlier reports (Stewart et al. 1997).

6.1 Sensitivity of mammography by age of the patient and density of
the breast

In our study material II the sensitivity of mammography increased statistically
significantly with increasing age of the patient. This result concurs with earlier studies
(Barth and Prechtel 1991, Horton 1993, Lannin et al. 1993, Kerlikowske et al. 1996,
Harris 1997, Kerlikowske and Barclay 1997, Muslin et al. 1998, Hider and Nicholas
1999). Age seemed to be an independent factor to the sensitivity of mammogram. In the
youngest age group (<50) 17% of cancers remained undetected or looked benign in
mammography. This result is similar to earlier publications (Basset et al. 1991, Lannin
et al. 1993) and Baines and Miller (1997) recommended combining at least clinical

examination to mammography for women aged less than 50 years.
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In most studies, as also in ours, the density of breast parenchyma was defined
visually with more or less subjective evaluations, but in future digital mammography
equipment will make it possible to define the density more objectively (Byng et al.
1998) and if needed also give recommendations for treatment and follow-up (Colditz
1998).

In our material there was a substantial increase in sensitivity of mammography by
decrease in the density of the breast. The density of breast decreased significantly with
age, which is to be expected, and concurs with earlier papers (Stomper et al. 1990). The
effect of age was larger than the effect of density on the sensitivity when considered
simultanously. Hence, the effect of density could not be totally accounted for by the age
of patient.

Breast parenchyma density may vary considerably in quantities in the same
patient and most breasts have both totally translucent and dense areas. However, in our
material in most cases the density in total breast and in tumour area was the same and a
difference was found only in 12%. The sensitivity of mammography was statistically
significantly higher in fatty than in dense breast. The effect of density was slightly

larger using density in tumour area than overall density.

6.2 Retrospective visibility of cancer in penultimate mammograms

When breast carcinoma is evident mammographically, a corresponding lesion can be
detected on a prior mammography in up to 75% of cases (Bird et al. 1992, Harvey et al.
1993, van Dijk et al. 1993). Wolverton and Sickles (1996) found most of the benign
looking mammography findings to be truly benign in follow-up, but the differentiation
between benign and malignant lesions is complicated by overlapping of the findings
(Kopans 1998) and variation in interpretation of mammograms (Parham et al. 1996). In
our studies the retrospective visibility of cancers was estimated in three different ways.
Reading A: "blinded", i.e. the radiologists knowing that all patients had breast cancer,
but not the exact location of the tumour, Reading B: the preoperative mammograms
were shown and thus the radiologists knew the exact location of the tumour, if it was
mammographically visible by the time of the diagnosis (Reading A and Reading B in
Publication IIT) and Reading C: the radiologist who made the breast cancer diagnosis in
or outside of screening estimated the retropective visibility of the tumour in earlier
mammograms (Publication IV). No true blinded review was done, i.e. the reviewed
mammograms were not mixed with normal screening mammograms and radiologists
were aware in each reading, that all patients had been diagnosed breast cancer — they
had just to find its’ location. In this sense our study differs from most earlier papers,

where true blinded review has been done by several radiologists individually (Harvey et
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al. 1993, van Dijck et al. 1993, Jones et al. 1996, Amos et al. 2000). The reading
method did influence results remarkably and by Reading A 14%, by Reading B 29%
and by Reading C 33% of the tumours were classified as visible in retrospect, which is
consistent with earlier publications (Moberg et al. 2000).

In Publication 1V, 41 (31%) of the 130 reviewed tumours were screen-detected
tumours not visible on earlier mammograms and therefore in fact early detected. All the
other 89 (68%) tumours were late detected, as they were either interval cancers detected
clinically or screen-detected cancers visible on earlier mammograms (with 3 exceptions,
where the tumour was not included in the mammogram). Later round screen-detected
cancers were significantly more often visible in retrospect (43%) than interval cancers
(19%) (Publication 1V). This is less than in Amos et al. (2000), who found 38% of
interval cancers to be visible in retrospect. Had all the 43 visible interval and screen-
detected cancers been detected by the previous screening the proportion for early
detection would have been substantially higher (65% instead of 32%). If all
retrospectively visible interval cancers had been diagnosed by screening, 19% of the
interval cancers could have been avoided. Our result concurs with Moberg et al. (2000),
who reported the number of interval cancers identified on previous screening
mammograms to vary between 7% and 34% depending on the reviewing method used
and the number of reviewers included to classify a case as truly detectable.

In Publication IV, 11 (26%) patients with retrospectively visible tumours had had
further diagnostic assessment in an earlier screening round with a false negative result.
Jones et al. (1996) found 17% false negatives at assessment.

In Publication IV there were no major differences in the histological types
between the retrospectively visible and invisible cancers. Hollingsworth et al. (1993)
found diffuse histology and Ma et al. (1992) lobular histology as a principal cause of
false negative mammograms. Most (79%) of the interval cancers were invisible
retrospectively and some of them were very fast growing with high malignant potential.
Our results were consistent with previous studies (Peeters et al. 1989, Tkeda et al. 1992,
Burrell et al. 1996).

Retrospectively visible carcinomas had lower tumour grade and more favourable
tumour stage than retrospectively invisible carcinomas. Retrospectively visible
carcinomas were less aggressive than invisible ones and most of them (33 out of 43)
were found even in the next screening round and at small size (28 had <15 mm
tumours). (Publication IV) This result is concordant with Jones et al. (1996). Screen-
detected cancers were more often visible in earlier mammograms in retrospective
interpretation than interval cancers, even though the time interval was longer for screen-

detected cancers. The tumour size in earlier mammograms was measurable less often in
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the interval than in the screen-detected cancers i.e. their tumour borders were indistinct
and unspecific. (Publication IV)

An analysis of retrospectively visible lesions (Publication III) found that over-
looking was more common than misinterpretation of a perceived abnormality (55/33).
This is opposite to the result of Bird et al. (1992). In our study the most important
reason for missing the lesion was its visibility in only one projection (27%), which is
more than the 10% reported by Bird et al. (1992) and concurs with Goergen et al.
(1997). The next important reason was the presence of misleading further examinations,
i.e. false interpretation of further mammography work up like coned down compression
views, ultrasonography and probably fine or core needle biopsies (14%). It was
estimated that in 4% of cases an extra projection or some other procedure could have
been helpful, which is less than the 9% extra benefit of special views for palpable
lesions in Faulk and Sickes (1992). Quality of mammogram was estimated to be low in
only 3% of cases, which is not much considering that our study included mammograms
on a routine basis from all mammography units in the study areas.

The most common missed lesion in earlier mammograms in Reading B
(Publication III) was growing density and in Reading C (Publication IV) tumour mass,
next were architectural distortions and asymmetry. In Burrell et al. (1996) architectural
distortion, in Coveney et al. (1994) and Harvey et al. (1993) asymmetric density (27%),
in Ikeda et al. (1992) nonspecific density, in Jones et al. (1996) ill-defined opacity and
in van Dijck et al. (1993) vague density was the most often missed lesion. Definitions of
mammographic lesions used by different study groups are not consistent, but all such
lesions could also be called asymmetric densities, which can often be detected only by
reviewing or follow-up. Maes et al. (1997) found such non-specific minimal signs in
approximately 10% of a normal screening population with 0.5% additional breast cancer
risk. Most of these cancers were found on the next screening round still with favourable
stage. 14% of the retrospectively visible lesions were microcalcifications, which is the
same as in Coveney et al. (1994) and slightly less than the 18% in Bird et al. (1992).

In the youngest age group we found 4 retrospectively visible cancers. This means
that 12% of younger women with previous examinations could theoretically have been
diagnosed for breast cancer earlier by mammography. This percentage is much lower
than the 35% in Joensuu et al. (1994) and the 36% in Lannin et al. (1993) estimated as
false negatives in mammograms for young women. On the other hand, our study
protocol was not identical to the earlier studies. Most radiologists were aware of the
poor results of diagnosing young women in the earlier Finnish study, and we made
extensive use of complementary examinations and may have been more careful when
diagnosing young women in the clinical parctice. Hence the small percentage may truly

indicate improvement in the routine practice.

39



In Publication III, 41 out of 95 retrospectively visible cancers were in fatty breast
areas, 30 of those in the age group 60—77. Most (35/46) of the retrospectively visible
cancers among screen aged women (50-59) were in mixed or dense breast. Bird et al.
(1992) and Harvey et al. (1993) found most of the missed lesions in women with dense
breasts and few of those in fatty breasts, which is contrary to our result. We estimated
that a dense breast parenchyma obscured the lesion in only 13% of cases, the effect of
density was less than that of age and there was no substantial difference in the
sensitivity whether density was evaluated overall or at the site of tumour. This is
contrary to what we could expect, since the unfavourable effect of dense breast
parenchyma on mammography screening result has been earlier shown (Simpson et al.
1995, Kolb et al. 1998, Sala et al. 1998, van Gils et al. 1998).

6.3 Sensitivity of mammography vs. US and FNAB

The extra benefit of US was highest among young women (11%), as in many earlier
studies (Duijm et al 1998, Zonderland et al. 1999) The extra benefit of US in
mammography may further depend on the histological type of breast cancer. According
to the studies by Pointon and Cunningham (1999) and Skaane and Skjorten (1999) US
was more sensitive than mammography in finding invasive lobular carcinoma. Rissanen
et al. (1998b), on the contrary, found US statistically not more sensitive than mammo-
graphy in finding lobular invasive cancer. They found these methods complementary,
especially with regard to evaluating dense breasts and lesions which were difficult to
assess clinically and mammographically.

Neither mammography nor US is accurate enough for the surgeon to decide
whether to perform a breast cancer operation or lumpectomy. With FNAB cytological
diagnosis and with core needle biopsy (CNB) histological diagnosis of the tumour can
be made before open biopsy. In this study the extra benefit to mammography was higher
with FNAB than with US and it was not dependent on the age of the patient. In 7% the
FNAB finding was malignant and the mammography finding was benign. This was
much higher than in Westinghouse Logan-Young et al. (1992), who detected 3 cancers
among 222 (1%) screened patients with benign-looking opacities in mammography and
8 unsuspected malignancies in 2 248 (0.4%) symptomatic patients with FNAB.
However, in 13% the FNAB finding was insufficient or benign when the mammography
finding was malignant. Insufficient FNAB samples are a major problem in breast cancer
diagnostics (Teixidor et al. 1992) and this has been the reason for many breast imaging
units to increase the use of CNB (Britton et al. 1997, Zonderland et al. 1998, Roth et al.
1999, Philpotts et al. 2000). In our study areas performing of CNB also began during

the study period. However, there were only 25 CNB examinations with 68% sensitivity,
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which is much lower than that of Lee et al. (1999), who had a false negative rate as low
as 2%. Later experiences have been much better also in units of study regions and
technical difficulties in beginning a new examination may explain the low sensitivity of
CNB in our study material.

In our material II in Publication I there were 2 cases in which mammography, US
and FNAB examinations yielded benign findings, but surgery showed the malignant
nature of the tumour. Reinikainen et al. (1999) had no cancer which was negative for
malignancy both in mammography, US and FNAB in their material. Watson and Given-
Wilson (1999) also had no false negatives in such a triple test of palpable probably
benign lumps.

New technologies like US power doppler (Reinikainen et al. 2001), three
dimensional imaging, digital mammography (Weinreb and Newstead 1995, Pisano et al.
2000), computer assisted breast cancer detection (Kegelmeyer et al. 1994, Thurfjell et
al. 1998) and combining MR imaging (Hall 1997, Mueller-Schimpfe et al. 1997, Sickles
2000) or scintigraphy (Ozdemir et al. 1997) to mammography and US could further
increase the sensitivity of breast cancer diagnostics, but we have no experiences of

these.
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7 Conclusions

High participation rate, moderate cancer detection rate, favourable stage distribution in
screen-detected cancers and moderate interval cancer rate permit the conclusion that
mammography screening has been successfully performed in the study areas.

The sensitivity of breast cancer diagnostics is important both in screening and in
clinical practice. The proportion of interval cancers was 24% in material I and 27% in
material II in age groups screened. This fact should also be known by clinicians,
particularly because of some of them appeared in a very short time after a normal
interpretation of a screening mammogram.

The sensitivity of mammography is significantly dependent on the age of the
patient. The density of the breast, especially in tumour area, also influences sensitivity
considerably. Retrospectively visible cancers are common. However, most of them have
only unspecific signs of abnormality and can only be detected when the tumour grows
or otherwise changes or by reviewing when the exact location of the tumour is known.
Thus in routine mammographic practice which involves prospective interpretation it is
not possible to differentiate most of them from normal parenchymal densities. If all
unspecific densities were classified as screening positives the specificity of the
screening programme would decrease remarkably and the costs would increase
unreasonably.

Visibility of breast cancer in the earlier screening mammogram may be a
favourable prognostic sign however, because such tumours are relatively low grade and
therefore slow growing with low malignant potential. In fact this is what one would
expect, since only slow growing cancers would have been sufficiently large to have
been visible at previous screening mammography.

The failure of mammography to detect cancers in younger women may lead to
great size of the tumour. US has an important role as a complementary examination to
mammography, especially in younger women and those with dense breast parenchyma.
With needle biopsies it is possible not only to ascertain the cytology or histology of the
tumour but also to improve the sensitivity of breast cancer diagnostics in mammo-
graphically low suspect cases.

In our material II there were two cases with false negative result in mammo-
graphy, US and FNAB and we advise against trusting negative findings if there is a true
palpable tumour suggestive of malignancy. In the screening material there were 11
patients with false negative further assessments in earlier screening rounds. One has to

take into account the possibility of false negative clinical radiology and cytology.
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All diagnostic methods have their limitations which should be commonly known.
The limitations of mammography should be especially familiar to radiologists and
clinicians so that suitable additional examination methods can be used if necessary.

Also the public should be informed about the limitations of mammography.
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8 Summary

Background: Breast cancer is the most common and increasing cancer in Finland. The
survival of breast cancer patients has increased remarkably in the last four decades. This
has been assumed to be due to early diagnosis and in wide mammography based
screening trials it has been shown that breast cancer mortality can be reduced by 30%.
However, not all breast cancers are visible or remain undetected in mammogram, some
of these cancers could be found by ultrasonography or the malignant character of these
tumours may show up by FNAB. The sensitivity of radiological investigation methods
determines how small breast cancers are found and thus how good the survival of breast
cancer patients is. Some breast cancers are visible in earlier mammograms by
retrospective review. The number of originally unnoticed but retrospectively visible
cancers can be regarded as a sensitivity measure for the diagnostic methods in
mammography screening.

Aims of the study: The general aim of the study is to evaluate the sensitivity of
mammography screening in relation to determinants possibly affecting it. The more
detailed aims were to evaluate the effect of age of the patient, breast parenchymal
density, the tumour characteristics and the interpretation of the mammograms to the
sensitivity of mammography; and to further compare sensitivity of mammography to
other diagnostic methods.

Materials and methods: Material I: The clinical and radiological data of all
screen-aged new breast cancer patients in the Pirkanmaa area in 1987-1992 (N = 277).
The radiological and histopathological characteristics of cancers detected in and outside
of screening were recorded. Material II: Clinical and radiological data of 665
consecutive new breast cancer patients in 1996-1997 in Pirkanmaa and North-Karelia.
The sensitivity of mammography, US and FNAB was compared by age group and the
sensitivity of mammography and US was also compared in density classes. The
visibility of cancer in earlier mammograms was evaluated by either the radiologists who
found the cancer (Material I) or by the groups of radiologists (Material II) in non-
blinded manner.

Results: The sensitivity of mammography was heavily dependent on the age of
the patient and increased with increasing age of the patient, being 83% in the youngest,
91% in middle and 96% in the oldest age group. The density of the breast, especially in
the tumour area, also influences sensitivity considerably. The sensitivity of US was
inversely related to age and directly related with fattiness of the breast. In material I,
33% of cancers were visible in retrospective review and in material II, 14% of cancers

were visible in retrospective review without the preoperative mammograms having been
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shown and 29% when the preoperative mammograms were shown. Mammography
(Se = 0.92) was significantly more sensitive than US (Se = 0.86) or FNAB (Se = 0.85).

Discussion: The sensitivity of breast cancer diagnostics is very important both in
screening and in clinical practice. A significant number of breast cancers was visible in
earlier mammograms by retrospective review which is concordant with other studies.
However, most of those are unspecific densities and they can only be detected when
they grow or otherwise change.

Conclusions: Mammography was the most sensitive method but US and FNAB
had an important complementary role. US was more sensitive in younger age groups
than mammography and this underlines the role of US as a complementary examination.
The number of retrospectively visible tumours was remarkable but in clinical practice
inevitable. On the whole the limitations of mammography and other examination

methods should be familiar to radiologists, clinicians and women.
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