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"These standards of objective truth and criticism may teach him (the individual man) to try again
and to think again; to challenge his own conclusions, and to use his imagination in trying to find
whether and where his own conclusions are at fault. They may teach him to apply the method of
trial and error in every field, and especially in science; and thus they may teach him how to item
from his mistakes, and how to search for them. These standards may help him to discover how
little he knows and how much there is he does not know. They may help him to grow in
knowledge, and also to realise that he is growing. They may help him to become aware of the fact
that he owes his growth to other people's criticism and that reasonableness is readiness to listen
to criticism."

Karl Popper, 1978

The challenge for the radiologists is to have the
opportunity to offer women meaningful respite from

breast cancer
McLelland 1984
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List of abbreviations

T.I.D. = Tumour density ill-defined.
T.S.D. = Tumour density sharply defined.
M.W.T. = Microcalcifications without tumour density.
T.A.M. = Tumour density and microcalcifications.
Misc. = Miscellaneous.
A.Z.U. = Academisch Ziekenhuis Utrecht (Utrecht University Hos-

pital).
T.A.S.D. = Tumour density almost sharply defined.
T.W.M. = Tumour density without microcalcifications.
S.L. = Stellate lesion (tumour with spicules).
Exam. = Examination.
T.N.M. = Tumour Nodule Metastasis.
B.C.D.D.P. = Breast Cancer Detection Demonstration Project.
H.I.P. = Health Insurance Plan of Greater New-York.
D.C.I.S. = Duct carcinoma in-situ.
HVL = Half-Value Layer.
Kopparberg = Kopparberg county (several Tables).
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CHAPTER I

Introduction

Since 1975, population-based screening for carcinoma of the breast by mam-
mography has been carried out in the cities of Utrecht and Nijmegen in The
Netherlands and since 1977 in Kopparberg county in Sweden. This screening
has yielded an abundance of data, not all of which have been processed yet,
the mammographic (radiographic) data in particular. The present sindy
concerns an analysis of the mammographic signs in the histologically proven
carcinomas (invasive and intraductal) detected by these three screening
programs.

The radiographic signs of the screened carcinomas were compared with
those of the clinical carcinomas diagnosed in the Utrecht University Hospital
(to be called AZU carcinomas). These AZU carcinomas were taken as
reference material, and were therefore analysed in the same way as the
screening material. In this study we will attempt to answer the following
questions:
1. What are the mammographic signs of the carcinomas found in the first

screening?
2. Do these signs differ from those found in a clinical situation? \
3. What are the mammographic signs of the carcinomas found in the subse- \

quent screenings?
4. Do the mammographic signs differ between the various age-groups?
5. Which mammographic signs are characteristic for the carcinomas found

between screenings (interval carcinomas)?
On the basis of our findings an additional question was raised:

6. What is the relevance of this study for the diagnosis of breast carcinoma
by mammography in population-based screening program?

This retrospective investigation into the radiographic signs found of the
carcinomas detected during the screening yielded some supplementary data
which will also be discussed.



Population screening by mammography reveals other abnormalities be-
sides carcinoma. The policy to be followed when such lesions are found will
not be discussed in this thesis except where differential diagnosis is concer-
ned.

In the following chapters, the term carcinoma (or tumour) will refer to
carcinoma of the breast unless otherwise mentioned.



CHAPTER II

The value of early diagnosis of breast carcinoma

II . 1. INTRODUCTION

Carcinoma of the breast is a major health problem (Seidman 1983). In the
Netherlands and many other countries breast cancer is the most frequently
occurring type of tumour in women. The incidence is still rising (Strax 1980).
In the Netherlands the diagnosis is made at an annual rate of more than 6,000
women, of whom more than 2,500 die of the disease (Collette 1983). Thus, the
mortality is high, amounting to about 40%, and has hardly changed in the last
forty years despite the advances made in the treatment of the disease (Ross
1980). Calculated on the basis of the entire female population, the mortality
due to breast cancer is 38 per 100,000 women per year (Sturmans 1983). The j
Netherlands has no central registration system, but some regions have an 1
accurate cancer registration giving a reliable impression of the incidence.
Extrapolation from these data shows that about one in ten women in the
Netherlands develops a carcinoma of the breast in the course of her life. j

In recent years more risk factors that contribute to the development of !
breast cancer have been identified (Sturmans 1983; de Waard 1984). Howe- f
ver, since the etiology of breast carcinoma remains speculative, preventive i
measures are not available.

II .2. PROGNOSIS AND SOME ASPECTS OF TREATMENT

Breast carcinoma is still discovered by the women herself, in 85-90% of the
cases, but not before it is already rather large (Beahrs 1983). As is generally
known, one of the most important parameters for the determination of the
stage of the disease is the diameter of the tumour according to the TNM
classification (UICC 1978). Another factor that determines the stage is



metastasis (axillary and distant). The stage at diagnosis is of great importance
for the prognosis of breast carcinoma. The correlation between the prognosis
and tumour size has been repeatedly demonstrated in many clinical studies
(Bloom 1957; Andersson 1971; Adair 1974; Fisher 1975; Duncan 1976;
Contesso 1977; Frazier 1977).

A palpable tumour is usually already so large that a clinically unfavourable
stage has been reached. The prognosis is unfavourable because, when treat-
ment is started, latent distant metastases are already present in a large
proportion of these palpable tumours, which makes a cure unlikely (Holm-
berg 1983). Cutler (1969) compared methods of treatment used in the Forties
and Sixties and came to the conclusion that although the methodology
seemed to have been improved, a better prognosis was associated mainly with
early diagnosis.

When the carcinoma is still small there are fewer metastases, which means
that the prognosis is better (Langlands 1978). The combination of a small
tumour with the absence of axillary lymph-node metastases has a favourable
prognosis (Cutler 1966; Nemoto 1980). Thus, a small lesion restricted to the
breast offers the best basis for curative treatment. The aim of population
screening program is therefore to detect these small tumours the earliest as
possible.

II.3. EARLY DIAGNOSIS

Early diagnosis leads to decreased mortality (Strax 1980; Collette 1984;
Editorial Lancet 1984; Verbeek 1984; Tabar 1985), and also permits less
radical therapy. The carcinomas found at screening are generally small and
therefore mastectomy is not always necessary. In many cases breast-conser-
ving treatment will be possible, i.e., excision of the tumour with only a limited
amount of breast tissue (Frazier 1977; van Dongen 1980; van Slooten 1981;
Veronesi 1981; Bartelink 1983).

II.4. SUMMARY

Carcinoma of the breast is the most frequently occurring type of tumour in
women, and the incidence is still increasing. The prognosis is more favoura-
ble the smaller the diameter of the tumour and in the absence of lymphnode
and distant metastases. Surgical treatment has the best chance of success
when the lesion is unifocal and limited to the breast. When the tumour is
small the breast can be conserved in many cases.



CHAPTER III

Population screening by mammography

III. 1. INTRODUCTION

Since the introduction of the molybdenum target-tube by Gros (in the 1960s)
mammography has become a normal routine procedure in the practice of
radiology. It is also now the most frequently used method for the detection of
carcinoma of the breast in population screening. Other methods such as
palpation (Langeland 1970; Soini 1976; de Jong 1979), thermography (Lund-
gren 1976; Feig 1977; American College of Radiology 1984), ultrasonogra-
phy, and diaphanography (Miller 1982) are not sufficiently accurate to
replace mammography in screening for breast cancer.

In this thesis reference will only be made to palpation and ultrasonography
in the few instances of a distinct relationship between these modalities and
mammography. Furthermore, mammography is such a well-known routine
method that only a few aspects related to population screening and the
present study will be dealt with. This concerns some points related to the
apparatus, positioning, projections, and the reliability of mammography
with respect to palpable tumours. The role of mammography in the detection
of non-palpable tumours and the application of tnis method in population
screening wili also be discussed.

HI.2. MAMMOGRAPHIC X-RAY TECHNIQUE

III.2.1. Equipment

A qualitatively good mammogram can only be made with a X-Ray apparatus
specially designed for this purpose as has been discussed by others (Hoeffken
1977; Concensus 1983). In recent years, improvement of both the apparatus
and the positioning technique has greatly increased the quality of the mam-



mogram. New film-screen combinations permitti.ag reduction of the radia-
tion dose have been introduced, and a shorter exposure time ensures less
object movement, minimizing blurring from motion. In addition the use of a
small focal spot has improved resolution.

As a consequence of these advances changes in technique have occurred in
the last ten years. This factor has had some influence on the analysis of the
material.

111.2.2. Positioning

Unlike other radiological techniques, mammography has undergone little
standardization. The wide range of the shape, size, and anatomy of the
normal breast leads to differences in the positioning of the breast, and thus
hampers standardization of the positioning technique.

A standard mammogram usually comprises two projections (i.e., the
different directions from which the exposures are made) of each breast.
Originally, the cranio-caudal and lateral projections were predominantly
used, but in recent years a number of authors have replaced the lateral
projection by the medio-lateral oblique projection according to Lundgren
(1976), which includes much more glandular tissue (see Appendix). The
adoption of this projection has led in the last few years to new ideas about the
positioning technique, which have yielded marked improvement. This raised
the question of whether large-scale screening could be limited to one projec-
tion per breast and, if so, which projection should be given preference.
Restriction of the number of mammograms in population screening is of
interest to reduce both costs and radiation dose.

111.2.3. The single view at screening

The use of a single projection was not thought possible ten years ago
(Libschitz 1976; Hüppe 1977; Moskowitz 1977). This holds especially for the
cranio-caudal projection, because it visualizes fewer tumours than the lateral
or oblique projection does (Libschitz 1976; Lundgren 1976; Cukier 1977;
Andersson 1980). According to some authors, the highest proportion of
clinical carcinomas, i.e., 96-99%, were shown by the oblique projection
(Lundgren 1976; Andersson 1978). A small proportion of tumours (7%) were
only seen on this oblique projection (Lundgren 1976; Bassett 1983). Howe-
ver, screening carcinomas were not visible on the oblique projection in 6% of
one series (Andersson 1980) and in 11% of another series (Muir 1984),
whereas Schmitt (1982) saw all of 76 radiologically demonstrated carcinomas
with this view. According to some authors, the use of the medio-lateral
oblique projection alone is so reliable that this technique may be used for
population screening (Lundgren 1976; Weishaar 1976; Andersson 1978;
Bassett 1983).



Andersson (1978) has, however, some reservations about exclusive use of
the oblique view because of the small number of carcinomas that could be
seen very clearly on the cranio-caudal and lateral projections but not on the
oblique view. His explanation for this phenomenon is that the densest tissue
is situated in the central and upper outer quadrants of the breast and covers
more fatty tissue in the oblique projection. Furthermore, some tumours loose
their characteristic features in one projection but show them clearly in an
other (Andersson 1981).

The use of only one image has limitations and can have a negative influence
on the detection of carcinomas, especially because screening tumours tend to
be smaller than clinical tumours. For population-based screening, preferen-
tially two projections (cranio-caudal and oblique) should be used for the
initial screening. For the next screening one projection will be sufficient for
which the medio-lateral oblique projection is the most suitable. If a single
view is used for the initial screening, preference is again given to the medio-la-
teral oblique projection.

III.2.4. The reliability of mammography

Mammography is indicated for palpable tumours to obtain more informa-
tion about the nature of the lesion. Even when malignancy seems highly
probable, mammography is necessary, because certain factors have an in-
fluence on therapeutic management. These factors are: 1. the radiographic
diameter of the tumour, 2. multifocality (tumours at more than one site), and 3.
the state of the other breast. Sometimes, a seemingly benign or even dubious
process found at palpation is unexpectedly diagnosed as carcinoma after
mammography. When the mammogram is of good quality the chance is high
that if a carcinoma is present, it will be diagnosed as such.

The degree of accuracy is dependent on all the factors that have an
influence on the quality of the mammogram and on the number of projec-
tions. Nevertheless, some of the carcinomas are not recognized by mammo-
graphy. This can be due to an inadequate positioning technique or erroneous
interpretation (observer error) (Burns 1979; Kalisher 1979). These errors can
be made when a tumour has benign characteristics. Furthermore, the intra-
observer variation is also of importance. The most frequent cause of failure to
recognize a malignant process is, however, the mammographically occult
carcinoma (see section III.2.5.)

A number of authors have assessed the accuracy of mammography in
patients with documented breast cancer (Table 1). In the interpretation of the
results it must be taken into account that different authors have applied
different radiological techniques and diagnostic criteria. The group of false-
negative carcinomas in Table 1 comprises the missed carcinomas (not reco-
gnized on the mammogram) and the mammographically occult carcinomas,
which are of course not visible at revision.



Table 1. Accuracy of (Xero*)mammography in the histologically proven carcinomas

Author

Molenaar 1970
'Wolfe 1974
Lundgren 1977
Lundgren 1977 (incl.
Manoliu, Ooms 1977
Andersson 1978
Dronkers 1979
Bruns 1979
'Kalisher Ï979
Hendriks 1981

'Frankl 1983
Muller 1985

No. of
cancers

90
462
179

screening) 294
224
491
192
574

1214
259

1200
504

positive
%

84,5
95,3
89
93
86,6
95
92,2
94
95,7
95,4
88
95

fals-negative
%

15,5
4,7

11
7

13,4
5
7,8
6
4,3
-

12
5

mammographic
occult %

9
4,7
8
5
_
5
4,7
5
2,2
4,6
4
3

III.2.5. Mammographically occult carcinomas

The palpable mammographically occult tumours are by definition not reco-
gnizable on the mammogram (Dronkers 1985). These are usually breast
tumours without microcalcifications in breasts with an abundance of glandu-
lar tissue and little fat, which makes the difference in density between
connective tissue produced by the tumour and the surrounding glandular
tissue too small to be observed on the mammogram. These tumours are not
detected at screening because in the present state of mammography they can
not be discovered. They will be found at a later stage, for example as interval
carcinomas (see section VI.5.). The result of this situation for patients with
breast complaints and/or palpable abnormalities is a delay in diagnosis and
treatment. This is why it is so important in the clinical situation that the
radiologist himself examines the patient with a palpable abnormality and if
necessary performs a supplementary investigation, as for example ultra-
sonography (Muller 1983).

III.2.6. Mammography and the non-palpable carcinoma

The most important role played by mammography is in the detection of small
non-palpable breast tumours. The small non-palpable carcinomas are usual-
ly called clinically occult. Various definitions of the (usually) occult small
carcinomas are to be found in the literature, as follows:



Definitions of (occult) small carcinomas

Minimal breast cancer (Martin): An intraductal in situ carcinoma or minimally
invasive lesion not more than 5 mm in diameter (Gallager and Martin 1971;
Martin 1983).

Minimal breast cancer (Moskowitz): Invasive carcinoma, smaller than 5 mm
in diameter; all intraductal (in situ) carcinomas; non-invasive carcinomas, i.e.,
less than 10% micro invasion without metastases (Moskowitz 1983).

Minimal breast cancer (BCDDP): Carcinomas smaller than 1 cm; invasive
carcinomas larger than 1 cm with favourable histology (Gallager 1979).

To our opinion these divergent definitions can give rise to confusion (Galla-
ger 1973), and we therefore do not use them.

Gershon-Cohen (1955) was the first to describe the clinically occult breast
carcinoma found radiographically. In the 1950s, more clinically occult carci-
nomas were detected in women who were examined mammographically
because of breast complaints such as bloodly nipple secretion and pain (Gros
1960; Lanyi 1970). Other authors also described similar breast tumours only
detected by mammography (Egan 1962; Kalisher 1975; Lanyi 1970; Lund-
gren 1978). The ability to detect non-palpable carcinomas by mammography
led various investigators to make mammograins systematically, even in
women without symptoms (screening). It was expected that this approach
would reveal carcinomas smaller than those which could be found by palpa-
tion, and it was thought that these carcinomas would have a better prognosis
(Egan 1980).

Early in the sixties, small groups of selected women were screened (Witten
1964; Wolfe 1965; Stevens and Weigan 1966; Gershon-Cohen 1967). In
relation to the then prevailing incidence, the level of detection of carcinoma
was low, mainly due to the inadequacies of the mammographic technique at
the time. Another problem was that surgeons refused to excise small non-pal-
pable lesions (Gershon-Cohen 1967). The difficulty of distinguishing bet-
ween certain benign and malignant processes was, however, already
recognized.

III.2.7. Mammography as a diagnostic method at screening

Many investigators have considered the possibilities offered by mammogra-
phy for population-based screening. In 1963, a large-scale screening pro-
gramme was set up, supported by the HIP. The aim was to assess the effect of
population-based screening in a randomized trial. The women were exami-
ned by mammography and palpation. The initial results were considered
somewhat disappointing in that ten of the 55 carcinomas were found only by
mammography at the initial screening and 19 only by palpation (Strax 1971).
After four successive screenings a year apart, a total of 132 carcinomas had
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been found, 44 only by mammography (Venet 1971). A few years later,
comparison with the control group showed that the mortality of women older
than 50 years in the screened group had decreased slightly. After a longer
period of follow up it was concluded that the younger age group had also
benefit from the screening (Strax 1980; Shapiro 1982). These results were
obtained in a period that mammographic techniques were far from optimal.

The HIP study has led to the establishment of 27 projects of the BCDDP
for the early diagnosis of breast carcinoma in the U.S.A. At present, most
institutions use mammography or Xeromammography as the sole screening
method, but sometimes in combination with palpation. Outside the U.S.A.,
population-based screening has been applied in Canada, the United King-
dom, Sweden, and the Netherlands. The numbers of carcinomas found and
other relevant data of several screening projects are shown in Table 2.

In a number of screening projects mammography and palpation were
applied together. Table 3 shows the contribution of the diagnostic method in
the detection of carcinoma given in percentages for the projects in Table 2. As

Table 2. Data of several screening projects

Table 3, The share of mammography and palpation in the screening

Project

1st exam. HIP 1971
lst-4th exam. HIP 1971
Feig 1977
BCDDP (Beahrs) 1977
Gavle 1978
Dom-project 1980
Michigan 1981

No. of
cancers

55
132
139

1327
123
116
79

Percentages

palpation
only
%

44
45
22
8
6
1
4

of the detection method

mammography palpation and
only
%

38
33
45
44
44
58
48

mammography
%

18
22
33
48
50
41
48

Author

Strax
Venet
Feig
Beahrs
Lundgren
Rombach
Schmitt

Project

1st exam. HIP 1971
lst-4th exam. HIP 1971
Feig 1977
BCDDP 1977
Gavle 1978
Dom-project 1980
Michigan 1981

No. of women
examined

6.604
20.211
16.000

261.859
-

14.683
10.000

Age-group

40-65
40-65
45-64
35-74
-
50-64
35-74

No. of
cancers

55
132
139

1327
123
116
79
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can be seen from Table 2, the number of carcinomas detected by mammogra-
phy has increased in recent years. Concurrently, the contribution of the
palpation has decreased.

Strax (1980) compared the results of the 1971 HIP study and those of a later
BCDDP study (updated compared to those given by Beahrs 1977). In all age
groups, more carcinomas were detected by mammography alone in the
BCDDP study (48% as against 33% in the HIP study). For the age groups
younger than 50 years, 45% in the BCDDP and 19% in the HIP study were
found by mammography alone; the proportion of carcinomas without lymph
node metastases amounting to 73% and 68%, respectively.

In conclusion the HIP study made a major contribution in showing the
value of mammography as an instrument for population-based screening.
With the technical improvement of mammography, by far the most carcino-
mas (including those in the younger age groups) are detected by this method.

III.3. SUMMARY

Mammography makes it possible to detect small non-palpable carcinomas.
After the value of the method was established, projects concerning popula-
tion-based screening for breast cancer have been started in various parts of
the world. Over the last twenty years these projects have been important not
only for the detection of carcinomas of the breast but also for the develop-
ment of new methods for treatment of the disease in an early stage (Lester
1983). The most important contribution of mammography is that it offers a
means to diagnose breast cancer before the tumour gives rise to physio-dia-
gnostic phenomena and symptoms. Even qualitatively good mammography
has, however, limitations, among them the inability to register mammogra-
phically occult carcinomas. A factor which has also to be taken into account
is that mammography has not been standardized. The differences in positio-
ning technique and interpretation by the various investigators may have an
influence on the present study.



CHAPTER IV

The screening programs in Utrecht, Nijmegen and
Kopparberg county

IV. 1. INTRODUCTION

In Europe, several projects are being carried out to evaluate population-ba-
sed screening for breast carcinoma. The projects in the towns of Utrecht,
Nijmegen in the Netherlands and in Kopparberg county in Sweden, which
are of importance for the present study, will be described in this chapter.

In the Netherlands and Sweden the existence of a population register .
makes it possible (via the local authorities) to invite all women of a certain age
and residing in a certain district to participate in a special screening project.
All women who were considered eligible for inclusion in the study received an
invitation to come to the screening centre for a mammographic examination.
Since of course all women cannot be examined at the same time, the first
screening usually takes one or more years (first round). After an interval •
chosen in advance as the most appropriate possible, the same group of |
women (cohort) can be re-examined (second round). j

In the next rounds newly developed tumours and those missed in the I
preceding screening rounds can be detected. Furthermore, the repetition i
provides an impression of the optimal duration of the interval. The evalua- j
tion of these projects in the Netherlands and Sweden is still in full progress \
and is extremely time-consuming. 1

IV. 2. UTRECHT (DOM PROJECT)

IV.2.1. Introduction

The DOM Project for the early detection of breast cancer in the city of
Utrecht was started on the basis of a proposal made by Prof. dr. F. de Waard,
head of the Epidemiology Section of the Medical Faculty of the University of
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Utrecht. Support was provided by the Ministry of Public Health and the
Praevsntie fonds (Prevention Fund). The location where the study was
performed is called the Preventicon, and is situated in the Hoog Catherijne
complex in Utrecht. It was opened on November 8th 1974, equipped for the
early detection of both breast and cervical carcinoma.

At present, the scientific staff comprises staff members of the Epidemiolo-
gy Section under the direction of Dr. H.J. A. Collette (project leader) and Dr.
J.J. Rombach (head of the diagnostic unit). Paramedical staff (senological
technicians) were trained to perform mammography and also to do physical
examination of the breasts. About 50 women are examined per day, for which
three examination rooms with equipment are available. For the images, the
Xerox system (see Appendix) was used instead of the film-screen technique.

The data in this section are taken from Parts I and II of the report on the
DOM Project for the Early Detection of Breast Cancer (de Waard 1982,
1984).

IV.2.2. The population to be screened

DOM-I Project
With the assistance of municipal authorities, an invitation to participate

was sent to women in the city of Utrecht born between 1911 and 1925 and
who were therefore at least 50 years old. A schedule for periodic examination
was chosen with increasing interval durations, i.e., 12, 18, and 24 months
between respectively the first and second, second and third, and third and
fourth rounds. Only the women who had participated in the first round
received an invitation for the second, the women who had participated in the
second were sent an invitation for the third, and so on. Thus, the response
percentages must be interpreted differently from those f->r Nijmegen and
Kopparberg county.

All of the women born in the above-mentioned years and living in a
number of municipalities around Utrecht were also invited to participate.
These women were only screened twice, but the second screening usually
occurred after 18 months. The attendance to the different screening rounds of
the Utrecht women is shown in Table 4.

Table 4. Utrecht: Attendance; age-group 50-64 yr.

Screening Invited Participated %
round No. No.

1 st exam. 20,555 14,697 72
2nd exam. 14,697 11,867 81
3 rd exam. 11,867 10,208 87
4 th exam. 10,208 8,617 85
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DOM-1I Project
The DOM-II Project was started in 1981. In Utrecht and the surrounding

municipalities the women born between 1926 and 1931 were sent invitations
as well as those living in nearby towns and born between 1917 and 1931.

IV.2.3. Method used for screening

The women fill in a questionnaire at home before the first appointment (data
not relevant for the present study). The senological technicians perform the
(Xero)mammography and then palpation. In the first round two views of
each breast are made, i.e., medio-lateral and cranio-caudal; in the second
round only the former projection is used. Additional views are made in case
of suspicion of malignancy.

The senological technicians make an initial evaluation of the (Xero)mam-
mograms. All images with abnormalities are submitted separately to the
head-diagnostician, and the remainder are sampled to check the (Xero)mam-
mograms which had been passed as being normal. In case of doubt or
suspicion of carcinoma, the course to be followed is decided by the head-dia-
gnostician.

IV.2.4. Referral policy

On the basis of the normal channels of medical communication, the following
referral policy is used in the DOM-Project.
1. When palpation and (Xero)mammography are normal, no notice is sent

to the general practitioner.
2. When an abnormality suggestive of carcinoma is found, the general

practitioner is notified and is advised to have a biopsy performed by a
surgeon.

3. When palpation and the mammogram indicates that the lesion is benign,
the general practitioner receives what is called a brief notice, and can
then decide on the next step himself.

4. When a lesion is found and there is uncertainty about its nature, a
control notice is sent recommending repetition of the examination after
six months.

In the early phase of the project the women considered for referral were not
informed that further investigation v/as necessary; this was left to their
general practitioner. However, in the course of the project all women who are
further investigated or who are to be referred are informed about the diagnos-
tician's report personally by the chief diagnostician or one of the staff
members who is available for giving this information and for psycho-social
counseling.
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IV. 2.5. Results of the first round of screening

The results of the first round in Utrecht and surrounding municipalities are
shown in Table 5. Because of suspicion of carcinoma, a biopsy was performed
in a total of 265 patients (253 immediately and 12 after six months) residing in
Utrecht. Ten patients refused biopsy. The biopsy results are shown in Table 6.

Table 5. Utrecht: Results 1st round

Mammography

Normal
Benign lesion (palpable)
Recall (half year)
Referred

City of Utrecht

No.

13,981
252
201
263

%

95.1
1.7
1.4
1.8

Suburbs

No.

8,523
50

143
98

%

96.7
0.6
1.6
1.1

Total: 14,697 100% 8,814 100%

Table 6. Number of women examined in different rounds. Numbers of cancers after referral for
biopsy

1st round Utrecht
1st round suburbs
2nd round Utrecht
3rd round Utrecht
4lh round Utrecht
2nd round suburbs

Examined
No.

14,697
8,814

11,867
10,208
8,617
7,074

Biopsies
No.

265
101
62
37
37
39

Cancers
Nc.

106
57
15
15
17
24

IV.2.6. X-ray technique

For the performance of Xeromammography, three X-Ray machines (Sie-
mens-Mammomat) are available. This system was modified in 1977. Al-fil-
tration (2 mm) was added and the voltage was increased to 44 Kvp. The
contrast of the Xerox-processor was also increased. These changes meant,
that radiation dose couid be reduced from 6.5 mGy to 3.7 mGy per exposure
(Rombach 1980).

After other adjustments and use of another new imagepowder, the radia-
tion dose was further reduced to 1.5 mGy per exposure.

The Xerox-system has been replaced by film-screen mammography on
January 1st 1985. The technical data are shown in Table 7.
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Table 7. Technical data

X-Ray equipment : Mammomat Siemens focal spot 0.6
Exposure : 44 Kv, filter 2 mm AL average 80 mA.
Imaging system : Xerox 125 with conditioner and processor.

IV.3. NIJMEGEN

IV.3.1. Introduction

The study in Nijmegen (150,000 inhabitants) was started on January 1st 1975.
Financial support is provided by the Praeventiefonds (Prevention Fund) and
the Ministry of Public Health. The municipal authorities arrange for the
invitations of the women for the screening. The mammograms are made in a
location provided by the Municipal Health Service (GGD). The reporting is
under responsability of the radiologist Dr. J.H.C.L. Hendriks of the Univer-
sity Hospital Radboud. The Radboud Hospital also provides personnel
(radiological technicians) and the administration associated with a popula-
tion screening project. The following data are mainly derived from Dr.
Hendriks' thesis (1982).

IV.3.2. The population to be screened

For the first round of the screening (1975-1976) notices were sent to all
women born between 1 January 1910 and 1 January 1940 (age group 35-65
years). The interval between two rounds was put at two years. For the second '
round invitations were sent to the same women as for the first round, j
including the non-participants and women with carcinoma, and also to the •
women aged 65 years or older on January 1 1975 at the beginning of the first i
round. Women who had moved away from Nijmegen did not receive the !

invitation. For the third round notices went to the entire group aged between
35 and 65 years at the time of the first round and those older than 65 years at
the time of the second round. In total, five rounds were carried out. The
attendance to the different screening rounds is shown in Table 8 (Hendriks
1982; Verbeek 1983).

Table 8. Nijmegen: Attendance

Screening round

1 st exam. 1975-1976
2 nd exam. 1977-1978
3 rd exam. 1979-1980
4 th exam. 1981-1982

Invited
No.

23,205
30,502
28,833
27,377

Participated
No.

19,687
19,752
16,517
14,382

All age-groups
%

84.8
64.8
57.3
52.5

50-64 year
%

83.3
71.8
60.2
56.1
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IV.3.3. Method used for screening

For the screening, only the f;lm-mammography technique is applied; palpa-
tion is not performed. Initially, one latero-medial view was made of each
breast, but since 1982 one view has been made according to Lundgren(1976).
In the presence of a lesion or extensive dysplasia, a cranio-caudal projection
is made in addition; this occurs in about 5% of the cases. The average time
required for the mammographic examination is five minutes. The films are
developed immediately by the technician and read on the following day by
the radiologist and a colleague (double reading method).

IV. 3.4. Referral policy

When a mammogram is suspicious the general practitioner in question is
notified and advised to refer the patient to a surgeon for biopsy and/or
treatment. All women in this group are referred, solely on the basis of the
radiological criteria, to one of the two hospitals in Nijmegen, for physical
examination, complete mammography and if necessary, ultrasonography
and pneumocystography. Palpable solid lesions are punctured or biopsied to
obtain material for histological investigation. Non-palpable lesions are biop-
sied after wire-localization.

In a number of women referred for further investigation by additional
mammography and physical examination, the breast, under suspicion, is
found to be normal.

IV.3.5. Results

The data on the number of women examined, the number of referred and
biopsied women, and the number of carcinomas found are shown in Table 9.

Table 9. Nijmegen: Results

Screening
round

I st exam.
2 nd ?xam.
3 rd exam.
4 th exam.

Examined
No.

24,764
19,680
15,629
10,256

Referred
No.

350
169
120
68

Biopsied
No.

256
110
68
-

Cancers
No.

129
62
43
22

Note:
The figures differ from those in table 8, because the first examination in the age-group of 65 years
and older took place in the second examination round.
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IV. 3.6. Technical data

The relevant technical information is given in Table 10 (Hendriks 1982).

Table 10. Technical data

X-Ray equipment

Exposure
Film

Developing machine
Developing time
Developer temperature

: Senographe, focal spot (0.6) (CGR)
(1st, 2nd, and 3rd round).
Senographe 500T focal spot (0.3) (CGR)
(4th and 5th round).
30Kv, 30mA, automatic exposure.
1st round: Lo-dose I-film and screen (Dupont).
2nd and 3rd round: Min-R-film and screen (Kodak).
4th and 5th round: NMB-film and screen (Kodak).
Kodak X-omat, model 100 with Kodak chemicals.
90 seconds.
34°C.

IV.4. KOPPARBERG COUNTY

IV.4.1. Introduction

In Sweden, projects for population-based screening for breast carcinoma are
in progress in Gavle (since 1974), Kopparberg county (1977), OsterGötland
(1978), Stockholm (1981), Malmö (1977) and Góteborg (1983). The first four
of these projects are based on population screening using mammography
with only one view per breast as diagnostic method. The screening programs
in Kopparberg county and OsterGötland are organized as randomized
controlled trials, which means that the women are randomized into a group
subjected to screening and a controlgroup not offered mammography scree-
ning. A virtually identical screening but with two views has been performed
since 1977 in Malmö and since 1983 in Göteborg. The following data are
mainly derived from Tabar (1981, 1983, 1984).

IV.4.2. Design and organization

The women over forty years of Kopparberg county were divided into seven
groups according to the area of residence, and each group was divided into
three small subgroups. This was done so that all subgroups would be approxi-
mately matched as to social, geographic, and economic conditions. Arbitrari-
ly two subgroups in each district were chosen as study group, the remaining
subgroup serving as control.
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The study group (active study population, ASP) was subdivided as follows:
ASP 1 : Women with carcinoma found after definition of the population

but before start of screening.
ASP 2 : Participant in screening procedure.
ASP 3 : Women with interval carcinoma.
ASP 4 : Women not attending the screening but found to have carcino-

ma.

IV.4.3. The population to be screened

About 69,000 women older than 39 years are living in Kopparberg county.
The study group comprises 47,000 women, the control group 22,000 women
matched for age. Between October 1977 and May 1980 the first round was
held, there after the second round started. The interval time differed for the
various age groups: mean duration 22.3 months for the 40-49 year age group,
34.6 months for the 50-59 year group, and 37.4 months for the 60-69 year
group (Tabar 1984). The response in Kopparberg county as is shown in Table
11, amounted to 92% in the age group 40-69 years, 80.7% in the age group
70-74 years and 51% in the 75 year and older group.

Table 11. Kopparberg county: Attendance

Screening
round

1 st exam.
2 nd exam.

Invited
No.

47,389
42,999

Participated
No.

39,713
34,395

All age groups
%

83.8
79.9

40-49
%

93.8
90.7

50-64
%

93.2
90.2

65*
%

85.8
63.3

IV.4.4. Method used for screening

The mammograms are made with the mammograph in a mobile unit in which
three technicians work. The mobile unit is stationed in the middle of a
district. One image is made of each breast, i.e. a medio-lateral oblique
projection according to Lundgren (1976).

The exposed films are sent to the Mammography Department of the
hospital in the town of Falun (Kopparberg county) where they are processed
and passed on to the radiologist for analysis. About 100 women are examin-
ed per day with one X-Ray machine.

IV.4.5. Referral policy

Women with a normal mammogram are notified by mail two to three days
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after the examination. Those with a dubious or suspect mammogram are
asked to come for detailed mammography, if necessary with coneddown
compression and magnification views. All additional investigations are done
in one hospital in Falun under the supervision of the same radiologist (L.
Tabar). Depending on the Findings, galactography, pneumocystography,
cytology, or an excision biopsy is performed.

IV.4.6. Results

The numbers of women with normal and abnormal mammography after the
first round are shown in Table 12a and the findings in those with abnormal
results in Table 12b.

Table 12a. Kopparberg county: Results 1st

Mammogram

Normal
Normal after complete mammography
Abnormal

Total

Table 12b, Kopparberg county: Abnormal

Results

round

No.

37,766
1,226

721

39,713

mammography lsl round

No.

%

95.2
3
1.8

100%

%

Benign after additional investigation 295 41
Benign after excision biopsy 145 20
Carcinoma 278 39
Refusal 3

Total 721 100%

IV.4.7. Technical data

The relevant technical information is given in Table 13.

Table 13. Technical data (Tabar 1981)

Film : NMB and MinR screen (Kodak)
X-Ray : Mammadiagnost (Philips)
Focal spot : 0.6
Filler : 0.03 mm molybdenum
Kilovoltage : 25 Kv
HVL : 0.4 mm AL
Dosis : Skin and absorbed dose resp. 5.7 mGy (570mRad)and 1.1 mGy (110 mRad)

(measured with thermoluminescence dosimetry).
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IV.5 . COMPARISON OF THE THREE PROJECTS

The three projects differed in the following ways:

1. Composition of the study population.
2. Response to the invitation to participate.
3. Length of interval between examinations.
4. Screening method

(Utrecht: palpation and Xeromammography; Nijmegen and Kopparberg county: only
mammography).

5. Imaging technique.
(Utrecht: two Xeromammograms per breast in the first round; in principle one in subse-
quent rounds; Nijmegen and Kopparberg county: in principle one film-screen mammo-
gram.

6. Follow up policy
(Utrecht: several women with suspicious lesions after 6 months; Nijmegen and Kopparberg
county: no follow up, except for a very few cases).

7. Location of screening and further mammographic examination
(Utrecht and Nijmegen: different places; Kopparberg county: mobile unit, further exami-
nation all by the same radiologist.)

8. Referral
(Utrecht: various surgical departments; Nijmegen: two surgical departments; Kopparberg
county: one surgical department).

9. Diagnostic work-up: different criteria for biopsy indication.

These differences can influence the results of the screening and must be taken
into account in comparing the three projects.



CHAPTER V

The mammographic signs of carcinoma of the breast

V.I . INTRODUCTION

In general, classification of the mammographic signs of breast cancer is
complicated by differences in the description of the signs. This is a general
problem in radiodiagnosis, where in many cases visual recognition of a lesion
on the film is not followed by an appropriate description of the findings. In
addition it is generally known that when two persons observe the same thing
there is a substantial chance that they will describe it differently. We attemp-
ted to determine which signs can serve for classification of carcinomas and
the frequency in which these signs occur.

Mammographic criteria must be so clearly defined that they can be descri-
bed in the same way by different observers. Often this is not the case.
Differences in interpretations of signs influence its occurrence (Myers 1982).
Differences in occurrence can also be causec' by other factors: 1. the histologi-
cal criteria for malignancy can differ, which means that there is a chance that
the diagnosis carcinoma will be made erroneously or missed (Beahrs 1979,
Azzopardi 1979). 2. the quality of the investigation is of crucial importance
for the detection of small carcinomas (Sigfusson 1983). With an inadequate
technique, such tumors will be missed or not recognized as such.

V.2. CLASSIFICATION OF THE SIGNS (REVIEW OF THE LITERATURE)

The mammographic signs (appearences) of breast carcinoma are classified on
the basis of the occurrence of various pictures. The most important primary
signs are an abnormal density (syn: shadow, nodular opacity, tumour mass)
and the presence of fine particles representing calcium (microcalcifications).
The latter often occur as exclusively primary sign, but also frequently as
secondary signs within a dense area indicating a tumour.
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In the literature, mostly all microcalcifications are considered as one
group, and the nodular opacities are usually classified according to their
appearance. The various types of carcinoma are discussed in sections V.4 and
V.5. The classifications given by various authors are as follows:
Leborgne (1953) divided the carcinomas into three main groups on the basis
of their contours:
1. the tumour mass with spicules (stellate lesion).
2. the tumour mass with blurred margins (nodular lesion).
3. the tumour mass with sharply outlined contour.
Wolfe (1974) described five types of breast carcinoma, i.e. the tumour mass
with spicules and nodular, irregular, sharply defined and diffuse shadows. In
addition, he included a group with microcalcifications as the only sign.
Wolfe (1977) later modified his classifications such that it roughly correspon-
ded with that of Gros (1972). He now classified all tumour masses with
spicules as scirrhous carcinoma and divided the other carcinomas into nodu-
lar sharply defined carcinomas and non-sharply defined carcinomas.
Bjurstam (1978) performed an extensive analysis of the appearances of 160
breast carcinomas on the basis of a histological study of specimens, which led
him to a limited modification of Wolfe's classification.
Andersson (1980) adopted an entirely different approach, dividing the carci-
nomas into three groups:
1. Tumour density of all types.
2. Disturbed architecture of the glandular tissue.
3. Carcinomas with microcalcifications as sole sign.

V.3. THE CLASSIFICATION USED IN THE SCREENING PROGRAMS OF NIJMEGEN,

UTRECHT AND KOPPARBERG COUNTY

The problem of classifying the radiographic signs of carcinoma is illustrated
by section V.I. In addition these classifications do not meet all the criteria
which have been used for the analysis of the carcinomas in the three projects.
Our classification that was used for the present study had to be as simple as
possible, lead to good reproducibility, and allow for inclusion of all of the
minor differences found. It was based on a number of the elements of the
above-mentioned authors.

Our basic division is according to the occurrence of the two most impor-
tant primary radiographic signs: the tumour density and microcalcifications
without tumour opacity. In considering the former, we distinguish between
tumour density (mass) with and without microcalcifications. The very small
group of lesions that cannot be assigned to either sign, concerns malignant
lymphangitis. This lesion does not cause nodularity; the film shows a diffuse
opacity with massive infiltration of the skin.

The tumour densities are subdivided according to shape which can, howe-
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ver, differ according to projection and detail views (Andersson 1980). The
tumour densities are divided as follows:
1. Tumour density with sharply outlined contours.
2. Tumour density with an almost sharp margin (more than half of the

contour sharply outlined).
3. Tumour density with unsharp contours (hazy outlines).
4. Tumour density with spicules (syn: scirrhous carcinoma, stellate lesion).
5. Miscellaneous.

For convenience, the various types of tumour mass will be discussed first.
Although microcalcifications occur less frequently than tumour densities, the
microcalcifications will be dealt with extensively, because this sign is found
relatively often in population screening and because of the difficulty of the
differential diagnosis.

These primary signs of breast carcinoma can be accompanied by secondary
appearances such as thickening and retraction of the skin and nipple retrac-
tion. The secondary signs are less important for the primary detection of
breast cancer. For a detailed discussion, reference is made to Hoeffken and
Lanyi (1977) and Willemin (1972).

Fig. 1, a and b. Types of tumour density
a: Sharply defined tumour density given by a cyst. (Courtesy of Dr. J.J. Rombach)
b: Sharply defined tumour density given by a carcinoma, partly covered by gland-tissue.

V.4 THE ABNORMAL TUMOUR DENSITY

V.4. ]. The tumour density with sharp outlined contours (Fig. 1A-B)

According to Bjurstam (1978) shadows with sharply outlined contours occur
predominantly in patients aged between 40 and 49 years, and usually turn out
to be cysts. Three per cent of these lesions with sharp margins are nevertheless
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Fig. 2, a andb. Almost sharply defined shadow, the small irregular areas (arrows) indicating a
carcinoma, (b: Courtesy of Dr. J.H.C.L. Hendriks).

carcinomas. In this group of lesions even optimal mammography does not
permit distinction between a carcinoma and a benign tumour.

As a matter of policy, sharply margined palpable lesions must in any case
be investigated further by means of detailed views, ultrasonography, and if
necessary cytology. The non-palpable lesions should be followed, because
there is always a chance that a tumour that does not increase in size is
nevertheless malignant (Meyer 1981). A malignant tumour can have sharply
outlined contours, but this is exceedingly rare.

V.4.2. The almost sharply outlined tumour density (more than 50% of margin
sharp; Fig. 2A-B)

This type is classified separately because it is difficult to interpret. The
contour is usually smooth, the lesion is therefore considered benign, but on
closer examination the smooth contour is interrupted in several places where
it is difficult to distinguish. So in fact it has a slightly irregular appearance.
When this situation is found, malignancy is suspected. For example, Wolfe
(1966) found that in the group of lesions mistakenly not interpreted as
carcinoma, 40% were considered to be benign. Therefore, scrupulous analy-
sis of these opacities is obligatory. It must also be kept in mind, however, that
glandular tissue can impinge on the margin of a lesion and thus masks its
contour.

V.4.3. The tumour density with unsharp contours (Fig. 3A-E)

Duct carcinomas can show a desmoplastic reaction and can then appear on
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Fig. 3. a-e. Various types of irregularly bordered carcinomas (b: Courtesy of Dr. J.H.C.L.
Hendriks, d: C'ourlesy of Dr. J.J. Rombach).
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the mammogram as an abnormal opaque nodule, usually with hazy outlines.
The degree of the reactive fibrosis, which usually occurs in or around the
tumour, and the unrestrained proliferation of the cells determine the radio-
graphic appearance of the lesion. Consequently, a malignant tumour usually
has a blurred margin, unlike most of the benign lesions. Other types of lesion,
for instance a haematoma, sometimes have vague borders too. In some cases,
furthermore, the contour cannot be distinguished due to masking by neigh-
bouring glandular tissue. Experience shows that there is marked variation in
the image presented by the carcinoma with unsharp borders.

V.4.4. The tumour density with spicules (Fig. 4A-B)

The lesion withspicuies (scirrhouscarcinoma)is the mojt uniform manifesta-
tion of a carcinoma and is therefore distinguished as a separate group. The
spicules of a tumour can appear as pronounced sharp dense lines differing in
length and radiating in all directions. The diameter of the central tumour
mass is correlated with the length of the spicules: the greater the former the
longer the latter. The presence of spicules is often accompanied by local
swelling and retraction of the skin. The spicules must be distinguished from
the normal Cooper's ligaments and the very fine long spicules occurring in
sclerosing duct hyperplasia (Tabar 1982, 1983).

A very small scirrhous carcinoma can be very difficult to recognize, but
even when the diameter is very small the central tumour mass is always
present.

Fig. 4a. Stellate lesion: Scirrhous carcinoma with characteristic spicules and showing nipple
retraction.
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F/g. 4fc. Stellate lesion: carcinoma (arrow). Note cyst (paired arrows) (Courtesy of Dr. J.J.
Rombach).

Fig. 5a. Carcinoma. Glandular structure disturb-
ed by an abnormal shadow (arrow). (Courtesy of
Dr. J.H.C.L. Hendriks).
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Fig. 5, b-c. Abnormal density.
b. Left breast, showing retromammillary abnormal opacity but no typical features of

carcinoma (arrows). Note difference between right and left breasts. Historical diagnosis:
carcinoma.

c. Right breast (shown for comparison).
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V.4.5. Miscellaneous lesions

The diffuse opacity is often difficult to recognize on the mammogram espe-
cially in dense breasts, and therefore complicates diagnosis. In mammogra-
phy, the term dense breast is used for a breast with predominantly dense
tissue (connective and glandular). There is usually little contrast between the
normal and pathological tissue (Egan 1972). In dense breasts tumours can
usually be recognized as an area of greater density or as not being symmetri-
cal of the parenchyma (Fig. 5b,c). This, however, makes them difficult to
differentiate from dysplasia. The carcinoma showing only a disturbance of
the normal architecture (Fig. 5a) also falls in this category, as does, the cancer
with malignant lymphangitis.

V.5. THE MALIGNANT MICROCALCIFICATIONS

V.5.1. Introduction

The malignant microcalcifications were first described by Leborgne in 1951
as a characteristic sign of malignancy. His original description is as follows:
"Calcifications in a carcinoma are characterized by the presence of innume-
rable punctate calcifications resembling fine grains of salt, generally clustered
in a region of the breast" (Leborgne 1951).

Hoeffken (1973) compared the appearance of microcalcifications with a
stone pulverized by a hammer. Microcalcifications do not occur in all carci-
nomas, and there is disagreement among authors as to the frequency, Le-
borgne (1953) mentioning 30%, Gershon-Cohen (1966) 35%, Willemin
(1972) 25%, and Bjurstam (1978) 55%. Some carcinomas, and in particular
the clinically occult intraductal tumours, show microcalcifications as the
only radiographic sign (Meyer 1981; Martin 1983).

V.5.2. Differential diagnosis

Most of the calcifications found in the breast are not microcalcifications but j
macrocalcifications of the type occurring in benign lesions. It is not difficult 1
to recognize the coarse calcifications occurring in fibroadenomas, the elonga-
ted intraductal and periductal type seen in plasma cell mastitis, calcified
blood vessels, and the many types of annular calcification (Muller 1980).
Benign and malignant microcalcifications cannot always be clearly distin-
guished from each other. More than 75% ofthebiopsied clusters of microcal-
cifications proved to be associated with a benign process (Citoler 1978; Lanyi
and Citoler 1981). Small clusters of microcalcifications can sometimes be
diagnosed as benign, and these are found in forms of dysplasia, ductal
ectasia, blunt duct adenosis, sclerotic adenosis and papillomatosis (Lanyi
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1981). Even after the application of improved diagnostic methods a group of
microcalcifications cannot be indicated as benign or malignant. The indica-
tion used by the various authors to biopsy these lesions can influence the
biopsy results.

Table 14 shows the biopsy results in patients with microcalcifications as
sole radiographic sign. It is evident that the frequency of carcinoma is rather
low in the group of microcalcifications considered for biopsy, and this
frequency is still lower in the total group of microcalcifications.

In the first round of the DOM-1 project the abnormality 'clustered micro-
calcifications' was found 584 times. The extent to which this was the only sign
has not been analysed. A high proportion were not considered for further
investigation. Of the 584 clusters, 41 (7%) proved to be malignant. These 41
lesions represented 37% of all detected carcinomas (including 5 interval
carcinomas) (Rombach 1980).

Table 14. Microcalcifications a a sole radiographic sign. Results after biopsy

Author

Citoler (1974)
Egan (1980)
Stamp (1983)
Sigfusson (1983)
Sigfusson (1983)

Centre of

hospital
hospital
screening
screening
hospital

No. of

113
468

55
165
48

Benign

No.

98
353
48

110
33

%

87
76
88
70
69

Cancer (DCIS incl)

No.

15
115

7
55
15

%

13
24
12
30
31

V.5.3. The pathologist and microcalcifications
|

After Leborgne had demonstrated the presence of calcium in carcinomas by !
mammography, the pathologist became interested in specimen radiography '
of the breast. Indeed, the pathologist finds calcifications more frequently if he
is aware of their presence on the mammogram. For example, among 78
carcinomas Levitan (1964) found calcium 23 times on the film and 45 times in
the specimen. In histological breast-cancer specimens, microcalcifications
were found in between 60 and 80% of the cases (Picard 1959, Shepard 1967;
Bjurstam 1978; Millis 1979; Snyder 1980). Fisher (1974) even reported micro-
calcifications in 86% of carcinomas he examined.
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V.5.4. Etiology of calcium deposition in breast carcinoma

Many investigators have attempted to explain the exposition of calcium
found in the cancerous breast. Levitan (1964) and Hamperl (1968) suggested
that the calcifications were usually formed in the necrotic part of the lesion.
These calcifications are irregular and are associated with cellular and necrotic
debris. However, Achmed (1975) and Black (1965) saw the calcium deposi-
tion as an active secretory process of the cells and not as the result of
mineralization of debris. According to these authors, epithelial mammary-
duct cells are normally capable of producing calcium. These cells are also
active in benign processes. Epithelial cells of the mammary duct that have
undergone malignant changes retain their ability to metabolize calcium. The
continuous secretion of calcium products was thought to lead to a higher
concentration, after which calcium salts are deposited. Non-gradual accumu-
lation of calcium depots was considered to be the cause of the wide variation
in the size and density of the calcifications.

V.5.5. Detection of microcalciflcations

According to Hoeffken and Lanyi (1977), a magnifying glass is needed to
detect and analyse microcalcifications on the mammogram. Detection is
dependent on the technique employed and is influenced by the following
factors:

Technique: This factor includes the radiographic technique and the type of
film. Overexposure enhances the visibility of microcalcifications and unde-
rexposure masks them (Gershon-Cohen 1966). If the kVp is too high, the
specific absorption of the microcalcifications will be lost.

Magnification: Magnification with the use of a small focal spot (0.1)
facilitates the detection of microcalcifications and permits more accurate
analysis. The existence of unexpected clusters can sometimes be shown in this
way (Sickles 1982).

Mammographic Grids: The use of a grid produces a higher level of image
contrast (with increasing radiation dose). Increased contrast results in impro-
ved small-object visibility (McSweeney 1983). The value of grids and magnifi-
cation lies in its increased diagnostic accuracy and a considerable reduction
of the number of biopsies (Sickles 1983).

V.5.6. Analysis of microcalcifications

The radiologist, who observes the whole spectrum of calcifications, can
determine the pattern and distribution without great difficulty (Gershon-Co-
hen 1968). In the analysis of these microcalcifications special attention must
be paid to the form, size, density, number, and distribution. The importance
of these parameters varies in relation to the diagnosis, and requires further
comment.
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V.5.6A. Form
Many authors have attempted to classify the malignant microcalcifications
according to form. Carcinomas also show 'benign' calcifications which often
differ widely in density (Egan 1980). Not only polymorphism but also uni-
formly punctate calcifications are found in carcinoma (Lanyi 1977). On the
basis of an analysis of 5,641 microcalcifications under a magnification of 20,
Lanyi (1983) distinguished branch-, bean- and dot-shaped types.

Moskowitz (1979) found the diagnosis carcinoma virtually proven in the
presence of calcifications arranged in a linear or branching array, but less
certain for punctate calcifications. Because the latter type of calcification is
non-specific for malignancy, we refer to it as non-specific calcifications.

Fig. 6. a-d. Calcification patterns.
a: Small cluster of granular calcifications on a carcinoma specimen film.
b: Small cluster of granular calcifications (arrow). (Courtesy of Dr. J.H.C.L. Hendriks).
c: Intraductally situated calcifications of the casting type (arrows). There are also two stellate

lesions. (Courtesy of Dr. J.H.C.L. Hendriks),
d: Non-specific calcifications in a tumour shadow (carcinoma). Specimen film.
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Tabar (1982) described the granular and casting types of calcification in
carcinoma. The granular type corresponds with Leborgne's description and
has irregularly stippled calcifications. The casting type occurs in a segment of
the lumen of mammary ducts, the site determining the size and diameter of
the cast. The irregular shape of the clusters is caused by the irregular prolife-
ration of the tumour cells.

This classification is highly reproducible, and in the present study the
malignant microcalcifications were therefore classified as granular (Fig. 6, a
and b), casting (Fig. 6c), and non-specific (Fig. 6d).

V.5.6.2. Size and density of the microcalcifications
The diameter of the microcalcifications ranges from 10 u to lmm (Willemin
1972). Large microcalcifications must be distinguished from macrocalcifica-
tions, but the borderline is drawn arbitrarily. The density of microcalcifica-
tions can also vary widely. Both the size and the density are difficult to
categorize.

V.5.6.3. Numbers of microcalcifications (Fig. 7A-B)
The number of microcalcification plays a role in the analysis of carcinomas,
but it must be kept in mind that there are also benign lesions with numerous
calcifications. For example, Egan analysed 353 benign and 115 malignant
lesions and found more than ten calcifications in 84% of the carcinomas and
54% of the benign lesions (Egan 1980).Menges (1973) analysed 67 clusters
and found 30 with 3-5 microcalcifications, 20 with 5-10, and 17 with more
than 10. In the first of these groups there were no carcinomas, in the second
group 20% and in the third group 53% were carcinomas.

Fig. 7, a and b. Example of carcinomas with different numbers of microcalcifications.
a: Numerous intraducially situated microcalcifications (magnification) associated with car-

cinoma,
b: Five microcalcifications; carcinoma. (Courtesy of Dr. J J . Rombach).
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Carcinoma with very few microcalcifications is extremely rare. Rogers
(1972) examined preparations of patients with microcalcifications as the only
sign and concluded that carcinoma was absent when there were fewer than 5
microcalcifications, whereas Wolfe (1977) found 2-4 microcalcifications in
10% of the carcinomas.

An increase in the number of microcalcifications in patients with such
structures and the sudden appearance of microcalcifications in patients who
had none at previous examinations are important indicators of malignancy
(Meyers 1976). However, this does not necessarily mean that carcinoma is not
present in cases where the number does not change. Technical quality also
plays a role: with a better technique more calcifications are detected (Tabar
1983).

V.5.6.4. Distribution of the microcalcifications
In 114 patients with carcinoma, Lanyi (1982) analysed systematically of not
only the shape and contour but also the distribution of the microcalcifica-
tions and divided them into groups. Occurrence in a triangular pattern was
the most frequent (65%) and was considered to have diagnostic significance
(Lanyi 1982). These formations were explained by the anatomy of the mam-
mary-duct system, since the intraductal microcalcifications lie in a closed
cavity. They take on the shape of the cavity and the branching ducts, which
results in the triangular configuration.

We were unable to assess this interesting concept. In studying the distribu-
tion of the microcalcifications we took into account whether they were
present in clusters, in the lumen of a duct (i.e., intraductally), or were
diffusely distributed. The distinction between intraductal and clustered
microcalcifications is arbitrarily. We considered microcalcifications to be
situated intraductally if they were clearly present in the normal position of a
duct (Fig. 8, a and b), and distinguish them from clusters on the basis of a
length that was twice the width of area in question. The distinction between
diffuse and clustered microcalcifications was based on the close grouping of
the latter (Fig. 9, a-d). Diffuse microcalcifications lie farther apart and it is
usually more difficult to distinguish a relationship between them; this type is
assigned to the miscellaneous category (Fig. 10).

V.5.7. Summary

Technical skill is indispensable for the radiographic imaging of microcalcifi-
cations. The differential diagnosis is difficult. Studies have shown that most
of the malignant microcalcifications are irregular in shape, but they can also
appear as regular dots. The number of microcalcifications sometimes has
diagnostic value. In the present study the classification of these structures was
made according to form (granular, casting, non-specific) and distribution
(clustered, intraductal, miscellaneous).
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Fig. 8, a and b. Intraductally situated calcifications associated with carcinoma,
a: (Courtesy of Dr. J.H.C.L. Hendriks),
b: (Courtesy of Dr. J.J. Rombach).
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Fig. 9, a-</. Examples of clustered calcifications (arrows). All histological diagnoses: carcinoma,
(b. Courtesy of Dr. J.H.C.L. Hendriks, d. Courtesy of Dr. J J . Rombach).

Fig. 10. Diffusely distributed calcifications. Histological diagnosis: carcinoma. (Courtesyof Dr.
Th.C.M. van Rhijn).



CHAPTER VI

The frequency of occurrence of the various mammo-
graphic signs

VI. 1. INTRODUCTION

In this chapter the literature on the mammographic signs and the frequency
of occurrence of clinically palpable carcinomas, clinically occult (non-palpa-
ble) carcinomas, carcinomas found at population screening and interval
carcinomas will be reviewed and discussed.

VI.2. PALPABLE CARCINOMAS

Buch wald (1970) was the first to analyse a large series of histologically proven
tumours (n = 324) to assess the value of the radiographic signs for the
distinction between malignant and benign processes. In recent years larger
clinical series have been studied to determine the frequency of the occurrence
of the various radiographic signs of carcinoma. In attempting to tabulate
these signs we encountered a number of problems:
a. Some authors had reported radiopacities with and without calcification

as a single group (e.g. Bjurstam 1978), whereas others (Frankl 1983;
Wolfe 1974) made a clear distinction between them. Gershon-Cohen
(1962) did not distinguish between carcinoma with calcification as the
only sign and a tumour mass combined with calcification.

b. The secondary signs are very difficult to tabulate. When they are mentio-
ned they are usually referred to collectively.

c. A number of authors include both palpable and non-palpable tumours
in one group. This must be kept in mind when larger numbers of various
studies together are interpreted.

d. Multifocality is usually not mentioned.
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Table IS. Mammographic signs of clinical breaslcancer

Author

Hermanutz (1972)
Wolfe (1974)
Lundgren (1977)
Bjurstam (1978)
Guzzon (1978)
Frankl(1983)

No. of
cancers

100
440'
179

160'
955

11513

TSD

%

5
2
2
6
5

55s

TID
<7c

58
44

62
79"

48

TAM

<?t

33
35
30

41

35

MWT

_

16
6
8
6

10

Misc.
<"•;

4

-

7
-

-

Sec. Signs

r,
33
16
33
24

15
25

1. 139 clinical occult cancers.
2. 147 women.
3. 321 clinical occult cancers.
4. Combination of TID and TAM
5. Combination of TSD and TID

Some data from the literature on the frequency of the occurrence of signs of
breast carcinoma are shown in table 15. For clarity, we have attempted to
classify the signs as tumour density with and without sharp margins, micro-
calcifications within tumour density, and a miscellaneous group.

As table 15 shows, the most frequent abnormality is the irregularly borde-
red tumour density. Calcifications are found in 30-40% of the cases and
Bjurstam (1978) even reported 55%. Wolfe (1974) and Fisher (1974) found
multifocality in 10% of their cases. (Bjurstam in 7%).

The frequency of the occurrence of multifocal carcinomas is lower in
mammography than in surgical specimens. In carcinomas larger than 2 cm in
diameter, Rosen (1975) found multifocality in 38% and in 26% of those
smaller than 2 cm.

According to Holland (1984), the diameter is not essential. In 282 mastecto-
my specimen examined, in 20% tumour foci were present within 2 cm and
tumour (43%) was found more than 2 cm of the reference tumour irrespective
of the diameter.

VI.3 . NON-PALPABLE CARCINOMAS

VI.3.1. Normal and specific signs and frequency of occurrence

The non-palpable (clinically occult) breast carcinomas lead to radiograph-
ic signs generally corresponding with those of the palpable tumours, but
some authors have described signs that might be specific for the former.
These signs are: a new density not present on the preceding mammogram
(Martin 1971, Sickles 1984), intraductal and intralobular calcifications (Mar-
tin 1983, Sickles 1984), disturbance of the architecture (Andersson 1981,
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Sickles 1984), called Schiene Phanomen by Menges (1981), asymmetry of
glandular tissue (Martin 1983, Sickles 1984), and dilatated mammary ducts
(Martin 1983).

Wolfe (1967) also described the rare occurrence of dilatated mammary
ducts in carcinoma but he did not mention how frequent this was found.

The frequencies of occurrence reported for the mammographic signs of
the non-palpable breast tumour are presented in Table 16.

Table 16. Mammographic signs of non-palpable (occult) breastcancer

Author

Hermanutz
Wolfe
Feig
Lundgren (excl. screening)
Menges
Frank!

No. of

22
139
60
38

220
321

TWM

9f

55
24

55'
67
28
32

TAM

9f

31
38

15
24
33

MWT

<7f

14
38
45
18
48
35

1. Combination of TWM and TAM

VI.3.2. Discussion

There is a wide range of how frequent radiographic signs of non-palpable
carcinomas occur in the literature, which is partially explained by differences
in the technique used. Menges's findings in a screening study are remarkable.
In his series there were many carcinomas with microcalcifications (72%), and
in 48% it was the only diagnostic feature. Lundgren (1978) found only 11
carcinomas (2.3%) with calcifications as the sole sign of malignancy in a
series of 302 tumours, and among the 92 occult carcinomas, seven (8%) with
microcalcifications as the only sign were detected.

In 36% of his cases Menges found disturbance of the architecture affecting
the normal glandular-to-connective-tissue ratio as secondary sign of mali-
gnancy. In an other study (Andersson 1981) this phenomenon was found to
be rare and certainly did not occur as frequent. The signs, described especially
by Martin (1983), are very rarely encountered. The dilatated mammary duct
is especially associated with such disorders as epithelial hyperplasia, atypical
hyperplasia and papillomatosis and is not specific for carcinoma (Hoeffken
and Lanyi 1977, Martin 1983). lntralobular calcifications are in general
found in such conditions as sclerosing adenosis and blunt-duct adenosis
(Lanyi 1981) and never in intraductal carcinoma. Overestimation of those
signs can lead to unnecessary biopsies.
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VI.4. CARCINOMAS IN POPULATION SCREENING

This section is focused on the radiographic signs of the carcinomas found in
a number of screening projects (Table 17). The following should be taken into
account for the interpretation of the data in Table 17. In principle no
distinction is made between palpable and non-palpable carcinomas in the
literature on screening. A number of authors have placed the abnormal
tumour densities with and without calcifications in one group (Feig 1976;
Andersson 1981; Schmitt 1981). Andersson (1981) introduced a slightly
divergent set of signs, distinguishing between an irregular tumour mass,
disturbed architecture, and microcalcifications. In all cases, one of these
features was considered to be the most important for the diagnosis of
malignancy. Venet and Lundgren included only the data for the non-palpable
carcinomas in series of 132 and 123 cases, respectively. Moskowitz reported
only the carcinomas with a sole sign in a series of 220 cases.

Table 17.

Author

Mammographic signs

No. of

cancers

of breastcancers,

TSD

%

found

TID

%

m various

TAM

%

screening projects

MWT

%

Misc.

%

Venet HIP (1971)
Feig (1976)
Lundgren (1976)
Rombach (1980)
Schmitt (1981)
Andersson (1981)
Stamp (1983)
Moskowitz (1983)

44
123
54

111
76

118
21
86

-
-
4
-
-
-
4
2

6 4 - 3 6
7 4 - 2 6
69 27
63 37'
7 2 - 2 8
60 - 30 10
14 45 34 4
1 8 - 1 9

1. Combination of TAM and MWT

It is evident from Table 17 that the signs for screening carcinomas do
not differ essentially from those for clinical carcinomas shown in Table 15.
The abnormal tumour density (sometimes showing microcalcifications) is the
most frequently found radiographic sign in screening, but the differences in
frequency of occurrence can be very large. Microcalcifications as sole sign
occurred most frequently in carcinoma in situ (Andersson 1981). Of the
tumours smaller than 1 cm in diameter, 30% were composed only of calcifica-
tions. Microcalcifications without tumour opacity, for example, usually
occurs more frequently (19-36%) in screening than in clinical carcinomas. An
exception forms the data given by Lundgren (1977). This wide variation in the
reported presence of the signs justify analysis of the material available for
the present study.
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VI.5. THE INTERVAL CARCINOMAS

Under interval carcinoma is understood the carcinoma detected between two
rounds of screening and usually manifesting itself as a palpable abnormality.
In these cases the results of the preceding screening have been considered
normal (Fig. 11, a and b).

One of the problems attached to the definition of the interval carcinoma is
the choice of the duration of the interval. The question is whether the term
may be used for a very long interval. Interval carcinomas can be visible on the
mammogram but can also be mammographically occult. Three factors are of
importance in cases of interval carcinomas not seen on the preceding mam-
mogram (Holland 1982):
1. the diameter of the carcinoma.
2. the pattern of the glandular tissue.
3. the type of carcinoma.

Fig. 11, a and b. Interval carcinoma.
a: 15 June 1979: normal mammogram, no sign of carcinoma,
b: 2 February 1981: Interval carcinoma (arrow).
(Courtesy of Dr. L. Tabar).
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The diameter of the carcinoma is of importance, because tumours smaller
than 5 mm are seldom detected. At screening usually nothing has been
observed on the mammogram. It is conceivable that the growth rate has been
such that the lesion has become clinically manifest during the interval period.
In interval carcinomas the pattern of the glandular tissue is often found to be
P2 or Dy (Holland 1982), which can complicate detection (more chance of
observer error) or mask small lesions and a certain group of other tumours.
The type of carcinoma in the latter group of mammographically occult
processes include the intraductal carcinomas without microcalcifications and
the invasive lobular carcinomas. They have the same density as the surroun-
ding glandular tissue and show no connective-tissue reaction, which means
that even those with a substantial diameter cannot be seen on the mammo-
gram (Holland 1983). Some tumours will be found retrospectively on the
preceding mammogram (observer error), but there can have been other
indications of abnormality that did not awaken suspicions of malignancy and
therefore did not lead to biopsy (Martin 1979).

VI.6. SUMMARY

In this chapter the mammographic signs and the frequency of occurence of
clinically palpable carcinomas, clinically occult (non-palpable) carcinomas,
carcinomas found at population screening and interval carcinomas are dis-
cussed. The most frequent sign is the abnormal tumour density in all its
variations. Microcalcifications without tumour density are rare in clinically
palpable carcinomas, but are found more often in cases with non-palpable
and screening carcinomas. Intervalcarcinomas are mammographically relati-
vely often occult.

The following factors hamper the detection of the interval carcinoma: a
small tumour diameter, intraductal localization without microcalcifications,
and similar density of tumour and surrounding glandular tissue.



CHAPTER VII

The present study

VII. 1. MATERIAL AND METHODS

VII. 1.1. Introduction

The clinical and histological data of the various groups of patients investiga-
ted in each centre were collected and the mammograms were analysed to
determine and classify the radiographic signs of the tumours in question.
Next, the questions formulated in chapter I were answered. The mammo-
grams of the patients with an interval carcinoma were collected from various
hospitals and compared with those in the screening centre. The following
information in this material was recorded.

•
Basic information
a. date of birth of the patient
b. date of detection of the carcinoma
c. Name of the project where the tumour was detected

General (non mammographic) data
a. quadrantlocalization of tumour
b. localization in left or right breast

Mammographic data
1. The diameter of the tumour at detection.

The diameter of the lesion on the mammogram was taken as the
largest distance between the opposite margins of the opaque area. For
those with microcalcifications without tumour opacity, the distance
between the two most widely separate microcalcifications was measured.
These measurements could noi be used to calculate tumour volume.
Where possible, the diameter of the mammographically occult carcino-
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mas from the Utrecht material (University Hospital and DOM project)
was determined on the basis of the pathologist's findings.

2. Classification on mammographic signs.
The data on the Utrecht material included information whether the

tumour was radiographically occult and had therefore been detected
only by palpation or some other method. For the other mammographi-
cally demonstrated carcinomas, the following radiographic information
was noted:

a. type of lesion (tumour density or microcalcifications).
b. type of tumour density.
c. microcalcifications.
d. secondary signs.

When multifocality was present, only the largest lesion had been analysed.

VII. 1.2. Analysis of the material

All data were prepared for computer processing. The relevant results were
divided into four categories. The screening results will be given throughout in
the same sequence, i.e. Utrecht (DOM project), Nijmegen, and Kopparberg
county. The statistical analysis of the data led to frequency or cross tables,
and the statistical evaluation of the results consisted wherever possible of
comparison of the clinical material of Utrecht University Hospital (AZU)
with the total screening data and between the screening data of these projects.
The results of subsequent rounds and the interval carcinomas were also
compared with the results of the first round. The statistical evaluation was
based mainly on the Chi-square test. The data will be divided in four sections:

VII.2. Clinical carcinomas of the AZU
VII.3. Screening carcinomas of the first round
VII.4. Screening carcinomas of the subsequent rounds
VII. 5. Interval carcinomas

VII.2. THE AZU CARCINOMAS

VII.2.1. Patient material

All histologically proven carcinomas found between 1 August 1973 and 1
August 1983 were analysed. As a rule, the histological diagnosis was based on
excision biopsy specimens but sometimes on cytological puncture or autopsy
material. The histological diagnosis was usually made in the Department of
Pathology of the Utrecht University Hospital (head: Prof. dr. J.A.M. van
Unnik, predecessor T-of. dr. G. Bras).

In general, the patients had been referred to the Radiology Department
because of breast complaints or a palpable lesion. A number of them also
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underwent mammography as part of the result of a physical examination or
in connection with an increased risk of breast carcinoma (e.g. patients who
had already had one breast removed). A small number of patients were
referred because of findings noticed durin, tmlation screening.

VII.2.2. Method applied for examination

The radiological investigation (The technical data on mammography: Table
18) consisted initially of a standard mammogram (two projections). In 1981
the medio-lateral view was replaced by the medio-lateral oblique view accor-
ding to Lundgren. If present, palpation findings and skin lesions were investi-
gated and indicated by the radiologist on a standard diagram. Thus
information was provided about the localization of a lesion and any discre-
pancy between the palpation and radiographic findings. If further informa-
tion was required, additional detail and magnification views were made. On
indication, supplementary ultrasonography was performed by the radiolo-
gist, most frequently done to distinguish between a cyst and a solid process.
Another important indication for ultrasonography was a palpable tumour
that was not visible on the mammogram (Muller 1982, 1983).

If ultrasonography showed fluid in a tumour, puncture was performed as a
rule. After aspiration of the fluid, the empty cyst was filled with air (pneumo-
cystography) (Tabar 1979; Muller 1980). In some cases a puncture biopsy was
performed in cases with a solid tumour after consultation with the surgeon.

Table 18. AZU: Technical data

X-Ray data

Films and screens

Developing Machine

: 1973-1981
1981-1983
1984

: 1973-1976
1976-1980
1980-1983
1984

Diagnost M (Philips)
Diagnost U (Philips)
Senograph 500T (CGR)
Definix (Kodak)
Lo-dose I and screen (Dupont)
Min-R film and screen (Kodak)
NMB film and screen (Kodak)

: Afga Gevaert 401 with Agfa Gevaert chemicals, temp. 34°C.

VII.2.3. Results

VII.2.3.1. General data
A total of 504 carcinomas were found in 496 women who were analysed.

The localization is given in Table 19, and the age groups in Table 20. The
youngest patient was 22 years old and the oldest 98 years.
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Table 19. AZU: Quadrant localization of the carcinomas

Quadrant cancers %

Upper outer
Lower outer
Upper inner
Lower inner
Retro-mammary
Miscellaneous

271
47
68
43
56
19

54
9

13
8

12
4

Total 504 100%

Table 20. AZU: Age-groups of the patients with breastcancers

Age-group patients '7c

20-29
30-39
40-49
50-59
60-64
65-69
>70

5
29
91

158
51
61

101

1
6

18
32
11
12
20

Total 496 100%

Comment
In eight women (1.6%) carcinoma was found in both breasts. The localiza-

tion of the mammographically occult tumours was determined on the basis of
the palpation findings. For the 504 carcinomas, the localization was in the left
breast 285 times (57%) and in the right breast 219 times (43%). This localiza-
tion does not differ essentially from the findings of Haagensen (1971) and
Wolfe (1974).

The diameter of the lesions are shown in Table 21. The tumours in which
the diameter could not be determined or was not known are placed in the
miscellaneous group.

VII.2.3.2. Mammographic signs
Of the 504 clinical carcinomas, 15 were mammographically occult (3%)

and 489 radiographically recognizable. Of the latter group, 5 lesions did not
lead to tutnourdensity and were only visible as malignant lymphangitis. The
radiosigns in the other 484 cases are shown in Table 22 according to age
group. Of these patients, 33 (7%) had multifocal carcinoma on the mammo-
gram. It is not known whether more histological multifocality occurred in the
entire group of carcinomas. Table 23 shows the type of tumour density and
Table 24 the secondary signs.



Table 21. AZU: Diameter of the carcinomas

Diameter

0-0,9 cm
1-1,9 cm
2-4,9 cm
^ 5 cm
Miscellaneous

No. of cancers

58
175
195
59
17

%

11
35
39
12
3

49

Total 504 100%

Table 22. AZU: Mammographic signs: Total number and age-groups

Age-groups

Sign <50 year 50-64 years 3*65 year Total

No. No. No. No.

TWM
TAM
MWT

82
21
14

70
18
12

139
52
15

68
25
7

115
44
2

72
27

1

336
117
31

70
24
6

Subtotal 117 100% 206 100% 161 100% 484 100%

Table 23. AZU: Type of tumourdensity

Tumour density No.

Sharply defined
Almost sharply defined
111 defined
Stellate lesion
Miscellaneous

2
55

246
133
17

1
12
54
29
4

Total 453 100%

Table 24. AZU: Secundary mammographic signs

Secundary signs No.

None
Cutisthickening and retraction
Nipple retraction
Generalised thickening of the cutis
Miscellaneous

322
69
40
34
19

67
15
8
7
3

Total 484 100%
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Comment
According to Table 22, the ratio between tumours

density was correlated with age. After the age of 65 years
tumour density was virtually absent; this finding is signifi
Concerning the data in Table 23 it may be added that the i
predominantly sharp margins (almost regular contour) often had a benign
appearance. They were usually recognized as malignant,

with and without
calcification with

cant (p = 0.0005).
5 carcinomas with

specially with the
improvement of technique and the accumulation of experience. In the miscel-
laneous category only one lesion had the appearance of a dilatated mammary
duct on the mammogram. In 12 cases an asymmetrically! increased opacity
was observed.

VII.2.3.3. Microcalcifications
Calcification associated with a carcinoma was found 148 times (30%). The

findings are shown in Table 25a, where the (micro)cal<:ifications without
tumour density (n = 31) and with tumour density (n = 117) are shown side by
side. The number, form and distribution of the microcalcifications are shown
in Table 25b. Macrocalcifications were found seven times in a tumour density
with calcifications. Thus, there were 110 tumour opacities with microcalcifi-
cations; in seven cases they were situated just outside the opaque area.

Comment
As is listed in Table 25a, carcinomas without tumour tiensity and having

0-5 microcalcifications were extremely rare. When a carcinoma with only
microcalcifications was found, there is a substantial chance that there will be
more than 20 of these structures. Granular calcifications were usualy found
in a tumour opacity with a focal distribution. Both the shape and distribution
of the microcalcifications differed between carcinomas with and without
density. There was in the occurrence of microcalcifications a significant
difference for carcinomas with and without tumourdensity (p = 0.003).

VII.2.3.4. Discussion

Accuracy and diagnosis
The results show that 95% of the cases were recognized as carcinoma. With

the exception of the 15 radiographically occult tumours, 11 palpable carcino-
mas were only recognized at revision, because the lesion had been considered
benign or was missed. These results are comparable with those reported in the
literature (Wolfe 1974, Lundgren 1977, Andersson 1978, Burns 1979, Dron-
kers 1979, Kalisher 1979, Hendriks 1981) (see Table 1).

The failure to recognize or to interpret correctly is reported for most of the
series to amount to 2 to 5 % of the cases. This is not in agreement with
Zwaveling's (1981) opinion that mammography does not show the lesion in
20% of the patients with clinical carcinoma. It seems probable that this
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Table 25a. AZU: Number of calcifications in a carcinoma

Cancer without Cancer with
tumour density tumour density

Number No. % No. %

0 - 5 0 0 24 21
6-10 5 16 34 29

11-20 3 10 17 14
>21 23 74 42 36

Total 31 100% 117 100%

Table 25b. AZU: Form and distribution of the microcalcifications

Form

Granular
Casting
Non-specific

Total

Distribution

Cluster
Intraductal
Miscellaneous

Cancer without
tumour density

No.

9
8

14

31

17
11
3

%

30
26
44

100%

54
36
10

Cancer with
tumour density

No.

84
23

3

110

81
11
18

%

77
20
3

100%

74
10
16

Total 31 100% 110 100%

conclusion is influenced by the local situation as this cannot be confirmed by
other investigators.

Mammographic signs
The primary mammographic signs of the AZU carcinomas on the whole

differ little from the findings of others (see Table 15), but there are some
distinct points of divergence. These can probably be explained by differences
in the composition of the patient population. For example, Wolfe (1974)
found a lower percentage of cases with density, nevertheless in his group of
payable carcinomas the proportion with density (94%) is similar to the
findings of other authors. Frankl (1984) even found only density for the
palpable carcinomas. Thus, a distinct pattern is observed for the occurrence
of the signs, while density is the most frequently found. The secondary signs
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found in the AZU (33%) are also closely comparable to a number of the
reports in the literature.

Conclusion
The radiographical signs of the AZU carcinomas do not differ appreciably

from those found in the literature. The accuracy is virtually the same as has
been reported by most other autiiors. We therefore concluded that our AZU
series was a reference for the further analysis.

VII .3 . THE SCREENING CARCINOMAS OF THE FIRST ROUND

VII.3.1. Patient material

Nijmegen patient material
AH the 129 lesions detected in the first round were included in the study.

The carcinomas in women in the age group between 35 and 70 years were
found between 1974 and 1975, those of older women in 1976 and 1977.

Utrecht patient material
The 237 lesions found in the first round were included in the study, and

those found six months later were added to this group. All of the women were
aged between 50 and 64 years.

Kopparberg county patient material
Between 1977 and 1980 about two-third of the women older than 40 years

in the population were examined. Of the total of 278 carcinomas found, 224
were included in the analysis; in the remaining cases the mammograms were j
not present on the department at the time of review because of preparation of
the films for other studies and a book.

VII. 3.2. General data

The localization of the carcinomas is shown in Table 26 a and b.
On the whole, the localization of the carcinomas corresponds with that

found in the literature (Haagensen 1971). It is noteworthy, however, that in
Nijmegen more lesions situated in the upper inner quadrant and fewer in the
upper lower quadrant were found than would be expected. This might be
explained by overflow of the carcinomas. Furthermore, contrary to the data
in the literature (Haagensen 1971), more lesions were found in the right than
in the left breast in both Nijmegen and Kopparberg county.

The diameters of the carcinomas are given in Table 27.
From Table 27 it can be calculated that the carcinomas with a diameter

smaller than 2 cm accounted for 73% of the total. The percentages found in
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Table 26a. Screeningcarcinomas 1st round: Quadrant localization

Quadrant

Upper outer
Lower outer
Upper inner
Lower inner
Retro-mammary

Utrecht

No.

160
20
24
22
11

%

67
9

10
9
5

Nijmegen

No.

67
6

31
14
11

%

52
5

24
10
9

Kopparberg

No. 9

143
18
25
19
19

'o

62
9

11
9
9

Total 237 100% 129 100% 224 100%

Table 26b. Screeningcarcinomas 1st round: Localization of the carcinomas in left or right breast

Left
Right

Utrecht

No.

138
99

%

58
42

Nijmegen

No.

57
72

%

44
56

Kopparberg

No.

107
117

%

48
52

Total 237 100% 129 100% 224 100%

Table 27. Screeningcarcinomas 1st round: Diameter

Diameter

0-0.9 cm
1-1.9 cm
2-4.9 cm
>5 cm

Utrecht

No.

45
122
68

2

%

19
52
28

1

Nijmegen

No. '

20
76
33
0

Vo

16
59
25
0

Kopparberg

No.

74
95
48
7

%

33
42
22
3

Total

No.

139
293
149

9

%

23
50
25
2

Total 237 100% 129 224 100% 590 100%

the three projects for the two size groups (smaller and larger than 2 cm) did
not differ significantly (p = 0.5). The proportion of clinical carcinomas with a
diameter smaller than 2 cm (46%) was significantly smaller than the propor-
tion of screening carcinomas smaller than 2 cm (73%) (p = 0). The reported
percentages of screening carcinomas smaller than 2 cm differ in various
studies (64%, 78%, and 92% respectively according to Frischbier 1977,
Andersson 1980, and Wolfe 1974. The percentage (77.5) given by Wolfe in
1974 is even higher than the percentage mentioned above for the smaller
screening carcinomas (73). This divergence is probably due to differences in
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the composition of the three patient populations. The inclusion or exclusion
of in situ carcinoma must also be taken in consideration.

VII.3.3. Mjmmographic signs

The radiographic signs in the first round are shown in Table 28, the mammo-
graphic multifocality in Table 29, and the signs according to localization and
age group in Table 30. For comparison, the AZU data (Table 22) are
included.

Table 28. Screeningcarcinomas 1st round: Mammographic signs

Signs

TWM
TAM
MWT

Utrecht

No.

130
55
49

%

56
23
21

Total 234 100%

Table 29. Screeningcarcinomas

Utrecht
Nijmegen
Kopparberg county

No.

234
129
224

Nijmegen

No. %

79 61
33 26
17 13

Kopparberg

No. %

154 69
54 24
16 7

129 100% 224 100%

1st round: Multifocality at mammography

of carcinomas Multifocality

No.

17
9

27

%

7
8

10

Total

No.

363
142
82

587

%

62
24
14

100%

Total 587 53 9

Comment
The radiographic signs of the carcinomas found in the three screening

projects (Table 28) differed significantly from each other (p = 0). However,
the percentage of density with calcium deposits was almost the same for the
three projects (23-26%). The recording of this sign was not dependent on the
place where the investigation was performed (p = 0.7).

The radiographic signs of the carcinomas in the various age groups are also
shown in Table 30. Due to the age selection (50-64 year group) used in
Utrecht, the number of lesions in the younger and older age groups is very
small, which reduces the reliability of these variables. Tumour density, the
most frequent sign in the 50-64 year age group, occurred in 79% in Utrecht,
85% in Nijmegen, and 86% in Kopparberg county. With respect to the occur-



Table 30. Screeningcarcinomas 1st round: Mammographic signs of the several age-groups

Age-group

<50yr

Subtotal

50-64 yr

Subtotal

?65yr

Subtotal

Sign

TWM
TAM
MWT

TWM
TAM
MWT

TWM
TAM
MWT

AZU

No.

82
21
15

117

139
52
14

206

115
44

2

161

%

70
18
12

100%

68
25
7

100%

72
27

1

100%

Utrecht

No.

3
0
0

3

120
52
45

217

7
3
4

14

%

55
24
21

100%

56
23
21

100%

Nijmegen

No.

12
5
7

24

36
20
9

65

31
8
1

40

%

50
21
29

100%

55
31
14

100%

77
20
3

100%

Kopparberg

No.

12
3
2

17

37
23
9

69

105
28

5

138

%

70
18
12

100%

54
32
14

100%

76
20
4

100%

Total

No.

27
8
9

44

193
95
63

351

143
39
10

192

%

61
18
21

100%

55
27
18

100%

75
20
5

100%

Total 484 234 129 224 587



56

rence of the radiographic signs, significant differences within age groups were
not found between the projects (p = 0.3). As a sign, rnicrocalcification
without density became less frequent with time and is rather rare after the age
of 65.

The types of tumour density are shown in Table 31.

Table 31. Screeningcarcinomas 1st round: Type of tumour density

Type of tumour density Utrecht Nijmegen Kopparberg Total

Sharply defined
Almost sharply defined
111 defined
Stellate lesion
Miscellaneous

No.

2
13
44

120
6

%

1
7

24
65

3

No.

_

3
39
67
3

%

_

3
34
60
3

No.

1
11
87

103
6

%

5
42
50
3

No.

3
27

170
289

15

%

1
5

34
57
3

Total 185 100% 112 100% 208 100% 505 100%

Comment
The most frequently occurring types of tumour density were the irregularly

bordered and the stellate lesions, the latter being the most frequent in all three
projects (50-65%). In both Utrecht and Kopparberg county the miscella-
neous group included five carcinomas with increased density indicated by
asymmetry on the mammogram and each of the centres had one case of a
carcinoma diagnosed from the mammogram as a dilatated mammary duct.

Comparison with the AZU carcinomas
The occurrence of tumour density as mammographic sign was in general

slightly more frequent for the clinical AZU carcinomas (94%), than for the
screening carcinomas. The combination of density with microcalcifications
showed virtual similarity between the AZU and the total group of screening
carcinomas (23-26%). The occurrence of spicules with the AZU and scree-
ning carcinomas differed significantly (P = 0). Thus, the density without
sharp margins occurred less frequently (24-42%) in the screening than in the
AZU carcinomas (54%). There is therefore a significant difference between
the AZU and the screening material (P = 0).

VII.3.4. Microcalcifications

The number, form, and distribution of the microcalcifications in lesions
without radiopacity are shown in Table 32. It gives the data of the largest
group of calcifications in cases of multifocal carcinoma, of which there were
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11 in Utrecht, five in Nijmegen, and three in Kopparberg county. The
number, type, and distribution of the micro- and macrocalifications in
tumourdensity are shown in Table 33.

Comment
a. Numbers of microcalcifications without tumour density: In the three

projects, at most 12% of the total number of carcinomas had fewer than 10
microcalifications. More than 80% of this group of carcinomas showed more
than 16 microcalcifications. Optimal technique would yield even more of
these structures in such lesions (see section V.5.5).

b. Forms of microcalcifications without tumour density: The occurrence of
the casting type of microcalcification was 65% in Nijmegen and 75% in
Kopparberg county as against 33% in Utrecht. This divergence is remarka-
ble, because the high percentage of carcinomas with an intraductal localiza-
tion in Utrecht could have been expected to be associated with a high
percentage of casting, but might be explained by the sharper image given by
film mammography compared with Xeromammography. The edge enhance-
ment given oy the latter might mask the less pronounced signs of casting.

c. Comparison of microcalcifications with and without density: The features
of microcalcifications with and without tumour density differed. In cases
with density, non-specific calcifications were more frequent and casting less
frequent. The distribution of the deposits differed as well. Localization in a
cluster was more frequent than the intraductal site. In the former tumours the
number of microcalcifications was on average smaller than in those with
microcalcifications as sole sign.

VII.3.5. Secondary abnormalities

The secondary abnormalities are shown in Table 34. (page 60)

Comment
Fewer secondary abnormalities were found in the screening carcinomas

(18%) than in the AZU carcinomas (33%). In the miscellaneous group,
architectural disturbance was seen in 2%. The phenomenon of dilatated veins
as a sign of carcinoma was not encoutered.

VII.3.6. Discussion

Tumour density
The tumour density (Table 28) was the most frequent sign in the screening

carcinomas, and in general slightly less frequent than in clinical carcinomas.
Differences occurred within the screening projects, but these are not very
large and might be explained by the larger size of the older-than-65 age group
in Nijmegen and especially in Kopparberg county. In this age group tumour
density was far the most frequent sign.



Table 32. Screeningcarcinomas 1st round: Several data of microcalcifications without tumour density in a carcinoma

Microcalcifications

Number
0- 5
6-10

11-20
3*21

Utrecht
No.

0
6
6

37

%

0
12
12
76

Nijmegen
No.

1
2
5
9

%

6
12
30
52

Kopparberg
No.

1
1
1

13

%

6
6
6

82

Total
No.

2
9

12
59

%

2
11
14
73

33
16

67
33

6
11

35
65

4
12

25
75

43
39

52
48

Total 49 100% 17 100% 16 100% 82 100%

Form

Granular
Casting
Non-specific

Total 49 100% 17 100% 16 100% 82 100%

Distribution
Cluster
Intraductal
Miscellaneous

Total 49 100% 17 100% 16 100% 82 100%

27
21

1

55
43

2

9
4
4

52
24
24

6
10
_

38
62
_

42
35

5

57
41
12



Table 33. Screeningcarcinomas 1st round: Several data of microcalcifications without tumour density in a carcinoma

Microcalcifications

Number

0- 5
6-10

11-20
3=21

Utrecht
No.

11
13
10
21

%

20
24
18
38

Nijmegen
No.

10
9
3

11

%

30
27
9

34

Kopparberg
No.

7
12
10
25

%

13
22
19
46

Total
No.

28
34
23
57

%

20
24
16
40

Total

Form

Granular
Casting
Non-specific
Macro

Total

Distribution

Cluster
Intraductal
Miscellaneous

Total

55

55

55

100%

100%

100%

33

33

33

100% 54

100% 54

100%

100% 54

100%

100%

142

142

142

100%

37
12
4
2

67
22
7
4

21
5
6
1

64
15
18
3

24
22
7
1

44
41
13
2

82
39
17
4

85
27
12
3

100%

42
4
9

76
7

17

12
9

12

37
27
36

37
1
16

68
2

30

91
14
37

64
10
26

100%
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Table 34. Screeningcarcinomas 1st round: Secondary mammographic signs

Utrecht Nijmegen Kopparberg Total

No. % No. % No. % No. %

None 189 81 99 77 197 88 485 83
Cutisabnormality 20 8 14 11 4 2 38 6
Nipple retraction 21 9 7 5 18 8 46 8
Miscellaneous 4 2 9 7 5 2 ) 8 3

Total 234 100% 129 100% 224 100% 587 100%

The type of tumour density
A carcinoma usually gives either an irregular tumour density or the spicule

pattern (Table 31). Among the screening carcinomas with this sign, 50-65%
spicules as against 35% for the AZU carcinomas. According to the few data in
the literature, lesions with spicules accounted in other clinical series for 34%
(Bjurstam 1978) and 50% (Wolfe 1974) of the total number of tumour
densities. This suggests a difference between clinical and screening carcino-
mas in this respect, leading to differences in the occurrence of all types of
tumour densities in the two categories. This is probably caused by the fact
that clinical carcinomas are in general larger than screening carcinomas. The
larger type is more difficult to define and therefore more difficult to classify
due to its growth pattern.

Microcalcifications
The percentages of the occurence of microcalcifications without tumour

density in the three projects differed. The degree of the difference with respect
to the AZU lesions was dependent on the project. The higher occurrence in
Utrecht (24%) is explained by the age selection and the use of the Xerox
method (see section VII.3.4). Comparison of these results with those of other
studies (Table 17) shows appreciable differences. In our screening programs
the percentages of the occurrence of microcalcifications were consistently
lower. This might be due to the smaller series of the other authors, differences
in technique and interpretation, and the inclusion of carcinoma in situ in their
studies.

Signs and age groups (Table 30)
A relationship was found between the radiographic signs and the age

groups despite the influence on the comparison by the age selection in
Utrecht. For the age group of 50-64 years the radiographic signs differed
significantly from signs of the AZU carcinomas. It is of interest to know
whether there are really differences for all age groups, because microcalcifica-
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tions seem to be more frequent in the younger than in the older age groups.
However, the number of patients younger than 50 years with a screening
carcinoma is too small to permit reliable conclusions. There is little informa-
tion in the literature about the occurrence of microcalcifications as only sign
among the younger patients. In a series of 31 patients younger than 35 years
with breast cancer, Meyer (1983) found 19 (61%) with microcalcifications,
including ten (32%) with this as sole sign.

The signs occurring in patients younger and older than 65 years differed
appreciably. Microcalcifications without tumour density seemed to be vir-
tually absent on the material studied after the age of 65 in Nijmegen and
Kopparberg county. This might be caused by the difference in glandular
pattern, making opacity less evident at younger ages, but this is contradicted
by the intraductal localization of a high proportion of these lesions. It
therefore seems as though this sign is really rare after the age of 65 years.

Conclusions
Although the incidence of radiographic signs differed between the three

projects, it seems probable that this divergence was due to selection. The
differences are in any case small, as is shown, for example, by the absence of
divergence for the 50-64 year age group.

The occurrence of certain radiographic signs was dependent on the type of
study (clinical or screening) and on age. There was a significant difference in
the features of microcalcifications with and without tumour density. The
frequency of microcalcifications without tumour density was appreciably
higher for our screening material compared with the AZU cases. However,
this sign hardly occured in either the clinical or the screening studies after the
age of 65. The signs discussed in chapter VI that are thought to be specific for
the clinically occult carcinoma, were seldom encountered. Tumour density,
especially of the spicule type, was the most frequently occurring sign. This
was clinical relevant, because presentation in this form was more frequent
for screening than for clinical carcinomas. The diagnostician must keep in
mind that carcinomas with only microcalcifications occured more frequently
in the younger age groups. This should suggest that the carcinomas with a
slightly more favourable prognosis occurred most often in the younger }
groups. |

;
I

VII.4. THE CARCINOMAS OF THE SUBSEQUENT ROUNDS •

VII.4.1. Introduction

The results of the last three rounds in Utrecht and Nijmegen were pooled
because these series were too small for useful separate analysis. Not all of the
163 carcinomas found in the Kopparberg county screening were included,
because the mammograms of 51 were not available when the material was
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analyzed; therefore 112 carcinomas of the second round were included in
the analysis (see section VII.3.1.).

To avoid the danger of selection, supplementary information was obtained
from Tabar (1984). Where this is used, this is indicated (•) and it then
concerns altogether 148 carcinomas of the second round.

As has been stated earlier the age groups and the interval times differed in
the three projects.

Table 35 shows the number of analysed carcinomas detected in the last
three rounds of the screening.

Table 35. Screeningcarcinomas of the subsequent rounds: Number of carcinomas examined

Utrecht Nijmegen Kopparberg

round 2 34 61 112
round 3 15 41 0
round 4 18 15 0

Total 67 117 112

VII.4.2. General data

The localization of the carcinomas in these rounds is shown in Table 36a and
the diameter is indicated in Table 36b.

Table 36a. Screeningcarcinomas subsequent rounds: Quadrant localization

Total 67 100% 117 i00% 112 100%

Comment
The localization of the carcinomas detected after the first round did not

differ essentially from that during the first round and in the clinical group.
There were only a few les ons with a diameter of more than 5 cm. In the
subsequent rounds 76% had a diameter smaller than 2 cm (Table 36b) as
against 73% in the first round (Table 27). The difference was significant (p =
0,3). On the other hand the distribution of the diameters in the later rounds

Quadrant

Upper outer
Lower outer
Upper inner
Lower inner
Retro-mammary

Utrecht

No.

36
10
14
6
1

%

54
15
21
9
1

Nijmegen

No.

66
13
21
11
6

%

57
11
18
9
5

Kopparberg

No. 9

62
7

14
19
10

(

56
6 j

12 .
1 7 •'

9 ;
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Table 36b. Screeningcarcinomas subsequent rounds: Diameter

Diameter

0-0,9
1-1,9
2-4,9
>5

Utrecht

No.

11
38
18
-

%

16
57
27
-

Nijmegen

No. '

31
56
29

1

%

11
48
24

1

Kopparberg

No.

29
61
21

1

%

26
55
18
1

Total

No.

71
155
68
2

%

24
52
23

1

Total 67 100% 117 100% 112 100% 296 100%

differed significantly from that of the clinical carcinomas 46%, of which were
smaller than 2 cm.

VII.4.3. Mammographic signs in lesions found in subsequent rounds.

The mammographic signs are shown in Table 37a and those of two over-50
age groups in Table 37 b and c. The data on the type of density are given in
Table 38. The most commonly occurring tumour density were the irregularly
bordered density and the stellate lesion with a lower incidence of these signs

Table 37a. Screeningcarcinomas subsequent rounds: Mammographic signs

Sign

TWM
TAM
MWT
Misc.

Utrecht

No.

38
7

18
4

%

57
10
27
6

Nijmegen

No. <

73
21
23

7o

62
18
20

Kopparberg

No.

98
27
23

%

66
18
16

Total

No.

209
55
64
4

%

63
17
19
1

Total 67 100% 117 100% 148* 100% 332 100%

Table 37b. Screeningcarcinomas 2nd round: Mammographic signs age-group 50-64 yr

Sign

TWM
TAM
MWT
Misc.

Utrecht

No.

18
3
8
2

%

58
10
26
6

Nijmegen

N o . <•.

20
5
9

Vo

59
15
26

Kopparberg

No.

28
13
9

%

56
26
18

Total

No.

66
21
26
2

%

58
18
23

1

Total 31 100% 34 100% 50 100% 115 100%
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Table 37c.
and older

Sign

TWM
TAM
MWT

Screeningcarcinomas subsequent rounds:

Nijmegen

No.

25
5
3

%

75
15
10

Kopparberg

No.

62
9
5

%

81
12
7

Mammographic signs

Total

No.

87
14
8

age-group 65 year

%

80
13
7

Total 33 100% 76 100% 109 100%

Table IS. Screeningcarcinomas subsequent rounds: Type of tumourdensity

Sign

Almost sharply
defined
111 defined
Stellate lesion
Miscellaneous

Total

Utrecht

No.

8
12
24

1

45

%

18
27
53
2

100%

Nijmegen

No.

2
65
25
2

94

%

2
70
26
2

100%

Kopparberg

No.

3
65
34

1

103

%

3
63
33

1

100%

Total

No.

13
142
83
4

242

%

5
59
34
2

100%

in Nijmegen and Kopparberg county; the occurrence of those abnormalities
in Utrecht was virtually the same as in the first round.

Tumours with only sharp margins, i.e., which might be radiographically
benign did not occur after the first round, and also carcinomas with a
predominantly smooth contour were rare.

VII.4.4. Secondary abnormalities

The secondary signs are shown in Table 39.

Comment
Secondary signs were rarely found in population screening. They were even

less common in the first round (12%) than in the second (18%). There was a
distinct divergence from the clinical carcinomas (33%) in this respect.

VI1.4.5. Microcalcifications

a. Without tumour density: Data on the number, form, and distribution are
shown in Table 40.
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Table 39. Screeningcarcinomas subsequent rounds: Secundary mammographic signs

Sign

None
Cutisabnormality
Nipple reteraction
Miscellaneous

Utrecht

No.

59
1
4
3

%

88
1
6
5

Nijmegen

No.

104
5
4
4

%

90
4
3
3

Kopparberg

No.

96
6
9
1

%

86
5
8
1

Total

No.

259
12
17
8

%

87
4
6
3

Total 67 100% 117 100% 112 100% 296 100%

Table 40. Screeningcarcinomas subsequent rounds: Several data of the microcalcifications in
carcinomas without tumourshadow

Microcalciflcations

Number
0- 5
6-10

11-20
3>2I

Total

Form

Granular
Casting
Non-specific

Total

Distribution

Cluster
Intraductai
Miscellaneous

Utrecht

No.

_
3
5

10

18

13
5
-

18

12
6
-

%

_
17
28
55

100%

72
28
-

100%

67
33
-

Nijmegen

No.

_
1
7

16

24

16
8
-

24

10
11
3

%

_
4

29
67

100%

67
33
-

100%

42
46
12

Kopparberg

No.

_
-
1
8

9

6
3
-

9

6
3
-

%

_
-

11
89

100%

67
33
-

100%

67
33
-

Total

No.

_
4

13
34

51

35
16
-

51

28
20
3

%

_
8

25
67

100%

69
31
-

100%

55
39
6

Total 18 100% 24 100% 100% 51

b. With tumour density: The number of these tumours was rather small, and
tabulation has therefore been omitted. The findings corresponded with the
findings in the first round.

Comment
Carcinomas with few microcalcifications were very rare; if they were

present the number of mircocalcifications is usually higher than 20. The most
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common form of calcification were the casting and granular types; non-speci-
fic calcifications were rare and usually restricted to the opaque area. The
distribution was usually focal or intraductal.

VI1.4.6. Discussion

The most useful approach is to compare the data of the first with the
subsequent rounds. Comparison of table 37a and 28 shows that the occur-
rence of the signs in the subsequent rounds has similarities to those found in
the first round. After calculation it seems that the occurrence of tumour
density without calcifications was virtually the same for both categories. For
the tumour density with calcifications the frequency in the two categories
differed (24 and 17% respectively). The occurrence of microcalcifications
without tumour density was therefore higher in the later rounds (19%) than in
the first (14%), and this holds for all three projects. For the individual
projects, these differences were not significant, probably due to the small
numbers. Furthermore, the number of women in the subsequent rounds in
relation to the first round was much smaller for Utrecht than for Nijmegen
and Kopparberg county. This might be due to the different selection of the
women. When these factors are taken into consideration it seems that the
radiographic signs of screening carcinomas differed slightly between the first
and the later rounds, but larger series are necessary to investigate this farther
(p = 0.008).

Microcalcifications
The occurrence of microcalcifications without tumour density in the later

rounds was comparable between Nijmegen (20%) and Kopparberg county
(16%). For these two projects the incidence of microcalcifications in combi-
nation with tumour density was the same, whereas in Utrecht microcalcifica-
tions without density were more frequent than those with density. The total
occurrence of calcifications was virtually the same as for Nijmegen and for
Kopparberg county. In the first round Utrecht had a higher percentage of
microcalcifications without density than the other two projects. This can
probably be caused by the influence of selection of the women and by the use
of the Xerox method.

Signs and age
The occurrence of microcalcifications in the 50-64 year age group was

slightly less in the later rounds (41%) than in the first (45%). This is related to
the fact that the combination of microcalcifications with tumour density was
much less frequent in the later rounds (18%) than in the first round (27%).

Except in Kopparberg county, carcinomas with microcalcifications wi-
thout tumour density were slightly more frequent in the later than in the first
round, but in the 50-64 year age group the number of observations is too
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small to show significance (p = 0.2). As in the first round, microcalcifications
without tumour density were rare in later rounds.

Conclusions
A small but significant difference in the occurrence of tumour density and

the occurrence of microcalcifications was found between the first and later
rounds (p = 0,008). The occurrence of signs differ slightly between the
projects and also between the different rounds. In the total group, calcifica-
tions without density occured more often (19%) in the later than in the first
round (14%), but density with microcalcifications was less frequent in the
later rounds. The clinical relevance of these findings is that the carcinomas
found in subsequent rounds in fact showed more or less the same pattern as
those in the first round. The radiographic signs differed significantly from
those of the clinical carcinomas.

VII.4.7. Carcinomas not recognized in the preceding round

VII.4.7.1. Introduction
This section is not a blind study and deals with the analysis of the mammo-

grams made before the round in which the carcinoma was recognized. This
review was made with the knowledge of the final diagnosis. Three groups are
distinguished, one in which no carcinoma was recognizable, a second in
which there was a direct sign for carcinoma usually not recognized as
malignant (observer error) and a third in which there was a carcinoma with
vague indications of malignancy on preceding mammograms (section
VII.4.7.3.). The classification was based on the opinion of the evaluating
radiologist. In comparing the three projects the differences discussed in the
foregoing must be taken into account, but for convenience, the findings are
given whereever possible in one table.

VII.4.7.2. Results
The results of the analysis of the previous mammograms of the carcinomas

found in the later rounds are shown in Table 41.
The radiographic signs of the unrecognized carcinomas diagnosed after the

first round are shown in table 42a, and the diameter of lesions is given in
Table 42b.

Comment
In the miscellaneous category, three abnormalities which were suspect,

were seen in Nijmegen but a biopsy was not performed. Two of them were not
biopsied until after the second round. In the third the frozen section was
negative at operation. This patient was re-operated on 8 years later, when the
diameter was found to have increased by 12-15 mm and then it turned out to
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Table 41. Screeningcarcinomas subsequent rounds: Analysis of the preceding mammograms in a
non blind-way

Preceding mammogram

No abnormality
Miscellaneous
Obvious lesion
Interpretation benign

Utrecht

No.

46
2

11
8

%

69
3

16
12

Nijmegen

No. <

85
4

26
2

73
3

22
2

Kopparberg

No. 9

87
2

15

'c

85
2

13

Total 67 100% 117 100% 112 100%

Table 42a.
carcinomas

Sign

TWM
TAM
MWT

Screemngcarcmomas subsequent
. Review on a non blind study.

Utrecht

No.

10
1

%

91
9

rounds: Mammographic signs of not-recognized

Nijmegen

No.

20
4
2

%

78
15
7

Kopparberg

No.

12

3

%

80

20

Total 11 100% 26 100% 15 100%

Table 42b. Screeningcarcinomas subsequent rounds: Diameter ofthe not-recognized carcinomas
at detection

Diameter

0-1.9 cm
>2 cm

Utrecht

No.

7
4

%

64
36

Nijmegen

No. <

24
2

7o

92
8

Kopparberg

No. %

12 80
3 20

Total

No.

43
9

%

83
17

Total II 100% 26 100% 15 100% 52 100%

be a carcinoma. From the second round mammograms it became evident that
the biopsy specimen had been taken next to the lesion, and this also occurred
in two cases in Kopparberg county. Among the unrecognized carcinomas in
Nijmegen the lesion had become larger in 23 cases and was unchanged in
three. In Utrecht the lesion was unchanged in seven cases and had become
larger in eight (Figs. 12 a,b and 13 a,b).

Retrospectively, two carcinomas in Nijmegen and three in the third round
in Utrecht were also found to show direct signs for malignancy on the
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Fig. 12, a and b. Subsequent carcinoma, not recognized as such on the preceding mammogram.
a: 1979 density: interpreted as residu of glandular tissue (arrow). Mediolateral view.
b: 1981 same density showing increased diameter (arrow). Mediolatera! view.
c: 1979 density, craniocaudal vie*/.
d: 1981 same density, craniocaudal view.
(Courtesy of Dr. J.H.C.L. Hendriks)

mammograms of the first round. One carcinoma seen in Nijmegen and one in
Utrecht in the fourth round were found to have shown signs of malignancy in
the second and even in the first round mammograms.

VI1.4.7.3. Carcinomas with vague indications of malignancy on preceding
mammograms

The group of carcinomas without any direct sign for malignancy on the
previous mammogram can be distinguished in a group with virtually no
abnormality and a small group with vague indications, which later, at the
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Fig. 13, a and b. Observer Error.
a: axillary shadow missed (arrow).
b: 14 months later: diameter distinctly increased. Non palpable lesion. Histological diagno-

sis: carcinoma.

time of detection proved to be a carcinoma. A vague indication for carcinoma
is a non-specific abnormal finding in the sense of a shadow with a limited
diameter or a few microcalcifications. However those findings were not direct
signs of malignancy and did not justify biopsy (Figs. 14 a,b). The radiographic
signs of carcinomas with vague abnormalities on the previous mammogram
are shown in Table 43a, and the diameter of these carcinomas when first
detected are given in Table 43b. (page 72)

We included this section in trying to clarify the problems with the diagnosis
of shadows and small lesions discussed in section VII.4.7.4. Non-specific
shadows can reflect an increase of connective tissue, which is retrospectively
the first indication of a carcinoma. But we must realize that most lesions with
a small diameter are often encountered on mammograms, and are usually
benign. As we can see from Table 43a and b when first detected these
carcinomas are mostly small and do not differ from other screening carcino-
mas. In periodical screening such tiny lesions may be easier to be picked up on
the next study with careful comparison with previous mammograms.

VII.4.7.4. Discussion
The mammographic appearance of the unrecognized carcinomas is mostly a
density. The reason why they are sometimes not recognized is that densities
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*.;•: -f--:.

-<» - Ï •

Fig. 14. a and b. Carcinoma with vague indication.
a: abnormal shadow but insufficient indication lor malignancy (arrow),
b: Four years later: diameter distinctly increased (arrow), hisiological diagnosis: carcinoma.

(Courtesy of Dr. J.J. Rombach).

Table 43a. Screeningcarcinomas subsequent rounds: Mammographic signs of the carcinomas
with a non-specific abnormality on the previous film at detection in a non blind study

Total 15 100% 16 100%

Sign

TWM
TAM
MWT

Utrecht

No.

5
1
9

%

33
6

61

Nijmegen

No.

11
4
1

%

70
24
6

Kopparberg

No.

15
l
1

%

88
6
6

17 100%

and shadows occur quite common in almost completely 'empty' breasts. Such
findings should therefore lead to thorough study before the diagnosis of a
benign lesion is made. Often it is impossible to make a definitive diagnosis in
this stage, because it is necessary to avoid a disproportionately large number
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Table 43b. Screeningcarcinoma < subsequent rounds: Diameter of carcinomas with a non-specific
abnormality on the film at detection

Diameter

0-1.9 cm
52 cm

Utrecht

No.

12
3

%

80
20

Nijmegen

No. %

8 50
8 50

Kopparberg

No. %

14 82
3 18

Total

No.

34
14

%

71
29

Total 15 100% 16 100% 17 100% 48 100%

of referrals. The recognition of pathological opacities in breasts with diver-
gent amount of residual glandular tissue can of course be complicated by
other difficulties as well. This concerns, for instance, lesions which only
appear on one film (Fig. 12), and recognition can even be impossible when
there is a large amount of residual glandular tissue (see section HI.2.5).

The diameter of the unrecognized carcinoma after the first round at the time
of detection is usually smaller than 2cm (83% of all cases) and the same holds
for those with vague abnormalities on the preceding mammogram (71% of all
cases). In other words, they are relatively slow-growing tumours. These
figures show that the small group of unrecognized carcinomas can hardly
have had an influence on the prognosis, since the diameter distribution does
not differ significantly from that found for the other screening carcinomas
(p = 0.3).

Of the radiographic signs, the one most frequently associated with the
unrecognized carcinomas was a tumour density without microcalcifications.
When present, microcalcifications were almost always recognized. Microcal-
cifications could often be recognized retrospectively on the preceding mam-
mogram, but in these cases t'iere have been too few microcalcifications to
refer the patient for biopsy. The problem presented by the non-specific
microcalcifications has been discussed in section V.5.6.1. With caution (the
numbers being very small), it may be concluded that the detection of small
carcinomas presenting as clustered microcalcifications is less difficult than
the detection of small carcinomas presenting as shadows. In general, the
analysis of microcalcifications is more difficult than that of densities.

The proportions of carcinomas incorrectly conside;ed to be benign in the
previous round in Utrecht and Nijmegen were 12% and 2%, respectively, of
the total number of carcinomas seen on the second or a later mammogram.
The eight carcinomas incorrectly diagnosed as benign tumours (Utrecht) had
the appearance of a shadow in six cases and of microcalcifications without
tumour opacity in two cases. The absence of such misinterpretation in
Kopparberg county might be related to the technique used and the referral
system.
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VII.4.7.5. Conclusions
In the final analysis, taken place in a non-blind way, 11 carcinomas were not
recognized among 36,062 examinations in Utrecht, 26 among 60,073 exami-
nations in Nijmegen and 15 among 39,713 examinations in Kopparberg
county (not including the interval carcinomas). The carcinomas recognized
after the first round turned out to have been absent in about 75 to 85% of the
cases on the preceding films. Of the group of carcinomas for which evidence
was found retrospectively on the preceding mammograms only 13 to 22%
could be considered as true observer errors. It should be noted that the
mammographic picture quality in 1975 when Nijmegen and Utrecht and in
1977 when Kopparberg county started the screening programs was different
of that of today. In considering an 'error' must be taken in account the
increased experience of the investigators since the early years of screening.
Besides the question must be considered how much additional investigation
would have been necessary to further analyse these lesions. The radiologist
must be aware that most of such tumours were situated in the lateral outer
quadrant and presented as a tumour density without signs of microcalcifica-
tions. In this connection, precise comparison with the preceding film is
extremely important but there is no such possibility in the first screening
round. A minimal cancer is often found by detecting a developing density as
an indirect sign of carcinoma (Martin 1971).

VII.5. INTERVAL CARCINOMAS

VII.5.1. Patient material and methods

In Utrecht and the surrounding area the interval carcinomas were detected in
more than ten hospitals, where the techniques used to diagnose carcinoma
differed from each other and those of the DOM project. In Nijmegen, the
interval carcinomas were detected in the Radboud Hospital and the Canisius
Hospital, which use virtually the same mammography technique. Almost all
of the interval carcinomas in Kopparberg county were detected in one centre,
which was also in charge of the population screening. The resulting mammo-
grams were all made with the same technique and could therefore be properly
compared.

For a number of interval carcinomas, no mammograms or data were
available at the time of review. The analysed cases are shown in Table 44. In
Kopparberg county the interval carcinomas were analysed in collaboration
with Dr. L. Tabar (see Tabar 1983). A number of interval carcinomas were
not recorded by mammography, preoperatively, because the patient was not
sent to mammography.
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Table 44. Intervalcarcinomas: Total number

Intervalperiod

1-2 2-3 3-4

Total Analysed Total Analysed Total Analysed Total Analysed

Utrecht
Nijmegen
Kopparberg county

16
42
49

15
38
47

16
33

-

16
29

-

15
34

-

15
32
-

47
119
49

46
99
47

VII.5.2. General data

The localization of the detected interval breast carcinomas are shown in
Table 45a and the diameter at detection in Table 45b.

VII.5.3. Comment

Calculation based on Table 45b shows that the interval carcinomas with a

Table 45a. Intervalcarcinomas: Quadrantlocalization

Quadrant

Upper outer
Lower outer
Upper inner
Lower inner
Retro-mammary

Utrecht

No.

27
9
2
4
4

%

58
20
4
9
9

Nijmegen

No.

44
21
15
9

10

<7c

45
21
15
9

10

Ilopparberg

No. 9

20
4
9
8
g

t

42
8

18
16
16

Total 46 100% 99 100% 49 100%

Table 45b. Intervalcarcinomas: Diameter at detection

Diameter

0-1.9 cm
1-1.9 cm
2s2 cm
Not to measure

lic-echt

No.

3
16
20
7

%

7
35
43
15

Nijmegen

N o . <•.

6
36
47
10

Vo

6
36
48
10

Kopparberg

No.

9
18
19
1

%

19
38
41
2

Total

No.

18
70
86
13

%

9
38
46
7

Total 46 100% 99 100% 47 100% 187 100%



75

diameter smaller than 2 cm constituted 42% of the cases in Nijmegen and
Utrecht and 57% in Kopparberg county. The percentage for each project
hardly differed from that of the clinical carcinomas smaller than 2 cm (46%).
Thus the mean percentage of interval carcinomas smaller than 2 cm, and
therefore also those larger than 2 cm, is in agreement with the percentage
found for the corresponding clinical carcinomas. There was an important
significant difference with the first and subsequent screening carcinomas, the
proportion with a diameter smaller than 2 cm respectively 73% and 76% of
the total (P = 0).

VII.5.4. The mammographic signs

The radiographic signs are shown in Table 46a and the types of shadow in
Table 46b.

Discussion
The density (with or without microcalcifications was the most frequently

Table 46a. Intervalcarcinomas: Mammographic signs

Sign

TWM
TAM
MWT

graphic
occult

Utrecht

No.

32
7
-

7*

%

70
15
-

15

Nijmegen

No. <

70
14
1

14

7c

71
14
I

14

Kopparberg

No.

38
5
3

1

%

81
11
6

2

Total

No.

140
26

4

22

%

72
14
2

12

Total 46 100% 99 100%

•One patient with a large amount of scar tissue

47 100% 192 100%

Table 46b. Intervalcarcinomas: Type of tumourdensity

Sign

Almost sharply defined
111 defined
Stellate lesion
Miscellaneous

Total

Utrecht

No.

5
25
8
1

39

%

13
65
21

1

100%

Nijmegen

No.

4
43
26
11

84

%

5
51
31
13

100%

Kopparberg

No.

2
33
4
4

43

%

5
77
9
9

100%

Total

No.

11
101
38
16

166

%

7
60
23
10

100%
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occurring sign, varying from 85% to 92% (mean: 86%) of the total, and the
density without signs of calcification was the more freqi"*nt of the two (72%).
This percentage was virtually the same as that of the cli. I carcinomas (69%)
and differed somewhat from that of the screening carc*..omas (62%). As a
sole sign, microcalcifications without tumour mass was extremely rare (2%).

The type of density is predominantly irregular and showed the same pattern
as the clinical carcinomas. In Utrecht and Nijmegen, 15% of the interval
carcinomas were radiographically occult, whereas in Kopparberg county
hardly any were occult.

VII.5.5. Analysis of the preceding mammograms in cases of interval carcinoma

The mammograms of all screening centres were reviewed in a non-blind way
after an intercal carcinoma had been detected. The results are shown in Table
47 and the signs in Table 48.

Table 47. Intervalcarcinomas: Film analysis in a non blind study.

Preceding
Mammogram

Normal
Obvious lesion
Interpretation benign

Utrecht

No.

32
11
3

%

68
26

6

Nijmegen

No.

73
23
3

%

74
23

3

Kopparberg

No. o,

43
6
0

h

88
12
0

Total 46 100% 99 100% 49 100%

Total 100% 23 100%

Table 48.

Sign

TWM
TAM
MWT

Missed intervalcarcinomas'.

Utrecht

No.

10
t

0

%

90
10
0

Mammographic

Nijmegen

No.

20
2
1

signs

%

85
10
5

Kopparberg

No.

6
0
0

%

g
o

o

100%

Comments
The most important sign shown by the preceding mammogram at analysis

of unrecognized interval carcinomas was tumour density without micro-
calcifications (Fig. 15). There was only one cas*; of microcalcifications as
sole sign. In both Utrecht and Nijmegen a carcinoma was considered to be
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Fig. 15. Observer error. Preceding film with shadow in the right breast (arrow) erroneously not
interpreted as carcinoma. The left breast is shown for compar ~- (Courtesy of Dr. J.H.C.L.
Hendriks).

benign in three cases (Fig. 16); this rises the same kind of problem as
discussed earlier in section VII.4.7.4.

VII.5.6. General discussion

The various interval periods used in the three projects must be taken into
account when the interval carcinomas are analysed. The period between the
first screening and the detection of an interval carcinoma also varied widely.
This aspect was not analysed as part of the present study.

The figures for Nijmegen are not exactly the same as those given by
Holland (1982), because not all the data could be included while observer
variation can also be of influence.
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Fig. 16. Observer error. Interval carcinoma showing shadow interpreted as benign on the
preceding mammogram. (Courtesy of Dr. J.H.C.L. Hendriks).

The most frequently occurring mammographic sign of interval carcinoma
was a tumour mass without calcium, situated in the outer upper quadrant.
This might mean that carcinomas with tumour density as a rule grow more
rapidly than carcinomas with microcalcifications as a sole sign.

Mammographically occult carcinomas were found predominantly in
Utrecht and Nijmegen (15% and 14%, respectively). Remarkably, Koppar-
berg county had only one case of this kind. No explanation can be offered,
but a factor might have been the use of the same centre for the screening and
the clinical study, and in local ratios between glandular tissue and fat.

The number of unrecognized interval carcinomas was small in relation to
the large number of mammograms. A small proportion of the interval
carcinomas were originally considered to be benign. This problem is of
course important, because in screening one frequently encounters a benign
lesion giving no reason for biopsy. However, in cases with an abnormality
considered (see discussion section VII.4.7.4) as benign, but associated with a
palpable lesion; ultrasonography and puncture biopsy can be performed for
further investigation.

Conclusion
* *crt of the interval carcinomas in the present study could not be recogni-

zed on the preceding mammogram.
A number of interval carcinomas are probably characterized as rapid

growing tumours. Their detection is then dependent on the choice of the
duration of the screening interval.



CHAPTER VIII

Summary and General discussion

The aim of the study as is discussed in chapter I, was to evaluate the
mammographic signs of breast carcinomas found by mammography in three
population based screening programs. These screening programs have been
carried out in the cities of Utrecht and Nijmegen in the Netherlands and in
Kopparberg county in Sweden.

The mammographic signs of the carcinomas detected at screening were
compared with those of clinical carcinomas diagnosed at the Utrecht Univer-
sity Hospital (AZU). These two sets of data were analysed in the same way, so
that the clinical set could serve as reference. The classification of the mammo-
graphic signs - which did not differ greatly from the classifications most often
found in the literature - was defined. This classification facilitated uniformity
and made a highly reproducible comparison possible between the study
groups.

In chapter II-VI a review is given of the literature required for the analysis
of the data. In Chapter II some clinical aspects of carcinoma of the breast and
the value of early diagnosis are discussed. Chapter III deals with the develop-
ment of screening of populations and the role of mammography in the
detection of breast carcinoma. In chapter IV the screening programmes in
Utrecht, Nijmegen and Kopparberg county are described. The mammogr-
phic signs of breast carcinoma are discussed in chapter V, whereas in chapter
VI the frequency of occurrence of the mammographic signs of breast carcino-
ma are presented.

Chapter VII contains the data obtained by analysing the screeningscarci-
nomas. On the basis of the results of the studies described in chapter VII we
tried to answer the questions as formulated in the introductory chapter.

1. What are the mammographic signs of the carcinomas found in the first
screening round?

When all screenings carcinomas were taken together, the most frequently
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occurring mammographic sign was a density (79-86%). The shape of the
density varied widely, but a density with spicules was present in more than
50% of the screening carcinomas and was therefore the most constant mam-
mographic sign. Microcalcifications as a sole sign occurred in about 7-27%
of the screening carcinomas. The difference of percentages of the occurrence
of this sign can possibly explained by the selection of women (different
agegroups) and by the use of different imaging techniques in the three
projects.

The percentage of density with microcalcifications was almost the same for
the three projects (about 25%). But there was a difference in numbers, form
and distribution of microcalcifications in carcinoma with and without tu-
mour density. Secondary signs were found in several cases (18%).

2. Do the mammographic signs found at screening differ from those of clinical
carcinoma?

Differences were found between the screening and the clinical carcinomas.
The clinical carcinomas showed radiopacity more often and seldp-n micro-
calcifications. The densities also showed more variation than in the screening
carcinomas. We found that about 75% of the screening carcinomas had a
diameter smaller than 2 cm as against about 50% of the clinical carcinomas.
Secondary signs were found more frequently among the clinical carcinomas.

3. What are the mammographic signs of the carcinomas found in the subsequent
screenings?

The results of the last three rounds in Utrecht and Nijmegen were pooled.
The carcinomas of the subsequent rounds showed more or less the same
pattern as those in the first round and they differed significantly from clinical
carcinomas. The occurrence of the tumour density in all variations was the
most frequent radiographic sign but in the total group calcifications without
density occurred more often (19%) in the later than in the first round (14%).
The density with microcalcifications was less frequent in the later rounds.

4. Do the mammographic signs differ between the various age-groups?
To answer this question, we divided the series into three groups: younger

than 50 years of age, 50-64 years and 65 year and older. A relationship was
found between the radiographic signs and the comparable age-groups. A
remarkable finding was that microcalcifications as only radiographic sign
decreased in frequency of occurrence with age. This sign was rare after the age
of 65 years in the three screening programs and in the clinical series as well.

5. Which mammographic signs are characteristic for interval carcinomas?
The intervalcarcinomas which were mammographically occult formed a

high proportion of all interval carcinomas found and therefore could not
always be recognized on the mammogram. The most frequently seen radio-
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graphic sign of interval carcinoma was the irregular density in many varia-
tions. Microcalcifications as a sole sign were almost never seen in interval
carcinoma. The non-mammographically occult interval carcinomas showed
similarities in radiographic signs comparable with clinical carcinomas.

6. What is the relevance for the diagnosis of breast carcinoma by mammography
in population-based screening program?

The findings from this study have considerable relevance for the radiolo-
gists confronted with the increasing use of population screening. They must
be well informed about the points of similarity and divergence between
screening and clinical carcinomas. This is especially important with respect to
population screening, where radiological investigation is more difficult than
in a clinical situation, because as a rule only one mammogram per breast will
be made of women without symptoms. From the analysis of the mammo-
grams of the carcinomas found in the three screening programs compared to
the mammograms of clinical carcinomas diagnosed at the University Hospi-
tal of Utrecht the following most important conclusion can be drawn:

The screening carcinomas were usually smaller than the clinical carcino-
mas.
The far most frequent mammographic abnormality of a screening carci-
noma was a tumour density, while microcalcifications as a sole radiogra-
phic sign were not so frequent.



Samenvatting en algemene discussie

Het doel van dit onderzoek, uiteengezet in hoofdstuk I, is het bestuderen van
de röntgensymptomen van de histologisch bewezen mammacarcinomen, die
gevonden zijn door middel van mammografie bij drie bevolkingsonderzoe-
ken. Deze screeningsprojecten werden uitgevoerd in de steden Utrecht en
Nijmegen in Holland en 'n de provincie Kopparberg in Zweden.

De röntgensymptomen van de screeningscarcinomen werden vergeleken
met die van de klinische carcinomen, die gediagnostiseerd zijn in het Acade-
misch Ziekenhuis Utrecht (AZU). P' ide groepen carcinomen werden volgens
dezelfde methodiek bewerkt, zodat de AZU-carcinomen konden dienen als
referentiekader. Een indeling van de röntgensymptomen werd gemaakt in
grote lijnen overeenkomstig met indelingen bekend uit de literatuur. De
indeling dient'e zodanig reproduceerbaar te zijn, dat een vergelijking moge-
lijk was tussen de verschillende onderzoeksgroepen.

In de hoofdstukken II t/m VI staat het literatuuronderzoek dat nodig is
voor de analyse van de gegevens. In hoofdstuk II worden een aantal klinische
aspecten van mammacarcinoom en de waarde van vroegdiagnostiek bespro-
ken. Hoofdstuk III beschrijft de ontwikkeling van het bevolkingsonderzoek
en de rol van de mammografie bij de opsporing van het mammacarcinoom.

In hoofdstuk IV staat een beschrijving van de screeningsprojecten in
Utrecht, Nijmegen en de provincie Kopparberg. De röntgensymptomen van
het mammacarcinoom worden behandeld in hoofdstuk V, terwiji in hoofd-
stuk VI de frequentie van voorkomen van de verschillende röntgensympto-
men van het mammacarcinoom besproken worde .

Hoofdstuk VII bevat de gegevens, die verkregen zijn door de analyse van
de screeningscarcinomen. Deze gegevens vormen de basis waarop wij de
vragen, zoals geformuleerd in hoofdstuk I, trachten te beantwoorden.
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1. Welke zijn de röntgensymptomen van de mammacarcinomen uit de eerste
onderzoeksronde?

Bij de totale groep screeningscarcinomen was het meest frequente röntgen-
symptoom de tumorschaduw (79-86%). Het type tumorschaduw varieerde,
hoewel de schaduw spicula aanwezig was in meer dan 50% van de screenings-
carcinomen. Het was daarmee het meest constante röntgensymptoom.
Microcalcificaties als uitsluitend symptoom waren te zien in 7-27% van de
screeningscarcinomen. De verschillen in percentages van dit symptoom kun-
nen mogelijk verklaard worden door selectie van de vrouwen (verschillende
leeftijdsgroepen) en door het gebruik van verschillende afbeeldingstechnie-
ken in de drie projecten. Het voorkomen van tumorschaduw met microcalci-
ficaties was bijna hetzelfde in de drie projecten (ongeveer 25%). Wel was er
een verschil in aantal, vorm en verspreiding van de microcalcificaties in
carcinomen met en zonder tumorschaduw. Secundaire verschijnselen van
carcinomen werden in 18% van de gevallen ontdekt.

2. Verschillen deze röntgensymptomen van de röntgensymptomen van de
klinische carcinomen?

Verschillen werden gevonden tussen de screeningscarcinomen en de kli-
nische carcinomen. De klinische carcinomen hadden vaker schaduwvorming
en slechts zelden als uitsluitend symptoom microcalcificaties. De tumorscha-
duwen varieerden ook meer in vorm dan de screeningscarcinomen. Bij 75%
van de screeningscarcinomen en bij 50% van de klinische carcinomen was de
diameter kleiner dan 2 cm. Secundaire verschijnselen werden vaker aange-
troffen bij de klinische carcinomen.

3. Wat zijn de röntgensymptomen van de mammacarcinomen uit de vervolg-
ronden?

De resultaten van de vervolgronden in Utrecht en Nijmegen werden sa-
mengevoegd. De carcinomen van de vervolgronden vertoonden ongeveer
hetzelfde patroon als die van de eerste ronde en zij verschilden derhalve
significant van de klinische carcinomen. De tumorschaduw in al zijn variaties
was het meest voorkomende röntgensymptoom. Microcalcificaties zonder
tumorschaduw kwamen iets vaker voor (19%) in de vervolgronden dan in de
eerste ronde (14%). De tumorschaduw met microcalcificaties kwam minder
vaak voor in de vervolgronden.

4. Variëren de röntgensymptomen in de verschillende leeftijdsgroepen?
Om deze vraag te beantwoorden deelden we drie groepen in: jonger dan 50

jaar, 50-64 jaar en 65 jaar en ouder. Er werd een relatie gevonden tussen de
verschillende röntgensymptomen en de vergelijkbare leeftijdsgroepen.
Microcalcificaties als uitsluitend symptoom werden minder vaak in dit on-
derzoek aangetroffen op hogere leeftijd. Het symptoom was zeldzaam na de
65-jarige leeftijd zowel in de screenings- als in de klinische carcinomen.
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5. Wat zijn de röntgensymplomen van intervalcarcinomen?
De intervalcarcinomen waren relatief vaak mammografisch occult en

werden daarom niet altijd herkend op het mammogram. Het meest voorko-
mende röntgensymptoom van het intervalcarcinoom was de onregelmatig
begrensde tuir.orschaduw in vele variaties. Microcalcificaties als uitsluitend
symptoom werden vrijwel nooit waargenomen. De röntgenverschijnselen
van de mammografisch zichtbare intervalcarcinomen waren vergelijkbaar
met die van de klinische carcinomen.

6. Wat is de klinische relevantie van deze bevindingen voor de diagnose van het
mammacarcinoom door mammografie bij bevolkingsonderzoek?

De bevindingen van dit onderzoek hebben aanzienlijke betekenis voor de
radiodiagnosten, die geconfronteerd worden met bevolkingsonderzoek. Zij
moeten bekend zijn met de overeenkomsten van en verschillen tussen de
screenings- en de klinische carcinomen. Dit is speciaal van belang bij bevol-
kingsonderzoek, waar de radiodiagnostiek moeilijker is dan in een klinische
situatie, omdat als regel slechts één mammogram gemaakt wordt per mamma
bij vrouwen zonder symptomen. Na de analyse van de mammogrammen van
de carcinomen die gevonden zijn in deze drie screeningsprojecten en vergele-
ken met de mammogrammen van de klinische carcinomen, die gediagnosti-
seerd zijn in het AZU kan als meest belangrijke conclusie getrokken worden,
dat de screeningscarcinomen gewoonlijk kleiner waren dan de klinische
carcinomen. De meest voorkomende mammografische bevinding van een
screeningscarcinoom was een tumorschaduw, terwijl microcalcificaties uit-
sluitend als enig symptoom niet zo vaak voorkwamen.



Appendix A

Xeromammography

In 1937, Carlson found a method to produce images by a non-chemical way,
which he called Xeroradiography. This method was used in the DOM project
in Utrecht between 1974 and 1985 to obtain breast pictures (Xerox 125
system). The Xerox procedure is described in detail by Vijlbrief (1965). This
method was widely used in the U.S.A. in the mid-seventies, as hereby the
disadvantages of film mammography at that time, i.e. high radiation dosages
and manual development of the films, could be avoided.

In the Seventies, Wolfe (1971) compared Xeromammography with the
earlier methods, and the conclusions he drew from the results pointed to
better results with Xeromammography. According to Pagani (1980), carcino-
mas with calcifications were easier to recognize with Xeromammography
wheras those with density by film mammography. Sickles (1981) investigated
a series of carcinomas by both methods and found that one of them gave a
more distinct picture in 2j5% of the cases. According to the same author,
intensive use of one method and unfamiliarity with the other often leads to a
certain preference.

The evaluation of Xerox pictures under reflected light is considered as an
advantage by some authors (Martin 1973). The analysis of Xeromammo-
grams is said to save viewingtime and is also thought to cause less fatigue
(Martin 1973). However, a systematic comparative study has not been publis-
hed.

Advantages and disadvantages of Xeromammography

Advantages:
1. Edge enhancement gives a clearer image of microcalcifications.
2. All breast structures, from the skin to the wall of the thorax, can be

obtained on one exposure.



3. Gives a positive blue and white image on paper that can be read with
reflecting light.

4. Xeroradiography is a dry procedure which does not require either a
darkroom or chemicals and rinsing (Lutterbeck 1972);

Disadvantages:
1. Cranio-caudal exposures are incomplete, because the cassette construc-

tion leaves a missing space about 1 cm from the breast measured from
the thoracic wall (Sickles 1981).

2. Due to the design of the compressor, optimal compression is not always
obtainable medio-laterally (Paulus 1983).

3. Artefacts can reduce the quality of the Xerox image, although they can
be easily recognized.

4. Although the edge-enhancement effect makes the microcalcifications
more visible, it hampers recognition of their true configuration (Hoeff-
ken 1977).

5. The resolution capacity is lower than that of film.
6. Because contrast is lower than with film, increased density of connective

tissue can hardly be observed in dense tissue. This contrast-reducing
feature of the Xeroradiographic procedure can lead to obscuration of
images having importance for diagnosis (Vijlbrief 1965).



APPENDIX B

The medio-lateral oblique projection

The 'Lundgren' projection is based on the local anatomical relationships:
when the arm is elevated the breast can be seen as an extension of the pectoral
muscle in the caudo-medial direction. The positioning of the patient corres-
ponds with this situation. The film object holder is placed high behind the
axilla such that the cranial part of the compression plate is situated just under
the clavicle. The technician needs both hands to position the breast for the
oblique view, and so the mammography apparatus must be adapted accor-
dingly, because adequate compression can only be achieved with the use of a
pedal. This pedal gives the technician a 'third hand' for compression (Tabar
1983). The compression is considerable, being taken to the degree just
tolerated by the patient. Firm compression results in less geometric blurring
and less scattering, but also avoids blurring due to movement (Logan 1983).
The projections applied are shown in Fig. 17.

By using the medio-lateral oblique view there is a shorter distance of the
X-Rays through the glandular tissue. The axillary part of the breast, which
cannot be seen clearly on either the cranio-caudal or lateral view, is included
on the film. With this approach, lesions in the lateral outer quadrant (where
most carcinomas occur) are situated closest to the film and are therefore
registered more often and more sharply. This projection is technically the
most difficult to perform, which means that technicians require special
instruction and training (Concensus Mammography 1983).
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a. Beam direction standaid views at b. Normal image of the glandular tissue
mammography. The dashed line indicates indicated by the dashed lines for stan-
the glandular tissue. dard views: 1. cranio-caudai, 2. medio-

lateral oblique, 3. medio-lateral.

Fig. 17. The positioning according to Lundgren (1976,1977).



APPENDIX C

Radiation dose

Initially, the main disadvantage of mammography was the high irradiation
dose required. Recent developments in film-screen mammography and Xero-
mammography have led to an appreciable reduction of the dose with the
same or even improved image quality. The risks of induction of breast cancer
is considered to be small with the low radiation doses applied at present. Feig
(1983) even states that if there is any risk it is so small that it can not been
recognized. Nevertheless, many studies have been performed because of the
suggested relationship between the development of breast cancer and the
amount of exposure needed for imaging of the breast, in other words to find
out whether there is a risk associated with mammography. In these studies
the following factors are of importance: the amount of the radiation dose, the
latent period, and the age of the patient.

The dose-effect relationship

The incidence of breast carcinoma has increased in groups of women acciden-
tally exposed to high irradiation doses versus comparable groups of women
without such exposure. The former groups concern the Japanese women
exposed to the gamma and neutron radiation of the atomic bomb in Hiroshi- 1
ma (McGregor 1979; Tokunaga 1979; Wanebo 1968); women in Rochester, i
New York, given radiotherapy for post-partum mastitis (Shore 1979); pa- \
tients in Nova Scotia sanatoriums exposed repeatedly during pneumothorax \
treatment for tuberculosis (McKenzie 1965; Murden 1969); and Swedish
women given radiation therapy for benign breast lesions (Baral 1977).

The extra induction of breast cancer usually shows a linear relationship
with the amount of radiation administered. In animal experiments, the
induction of breast carcinoma increases mainly in a linear way with increa-
sing absobed doses. But at high doses the slope is less steep and ultimately
becomes almost horizontal because cell death occurs. At high doses (between
0.25 and 0.5 Gy) a linear quadratic response is seen (Kellerer 1972).



92

The curves of the women in the investigated groups (induced carcinoma)
are virtually linear. At low doses (less than 0.05 Gy) the human curve does not
provide sufficient information to distinguish between a linear and a linear
quadratic course. In attempts to determine the low-dose risk with respect to
breast carcinoma in man, complicated mathematical methods have been
applied. In the linear situation, a 10-fold reduction of the dose is said to lead
to a 10-fold reductie i of the risk, because the risk per Gy remains constant.
Thus, high radiation doses can certainly induce breast carcinoma, but firm
data on tumour induction at low doses such as those used in mammography
are not available.

The latent period

The mentioned follow-up studies have shown that breast carcinomas induced
by radiological investigations do not become manifest earlier than about ten
years (latency) after the exposure. For younger women like those in the
Rochester mastitis series, the latency period was 15-20 years. The duration of
the period at risk (i.e., the period in which new cases can develop) is not
known but in all probability covers the rest of the individual's life. For the
years after the latency period the risk has been estimated to be 7.5 extra cases
of carcinoma per 104 women per year per Gy.(Beir 1980). This estimate was
based on linear extrapolation from high to low doses and is maintained in the
absence of any useful data with respect to low-dose induction of breast
carcinoma in man. The carcinomas induced by irradiation do not appear at a
younger age than the "natural" tumours (Boice 1979). This differs from the
induction of breast tumours in certain rat strains (Broerse 1983).

Age dependency

Radiation sensitivity is dependent on the age at time of exposure. The
Japanese data indicate that the absolute risk for women older than 35 years at
time of exposure is less than half that of younger women. No increase of the
risk was found for those exposed to a dose lower than 1 Gy after the age of 20
years. For the same dose a slightly higher incidence was found between the
ages of 10 and 19 years. On the basis of the relatively large size of this group,
the National Cancer Institute in the U.S.A. used these data and increased the
extra risk for women older than 30 years by a factor of 0.45. By this method
the expected extra number of cases would be limited to 3.4 carcinomas per 104

women per year per Gy. According to Feig (1983), with the low doses
currently in use, e.g. 1.7 mGy per examination (two views), there is a
theoretical risk of one extra carcinoma per year per 2 million women exami-
ned once. The risk after the latency period amounts to one extra dead woman
per year per 4 million women examined once, assuming mortality of 50%.
There have, however, been unfavourable estimates of the risk of developing
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breast carcinoma in the past, because the dose used for the HIP study was so
high (Beir 1972).

The concept dose

In the foregoing the concept dose was used in the sense of the mean absorbed
(tissue) dose. In the literature, use is made of skin and entrance doses, the
midbreast-dose (the dose halfway the depth of the breast) and exit dose. With
the routine mammography technique using approximately 28 kVp and a
thickness of 5 cm for the compressed breast, the dose is reduced. The ratio
between the entrance dose and the mean tissue dose is about 0.2 (Zuur 1984).
Thus, the most sensitive tissue in the breast receives appreciably less radiation
than the skin does.

When the radiation dose is calculated, it is necessary to take into account
the amount of exposure on by the skin, the quality of the radiation, and the
depth reached (Hammerstein 1979). When the dose is reported, the following
parameters should be mentioned (Muntz 1979): the half-value layer of the
X-radiation, the thickness of the compressed breast, the entrance dose, and
the estimated ration between glandular tissue and fat.

The influence of the film-screen combination

After the introduction of the molybdenum target-tube the quality of the
image was considerably improved but the skin dose per film was roughly
doubled to 80 mGy compared with the Egan technique using 40 mGy per
film. The skin dose of 80 mGy, also used for the HIP study raised doubts in
the mid-Seventies (Strax 1973). The skin dose measured later in that study
was 3 mGy (Strax 1980). The introduction of Xeromammography in 1972 led
to a substantial reduction of the skin dose and amounted to about 25-40 mGy
per exposure; later, a further reduction was obtained by the addition of an
aluminum filter.

In 1972, the film-screen combination with a skin dose of 10 to 20 mGy was
introduced, followed a few years later by newer combinations giving a still
lower dose. In 1976 a new milestone was reached with the introduction of film
combined with a rare-earth screen in various versions (Kodak MinR and
OM1). The image quality was greatly improved and the reduction of the
radiation dose was considerable. The mean absorbed dose is now achievable
of the order of 1 mGy or lower, and it is to be expected that the development
of new combinations producing still lower doses will continue.

Measurement of the dose

The method used most frequently to measure the dose employs the thermolu-
minescence dosimeter (TLD) but the ionization chamber method is believed



94

to yield more accurate results (Rotenberg 1975, Stenton 1982). In the Utrecht
University Hospital use is made not only of the TLD but also of a specially
calibrated Baldwin-Farmer 2591 ionisation chamber. Several film-screen
combinations were exposed with a phantom of 5 cm thickness. The mean
HVL was 0.43 Al. The results are shown in Table 49.

The influence of accumulated doses in population screening on the induction of
breast carcinoma

With respect to the problem of the induction of breast carcinoma in popula-
tion screening, it is important to know the cumulative dose. In this context it
must be accepted that in view of the high natural incidence of the disease it is
completely justifiable to perform population screening for carcinoma of the
breast. This leads to a risk balance between the induction of carcinoma by
X-radiation and the early detection of breast tumours. Dodd (1984) takes as
basis a life-long risk for "natural" cancer of 9% for a 35-year-old woman in
this respect. If mammography were performed annually up to her 70th year
with a dose of 10 mGy per year, the risk of developing carcinoma would
increase to 12%. The risk is proportionately reduced by the use of the
currently feasible lower dose. On the basis of the Beir report (1972), accor-
ding to which 0.66 to 0.87 carcinomas are induced per 106 women per mGy
per year, risk estimates have been made for women between the ages of 45 and
65 years receiving lOmammographydosesof 1 mGy each (totalling 10 mGy).
Induction would then amount to 7 to 8 carcinomas per year in a population oi
10 million - the women of this age group account for about 10% of the
population. (Penn 1984). In the 1980 Beir report doubt is expressed as to
whether these figures hold for the present small doses as well. If we assume a
spontaneous onset of 6000 new carcinomas per 7 X 106 per year, induced
tumours would account for 1.25%O of the natural incidence per year (Penn
1984). Other calculations have given an extra induced mortality of about 1%

Table 49. Measurement of the absorbed dose (mGy) per exposure (AZU) (Zuur 1984)

Apparatus

Diagnost U film in envelop
Diagnost U +15% blackened
Diagnost U film in cassette+grid
Diagnost U film in cassette
Diagnost M film in envelop
Senograph 500 T film in envelop
Senograph 500 T film in envelop

Entrance
dose

3.4
4.0
6.9
4.2
3.9
4.9
6.9

Central
dose

0.4
0.5
1.0
0.5
0.5
0.5
0.8

Exit
dose

0.08
0.09
0.2
0.09
0.07
0.08
0.12

Mean
dose

0.8
0.9
1.4
0.9
0.9
1.1
1.4
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of the natural incidence due to screening mammography. This was based on
annual screening of a group of women between the ages of 35 and 75 years
with an absorbed dose of 1 mGy (Zuur 1984).

It can be concluded that the damage caused by induction is very small and
is of the order of magnitude of risks which in general are acceptable and
unavoidable (Netherlands Health Council 1982).



APPENDIX D

Localization of non-palpable lesions

A number of techniques have been developed for pre-operative percutaneous
localization of a non-palpable lesion in the breast. Use of these techniques is
essential for an effective biopsy. The best-known methods for pre-operative
percutaneous localization are: the injection of methylene blue (Horns 1976;
Olthuis 1979; Snyder 1980; Hermann 1981; Liem 1982), the introduction of
one or two marker needles (Threatt 1974; Libshitz 1976; Bigongiari 1977;
Kalisher 1978); Sitzman 1979), and the insertion of a needle provided with a
marker-wire with a hook (Hall 1979; Loh 1979; Tabar 1979; Homer 1980;
Stephenson 1980; Goldberg 1983). Since 1978, we have used the needle and
marker-wire method according to Frank and Hall (Frank 1976; Hall 1979)
(Fig. 18). For optimal localization, good cooperation between the surgeon
and the pathologist is essential. Before deciding on biopsy, the presence of a
lesion on the mammogram must be certain. The lesion must be visible at least
as a circumscribed shadow or as microcalcifications and have features of
malignancy. The lesion must be identified in two projections.

Methodology

The procedure is carried out a few hours before the biopsy. Anaesthesia is not
necessary. The patient is in the sitting position. Different approaches are used
for lesions in the upper and lower quadrants.

a. Lesions in the upper quadrant: The breast is positioned in the cranio-cau-
dal position. Compression is achieved with a special perforated compression
plate (Mfihlow 1974) (Fig. 18). A mammogram is then made to determine the
site of the lesion. For determination of the depth of the lesion, the distance
from the lesion to the skin will be found to be reduced by about one-third by
the cranio-caudal compression. After desinfection, the needle with the mar-
ker-wire is inserted perpendicularly through the puncture site above the
position of the lesion. After introduction of the wire the needle is with-
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Fig. 18. Localization by means of needle and marker-wire.

drawn, the hook keeping the wire in place. Next, two films are made, one in
the medio-lateral and the other in the cranio-caudal direction. These views
are needed to check whether the hook is sufficiently close to the lesion.

b. Lesions in the lower quadrant: A different approach is used for lesions in
the lower quadrant. If the lesion is located laterally, latero-medial compres-
sion is used (tube and compression plate placed laterally). The medially
situated lesion in the lower quadrant is approached via medio-lateral com-
pression (tube and compression plate placed medially). In this way the
distance between the wire and the lesion is as short as possible.

The surgeon guided by the wire, can now excise the lesion with minimal
injury to normal tissue (Tabar 1979). Specimen mammography is performed
to make certain that the lesion has been taken out. To save time, these films
are immediately evaluated in the Radiology Department. The pathologist
then prepares the specimen for histology.



APPENDIX E

Epidemiological aspects and concepts

Definitions

MacMahon (1970) defined epidemiology as the study of the distribution of
diseases and of the factors responsible for this distribution. Sturmans (1983)
added to this definition the influence of changes in the diversity of the
diseases and the ways in which the health of a community can best be
promoted. Epidemiology includes the collection, analysis, interpretation,
and evaluation of data on the occurrence, distribution, and the increase and
decline of disease and health in certain population groups or the entire
population.

Screening I
i

Population screening is based on the assumption that a disease can be
detected in a pre-symptomatic stage and that this stage lasts sufficiently long
to permit detection before it will ultimately become a symptomatic stage.
Systematic population screening must fulfill a number of conditions and the
ten criteria formulated by Wilson and Jungner (Wilson and Jungner 1968). •
These criteria have been discussed systematically by de Waard (1978) in his j
article entitled Argumenten voor bevolkingsonderzoek op borstkanker (Argu- \
ments for population screening for breast carcinoma). For example, scree- >
ning should be reserved for diseases forming a major health hazard that can ;

be detected easily in a preclinical phase by the use of reliable screening test.
The methodology must be applicable to large population groups, must be
simple and quick, and be inexpensive (Sturmans 1983). Population screening
has advantages and disadvantages, and the advantages must be greater than
the disadvantages (costs, radiation dose). The prognosis of the disease must
be improved by early detection and treatment. The patients should have to
expect more benefit from the application of treatment of the disease in an
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early stage compared to treatment of the disease in a later stage. Lastly, the
types of treatment should be generally accepted by the medical profession.

A screening test cannot give a definite diagnosis. It is intended to divide
apparently healthy persons into a group that probably does not have the
disease and a group that probably does (Sturmans 1983). The latter group
must be referred to a specialist who must use additional diagnostic methods
to determine whether the individual has the disease (Sturmans 1983). Scree-
ning for breast cancer is actually a two-step screening. A simple test is used
first to distinguish between a true-positive group and an unavoidable false-
positive group. For this test, one image is made of each breast. The second
step involves a more refined test (complete mammographic examination -
magnification mammography - ultrasonography) preferentially performed
by the same radiologist who did the first test. After the second test there will
be a subgroup, for which histological or cytological investigation is indicated.
This double procedure is used in order to try to reduce the number of
false-positive results as much as possible. Lastly, it must be mentioned that all
population screening has pitfalls, and these must be taken into account in the
evaluation of the results (Sturmans 1980). (See also under Lead time and
Length bias).

Sensitivity and specificity

The accuracy of a screening test can be expressed by using the concepts
sensitivity and specificity. This is illustrated in Fig. 19, where letters are used
to indicate the number of persons participating and who have or do not have
the disease.

Fig. 19. Accuracy of screening

Test results population total
sick iiot sick

positive a b a+b
negative c d c+d

i
total a+c b+d a+b+c+d j

The test results can be as follows:
a. True positive: disease detected by test
b. False positive: no disease but positive result
c. False negative: disease not detected by test
d. True negative: absence of disease correctly shown by test

a
Sensitivity of test (true positive) = a + c

Specificity of test (true negative) =
b+d
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Receiver operating characteristics (ROC) curves

ROC curves express mathematical relationships between specificity and
sensitivity of the test (Rombach 1980).

Lusted (1960) has shown that there is an inverse relationship between
false-negative and false-positive percentages in the interpretation of thorax
radiographs. Thus, for any given test it is impossible to reduce the number of
false-negative cases without an increase of the false-positive cases (Rombach
1980). Lowering of the diagnostic criteria increases the sensitivity but de-
creases the specificity.

The predictive value of a test

The predictive value of a test giving positive results indicates how often a
disease is actually present on the basis of all persons with a positive result of
this test. For example 60 carcinomas were finally diagnosed in 100 women
who were referred for biopsy because of a suspect mammographic lesion;
thus, the predictive value of this test was 60%.

The fact that a certain part of healthy persons included in a population
screening are subjected to a diagnostic procedure and the disease proves then
to be absent makes this group temporarily patients (the sick-making effect).
In screening this effect has psychological and also economic consequences.
Therefore, the quality of the test must be such that this effect is avoided in as
many cases as possible (high specificity).

Detection rate

The detection (pick up) rate expresses the yield of breast carcinoma in
screening per 1000 women. The number of carcinomas is given by the
numerator, the number of women examined by the denominator. In compa-
ring the detection rate of various projects, the selection of the group to be
examined (e.g. on the basis of age) must be taken into account.

Incidence and Prevalence

The incidence is the number of new ;ases of a given disease in a population
during a predetermined period while the prevalence indicates the number of
persons with a given disease in a population at a given time (Schaub and
Eykman 1981).

Lead time

Population screening is based on the assumption that a disease can be
detected in a pre-clinical phase that will ultimately become clinical. The
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pre-clinical stage is therefore the phase between the onset of the disease and
the moment when it is noticed by the person him- or herself. For carcinoma,
this period can be subdivided into a phase in which the carcinoma is already
detectable (pre-clinical detectable phase, PCDP) continues to proliferate
until the time when the person discovers its presence. The lead time is then the
period between the time when the carcinoma is detected at screening and the
time in which it would have become clinically manifest (Feig 1979). In theory
it is conceivable that screening will result in earlier detection of the carcino-
ma, but this has no influence on the clinical course and therefore the time of
death due to the carcinoma cannot be postponed. If the disease is discovered
two years earlier and the patient lives two years longer from the time when the
disease was diagnosed, it is possible that the duration of the disease is not
actually changed, because it is not known in which phase metastasis occur
(see A to D in Fig. 20). Thus, each tumour found at screening has its own lead
time, which is dependent on the time of detection and the growth rate.

Fig. 20

Duration screening

PCDP

Lead Time

D

A. Onset of disease
B. Time of detection by screening
C. Time of detection at clinical examination
D. Time of death

Length bias

This term is based on the assumption that certain types of tumour which grow
slowly in the pre-clinical phase continue to grow slowly after they become
clinically manifest (Sturmans 1984). Since the pre-clinical phase lasts relative-
ly long, these tumours with a relatively good prognosis have the greatest
chance of being detected at screening. This would actually imply that the
favourable results of screening are due not to early detection but rather to the
fact that slow growth of the tumour increases the chance of detection at
screening (Sturmans 1980).
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Participation

The degree of participation can influence the results of screening. The non-
response group (syn.: non-participants) is composed of women who have
been invited to participate in a population screening and who cannot or do
not cooperate. The occurrence of non-response is related to the way in which
the study is designed. For example, a number of women refuse because of fear
of breast cancer. Others have breast complaints, e.g. a lump. Awareness of
this lump and fear of the possible consequences of breast cancer may lead to
refuse participation. Such non-response can lead to selection. To what degree
this selection is present is difficult to predict, as it is impossible to ask this
group their reasons for refusing to participate. However, this group of
non-responders would not impede analysis of the screening results as there
was little or no difference in incidence of breast cancer in this group compa-
red with the group of responders. If there is no reason to assume selection
between respondents and non-respondents, non-response can sometimes be
accepted depending on the size of the group.
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STELLINGEN

Behorende bij het proefschrift
MAMMOGRAPHY IN BREASTCANCERSCREENING

door
J.W.Th. Muller



I

Mammografie is het enige juiste diagnostische onderzoek om mammacarci-
noom te ontdekken voordat er klinische symptomen zijn.

R.L. Egan

II

Radicale mastectomie geeft een onnodige mutilatie bij patiënten met een
mammacarcinoom kleiner dan 2 cm en zonder palpabele lymfklieren.

V. Veronesi e.a. The New England Journal of Medicine 1981; 304: 2:6-11

III

In de eerste screeningsronde bij bevolkingsonderzoek op borstkanker dienen
beide mammae bij voorkeur zowel in voor- achterwaartse als schuin-zijde-
lingse richting te worden onderzocht bij het mammografisch onderzoek.

IV

De gehele röntgendiagnostiek bij mammascreening behoort in handen te zijn
van een ter zake kundige radiodiagnost.

Het propageren van het zelfonderzoek is weinig zinvol, want mammacarci-
nomen gevonden na zelfonderzoek zijn niet kleiner en hebben geen betere
prognose dan andere klinisch vastgestelde carcinomen.

S.L. Saitzstein Cancer 54: 1443-1446; 1984

VI

Een van de weinige gelegenheden waarbij een arts bij een doodsbange pa-
tiënte, die een mammatumor heeft gevoeld, tegelijkertijd een diagnose kan
stellen en genezing kan brengen, is bij hef aspireren van een cyste.

F.S. Matthews Ann. Surg. 104: 220-226. Aug 1936



VII

De beslissing tot proefexcisie van microcalcificaties kan pas genomen worden
nadat met behulp van vergrotingsmammografie vastgesteld is, dat deze
microcalcificaties verdacht zijn voor maligniteit.

VIII

De ballondüatatie is de voorkeursbehandeling voor patiënten met ernstige
renovasculaire hypertensie bij arteria renalisstenose.

C.B.A.J. Puylaert. Ned. T. Geneesk. 124: nr 32, 1980.

IX

Zowel na vaatdilatatie als na vaatreconstructie is direct controle onderzoek
noodzakelijk. Intraveneuze DSA verdient hierbij de voorkeur.

De chirurgische benadering van het abdominale abces is pas dan zinvol als de
percutane catheter drainage niet gelukt is.

van Waes, P.F.G.M.. Feldberg. M.A.M., Mali. W.P.Th.M., ei al. Radiology 1983; 147:17-63.

XI

Kortere ligtijden leidend tot besparingen in de gezondheidszorg zijn onder-
meer mogelijk geworden door de computertomografie. Het is niet ondenk-
beeldig dat de besparingen zullen toenemen door plaatsing van meer
computertomografen, omdat thans nog niet alle patiënten toegang hebben
tot deze apparatuur.

XII

Patiëntgebonden onderzoek wordt in Nederland achtergesteld bij het basaal
wetenschappelijk onderzoek.



XIII

Het tekort aan academische radiodiagnosten en het gebrek aan ruimte voor
wetenschappelijk onderzoek remt de ontwikkeling van de röntgendiagnos-
tiek en het onderzoek naar een efficiëntere toepassing van de diverse onder-
zoeksmethodieken.

XIV

Het grote aantal schoolexperimenten rechtvaardigt een proefneming tot
herinvoering van het systeem dat vóór de mammoetwetgeving de basis van
ons onderwijsstelsel was.

XV

Het is strijdig met de emancipatiegedachte dat dames en heren het golfspel
starten van verschillende afslagplaatsen.

Utrecht, 12 november 1985




