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Preface

Breast calcification seen on mammography
often represents difficult and complex diag-
nostic challenges. Calcifications are more
difficult to detect, analyse and biopsy than
other mammographic abnormalities. There
has been a great deal of research and tech-
nical advances in this area over the last 10
years. Despite this, the value of detecting
breast calcification remains controversial and
the continued subject of debate amongst
breast radiologists, pathologists and clini-
cians.

Current practice means that some women
are harmed by the detection of mammo-
graphic calcification by being subjected to a
variety of investigations ranging from recall
for magnification views to surgical localisa-
tion biopsy for what proves to be benign
disease or normality.

Although current percutaneous biopsy
techniques have reduced the number of
women undergoing surgical biopsy for
benign calcifications, the process of recall,
further views, percutaneous biopsy and
return for results is stressful. Most calcifica-
tions recalled at screening are benign and
their detection and investigation confers no
benefit.

Mammographic calcification is, however,
an important feature of invasive and in situ
breast cancer. Its detection enables the
diagnosis of high-grade invasive cancer at
small sizes when the prognosis is good. The
detection of high-grade DCIS prevents the
development of high-grade invasive breast
cancer and so saves lives. The value of
diagnosing low-grade DCIS is less clear as a
significant proportion of these lesions would
never have become invasive in the woman'’s
lifetime.

This book brings together in one volume,
current thinking on the detection and diag-
nosis of breast calcification. Current issues
such as computer-aided detection, choice of
biopsy technique, assessing adequacy of per-
cutaneous biopsy, predicting and diagnosing
invasion will be addressed as well as more
novel approaches and ideas, such as the use
of synchrotron radiation for diagnosis and
the use of mammographic calcification as a
prognostic factor.

We hope this book will help those
involved in managing women with breast
calcification to re-evaluate their own meth-
ods of detection and diagnosis, the value of
detecting such calcification and where the
future lies in this fascinating field.

Andy Evans May 2002
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Breast benign calcification

Introduction

Calcification is the mammographic feature
most commonly associated with benign,
screening-provoked surgical biopsy'. The
widespread introduction of image-guided
core biopsy and digital stereotaxis has made
the non-operative diagnosis of indeterminate
mammographic calcification easier and more
reliable. A consecutive series of 174 benign,
screen-detected calcification clusters suspi-
cious enough to warrant biopsy indicates
that 87% of such calcification clusters were
able to be confidently diagnosed on core

biopsy alone. As can be seen from Table 1.1,
the commonest causes of benign indetermi-
nate calcification are fibrocystic change,
fibroadenoma, stromal calcification and
fibroadenomatoid hyperplasia. Less com-
mon causes include involutional change,
sclerosing adenosis, duct ectasia, aprocrine
change, mucocele and blunt duct adenosis.
It is interesting to note that 12% of benign
indeterminate mammographic calcification
diagnosed on core biopsy have associated
usual hyperplasia. This is most commonly
found in association with fibrocystic
change. Table 1.2 shows benign causes of

Table 1.1 Causes of indeterminate calcification diagnosed by core biopsy alone (n = 151)

Pathology Number (%) Usual hyperplasia no. (%)
Fibrocystic change 50 (33) 11 (22)
Fibroadenoma 27 (18) 0
Stromal calcification 23 (15) 2(9)
Fibroadenomatoid hyperplasia 22 (15) 0
Involutional change 17 (11) 1(6)
Sclerosing adenosis 11 (7) 2 (18)
Duct ectasia 6 (4) 1(17)
Apocrine change 6 (4) 1(25)
Blunt duct adenosis 4 (3) 1 (25)
Mucocele 3(2) 0
Vascular 2(1) 0

Fat necrosis 2(1) 0
LCIS 1 (0.6) 0
Radiation change 1(0.6) 0
Foreign body reaction 1 (0.6) 0

Table 1.2 Causes of indeterminate calcification

diagnosed at surgery (n = 23)

Pathology

Number (%)

Fibrocystic change

Atypical lobular hyperplasia
Atypical ductal hyperplasia
Papillary lesion

Radial scar

Duct ectasia

Sclerosing

Fibroadenoma

1
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Breast calcification

indeterminate calcification diagnosed at sur-
gical biopsy. In this group almost 50% of such
lesions contain atypical hyperplasia of either
ductal or lobular type. Usual type hyperpla-
sia is present in over 50%. This group also
contains lesions deemed to be of uncertain
malignant potential such as papillary lesions
and radial scars on the diagnostic core
biopsy?. In the past, the commonest cause for
diagnostic surgery for calcifications was the
inability of the radiologist to adequately
sample the lesion. With the advent of digital
stereotaxis, the commonest reason for surgi—
cal biopsy of benign calcifications is of
uncertain unalignant potential such as atypi-
cal hyperplasia, other forms of epithelial
atypia, papillary lesions or radial scar diag-
nosed on image-guided core biopsy.

Fibrocystic change

Fibrocystic change describes a variety of
morphological alterations believed to be
an exaggerated response to physiological
changes in breast tissue. Symptomatic
presentation wusually occurs before the

menopause as benign appearing masses due
to cysts. Symptoms can persist if women go
on to hormone replacement therapy in the
postmenopausal period. Microscopically, the
lining of the cysts found in fibrocystic change
are of two types, those lined by cuboidal
luminal or attenuated epithelium and those
lined by apocrine type epithelium.
Calcification when present usually occurs
within the cyst fluid (Fig. 1.1).

Calcifications due to fibrocystic change are
extremely common and are the commonest
cause of benign, indeterminate mammo-
graphic calcifications. Many cases of
calcification due to fibrocystic change are
characteristic enough not to require recall.
These cases often demonstrate bilateral dif-
fuse calcification, although the extent of
calcification is often asymmetric. Such calci-
fications often show a multiple lobular
distribution and are often much easier to see
on the mediolateral oblique view than the CC
view (Fig. 1.2). This is because the calcifica-
tions lie within small microcysts and the
calcific fluid layers out giving a partial “tea
cup” appearance on the mediolateral oblique

Fig. 1.1
Histology of calcification within
cyst fluid.
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view but amorphous, low-density, rounded
calcifications on the CC view. When a cluster

of calcification is due to fibrocystic change,
careful inspection of the opposite breast
often reveals fainter but similar morphology
calcifications. This can often be helpful in
preventing recall of benign calcification.
Fibrocystic change does, however, com-
monly present with a single clustered area of
granular microcalcifications which show
variation in size, density and shape and, as
such, are indistinguishable on routine mam-
mographic views from ductal carcinoma in
situ (DCIS, Fig. 1.3).

Magnification views are often helpful in
demonstrating the tea cup appearance on the
lateral magnification view (Fig. 1.4) but
many cases of fibrocystic change do not
convincingly show this appearance and
therefore require image-guided core biopsy.
Magnification views of fibrocystic change
also commonly demonstrate similar calcifica-

Fig. 1.2

CC view showing low-density rounded
calcifications with ill-defined edges due
to fibrocystic change.

tions elsewhere within the breast. This phe-
nomenon does not, however, exclude the
presence of DCIS. Because fibrocystic change
is so common, it commonly co-exists with the
presence of DCIS. Therefore the presence of
one or two tea cups should not preclude
image-guided biopsy if some of the other cal-
cifications within the cluster show features
highly suspicious of DCIS.

Fibroadenoma and
fibroadenomatoid
hyperplasia

Fibroadenomas are the commonest cause of a
breast lump in the female population. They
most commonly occur in women in their 20s
and 30s. Calcification within fibroadenomas
in women of this age is unusual. After the
menopause, fibroadenomas can become
hyalanised and suspicious microcalcification
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can occur which is of dystrophic type and
occurs within the stroma or the epithelial
clefts (Fig. 1.5).

On mammography coarse, popcorn-like
calcifications are often seen in involuting

Fig. 1.3

Mammographic image showing an
irregularly shaped cluster of
pleomorphic calcifications. This
area of fibrocystic change was
mammographically
indistinguishable from DCIS.

Fig. 1.4

Lateral magnification view of
microcalcifications demonstrating
the “tea cup” sign indicating fibro-
cystic change.

fibroadenomas (Fig. 1.6). Calcification with
this characteristic morphology is no cause for
concern and does not require recall. Fine
calcification can, however, occur within
fibroadenomas and, if a dense background
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pattern obscures the well-defined margins of
the mass component of the fibroadenoma,
such calcifications can cause diagnostic diffi-
culty (Fig. 1.7) and confirmation of their
benign nature with image-guided core biopsy
is required.

Fibroadenomatoid hyperplasia is a
common cause of impalpable mammographic
calcification, although it has only been
recently described as a cause of suspicious

Fig. 1.5

Histological image of
dystrophic calcification within
fibroadenoma.

Fig. 1.6

Mammographic image showing
coarse popcorn-like calcification
within a fiboroadenoma.

microcalcification®. Fibroadenomatoid hyper-
plasia histologically displays composite
features of fibroadenoma and fibrocystic
change. Like many benign conditions of the
breast it has been previously described under
a number of different names, including scle-
rosing lobular hyperplasia, fibroadenomato-
sis or fibroadenomatoid mastopathy. It is
characterised by a proliferation of fibrous
stroma within which are hyperplastic epithe-
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Fig. 1.7

An indeterminate cluster of
calcification with no apparent
associated mass. Histologically, this
was due to calcification within a
fibroadenoma.

Fig. 1.8

Histological image showing
calcification within the stromal
component of fibro-
adenomatoid hyperplasia.
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Fig. 1.9

Mammographic image showing
irregularly shaped cluster of
pleomorphic granular
microcalcifications due to
fibroadenomatoid hyperplasia.

Fig. 1.10

Granular and punctate calcifications

varying in size and density due to
fibroadenomatoid hyperplasia. 9
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Fig. 1.11
Mammographic image showing a
cluster of microcalcification with no
associated density. The calcifications
contain rod-like forms as well as
granular and punctate calcifications.
Histologically, this is fibro-
adenomatoid hyperplasia.

Fig. 1.12
Histological image showing
calcification of normal breast
stroma.
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Fig. 1.13

An indeterminate elongated cluster
of calcifications containing granular
and punctate forms. Histologically,
this was due to stromal calcification.

Fig. 1.14
Mammographic image showing elongated linear
calcifications within a cluster. Histologically, this
was stromal calcification. 1"
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lial elements. Unlike fibroadenoma, fibroade-
nomatoid hyperplasia does not present as a
well-circumscribed mass. Symptomatically,
fibroadenomatoid hyperplasia presents in
young women with palpable masses. In such
symptomatic women, mammography often
shows mass lesions and rarely shows calcifi-
cation. Fibroadenomatoid hyperplasia does,
however, cause suspicious microcalcification
in postmenopausal women. Calcification gen-
erally occurs following hyaline degeneration
of the stromal component (Fig. 1.8).

The radiological features of fibro-
adenomatoid hyperplasia manifesting as
calcification are those of granular microcalci-
fications that show variation in shape, size
and density. It virtually always presents with
calcification in a localised, irregularly shaped
cluster. Rod-shaped calcifications are com-
mon. Branching calcifications and a ductal
distribution are seen in a minority of cases
(Figs 1.9-1.11). Histologically, the calcifica-
tions seen in fibroadenomatoid hyperplasia
lie within the stroma in the vast majority of
cases and calcification is occasionally seen in
the sub-epithelial region. Fibroadenomatoid
hyperplasia does not appear to be associated
with malignant lesions and it can usually be
confidently diagnosed on image-guided core
biopsy. Surgical excision is rarely required
for diagnostic purposes.

Stromal calcification

Normal breast stroma can occasionally
calcify and cause indeterminate mammo-
graphicmicrocalcifications (Fig. 1.12). The cal-
cification clusters vary in size and occasion-
ally can be quite large. In a proportion of cases
the calcifications are elongated towards the
nipple and this raises a suspicion of DCIS. The
calcifications are usually granular in shape
and often vary markedly in size and density.
Occasionally, elongated rod-like forms are
also found. There is usually no associated
mammographic density (Figs 1.13 and 1.14).

Calcification within atrophic
lobules (involutional change)

Calcification within atrophic lobules can
occur (Fig. 1.15) and this can give rise to sus-
picious microcalcification on mammography.
Most cases consist of oval or round clusters
of predominantly punctate calcifications but
which vary in size and density (Fig. 1.16).
Occasionally, however, more suspicious
features such as a ductal distribution and
elongated linear forms can occur (Figs 1.17
and 1.18).

Sclerosing adenosis

Sclerosing adenosis is an entity composed of
a proliferation of epithelial myoepithelial
and connective tissue structures within a ter-
minal duct lobular unit. Microscopically, this
proliferation of epithelial and interlobular
stromal elements results in distortion and
expansion of lobules within an overall
nodular or diffuse appearance. The epithelial
component forms microacinar structures that
have small luminal spaces. These luminal
spaces frequently contain microcalcification
(Fig. 1.19).

Presentation of sclerosing adenosis is var-
ied. Symptomatically, it can often present as a
palpable mass that can be ill-defined and
fixed, and give a clinical impression of carci-
noma. More commonly, sclerosing adenosis
presents as a mammographic abnormality.
Mammographically, the most common
correlate is microcalcification but sclerosing
adenosis can also present as areas of
parenchymal distortion or an ill-defined
mass. Mammographically, the calcifications
seen in sclerosing adenosis are always fine
and contain a mixture of granular and punc-
tate elements. There is often quite marked
variation in size and density of the calcific
flecks. The calcifications occur in either
round or oval clusters and sometimes a
multilobular distribution can be present (Figs
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Fig. 1.15
Histological image showing
calcification within atrophic
lobules.

Fig. 1.16
Mammographic image showing
predominantly punctate calcifications
due to calcification in atrophic
lobules.

13
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Fig. 1.17

Calcification cluster showing a ductal distribution and
elongated rod-shaped forms due to calcification within

atrophic lobules.

Fig. 1.18
Mammographic image showing
granular calcifications with a marked
duct distribution due to calcification
of atrophic lobules.



Breast benign calcification

1.20-1.22). Elongated rod and Y shapes and a
ductal distribution of calcifications are not
usually found.

Duct ectasia

Duct ectasia consists of dilatation of predom-
inantly the sub-areola ducts that are often

Fig. 1.19

Histological image
demonstrating calcification
within luminal spaces in
sclerosing adenosis.

Fig. 1.20

Mammographic image showing an
elongated cluster of pleomorphic
calcifications due to sclerosing adenosis.

filled with pultatious material resembling
comedo-type DCIS. The duct lining epithe-
lium often contains interspersed inflam-
matory cells and macrophages. The duct wall
and periductal stroma also contain an inflam-
matory reaction. Duct ectasia is common in
smokers, and is often complicated by recur-
rent periductal abscesses and mammillary

15
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Fig. 1.22 (A, B)
A widespread microcalcification with a multilobular distribution due to sclerosing adenosis.

fistula. Duct ectasia is also a cause of
nipple discharge and nipple retraction.
Calcifications due to duct ectasia are often
characteristic. The features are those of
coarse, rod and branching calcifications in a
ductal distribution (Fig. 1.23). These calcifica-

Fig. 1.21
A diffuse cluster of granular and punctate
calcifications due to sclerosing adenosis.

tions are formed by calcification of debris
within dilated ducts (Fig. 1.24). These intra-
ductal calcifications have been described as
having a “broken needle appearance”.
Unlike the ductal calcifications seen in DCIS,
it is rare for there to be associated fine granu-
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lar calcifications. In DCIS, although rod and
branching calcifications are common, it is
very rare for the number of rods and branch-
ing calcifications to be higher than the
number of fine granular calcifications pre-
sent. Duct ectasia is very commonly bilateral
and this feature is quite useful in confirming
the benign nature of small areas of duct ecta-
sia (Fig. 1.25). It is commonly found that

Fig. 1.23
Coarse rod- and branching-shaped calcifications
in a ductal distribution due to duct ectasia.

Fig. 1.24

Histological image showing
calcification of the wall of a
muscular blood vessel.

the debris within the duct in duct ectasia
extrudes into the surrounding peri-ductal
tissues. This causes an inflammatory reaction
around the duct. This inflammatory reaction
often calcifies, leading to “lead pipe” appear-
ing calcification (Fig 1.26). Very occasionally,
high-grade DCIS can produce very coarse
calcifications which can be confused with
duct ectasia. Caution should therefore be

17
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Fig. 1.25
Bilateral mammography
showing bilateral widespread
rod-shaped calcifications due
to duct ectasia.

Fig. 1.26
Mammographic image showing lead-pipe
calcifications due to calcification of periductal fat
necrosis associated with duct ectasia.

18
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exercised in diagnosing a focal, unilateral
area of duct ectasia.

Blunt duct adenosis

Blunt duct adenosis is a common condition
which forms part of the spectrum of fibrocys-
tic change. It may manifest as a dominant
condition but rarely produces a symptomatic
lesion in isolation. Microcalcification of lumi-
nal secretions can occur and this results in its
detection by mammography (Fig. 1.27).
Microscopically, blunt duct adenosis is char-
acterised by the replacement of the normal
lobular luminal epithelium by a layer of tall
columnar epithelial cells with basal nuclei
and apical cytoplasmic snouts. No atypia is
usually present but nuclei may be enlarged.
Mild stromal proliferation can be seen in
association with blunt duct adenosis. The
columnar cells may secrete mucinous mater-
ial to form microcysts and calcification of
cyst contents can occur’®.

Mammographically, blunt duct adenosis is
characterised by a small oval or round cluster
or granular microcalcification (Fig. 1.28).
Linear and rod-shaped forms are usually
absent and there is normally no ductal distri-
bution.

Vascular calcification

Vascular calcification is common and is
usually not a diagnostic problem. It is char-
acterised by serpentine, tramline calcifica-
tions (Fig. 1.29). Magnification views are
occasionally helpful in characterising the
nature of vascular calcification. On occa-
sion, early vascular calcification can cause
diagnostic problems. If only one side of one
vessel calcifies within an area of dense
breast tissue this can give a false appear-
ance of ductal calcification. We have occa-
sionally inadvertently confirmed vascular
calcification ~within image-guided core
biopsy or Mammotome™. The amount of

postprocedure compressions required in
such cases is longer than usual!

A large study from The Netherlands (the
DOM project) has shown an association
between breast arterial calcification and a
number of disorders related to increased or
accelerated arterial sclerosis; these include
hypertension, transient ischaemic attack and
stroke and myocardial infarction. In older
women there is an increased risk of diabetes’.
A similar study from the USA, looking at
women who have had both mammography
and coronary arteriography, did find an asso-
ciation between breast arterial calcification
and ischaemic heart disease but only when
the women were aged 59 years or less!’.

Fat necrosis

Fat necrosis is a benign non-suppurative
inflammatory process that most commonly
occurs subsequent to accidental or iatro-
genic breast trauma (Fig. 1.30). Clinically,
fat necrosis has a multitude of features
varying from single or multiple smooth
round nodules to fixed irregular masses
which simulate malignancy. The mammo-
graphic findings of fat necrosis include
lipid cysts, microcalcifications (Figs 1.31
and 1.32), coarse calcifications and spicu-
lated masses. Fat necrosis uncommonly
causes focally clustered pleomorphic micro-
calcifications which are indistinguishable
from malignancy™.

Skin calcification

Skin calcification is commonly demonstrated
on screening mammograms and they usually
show characteristic round calcifications with
a lucent centre; these calcifications are often
clustered but the individual calcifications are
normally of a similar size. Skin calcifications
are often bilateral and symmetrical (Figs
1.33-1.35). Very rarely, skin calcification of a
different morphology can be seen in systemic

19
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disorders such as

dermatomyositis.
Dermatomyositis has been shown to cause
bizarre sheet-like branching calcifications!2.
Soft-tissue calcification can occur in this con-
dition between 4 months and 12 years after
the onset of the disease. There have been a
number of reports of resolution at the calci-
fications associated with dermatomyositis

Fig. 1.27

Histological image showing

calcification in luminal

__@4' secretions due to blunt duct
nﬁ\.na adenosis.

Fig. 1.28

Mammographic image showing a rounded
cluster of pleomorphic granular
microcalcifications due to blunt duct adenosis.

using low-dose warfarin treatment. Focal
skin lesions commonly calcify and skin
papillomas are the commonest cause of
abnormal focal skin calcification. Calcified
papillomas have an obvious -cauliflower
morphology and do not normally cause diag-
nostic difficulties. Occasionally, however,
focal skin lesions can cause indeterminate
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calcification (Fig. 1.36). Their nature can usu-
ally be confirmed with tangential views.
Occasionally, core biopsy is required.

A number of skin creams, ointments and
powders that contain metallic salts can
mimic breast calcification. These include
deodorants, talcum powder, zinc oxide and
gold injections. Soap has also been described
as a cause of an artifact that can mimic intra-

Fig. 1.29

Mammographic image showing
serpentine, tram-line
calcification characteristic of
vascular calcification.

Fig. 1.30
Histological image showing
calcification within fat necrosis.

mammary breast calcification®. Tattoo marks
have also been described as simulating intra-
mammary calcification.

Suture calcification

Calcification of surgical sutures is occasion-
ally seen, especially in the irradiated breast.
The coarse linear morphology of the

21
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Fig. 1.31
A mammographic image following previous excision of a
benign abnormality. Widespread punctate calcifications
are demonstrated due to fat necrosis; in addition,
calcified oil cysts are seen.

(A)

(B)
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calcifications is usually very characteristic
and virtually never causes diagnostic diffi-
culties (Fig. 1.37).

Epidermal inclusion cysts of
the breast

Although the characteristic finding of
epidermal inclusion cysts are those of a well-

(9]

Fig. 1.32

A series of mammographic images
showing the development of
calcification due to postoperative fat
necrosis. (A) Demonstrates elongated
linear calcification which could be
viewed as suspicious of malignancy. (B)
Illustrates coarsening of the calcification
and the development of the
characteristic curvilinear calcification
seen in fat necrosis. (C) Further
coarsening of the calcifications
demonstrated the calcification is now
obviously benign.

Fig. 1.33

Mammographic image showing
skin calcification symmetrically
distributed in the inferior
breast.

circumscribed low-density mass in a subcuta-
neous location, approximately 30% are associ-
ated with heterogeneous microcalcifications.

Metastatic calcification due to
renal failure

Women with a secondary hyperparathyroid
induced by chronic renal failure have

23
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increased breast calcification. Such calcifica-
tions include an increase in vascular and
breast parenchymal calcifications. The pat-
tern of such calcification is, however, usually
of a benign morphology. Suspicious micro-
calcification needs to be treated in the same
way whether a woman has secondary hyper-
parathyroidism or not.

Fig. 1.34
Bilateral mammography showing
symmetrically distributed skin
calcification adjacent to the
pectoral muscle.

Fig. 1.35
Magnified mammographic image
of skin calcification. The
characteristic round calcifications
with lucent centres is
demonstrated.

Klippel-Trenaunay syndrome

Breast calcification has been reported in asso-
ciation with Klippel-Trenaunay syndrome.
The calcification occurred within the subcu-
taneous adipose tissue due to capillary and
small venial proliferation. These contained
intramural calcium deposits'®.
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(A)

(B)

(9]

Fig. 1.36

(A) Mammographic image of an area of
indeterminate calcification for which
image-guided core biopsy was planned.
(B) The patient volunteered during the
prebiopsy consultation that she had a skin
lesion which had a similar appearance to
the calcification. (C) Mammography
following placement of a lead shot over
the skin lesion confirmed that the
calcification was indeed within the skin. 25
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Idiopathic granulomatous
mastitis

Granulomatous mastitis occurs in women of
reproductive age and usually presents as a
tender mass which may be associated with
axillary lymphadenopathy and is often
bilateral. Microscopic features include a
granulomatous inflammatory cell infiltrate
centred on, and distorting, lobules.

Mammographic features include areas of
coarse dystrophic calcification, which is often
multifocal and bilateral (Fig. 1.38). Biopsy is
rarely required as the calcification morphol-
ogy is not usually suspicious of malignancy
(Figs 1.39 and 1.40).

Fig. 1.37
Mammographic image showing the
characteristic appearance of suture
calcification.
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(A)

(B)

Fig. 1.38

(A) Bilateral mammography
showing bilateral widespread
relatively coarse calcifications.
(B) A close-up view shows the
coarse dystrophic nature of the
calcifications with the absence
of fine granular calcifications.
The appearances are of
granulomatous mastitis.
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(A)

(B)

Fig. 1.39
Two cases showing a well-defined mass with
peripheral calcification. Calcification with this
distribution is normally found within calcified
walls of cysts, oil cysts or haematomas.
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Intraductal epithelial lesions

Introduction

Intraductal epithelial proliferations in the
breast form a spectrum from usual epithelial
hyperplasia (UEH) through atypical ductal
hyperplasia (ADH) to DCIS. Whilst UEH is
commonly seen as a component of fibrocystic
change and is of limited clinical significance,
identification of DCIS at breast screening has
significant implications. DCIS is composed
of a proliferation of cytologically malignant
epithelial cells contained within breast
parenchymal structures with no evidence of
invasion across the duct basement membrane.

Radiology of ductal
carcinoma in situ

Frequency of abnormal
mammography according to
clinical presentation

Microcalcification is the commonest mam-
mographic feature of DCIS and is seen in 80%

to 90% of those cases with a mammographic
abnormality!. However, the proportion of
symptomatic DCIS with a mammographic
abnormality varies according to the clinical
presentation.

It is our experience that virtually all cases
of DCIS presenting with single nipple dis-
charge have a mammographic abnormality.
In contrast, only about half the women with
DCIS presenting as Paget’s disease of the
nipple have a mammographic lesion?. Within
the literature there is a huge variation in the
reported incidence of mammographic abnor-
malities in patients with Paget’s disease of
the nipple ranging from 0 to 100% (Fig. 2.1).
The reason why patients with Paget’s disease
should have such a low incidence of mam-
mographic abnormalities is not clear. The
majority of DCIS causing Paget’s disease of
the nipple is high grade and of solid architec-
ture. Although high grade DCIS is normally
associated with necrosis and the presence of
calcification this is not often seen in DCIS
associated with Paget’s disease of the nipple.

Fig. 2.1

Mammogram showing extensive
predominantly linear calcification in a
patient with Paget’s disease of the
nipple. It should be noted how coarse
the calcifications are and it is easy for
lesions with this appearance to be
falsely thought to have duct ectasia.
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DCIS can also present symptomatically as
a palpable mass. When it presents in this
manner it is more likely to also show a mass
lesion mammographically, either entirely
solid or a mixed cystic solid lesion when
visualised on ultrasound.

DCIS detected by mammographic
screening is, by definition, mammographi-
cally visible except for the very few lesions
picked up due to clinical features noted by
radiographers during the screening exami-
nation.

Cluster shape

Approximately 80% of cases of calcific
DCIS have an irregular cluster shape (Fig.
2.2) and about 10% of these irregular clus-
ters are V-shaped. The irregular cluster
shape of DCIS is caused by the growth pat-
tern of DCIS. DCIS has a tendency to grow
towards and away from the nipple within a
single segment of the breast. About 15% of
DCIS clusters have an oval or round cluster

shape (Fig. 2.3). DCIS with a round or oval
cluster shape is more likely to be confused
with benign process than DCIS presenting
with an irregular cluster shape. However,
the shape of a cluster of calcifications can
be particularly helpful when the nature
of the individual calcifications are non-
specific. For instance, a round or oval
cluster of four or five granular micro-
calcifications may well be viewed as having
a very low risk of being DCIS. A similar
number of calcifications within an irregu-
larly shaped cluster (especially if this clus-
ter is elongated towards the nipple) should
be viewed with a higher degree of suspi-
cion. Intermediate- and low grade DCIS
can present with a multilobular distribution
of calcifications where calcifications appear
to lie within multiple round or oval clus-
ters within one area of the breast (Fig. 2.4).
This distribution which appears to repre-
sent disease processes within individual
acini of the breast is also commonly found
in fibrocystic change.

Fig. 2.2
Mammographic view showing an
irregularly shaped cluster which is
elongated towards the nipple.
Histologically, this lesion was high-
grade DCIS.
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Fig. 2.3

Mammogram showing a rounded
cluster of calcifications due to DCIS.
The pleomorphism of the granular
calcifications thankfully indicated its
malignant nature. Pathologically, the
lesion was high grade DCIS.

Fig. 2.4

Mammographic view showing a
multilobular distribution of calcifications.
Such a distribution is commonly found in
fibrocystic change but on this occasion was
due to intermediate grade DCIS.

Distribution of calcifications in and non-necrotic DCIS. If calcifications lack
DCIS rod or branching shapes, a ductal distribu-
tion can be extremely helpful in suggesting a
One of the commonest and most characteris- malignant cause of the calcifications. The
tic features of DCIS is that the calcifications distribution of calcification is also helpful in
are aligned in a ductal distribution (Fig. 2.5). other ways. Diffuse calcification involving
This distribution is common in both necrotic the whole of the breast is unusual and DCIS 35
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of such a large extent will usually also have
characteristic calcification features. DCIS is

rarely bilateral; diffuse bilateral calcifications
are always benign and do not warrant fur-
ther investigation unless there is a focal area
where there is different morphology to the
calcifications compared to those elsewhere
within the breasts.

The number of calcifications

Approximately 90% of calcification clusters
at our unit shown to be DCIS have more than
10 flecks of calcification. However, diagnos-
ing DCIS is not uncommon in lesions with
clusters of five or fewer flecks. The decision
whether or not to recall three or four flecks of
calcification should be made predominantly
on the morphology of the calcifications and
their distribution and whether the calcifica-
tions have changed over time. Recalling
patients with mammograms with three flecks

Fig. 2.5

A mammographic image
showing inumerable granular
microcalcifications in a very
obvious ductal distribution. The
density of the granular
microcalcifications within the
duct give it an almost snake
skin-like appearance.

of calcification which are new and in a ductal
distribution often leads to a diagnosis of
DCIS.

Calcification morphology in
DCIS

The most common features of calcifications
due to DCIS are granular calcifications with
irregularity in density, shape and size com-
pared with the other calcifications within
the cluster. Although these features are
present in over 90% of cases of DCIS, their
usefulness in benign versus malignant dif-
ferentiation is limited, as these features are
also commonly found in benign causes of
calcification. The more specific features of
DCIS such as a ductal distribution of calci-
fications, rod and branching shapes are
much less common (Fig. 2.6). In our series
we found a ductal distribution and rod-
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Fig. 2.6
Mammographic image showing
a combination of granular, rod
and branching calcifications in
an irregular cluster distribution.
The appearances are
pathognomonic of high-grade
DCIS.

Fig. 2.7

Mammographic image showing

quite coarse rod- and Y-shaped

calcifications with only a few

granular elements. It would be easy

to dismiss these calcifications as

being due to duct ectasia, in fact

they were due to high-grade DCIS

with extensive necrosis. 37
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shaped calcifications in about 70% of DCIS
cases. Branching calcifications are much
less common, being seen in only 40% of
cases. The commonest benign cause of
branching- and rod-shaped calcifications is
duct ectasia and one needs to be particu-

larly careful in making a radiological diag-
nosis of duct ectasia if the calcifications are
unilateral and focal. It is our experience
that DCIS presenting as a duct ectasia look-
alike is invariably DCIS of high histological
grade (Figs 2.7 and 2.8).

Fig. 2.8

Mammographic image showing a
generally coarse cluster of
calcifications with predominantly
rod and branching calcifications.
Histologically, this lesion was high-
grade DCIS.

Fig. 2.9
Mammographic image
showing a predominantly
punctate cluster of
microcalcifications in a round
cluster shape. It would be easy
to dismiss this lesion as benign
but it in fact represented low-
grade DCIS.
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(A)

(B)

Fig. 2.10

(A) Mammographic image showing coarse
calcifications showing definite “tea cupping”
on the mediolateral oblique view. The presence
of tea cups falsely reassured us that this was
fibrocystic change. (B) Taken 3 years later, still
shows “tea cupping” but there is now a very
extensive ductal branching distribution of the
calcification. This was a case of intermediate-
grade DCIS with mucin secretion. Calcification
within the mucin secretions layered and gave
this highly unusual tea cup appearance in this
case of DCIS. 39
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Punctate (round or oval) calcifications are
also commonly found in DCIS. In our series
just under 50% of calcification clusters con-
tained punctate calcifications and about 15%
of DCIS calcifications clusters were made up
of calcifications which were predominantly
punctate in shape (Fig. 2.9). The take-home
message is that the presence of relatively
benign looking punctate calcifications within
a cluster does not exclude DCIS®.

Changes in the morphology of DCIS
calcification over time

Arecent study* looking at the previous mam-
mograms of women diagnosed as having
DCIS showed that in 22% of cases the
previous mammograms were, in retrospect,
abnormal. This study showed that the
following features were commoner on the
previous films: predominantly punctate cal-
cification (64% versus 12%, P = 0.001) and
fewer than 10 calcifications in a cluster (54%
versus 24%, P = 0.05). Features which were
less common on the previous mammogram
than the diagnostic mammograms were rod-
shaped calcifications (27% versus 64%, P =

0.03) and a ductal distribution of calcifica-
tions (45% versus 76%, P = 0.05). It can be
seen from these results that the calcification
morphology of the DCIS present on the
previous mammograms are much less char-
acteristic of malignancy than those present at
the time of diagnosis. It is also of interest that
these cases, which had such non-specific fea-
tures at the time of previous mammography,
were predominantly cases of high grade
DCIS. This indicates that the characteristic
calcification morphological features of high
grade DCIS, i.e. the presence of rods and a
ductal distribution may not be present when
the lesions are small and that these character-
istic features only occur when the lesion
grows to larger size (Fig. 2.10A,B). It would
therefore be wrong to assume that
a small cluster of calcifications containing
granular and punctate calcifications repre-
sents low grade disease when it is shown to
be malignant. Features that were present
both on the diagnostic and the previous
mammograms, which may have allowed
earlier diagnosis, were granular calcifica-
tions, which varied in size, density and shape
and irregular cluster shape (Fig. 2.11).

Fig. 2.11
Mammographic image showing
a rounded cluster of granular
microcalcifications showing
slight variation in size, density
and shape. This was due to low-
grade DCIS.
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Growth pattern of calcification
due to DCIS

By careful assessment and measurement of
mammographic calcification due to DCIS
which was missed on previous mammo-
grams and measurement of the site and size
of calcification on the later diagnostic images
it is possible to gain information concerning
DCIS growth rates and growth directions®.
We have recently found that DCIS grows
twice as fast in the nipple plane (i.e. in the
plane towards and away from the nipple) as
in the plane at 90° to this. However, DCIS
appears to grow at equal rates towards and
away from the nipple. Apparent DCIS
growth at 90° to this nipple plane may just be
due to passive expansion of the breast seg-
ment. There appears to be a good correlation
between both growth in the nipple plane and
at 90° to the nipple with the cytonuclear
grade of DCIS. This finding supports the
validity of current grading systems for DCIS.

The pathological site of
mammographic calcifications
representing DCIS

Punctate calcifications are commonly found
in non-necrotic DCIS. The calcifications are
intraductal and occur in intercellular spaces.
These spaces are often filled with secretions
and it is these that calcify to produce the
mammographically visible calcifications in
non-necrotic DCIS. Calcifications in the same
intercellular spaces may also be granular cal-
cifications. Granular calcifications can,
however, be formed in necrotic DCIS as a
result of the necrotic debris within the ducts
undergoing dystrophic calcification. These
granular calcifications can coalesce to form
rod-shaped calcifications. If these rod-
shaped calcifications occur where the breast
duct is branching, then branching calcifica-
tions result. Paul Stomper and co-workers

suggested that mammographic calcification
may also represent high calcium concentra-
tions within necrotic cells, but presented no
direct evidence to confirm this assertion®.

Appearance of DCIS according to
pathological sub-type

Methods for classification are at present
under assessment with several groups
describing new methods for ascribing
histological grade of DCIS. The National Co-
ordinating Group for Breast Screening
Pathology in the UK recommend a system
based on nuclear grade with categories of
high, low and intermediate nuclear grade’.
Support for this classification is provided by
the finding that sub-type of DCIS is corre-
lated with the histological grade of the
associated invasive tumour; low grade DCIS
progresses more often into well-differenti-
ated invasive cancer and high grade DCIS
into grade 3 invasive tumour.

High nuclear grade DCIS is composed
of pleomorphic large cells with abundant
mitoses. The growth pattern is variable and
commonly the malignant cells distend the
ducts with central calcified necrosis (comedo
DCIS) (Fig. 2.12). High-grade DCIS with a crib-
riform or micropapillary growth pattern may
also be seen. DCIS of low nuclear grade is com-
posed of uniform cells with small nuclei.
Tumour cell nuclei are hyperchromatic, cen-
trally positioned and have indistinct nucleoli.
This sub-type of DCIS most frequently has a
cribriform (with geometric “punched out”
spaces) or micropapillary pattern (with bul-
bous projections into the duct lumen). Very
often both architectures co-exist, although the
cribriform pattern usually predominates (Fig.
2.13). If the neoplastic cells are less pleomor-
phic than required for the diagnosis of high
grade disease but there is a lack of uniformity
of low grade DCIS then the lesion is classified
as being of intermediate nuclear grade (Fig.
2.14). One or two nucleoli may be seen and are
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more evident than in low nuclear grade DCIS
and thenuclear-to-cytoplasmicratio of tumour
cellsisoftenhigh. Aswith other grades of DCIS,
the architectural pattern may be solid, cribri-
form or micropapillary. Rarely, variation in the
cytonuclear grade of a single DCIS lesion may
be seen and then all the nuclear grades present
should be recorded but the disease classified
according to the highest grade present.

Fig. 2.12

Histological image showing a
pleomorphic proliferation of
intraductal epithelial cells with
central necrosis and
calcification. The appearances
are of high grade DCIS.

Fig. 2.13

Histological image showing a
monotonous intraductal
proliferation of epithelial cells.
A cribriform architecture is
present and there is
calcification within the
secretions.

Several other systems for classifying DCIS
havebeen proposed. Someauthorshhaveadvo-
cated a combined assessment of nuclear grade
and necrosis, with high grade, non high-grade
with necrosis; and non-high grade without
necrosis being recognised®.

The radiological appearances of DCIS
vary markedly according to the pathological
sub-type. A variety of molecular markers



Intraductal epithelial lesions

have also shown a correlation with the radio-

logical features of the disease. The following
pathological variables have been shown to
correlate with variations in the radiological
appearance of DCIS:

® Architectural pattern

® Cellsize

® Necrosis

® C-erbB-2 expression

® p53 expression and MIB1

® Oestrogen receptor and progesterone
receptor expression

Architectural pattern

The traditional classification of DCIS was
based solely on architectural pattern;
Holland and co-workers were the first to
describe variations in the radiological
appearances of DCIS according to architec-
tural pattern®. They recorded DCIS cases as
either predominantly comedo or predomi-
nantly cribriform/micropapillary in
architecture and noted that the pathogenesis
of the calcification in these sub-types was dif-
ferent. In comedo DCIS, calcification occurs

Fig. 2.14

Histological image showing
intraductal neoplastic cells less
pleomorphic than those of
high-grade disease but lacking
the uniformity of low-grade
DCIS. This is a case of
intermediate grade DCIS.
Calcification of secretions is
again demonstrated.

because of dystrophic calcification within the
central necrotic debris, as described above. In
cribriform/micropapillary DCIS, however,
necrosis is not generally present and it is the
secretion in the intercellular spaces which
calcifies. The morphology of the calcifica-
tions in the two architectural sub-types is
also different. Holland et al.’ found that 80%
of the cases of comedo DCIS had linear calci-
fication but this finding was only present in
16% of the cribriform/micropapillary group.
This study found that only 53% of the
cribriform DCIS group had mammographic
calcification compared with 94% of the
comedo group. This indicates that calcifica-
tion in low grade DCIS is variable and often
does not occur. Indeed, if calcification does
occur, it only occurs within part of the lesion.
This paper was also the first to highlight that
mammographic estimation of DCIS lesion
size was more accurate in comedo DCIS that
in the cribriform DCIS. Eight per cent of the
comedo and 47% of the cribriform group
showed greater than 2 cm discrepancy
between mammographic estimation of lesion
size and histological measurements’. A sub-
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sequent paper by the same group suggested
that by the use of magnification views lesion
size estimation in low grade DCIS was as
good as lesion size estimation in high grade
DCIS™Y. This suggestion was, however, based
on a small number of cases and it is difficult
to see how magnification views can delineate
calcification in areas of low grade DCIS that
do not contain histological calcifications.
Other authors have confirmed that linear cal-
cifications are more common in the comedo
sub-type of DCIS and that granular calci-
fications are more common in the
cribriform/micropapillary types. It is, how-
ever, impossible to predict reliably the
architectural pattern of DCIS present when
only granular calcifications are present.
Granular calcifications can be present in both
comedo and cribriform DCIS. If there is
extensive linear and branching calcification it
does, however, indicate a strong likelihood of
the presence of high grade DCIS containing
necrosis. Modern pathological classifications
of DCIS are based on cytonuclear grade alone
or in combination with the absence or
presence of necrosis.

Cell size

DCIS of large cell size is more likely to dis-
play abnormal mammography (94% versus
72%). Calcification is in particular more com-
mon in large cell DCIS (95% versus 58%),
although comparison of the calcification
morphological features of small cell versus
large cell DCIS does not show any statisti-
cally significant differences. There is,
however, a non-significant trend for large cell
DCIS to more commonly display a ductal
distribution, rod-shaped calcification and an
associated asymmetric density. There is a
non-significant trend for small cell DCIS cal-
cifications to be predominantly punctate in
morphology!. The absence of a strong corre-
lation between the cell size and calcification
morphology is because not all small cell
DCIS is free from necrosis and not all large

cell DCIS contains necrosis, and necrosis is
the major determinate of calcification
morphology in DCIS.

Necrosis

Necrosis within DCIS is an indicator of
aggressive biological activity. DCIS with
necrosis shows poorer disease-free survival
and a higher local recurrence rate compared
to DCIS without necrosis. Necrosis has there-
fore been included as a major determinant in
some of the more modern grading systems
described for DCIS. As the two mechanisms
of calcification formation postulated by
Holland et al. are based on the presence or
absence of necrosis, it is not surprising that
there are strong correlations between the
presence or absence of necrosis and the
mammographic features of DCIS. DCIS con-
taining necrosis is more likely to show
abnormal mammographic findings (95% ver-
sus 73%), calcification (96% versus 61%),
calcification with a ductal distribution (80%
versus 45%) and rod-shaped -calcifications
(83% versus 45%). DCIS without necrosis is
more likely to show abnormal mammo-
graphic features without calcification (39%
versus 4%) and predominantly punctate cal-
cification (36% versus 13%). The proportion
of cases with normal mammograms or
abnormal mammograms without calcifica-
tion appears to show a relationship with both
the presence or absence of necrosis and also
the degree of necrosis present (Fig. 2.15). The
absence of mammographic calcification
almost excludes the presence of DCIS with
marked necrosis'.

C-erbB-2 oncogene expression

C-erbB-2 (Her-2, Neu) is a member of the
type 1 tyrosine kinase growth factor receptor
family. Amplification of c-erbB-2 oncogene
and expression of its protein is found in
approximately 60% of DCIS cases'. C-erbB-2
expression in DCIS has been shown to corre-
late with aggressive histological features
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such as comedo sub-type, large cell size and
nuclear pleomorphism. There has also been
an association demonstrated between c-erbB-

2 expression and cellular proliferation'2.
C-erbB-2 expression has been shown to cor-
relate strongly with the presence of necrosis.

(A)

(B)

Fig. 2.15

Mammographic images showing a
marked branching ductal distribution of
calcifications which are, however, of very
low density. In this unusual case, the
calcification was within mucinous
secretions in a case of intermediate-grade
micropapillary DCIS.

It is therefore not surprising that the correla-
tions of c-erbB-2 expression and the
radiological features of DCIS are similar to
those seen between the presence of necrosis
and the radiological features of DCIS.
C-erbB-2-positive DCIS more commonly
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demonstrates calcification (92% versus 72%),
a ductal distribution of calcification (78% ver-
sus 57%), rod-shaped calcification (82%
versus 54%) and granular calcification (97%
versus 86%). C-erbB-2-negative DCIS more
commonly displays abnormal mammogra-
phy without calcification (28% versus 8%)"%.
It can be seen from the above associations
that c-erbB-2-positive DCIS more frequently
shows calcification with morphological fea-
tures characteristic of malignancy.

p53 and MIB1

p53 is a tumour supressor gene, which has
been described as the “guardian of the
genome”. Mutated p53 may be assessed
immunohistologically and it has been found
to be expressed in about 25% of DCIS cases.
P53 expression is associated with large cell
size and necrosis. Whilst one might therefore
expect correlation to exist between p53
expression and the mammographic features
of DCIS, we could not find any such relation-
ship!4. Similarly, MIB1, which is a measure of
cellular proliferation and is a nuclear protein
expressed by cells not in the GO (resting
phase) of the cell cycle, has not been shown
to have statistically significant correlations
with the mammographic features of DCIS™.
This is presumably because MIB1 activity
correlates strongly with cellular proliferation
but less strongly with necrosis and it is
necrosis that is the major determinate of radi-
ological features of DCIS.

Oestrogen and progesterone receptors

Up to 60% of DCIS cases are oestrogen recep-
tor-positive. Oestrogen receptor positivity is
found more frequently in DCIS with small
cell size and in DCIS which does not contain
necrosis. Oestrogen receptors are of particu-
lar interest due to the investigation of the role
of tamoxifen in preventing local recurrence
after wide local excision of DCIS. The more
characteristic calcification ~morphological
features of DCIS such as granular and rod-

shaped calcifications are seen more fre-
quently in oestrogen receptor-negative DCIS
than in oestrogen receptor-positive cases.
Similarly, a ductal distribution of calcifica-
tion, rod shapes and branching calcifications
are seen more frequently in progesterone
receptor-negative cases!.

Diagnosing recurrent DCIS

Postconservation surveillance mammogra-
phy is especially important in women who
have had DCIS treated by wide local exci-
sion. Mammography is important for two
reasons within this group:

1. At least 50% of women with recurrent
DCIS have invasive disease recurrence.
Detection before metastasis has occurred
is therefore of vital importance.

2. Mammography is the sole method of
detecting recurrent DCIS in the vast
majority of cases.

A recent study of the mammographic fea-
tures of locally recurrent DCIS demonstrated
85% of local recurrences were detected solely
by mammography and that 95% of recurrent
DCIS was visible mammographically?®. The
mammographic feature of locally recurrent
DCIS was calcification in 90% of cases. This
occurred in the same quadrant as the origi-
nally diagnosed disease in 90%. This study
also showed that the calcification morphol-
ogy of recurrent DCIS was the same as that of
the original lesion in 82% of cases. Other
studies have previously demonstrated that
locally recurrent invasive breast cancer also
has a tendency to recur with the radiological
features of the original tumour. One such
study showed that in five out of six patients
where the original tumour appeared as
microcalcification, the recurrence was also
detected due to the presence of microcalcifi-
cation’®. It is self-evident from these findings
that having the diagnostic mammograms
available for comparison will aid the report-
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ing of follow-up mammography in women
who have had wide local excision of DCIS.

Unfortunately, calcification is a common
finding in the irradiated breast and, in
some series, as many as 25% of patients who
have had wide local excision followed by
radiotherapy develop benign-appearing cal-
cifications. Although with time these
calcifications appear coarse and curvilinear
in nature, when they first appear they can be
faint and pleomorphic and often raise a sus-
picion of recurrent carcinoma. Calcifications
that occur soon after wide local excision with
radiotherapy (within the first 18 months) are
less likely to be malignant than those that
occur at a later time intervall.

What is the value of detecting DCIS at
mammographic screening?

The introduction of mammographic screen-
ing has led to a dramatic increase in the
number of cases of pure DCIS diagnosed.
Twenty to 25% of screen-detected breast
cancers are DCIS compared with 5% of
symptomatic breast cancer’®!. Screening
women under 50 years of age is associated
with even higher proportions of pure DCIS
lesions than those seen when screening
women over 50%.

Ductal carcinoma in situ represents a spec-
trum of disease. Low grade DCIS has only a
25-50% chance of developing into (low-
grade) invasive cancer at 30 years and has
low rates of local recurrence when treated by
wide local excision?.. Conversely, high grade
DCIS, which is often associated with necro-
sis, in one small series had a 75% risk of
invasive disease with a mean time to recur-
rence of only 4 years2. A more recent study
has shown that DCIS with poorly differenti-
ated cytonuclear morphology has a
significantly higher risk for the development
of invasive carcinoma than DCIS with well
differentiated cytonuclear appearance®.

High grade DCIS is also associated with

high grade invasive cancer. High grade inva-
sive cancer carries a poor prognosis unless
detected when less than 10 mm in size. DCIS
that is of high histological grade and, the
presence of necrosis are also known to pre-
dict for higher rates of recurrence after
treatment by wide local excision??.
Approximately 50% of recurrent lesions fol-
lowing wide local excision of DCIS have
associated invasive carcinoma and there is a
strong association between the grade of the
original lesion and the grade of the recurrent
invasive carcinoma®-%.

Critics of breast screening often claim that
the high rates of DCIS seen represent over-
diagnosis, many being lesions which would
never present clinically and threaten the
woman’s life’!. This is compounded by the
fact that such lesions may be extensive and
therefore frequently require mastectomy to
obtain adequate excision. Such criticism
would only be valid if screen-detected DCIS
lesions were predominantly of low histo-
logical grade.

Early studies have compared the histo-
logical features of screen-detected and
symptomatic DCIS but have used DCIS clas-
sifications based on the previously utilised
system of distinguishing sub-types based on
architectural pattern. These studies found
that comedo DCIS was commoner in screen-
detected lesions than in lesions presenting
symptomatically®>*. Since these studies were
published, a number of new DCIS classi-
fications have been proposed based on
cytological features and/or the presence of
necrosis’*3+%. We have found that DCIS
detected by mammographic screening is pre-
dominantly of high nuclear grade and only
13% is of low grade. Screen-detected DCIS is
also more likely to contain areas of necrosis
than symptomatic lesions. The most likely
explanation for these findings is suggested
by a comparison of the radiological findings
of different DCIS sub-types. High grade
DCIS more frequently shows abnormal
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mammographic features than low grade
DCIS, which is often mammographically
occult. The mammographic calcification
found in high grade DCIS and DCIS with
necrosis is more characteristic of malignancy,
often showing rod and branch shapes. The
granular/punctate calcifications seen in low
grade DCIS are non-specific and are more
likely to be confused with benign processes
and possibly not recalled at mammographic
screening.

Thus screen-detected DCIS is predomi-
nantly of high histological grade. The
detection of high grade DCIS by screening is
likely to prevent the development of poor
prognosis, high grade invasive cancer within
a few years and could be important in pro-
ducing part of the mortality reduction seen in
randomised trials of mammographic screen-
ing. The sub-type profile of screen-detected
DCIS suggests that most lesions would
progress to high grade invasive disease
within 5-10 years. Preventing such high
grade invasive disease is likely to have a sig-
nificant impact on breast cancer mortality.
The small proportion of low grade, non-
necrotic  DCIS  lesions  found  at
mammographic screening indicates that
diagnosis of the more indolent forms of DCIS
is not common.

We therefore advocate the aggressive
investigation of suspicious microcalcification
seen at mammographic screening. This
should lead to the detection of predomi-
nantly high grade DCIS and also enables the
diagnosis of otherwise occult co-existing,
small, grade 3 invasive carcinomas, which
have already arisen within the DCIS lesions.
The increased availability of stereotactic core
biopsy with digital imaging should mean
that an aggressive approach to mammo-
graphic calcification should not give rise to
high rates of surgical benign biopsy.

Atypical ductal hyperplasia

ADH is a rare condition being seen in only
4% of symptomatic benign biopsies. The
incidence increases in association with
screen-detected benign microcalcifications
(31%) and ADH is seen most commonly as
an incidental finding in association with
another lesion which has prompted biopsy
(in up to 62% of cases®). The ability of mam-
mography to detect microcalcification and
the use in screening programmes has thus
resulted in an increase in the detection of
ADH, although some groups have also
reported that proliferative diseases of the
breast are increasing in prevalence”. The
significance of the diagnosis lies in the asso-
ciated increased risk of invasive breast
carcinoma which is about four to five times
that of the general population®. The risk is
further increased if the patient has a first-
degree relative with breast cancer to 10 times
that of the female population®.

There is wide recognition of the imperfec-
tionsin the criteria used to diagnose ADH. The
original definition of ADH* was that of a
lesion not showing all the features of DCIS.
This has been updated and, although the diag-
nosis stills rests on an absence of all the fea-
tures of DCIS, additional supporting criteria
have been described’. Page’s view that ADH
should be recognised if the cellular changes of
DCIS are present but occupy less than two
separate duct spaces is widely accepted in the
UK?®, although other pathologists recommend
thatthe overall size of thelesionis moreimpor-
tant and that a cut-off of 2 mm should be
utilised®. These criteria recognise essentially
the same lesions and there is widespread
agreement that ADH is small and focal, mea-
suring less than 2-3 mm in size (Fig. 2.16). It
isclear thatif such a proliferation is at the edge
of a biopsy it may represent the periphery
of a more established in situ process and
excision of the adjacent tissue should be
performed. Similarly, if the appearances
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equivalent to ADH are seen in a core biopsy,
itis not possible for the histopathologist to dis-
tinguish ADH from a more established, larger
area which would be classified as DCIS.

Thus ADH has, by definition, morpholog-
ical similarities to low grade DCIS and these
entities are also alike in molecular phenotype
and DNA characteristics and are jointly dif-
ferent from high-grade DCIS; 36% of ADH
and 38% of cribriform DCIS show DNA
aneuploidy compared to 93% of morphologi-
cally high grade DCIS®. A proportion of
cases of ADH also fulfil one of the accepted
criteria for a neoplasm, being monoclonal in
nature?l. The atypical ductal proliferations of
the breast epithelium are thus widely
believed to form a spectrum of disease from
high grade DCIS at one end to low grade in
situ disease and ADH at the other. At the low
grade end of this spectrum, ADH and low
grade DCIS share common histological and
radiological features.
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Introduction

Calcification is a common mammographic
feature of invasive carcinoma. In particular,
in a recent series from Milan, Italy, the
percentage of non-palpable invasive cancers
displaying calcifications was shown to
correlate strongly with age. In this series,
calcification was seen mammographically in
88% of the invasive cancers detected under
the age of 40 but only 22% of similar tumours
in women over the age of 70'. One of the
reasons for this trend was that an extensive
intraductal component was much more
frequently found in younger women; an EIC
was found in 36% of women aged under 40
but this dropped to 6.5% in women aged
over 70 (see Table 3.1). This study also
showed that associated DCIS not to the
extent of representing extensive intraductal
component, was also commoner in younger
women (see Table 3.2).

The mean invasive size of screen-detected
carcinomas associated with both comedo
and non-comedo suspicious calcifications in
Nottingham is 14 mm?. The only mammo-
graphic sign associated with smaller invasive
cancers is architectural distortion. This may
be difficult to identify and therefore the
recognition of any associated calcification is
a useful mammographic feature for the
detection of small invasive cancers.

Calcification also has strong correlations
with the histological grade of invasive breast
cancers. Comedo calcification, in particular,

is strongly associated with grade 3 invasive
cancer (Figs 3.1 and 3.2). Eighteen and a half
per cent of grade 3 invasive cancers display
comedo calcification mammographically
compared with less than 3% for grade 2 and
grade 1 invasive cancers. Similar, but less
strong, associations are seen between
granular microcalcifications (non-comedo
suspicious calcification) and the grade of
invasive cancer. In total, 40% of grade 3
invasive cancers show some form of mam-
mographic microcalcification, whereas only
20% or fewer cases of grade 2 and grade 1
invasive cancers display mammographic
microcalcification? (see Table 3.3). Other
studies have confirmed that correlation
between invasive tumour grade and calcifi-
cation!. We have, however, been unable to
show any association between the presence
of mammographic calcification and lymph
node stage or vascular invasion status?.

Why is calcification associated
with grade 3 invasive cancers?

High-grade DCIS tends to give rise to high-
grade invasive cancer, and low-grade DCIS
to low-grade invasive cancer®®. This associ-
ation between grade of invasive cancer and
DCIS grade is present whatever grading
system is used. On average, 67% of inva-
sive cancers associated with high-grade
DCIS using five different grading systems
were histologically grade 3. Using the Van

Table 3.1 Correlations between age and mammographic calcification in invasive breast cancer’
Age (years) No. of cases Cancers with microcalcifications (%)
>40 33 87.9
40-49 167 68.3
50-59 283 54.4
60-69 156 40.4
>70 46 21.7
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Table 3.2 Distribution of invasive tumour histology (%) according to patient age’

<40 years 40-49 years 50-59 years 60-69 years >70 years
Ductal + DCIS (%) but not EIC  18.2 22.2 14.5 12.8 8.7
Ductal + EIC (%) 36.4 17.4 15.5 12.2 6.5

Table 3.3 Correlations between mammographic calcification and the grade of prevalent round screen-detected

invasive breast carcinoma?

Tumour grade

Mammographic feature Grade 1 Grade 2 Grade 3
n (%) n (%) n (%)
Comedo calcification 2 (2.6) 2(2.4) 5(18.5)
Non-comedo suspicious calcification 7 (9.0) 10 (12.1) 5(18.5)
Benign calcifications 13 (16.7) 17 (20.5) 11 (40.7)
Fig. 3.1

Mammographic image showing
an ill-defined mass with
associated suspicious
microcalcification. Histologically,
this represented a grade 3
invasive carcinoma.

Nuys system as many as 75% of invasive
cancers associated with high-grade DCIS
are grade 3.

The vast majority (>90%) of high-grade
DCIS cases display mammographic calcifica-
tion, which is often of comedo morphology.
Low-grade DCIS only display mammo-

graphic calcification in 50-60% of cases®”. As
few cases of low-grade DCIS are necrotic, the
majority of the calcifications are granular or
punctate. These findings explain the associa-
tion between calcification, particularly
calcification of comedo type and the grade of
associated invasive cancer.
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The grade of DCIS associated with inva-
sive cancers has been shown to correlate with
both disease-free interval and survival. These

data indicate the biological importance of
DCIS and that the grade of associated DCIS
has biological significance. The strong associ-
ations that exist between the grade of
invasive cancers and the grade of DCIS from
which they arose may, at least in part, explain
the above associations.

Fig. 3.2
(A) Calcification in the invasive
component of a grade 2/3
carcinoma. (B) Calcification in
high-grade DCIS in the centre
of a grade 3 invasive
carcinoma.

The importance of DCIS in
enabling the detection of small
grade 3 invasive tumours

Data from the Swedish two-counties study
has shown that grade 3 invasive cancers less
than 10 mm in size have an excellent progno-
sis®. This compares markedly with the poor
prognosis of large grade 3 invasive cancers.
In a recent study looking at screen-detected
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grade 3 invasive cancers, we found that 54%
had DCIS surrounding the invasive tumours
(Fig. 3.3). Twenty-one per cent had no associ-
ated DCIS and 25% had DCIS which was

confined to within the invasive component
(minimal DCIS)°.

As can be seen from Table 3.4, the presence
of surrounding DCIS in histological grade 3
screen-detected invasive cancer is associated
with smaller size of the invasive component

compared with similar invasive cancers with
either no DCIS or minimal DCIS. It can also
be seen that there is a non-significant trend
to node negativity in histological grade 3
invasive cancers with surrounding DCIS
compared with the other two sub-groups’.
Table 3.5 shows the correlations between
the mammographic appearances of screen-
detected histological grade 3 invasive can-
cer and histological size and nodal status.

Fig. 3.3

(A) Histological image showing a
small grade 3 invasive carcinoma
(B) associated with surrounding
high-grade DCIS.



Table 3.4 Histological size and nodal status of grade 3 tumours by associated DCIS?

Nodal stage
DCIS status No. of grade 3 Size range Median size Mean size No. of grade 3 Stage 1  Stage 2 (%)
tumours (%) (mm) (mm) (mm) tumours < 10 mm (%) or3
No DCIS 13 13-35 20 20 0 7 5 (42)>
Minimal DCIS 15 (25) 10-30 21 20 2 (13) 6 (43)
Surrounding DCIS 33 (54) 1.5-33 14 15 10 (30) 23 7 (28)

2aNumbers in parentheses are percentages
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Table 3.5 Histological size and nodal status of grade 3 tumours according to mammographic appearance®

uonesiyinjed jsealg

Nodal stage
Mammographic No.ofgrade 3 Sizerange  Mediansize = Meansize No. of grade 3 Stage1 Stage2 Stage3 Stage2or3
appearance tumours (%) (mm) (mm) (mm) tumours < 10 mm (%)
Granular/punctate 11(18) 6-28 19 16 2 (18) 6 5 2 5 (43)
calcification
Comedo calcification 14 (23) 1.5-33 12 15 6 (43) 10 3 1 4 (29)
All suspicious 25 (42) 1.5-33 19 15 8 (32) 16 8 1 9 (36)
calcification
Calcification no
mass 6 (10) 1.5-28 13 13 2 (33) 5 1 0 1(17)
Calcification 19 (32) 6-33 19 19 5 (26) 1 7 1 8 (42)
with mass
Mass without 35 (58) 5-35 18 18 4(11) 22 7 4 11 (33)

calcification




Invasive carcinoma

It can be seen from Table 3.5 that calcific
tumours were more likely to be less than or
equal to 10 mm in size than non-calcific
tumours (32% versus 11%, P < 0.05) (Figs
3.4 and 3.5). This is predominantly because
of the high frequency of tumours less than
or equal to 10 mm in size in the comedo
calcification group. This group represents
only 23% of all the tumours but contained
50% of all small tumours. Forty-three per
cent of tumours showing comedo calcifica-
tion were less than or equal to 10 mm in
size compared with only 13% of those
tumours without this feature®. This study
indicates that surrounding DCIS is com-

mon in histological grade 3 screen-detected
cancers and this enables detection mammo-
graphically at a smaller size than grade 3
tumours without surrounding DCIS. It is
therefore self-evident that detection and
aggressive investigation of mammographic
calcification is an important part of any
mammographic screening programme.

Extensive in situ component

The prognostic importance of an extensive
in situ component (EIC) is controversial.
Although it has been found that invasive
cancers with an EIC have fewer nodal

Fig. 3.4

Mammographic image showing a small cluster
of pleomorphic calcification. Histology
demonstrated high-grade DCIS with a 4-mm
invasive grade 3 carcinoma.
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metastases and a significantly better 10-
year survival, tumours with EIC were also
of lower histological grade'. It may well be
that the presence of an EIC is not an
independent prognostic factor when histo-
logical grade and type are taken into
account. This question would best be
resolved in a large series including multi-
variate analysis. The presence of an EIC is
practically at this time of greater impor-
tance in patients being considered for
breast-conserving surgery. At a meeting of
the European Organisation for Research
into the Treatment of Cancer (EORTC) it
was concluded that the principle risk factor
for breast relapse after breast-conserving
treatment was a large residual burden and
the main source of this burden was EIC!.
The presence of EIC may not be clinically

Fig. 3.5

Mammographic image showing a coarse cluster
of pleomorphic calcifications with no obvious
associated mammographic mass. Histological
examination showed an area of high-grade DCIS
with an associated grade 3 ductal carcinoma of
no specific type.

apparent and one of the important roles of
preoperative mammography in patients
being considered for breast-conserving
therapy is to demonstrate mammographi-
cally the presence of an EIC (Figs 3.6 and
3.7).

Predicting invasion in
mammographically detected
microcalcification

It is important to attempt to diagnose pre-
operatively invasive disease associated with
DCIS. This allows the patient to undergo a
single therapeutic operation with appropri-
ate staging/treatment of the axilla. Because
axillary metastases are extremely rare in
patients with pure DCIS, routine axillary



Invasive carcinoma

lymph node dissection is inappropriate in
such patients. However, multiple studies
have shown that about 20% of patients with
pure DCIS diagnosed on core biopsy in fact
have an invasive focus on surgical excision.

Fig. 3.6

An ill-defined mass representing an invasive
carcinoma with extensive associated high-
grade DCIS growing towards the nipple. The
extent of the DCIS made this lesion unsuitable
for breast-conserving surgery.

Fig. 3.7

Mammographic image showing an
ill-defined mass which represented
an invasive carcinoma with obvious
ductal calcification extending
towards the nipple.

Lagios et al., in a paper from the 1980s, sug-
gested that occult invasion was negligible
in association with mammographic clusters
below 25 mm in size but showed a 44% risk
of invasion in clusters larger than 25 mm?.
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Table 3.6 Calcium cluster size and risk of invasion™

Cluster size (mm) DCIS (n) Invasive
<1 22 5 (18%)
11-30 24 13 (35%)
31-60 22 10 (31%)
> 60 13 7 (35%) P =0.49

This has not been our personal experience
with screen-detected DCIS as we have found
a number of invasive foci in small calcifica-
tion clusters. This prompted us to look in
more detail at predicting invasive foci within
calcification clusters. In a recent study’?, we
looked at 116 patients presenting with malig-
nant mammographic calcification, without
an associated mammographic or palpable
mass. The final diagnosis was DCIS in 78
patients and DCIS plus an invasive focus in
38 cases (33%). In women where core biopsy
made a malignant diagnosis, the sensitivity
for invasion was 55% and the negative pre-
dictive value of core biopsy for invasion was
79%. We have found that invasive foci were
equally common in patients with comedo or
granular-type calcification. However, in the
five patients with punctate calcification, we
did not find any invasive foci.

Table 3.6 shows the relationship between
calcification cluster size and risk of invasion;
it can be seen that there is not a significant cor-
relation between cluster size and risk of inva-
sion. The mean size of pure DCIS clusters was
32 mm and the mean size of DCIS clusters with
an invasive focus was not significantly differ-
ent (35 mm). We have, however, found a sig-

nificant trend between increasing number of
calcific flecks and the risk of invasive disease
(Table 3.7). The risk of invasion in clusters
comprising fewer than 10 flecks, 1040 flecks
and over 40 flecks of calcification was 15%,
24% and 43%, respectively (P < 0.05).

There was a significant correlation
between the DCIS grade predicted on core
biopsy and the surgical DCIS grade. We also
found that there was a correlation between
the DCIS core grade and the risk of invasion.
If high-grade DCIS was found on core
biopsy, there was a 37% risk of invasive
disease, whereas none of the cases with
intermediate- or low-grade DCIS on core
biopsy had an invasive focus at surgical
excision.

Combining these features was found sig-
nificantly to predict for invasion; we found a
48% risk of invasion in those cases with high-
grade DCIS diagnosed on core biopsy and
more than 40 calcifications. Conversely, there
was only a 15% risk of invasion in clusters
diagnosed preoperatively as high-grade DCIS
containing fewer than 40 flecks (see Table 3.8).

It is interesting to speculate as to why the
number of calcifications is a better predictor
of an invasive focus than the mammographic

Table 3.7 Number of cluster calcifications and risk of invasion'?

Number DCIS (n) Invasive
1-10 11 2 (15%)
11-40 45 14 (24%)
> 40 25 19 (43%) P < 0.05
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Table 3.8 Core DCIS grade and cluster calcification number — prediction of risk of invasion™

High grade Intermediate or low grade
Number DCIS Invasive DCIS Invasive
<40 27 4 (15%) 11
<40 11 10 (48%) 5
Total 38 14 16 0

cluster size. A possible explanation is that the
number of calcifications is a more accurate
predictor of the total amount of breast tissue
involved by DCIS. A focus of DCIS 60 mm in
maximum extent involving just one duct
space where a focus 60 x 60 mm in area will
have a much higher total volume of breast
tissue involved by DCIS than a 60 mm single
duct of DCIS. There will therefore be a higher
risk of an invasive focus in the former. The
presence of calcifications is also likely to be a
predictor of high-grade disease and therefore
an increased risk of an invasive focus.

We conclude that if patients have high-
grade DCIS on core and more than 40 flecks
of calcification on their mammogram, the risk
of invasion is almost 50% (Fig. 3.8). In this
group, an axillary staging procedure such as

Fig. 3.8

Mammographic image showing an
extensive area of DCIS with over 40
calcific flecks demonstrated. Such a
case with the presence of a core
biopsy showing high-grade DCIS
has an almost 50% chance of an
invasive focus. Given this fact, a
lymph node sample or sentinel
node biopsy may be indicated in
these circumstances.

a lymph node sample or a sentinel node
biopsy may be appropriate at the same time
as primary excision of the lesion. An alterna-
tive management strategy would be to try and
diagnose the invasive focus preoperatively by
more extensive sampling of the lesion with a
vacuum-assisted biopsy.

Is calcification an independent
prognostic feature?

A recent paper by Laslo Tabar et al. has sug-
gested that the presence of casting calcification
is an independent prognostic feature for inva-
sive screen-detected breast cancer that are less
than 15 mm in size'. In this paper, 14% of
women with I-mm to 9-mm tumours had
casting-type calcification on mammography.
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However, this group, surprisingly, accounted
for 73% of all breast cancer deaths (P < 0.001).
In this study, the majority of breast cancer
deaths also occurred in women who were
lymph node-negative. This paper suggested
that histological grade was not a reliable pre-
dictor of outcome; this is also an unusual find-
ing in any series of invasive breast carcinoma.
Atour institution we have been unable to repli-
cate these findings. In a similar study, we found
that comedo calcification was not a prognostic
factor, even before adjusting for tumour grade.
Lymph node status was the most powerful
predictor of death in our series of patients. We
did, however, confirm that histological grade
appears to be a less important prognostic fac-
tor in small screen-detected invasive cancers.
Itis difficult to explain the disparity of the find-
ings between these two studies. It may be that
histological sampling of areas of DCIS to look
for occult areas of invasion and sampling of
lymph nodes for small metastases was less
thorough in the 1970s compared to more
modern pathological examination.

Is spontaneous resolution of
breast calcification a sign of
malignancy?

A recent study from Guildford and London
has shown that spontaneously resolving
breast microcalcification is uncommon, being
seen in 0.03% of screening mammograms'.
This incidence is in keeping with previous
studies. This study showed that women with
clearly benign resolving microcalcification
were not at increased risk of developing
invasive breast cancer. However, of the
22 women with indeterminate resolving
microcalcification, eight (36%) developed
carcinoma. One of these lesions was a radial
scar with a focus of lobular carcinoma in situ;
the other seven cases were invasive carci-
noma predominantly of ductal type. The
authors suggest that resolution of indetermi-

nate microcalcification should prompt full
investigation and close follow-up.
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Fine-needle aspiration cytology and core biopsy of mammographic microcalcification

Introduction

Fine-needle aspiration cytology (FNAC) has
been used to aid the diagnosis of mammo-
graphic microcalcification for many years. A
recent review of the literature comparing
FNAC with core biopsy has shown that the
absolute sensitivity of core biopsy is higher
than that of FNAC. This is particularly so
if the procedures are performed stereo-
tactically. Stereo FNAC has an absolute
sensitivity of 62% compared with stereo core
biopsy at 91%. Ultrasound-guided core
biopsy is also superior to ultrasound FNAC
but the difference is less marked, with the
absolute sensitivity of ultrasound FNAC
being 83% and that of ultrasound core
biopsy 97%!. This reduced sensitivity of
FNA compared with core seen in the litera-
ture is also mirrored by practise in the UK
breast screening programme where FNAC
has an absolute sensitivity of 54% compared
with an absolute sensitivity of 75% for core
biopsy?.

Microcalcifications are particularly diffi-
cult to biopsy compared with mass lesions.
This is true both for core biopsy and for
FNAC. The absolute sensitivity of FNAC
when biopsying microcalcification can be
high, for example in a particularly good
series an absolute sensitivity of 71% was
obtained®. In general, however, the absolute
sensitivity of FNAC is lower and, in particu-
lar, in the diagnosis of DCIS is only in the
region of 53%?*. Although the lower absolute
sensitivity of FNAC in the diagnosis of DCIS
is of concern, the major issue when using
FNAC in the diagnosis of microcalcification
is the unreliability of FNAC to make a defin-
itive diagnosis of benignity. For example, in
a series from Guildford, even though the
absolute sensitivity was 71%, 36% of lesions
with C1 or C2 cytology were malignant®.
Similarly, prior to 1994 when core biopsy was
introduced in our unit, we found that 28% of
calcification cases with a benign cytology

were malignant on surgical excision. This is
due largely to the fact that FNAC is unable to
confirm whether the sample was taken in the
right place or whether there was a geograph-
ical miss (sampling error). Whilst it is
possible to look for microcalcification on
FNAC specimens, it is our experience that
they are rarely seen. In addition, the resolu-
tion of histology/cytology for calcification is
much smaller than mammography and even
the presence of calcification on a cytology
specimen cannot confidently confirm accu-
rate sampling of the lesion. This contrasts
with core biopsy specimen radiography,
which has been shown in many series to be
highly accurate in confirming adequate
sampling of the lesion.

Another factor to be taken into account
when deciding whether to perform FNAC or
core biopsy on an area of microcalcification is
patient comfort. A recent study from London
UK, asked patients to rate the procedure pain
on a fixed-interval rating scale. This showed
that there was no difference in the pain
produced by core biopsy, FNAC or cyst
aspiration. This study found a weak negative
correlation between pain and the amount of
local anaesthetic used®. Patient comfort is
therefore not a reason to use FNAC rather
than core biopsy.

Concern has been expressed regarding
malignant cell displacement at core biopsy.
This may, however, be seen also with
FNAC®’. Malignant cell displacement does
occur with both procedures, but the cells
appear to be non-viable; there is a very
strong relationship between the frequency
of malignant cell displacement and the
time between biopsy and surgery. If the
biopsy to surgery interval is less than 15
days, tumour displacement is seen in 42%
of cases. This frequency reduces to 15% at
> 28 days®. In Steve Parker’s large multi-
centre study, tumour track recurrence was
not seen in almost 1000 cancers diagnosed
by core biopsy®.
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Core biopsy

The widespread introduction of automated
guns for image-guided core biopsy in the
mid 1990s was a significant advance in
non-operative diagnosis of mammographic
microcalcification.  Stereotactically-guided
core biopsy of indeterminate calcification
allows accurate diagnosis of the majority of
microcalcification clusters. The ability to
perform specimen radiography to confirm
the presence of representative calcification
within the specimens is a significant advan-
tage over FNA (Fig. 4.1). The more recent
widespread use of digital imaging has fur-
ther enhanced the ability of stereotactic core
biopsy to accurately diagnose microcalcifi-
cation. It has, however, also become clear
that there are a number of cases where
image-guided core biopsy significantly

Fig. 4.1
Specimen radiograph showing multiple flecks of
calcifications.

“understages” malignant microcalcification.
The use of more invasive image-guided pro-
cedures to address this problem will be dealt
with in a separate chapter.

Core biopsy equipment

Studies on the yields obtained with different
core biopsy guns show that the Manan gun
(Fig. 4.2) and the Bard gun (Fig. 4.3) give par-
ticularly good yield of tissues'®. The use of
disposable Temno needles is associated with
particularly poor yields. Although when
using upright stereotactic devices a 10-cm
length needle is usually adequate, in women
with a large breast compressed thickness, it is
occasionally useful to use a 13-cm length
needle. Use of longer needles, such as a
16-cm needle, is often difficult using upright
stereotactic equipment because the tube head
may be unable to swing into position due to
the projection of the gun. In women with a
very small breast compressed thickness,
difficulties can arise when performing stereo-
tactic core biopsy. To avoid hitting the
tabletop, it is necessary to either use a c-arm
or to fire the gun from outside the breast.
The use of a short-throw gun is associated
with very poor tissue yields and the long-
throw (23-mm) gun should be used at all
times (Figs 4.4 and 4.5). Fourteen-gauge
needles should be used when performing
stereotactic core biopsy of microcalcifications
as it has been shown that the preoperative
diagnosis of malignancy is significantly
poorer if smaller gauge needles are used!.
We have recently investigated the use of 12-
gauge needles to diagnose mammographic
microcalcifications. We have found that both
specimen X-ray positivity and preoperative
diagnosis of DCIS and invasive disease
was identical when using 14- and 12-gauge
needles'2. We have therefore continued to use
14-gauge needles when performing stereo-
tactic core biopsy of microcalcifications.
Performing stereotactic core biopsy of
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microcalcification is difficult if only film-
screen stereotaxis is available. The time lapse
between taking a stereo pair and being able to
view the image and adjust needle position
means that sampling errors are common. In
our experience, using film-screen upright
stereotaxis, a positive specimen radiograph
was only obtained in just over 50% of cases.
Indeed, the absolute sensitivities for diagnos-
ing pure DCIS cases using film-screen stereo-
taxis in our centre was only 34%, although the
absolute sensitivity when biopsying micro-
calcification that contained an invasive focus
was slightly higher at 41%. When using film-

Fig. 4.2

The Manan long- and short-throw
guns. We would recommend use of
the long-throw gun at all times.

Fig. 4.3
The Bard gun previously
manufactured by BIP.

screen stereotaxis, only two or three check
pairs were obtained during the whole proce-
dure. If more stereotactic pairs were taken, the
patient was often unable to tolerate the length-
ening of the procedure. Complete sensitivities
using film-screen stereotaxis were also poor,
being 52% for pure DCIS and 59% for DCIS
with an invasive focus.

The introduction of digital stereotaxis has
enabled the use of many more check pairs
during a biopsy procedure. On average, nine
check pairs are taken at our institution when
performing stereotactic core biopsy. This
allows very precise placement of the needle
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before firing and also shortens the interval
between obtaining an adequate position and
firing, thus the patient has less time to move
out of position. With the introduction of dig-
ital stereotaxis our calcification retrieval rate
immediately rose from 55% to 85%. Our
absolute sensitivity for the diagnosis of
pure DCIS rose from 34% to 69%, and the
complete sensitivity from 52% to 94%. This
complete sensitivity of 94% indicates that a
geographical miss of calcifications using
digital equipment is unusual. With the intro-

Fig. 4.4
Photograph of a core biopsy performed
using the long-throw (23 mm) gun.

Fig. 4.5

Photograph of short- and long-
throw needles. We recommend
the use of the long-throw
needle at all times.

duction of digital stereotaxis, our absolute
sensitivity for diagnosing clusters containing
an invasive focus rose from 41% to 67%, and
the complete sensitivity from 59% to 86%%.
Given further experience of the use of digital
stereotaxis, our calcification retrieval rate for
microcalcific lesions is now 96% and our
absolute sensitivity for diagnosing pure
DCIS is now 81%. These figures indicate that
the results of upright digital stereotaxis (Fig.
4.6) are similar to those achieved with prone
table stereotactic biopsies.
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Fig. 4.6
Photograph of a woman undergoing upright
stereotactic core biopsy.

Fig. 4.7

Photograph of a woman
undergoing a dedicated prone
table biopsy.

The use of the prone table (Fig. 4.7) never-
theless has some advantages over the use of
upright digital stereotaxis. Patients in the
prone position very rarely faint and patient
movement during the procedure is also less
common. When performing prone table
stereotactic biopsy the skin entry site is also
hidden from the patient. This is a particular
advantage if blood vessels are incidentally
biopsied during the procedure. Conversely,
there are disadvantages to the use of the
prone table, including the cost of the equip-
ment, the fact that the prone table can only be
used for stereotactic biopsies and the large
size of the equipment. Radiographic posi-
tioning with the prone table is different from
radiographic positioning using routine
mammographic equipment; positioning
skills therefore take some time to acquire.
Thus the advantages of upright digital
stereo-taxis are that the machine can be used
for routine mammography when stereotactic
procedures are not being performed, radio-
graphers are used to the positioning skills
required to perform the biopsy and that the
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cost of a digital add-on is less than the cost of
purchasing a dedicated prone table.
Acquiring specimenradiographs promptly
is important when performing stereotactic
core biopsies of microcalcifications!. If imme-
diate specimen radiography is available it
means that the number of cores taken can be
tailored to the amount of microcalcification
present on the specimen radiographs. The use
of film-screen specimen radiographs intro-
duces a significant delay between performing
the biopsy and knowing how successful the
biopsy has been. Therefore the use of digital
imaging to provide immediate specimen radi-
ography is very helpful as there is no delay
between performing the biopsy and knowing
whether the biopsy has been successful or not.

A

Fig. 4.8

It also means that if the specimen radiograph
is negative, further cores can be taken with-
out delay.

Performing stereotactic core
biopsy

Before image-guided biopsy is performed it
is important that physical examination has
been conducted to assess palpability of the
lesion. This information is important as it
indicates whether wire localisation will be
required if the lesion is shown to be malig-
nant. If a physical examination is only
performed after the biopsy it is often unclear
whether the lesion is palpable or just a post-
procedure haematoma (Fig. 4.8A,B). It is also

Mammogram before and after the freehand core biopsy showing a postprocedural haematoma with diffuse infiltration

of the fat in the upper breast.
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helpful for the patient to have previously met
the member of staff who will give them their
biopsy result. The only contraindication to
stereotactic core biopsy is anti-coagulation.
Before the biopsy is performed it is important
to explain to the patient the nature of their
abnormality and how core biopsy will help.
Whether the patient’s consent to the proce-
dure is verbal or written is immaterial. The
patient should always be aware before the
procedure that repeat biopsies do frequently
need to be performed and that core biopsy is
not always successful. Before the procedure
begins it is of value for the patient to hear the
gun being fired as this will help them not to
move during the procedure. It is also impor-
tant to discuss with the radiographer the best
plane of approach. The factors important in
deciding this are ease of positioning both for
the radiographer and the patient, the need
for a centimetre or so of normal tissue deep
to the lesion and which plane demonstrates
the abnormality most clearly. When using
upright stereotactic devices, lesions in the
upper half of the breast can normally be
biopsied in the CC plane. Lesions in the
lower medial breast can be biopsied in the
mediolateral oblique plane and lesions in the
lower outer quadrant are usually biopsied
lateral to medial.

Once adequate check images have been
produced by the radiographer it is important
that the same fleck of calcification is identi-
fied on both views. Failure to do this can
mean quite large errors in needle positioning.
Being able to check the point chosen on the
straight scout image can be quite helpful in
identifying those cases in which different cal-
cifications have been picked on each check
image. The skin is then cleansed and local
anaesthetic applied to the skin and down to
the lesion, as long as the lesion is not so
subtle that it may be obscured by small
quantities of air within the local anaesthetic.
In such cases, local anaesthetic should only
be applied to the skin. The addition of adren-

aline is helpful in reducing procedure bleed-
ing. A skin nick is normally performed with
an 11-gauge blade. A small hook to move the
skin to exactly where the needle tip is quite
helpful when performing the procedure.
Obtaining optimal needle placement with
the use of multiple check images is very
worthwhile as the first few cores are often the
best. It is our normal practice to perform five
cores and then obtain a specimen radio-
graph. It can be quite frustrating waiting for
a specimen radiograph to go through a film
processor and we have found the whole
procedure of stereotactic core biopsy to be
enhanced by the use of digital imaging to
provide a specimen image.

The details of how many flecks of calcifi-
cation are required on a specimen X-ray will
be addressed more fully later, but taking five
to 10 more cores if required is appropriate. In
general, patients much prefer to have
their lesion adequately sampled on the first
occasion than to come back for a repeat pro-
cedure. It has been suggested that if core
biopsy specimens are kept in a water-based
solution for 3 days, all the calcifications may
dissolve. If samples are not going to be fixed
and processed promptly, using an ethanol-
based solution may prevent calcifications
from dissolving®®.

After the procedure, compression should
be applied for approximately 5 minutes and
the patient is warned against physical exer-
cise for the rest of the day. Patients should
also be advised concerning pain control and
the possible need for further compression
should the wound ooze. Patients should not
leave until there has been a clear arrange-
ment made for the patient to receive the
result of their biopsy.

How many samples should be taken when
biopsying calcification?

A number of studies have looked at the num-
ber of core biopsy samples required to make
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a definitive diagnosis of mammographic
microcalcification. A study by Brenner in
1996 compared the diagnostic yield of one to
five cores. Not surprisingly, they found a
trend towards increasing accuracy with
increasing number of cores and that this
trend was especially marked in clustered
microcalcification'®. A recent study from
London, UK also showed increasing absolute
and complete sensitivity with increasing
number of cores; six or more cores gave a
better diagnostic yield than five cores!” (see
Table 4.1). These results highlight the fre-
quent need to take multiple cores and
certainly 10 to 15 cores of microcalcification
are not excessive.

A recent study!® aimed to determine if the
number of flecks of calcification retrieved
with stereotactic needle core, or the numbers
of cores containing calcification, were related
to biopsy sensitivity. This paper found that
100% complete sensitivity was obtained once
three individual calcific flecks were obtained,
but for 100% absolute sensitivity five or more
flecks of calcification were required on speci-
men radiography. This study also showed
that for 100% complete sensitivity it was
required that two of the cores showed at least
one fleck of calcification. For 100% absolute
sensitivity, three separate cores each con-
taining at least one fleck were required at

specimen radiography. The other important
finding of this study was that three specimen
X-rays which contained only one or two
flecks of calcification gave a benign result,
even though the lesion was malignant on
excision. The lesson from this study is that if
on the initial specimen X-ray only one or two
flecks of calcification are obtained further
samples should be taken. This will have the
dual purpose of helping to exclude malig-
nancy in benign lesions and improve the
absolute sensitivity if the lesion is malignant.
A sub-analysis within this study showed that
the amount of calcification needed to be
retrieved at core biopsy was less for clusters
containing less than 10 flecks of calcification;
the retrieval of two flecks or two cores each
containing a fleck gave 100% absolute sensi-
tivity. This finding is likely to be because
small calcification clusters are less likely to
contain both benign and malignant micro-
calcifications'® (see Tables 4.2 and 4.3).

Results of core biopsy of microcalcification

The reported calcification retrieval rate of
stereotactic core biopsy is high, in the range
of 86% to almost 100%. This high calcification
retrieval rate does not, however, lead to a
particularly high absolute sensitivity for the

Table 4.1 Relationship between number of cores and sensitivity'

Number of cores 2 3 4 5 6+
Microcalcifications: All (n = 125)
Absolute sensitivity 92 (73.6%) 93 (74.4%) 96 (76.8%) 98 (78.4%) 104 (83.2%)

Complete sensitivity 121 (96.8%)

Microcalcifications: Indeterminate (n = 67)

Absolute sensitivity 42 (62.7%)

97 (77.6%)

42 (62.7%)

100 (80%) 105 (84%) 108 (86.4%)

43 (64.2%) 44 (65.7%) 48 (71.6%)

Complete sensitivity 47 (70.1%) 49 (73.1%) 51 (76.1%) 53 (79.1%) 68 (94%)
Microcalcifications: Malignant (n = 58)

Absolute sensitivity 50 (86.2%) 51 (87.9%) 53 (91.4%) 54 (93.1%) 56 (96.6%)
Complete sensitivity 50 (86.2%) 51 (87.9%) 54 (93.1%) 55 (94.8%) 58 (100%)
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Table 4.2 Number of calcific elements on specimen radiology versus core histology'®

Calcifications Core biopsy result Sensitivity (%)
(n) Normal or Uncertain Malignant Complete Absolute
benign malignant

potential or

suspicious
0 21 1 3 16 12
1 2 2 7 81.8 63.6
2 1 3 6 90 60
3 1 5 100 83.3
4 2 1 100 333
>5 17 100 100
Total 24 9 39

Table 4.3 Number of cores containing radiographic calcification versus core histology'®

Calcifications Core biopsy result Sensitivity (%)
(n) Normal or Uncertain Malignant Complete Absolute
benign malignant

potential or

suspicious
0 21 3 16 12
1 3 6 12 85.7 57.1
2 2 8 100 80
3 100 100
4 100 100
>5 100 100
Total 24 9 39

diagnosis of malignancy in DCIS lesions and
reported absolute sensitivities of stereotactic
core biopsy of DCIS lesions are in the order of
44-67%. A non-definitive diagnosis is often
due to partial sampling of the lesions. If a
low-grade intraductal epithelial proliferation
is seen in only two duct spaces, a histological
diagnosis of ADH is made; such lesion can
only be diagnosed as DCIS if more abnormal
ducts are demonstrated. Similarly, if a core
biopsy shows part of, or a single, duct space
containing a scanty population of more pleo-
morphic epithelial cells, such as those seen in
intermediate- or high-grade DCIS, this is

classified as suspicious rather than diagnos-
tic of DCIS. These facts explain why there is a
large difference between the calcification
retrieval rate and absolute sensitivity for
DCIS. Are there particular calcification
features which lead to higher or lower
sensitivity of core biopsy? Rich et al.’
demonstrated that in calcifications highly
suspicious of malignancy, the absolute sensi-
tivity with six or more core specimens was as
high as 97%. However, in the same series, for
calcifications graded as a lower risk of malig-
nancy, core biopsy only achieved an absolute
sensitivity of 72% with six or more core
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biopsy samples?. Bagnall et al., however,
found no difference in the absolute sensitiv-
ity of core biopsy when calcifications were
classified as either granular or comedo®. It is
therefore unclear as to whether the absolute
sensitivity of core biopsy varies according to
radiological appearance of malignant calcifi-
cation.

How often is malignant calcification
“understaged” by core biopsy?

It has been known for some time that a histo-
logical diagnosis of ADH may be obtained
from a core biopsy of a lesion, which on exci-
sion is classified as DCIS. Most series indicate
that approximately 50% of lesions with ADH
on core show either DCIS or DCIS with inva-
sive cancer at surgical excision!”. ADH core
biopsy results from DCIS lesions are com-
moner if the mammographic abnormality is a
mass rather than microcalcifications. Such
underestimation of DCIS lesions by core
biopsy and vacuum-assisted biopsy are more
common if fewer than 10 cores are taken®.
Multiple studies have shown that approxi-
mately 20% of lesions giving a core biopsy
result of DCIS have invasive disease at
excision biopsy?'. Once again, such under-
estimate of disease is more commonly found
if the mammographic abnormality is a mass
than in microcalcific cases and underestima-
tion is more common if fewer than 10 cores
are taken®.

Interpreting benign results

Benign core biopsy results from calcific
lesions should only be trusted if specimen
X-ray shows unequivocal calcification. A
benign result from a lesion from which the
specimen X-ray only shows one or two flecks
of calcification should be interpreted with
caution’®. A repeat biopsy or diagnostic
surgical excision should be performed if a
histological benign core result is obtained

from a lesion that is highly suspicious of
malignancy radiologically. It is also impor-
tant to note that the presence of calcification
on histological examination is no substitute
for calcification on the specimen X-ray. The
resolution of histology for calcifications is
much higher than radiography; thus calcifi-
cations can often be found histologically
which are incidental and indeed are present
in radiologically non-calcific lesions. If no
radiographically representative calcification
is retrieved and a benign histology result is
obtained, the biopsy should either be
repeated or the lesion excised. Conversely, if
a specimen X-ray shows unequivocal calcifi-
cation and initial histological examination
demonstrates only normal tissue without
calcification, further levels into the paraffin-
embedded sample should be taken to search
for the calcification deeper in the specimen.
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Introduction

The vast majority of microcalcifications can
be accurately and effectively sampled using
14-gauge automated core biopsy but, in
10-20% of cases, core biopsy fails to provide
a definitive diagnosis'. The reasons for this
include borderline pathological conditions
and abnormalities at sites in the breast that
are difficult to access using conventional core
biopsy!2>®.

The traditional solution to these sampling
problems has been to obtain the tissue
required for histological assessment by open
surgical biopsy after radiological localisa-
tion. However, percutaneous biopsy devices
are now available that provide much larger
volumes of tissue and these can be used to
reduce the need for diagnostic open surgical
biopsy for benign conditions and to pro-
vide higher rates of preoperative diagnosis
for malignant disease’. Two different
approaches have been developed. One
approach is to obtain a single very large core
of tissue up to 20 mm in diameter®®. The
other approach retrieves multiple contiguous
14-, 11- or 8-French gauge core samples by
combining core biopsy with a vacuum
system for both acquiring and retrieving
tissue samples (vacuum-assisted mammo-
tomy, VAM). VAM is now a routine
procedure in many breast diagnostic cen-
tres!01,

Reasons for failure of
conventional core biopsy

Conventional core biopsy obtains separate
non-contiguous cores of tissue that are usu-
ally sufficient in volume and architectural
information to allow for accurate pathologi-
cal assessment. The most common reason for
failure to achieve accurate diagnosis with
conventional automated core biopsy is a
borderline pathological condition where the

pathologist requires a larger volume of tissue
than can be obtained by conventional core
biopsy to assess the true nature of the patho-
logical process. These include conditions
such as radial scar, papillary lesion, muco-
cele-like lesion, differentiation of low-grade
carcinoma in situ from epithelial hyperplasia
with atypia (ADH) and the detection of
invasive disease associated with in situ
carcinoma'> 8. All of these conditions can
calcify and cause diagnostic difficulties for
both the radiologist and pathologist.
Another common reason for failure to
retrieve any or sufficient representative
cellular material from a cluster of micro-
calcifications is difficulty in accurately target-
ing the abnormality because of its small size
or inaccessible site in the breast. For
successful core biopsy, the needle must pass
directly through the tissue containing the cal-
cifications at the correct depth. With both
upright and prone biopsy devices, successful
core biopsy can prove to be difficult or
impossible in a proportion of cases because
the cluster of calcifications is very small or is
at a site difficult to access because of its posi-
tion in the breast or the habitus of the patient.
VAM is ideal in these circumstances as this
technique only requires the sampling probe
to be placed close to rather than through the
area to be sampled. The vacuum and ability
to sample tissue in a particular direction
means that tissue in an otherwise inaccessi-
ble site, for instance at the chest wall and
immediately behind the nipple, can be sam-
pled. Using a lateral approach, VAM can also
be used to obtain tissue from breasts that are
too thin to sample when compressed using
the conventional perpendicular approach.

Very large core biopsy

The technique developed by US Surgical Inc.
was based on the principle of removing all or
most of the abnormality in a single core. This
system is called advanced breast biopsy
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instrumentation (ABBI™) and involves the
retrieval of a core of tissue from skin to
beyond the lesion with a choice 5-, 10- and
20-mm diameter cores. The 20-mm diameter

core is the most frequently used. The ABBI™
system is only suitable for use with a prone
biopsy table. A variation on the very large
core principles similar to ABBI™ is known as
SiteSelect™. This device differs in that it is
designed to obtain a large core of tissue from

the area of the abnormality within the breast
without removing the intervening of normal
tissue between the skin and the lesion.

The ABBI™ and SiteSelect™ techniques
have met with considerable criticism and
both are now not used. This is because com-
pared to core biopsy and VAM, the technique
is considerably more invasive, more costly,
associated with much higher failure and
complication rates and is not suitable to be

Fig. 5.1A&B

The Mammotome ST™driver and
probe shown for use with a prone
biopsy table.



Large core biopsy for calcification

used in a significant proportion of cases.
Although ABBI was initially thought to offer
the opportunity to completely excise small
lesions, it has not proved to be an acceptable
method for treating small malignancies®.
There are very few cases where either of
these very large core techniques offers any
advantage over the other less invasive and
less costly methods of percutaneous core
biopsy.

Vacuum-assisted
mammotomy

VAM devices have been developed by US
Surgical Inc: Minimally invasive

breast biopsy (MIBB™) and Breast
Care Ethicon Endosurgery (Mammotome™).
The MIBB device could only be used with a
prone biopsy table; this device is no
longer available. The Mammotome™ has
the advantage that it can be used with
both prone and upright stereotactic

Fig. 5.2A&B

The Mammotome HH™ probe used
for hand held ultrasound guided
biopsy.
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devices (Mammotome ST™ — Fig. 5.1) and
under ultrasound guidance (Mammotome
HH™ — Fig. 5.2)%52-2, This device use the
principle of a vacuum applied along a double
lumen needle to both obtain and retrieve
multiple contiguous core samples without
the need to remove the needle from the
breast for each core specimen?%. Core size can
be 14-, 11- or 8-gauge, delivering specimens
of average weight of 35, 100 and 300 mg
respectively (Fig. 5.3). This compares to only
17 mg for the average automated 14-gauge
core biopsy.

The principles of how the VAM technique
works are shown in Fig. 54. The
Mammotome™ probe consists of three main
parts — an outer double lumen probe (1) with
a lower section through which suction is
applied and an upper sampling chamber, a

T

=] =]

hollow rotating motorised cutting trocar (2)
and an inner specimen retrieval suction tro-
car (3). The system is computer controlled for
ease of use with the sampling sequences pre-
programmed by the user. Once placed in the
breast, tissue is sucked into the stationary
upper sample chamber and the motorised
hollow rotating inner cutting trocar separates
the specimen. This is then retrieved from the
sample site by withdrawing the trocar while
applying suction through an inner second
trocar. The biopsy probe remains in the
breast throughout the sampling process and
multiple radial contiguous core samples can
be obtained by rotating the whole probe
around the biopsy site. Because there is no
forward-throw action, sampling of lesions
that are small, superficial or close to the chest
wall can be easily achieved. VAM is therefore

Fig. 5.3

Comparison of sample sizes with
14 guage conventional core (a),
11 guage Mammotome (b) and

8 guage Mammotome (c) probes.
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to be preferred where larger tissue samples
are required, when conventional core biopsy
has failed to provide a definitive diagnosis,
for some very small lesions and for lesions at
sites difficult to target with conventional
automated core.

VAM is very well tolerated by patients
and, despite the needle size, many patients
prefer this procedure to automated core
biopsy, particularly for stereotactic X-ray-
guided biopsy. With automated core biopsy,
the noise of the gun firing and the shockwave
that this causes in the breast, and the need to
remove and reinsert the device for each
sample, cause anxiety and distress despite
reassurance and prior warning. Anxiety
caused by the sampling technique itself is
significantly less with the mammotomy
technique; there is no loud noise when the
sample is obtained and retrieved by the rela-
tively slowly forward and backward rotating
cutting inner trocar and the device remains
in the breast while multiple specimens are
obtained.

VAM retrieves much larger volumes of tis-

Fig. 5.5

The Mammotome ST™ set up for
use with the GE Senovision™
upright digital stereotactic system
using the lateral approach.

sue using a rotating cutting trocar and for
this reason it is important and necessary to
use more local anaesthesia than is usually
needed for automated core biopsy?. Local
anaesthetic should be injected into the skin
and deeply into the breast tissue around the
target area. Local anaesthetic combined with
adrenaline to promote vasoconstriction is
recommended for infiltration of the breast
tissue around the biopsy site. The vacuum
itself also appears to assist haemostasis and
should be used to aspirate any bleeding
during the sampling procedure. Volumes of
10-15 ml of local anaesthetic can be safely
used. Local anaesthetic without adrenaline
may be preferred for the skin and in patients
who have contraindications to the use of
adrenaline. Longer-acting local anaesthetic
may also be used around the biopsy site.
However, there are no comparative studies
to show that this more complicated local
anaesthetic regimen provides any less
patient morbidity than the use of a single
local anaesthetic preparation.

As with all biopsy techniques, the patient
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should be fully informed verbally and with
written instructions about why the proce-
dure is taking place, what it involves, what
they will experience during the biopsy, how
long it will take, what they will need to do
afterwards and where they will receive the
result. Because of the cutting action of the
trocar anticoagulant, therapy is probably a
relative contraindication to VAM compared
to automated core biopsy?.

In circumstances where it may be difficult
at a later date to identify the site in the breast
where the sample had been taken from, a
marker should be placed in the biopsy cavity
before the needle is removed. This can be a
small metallic clip (e.g. Micromark™ clip) or
gel pellets (e.g. Gel Mark™)%. The most com-
mon reason for marking the biopsy cavity is
where it is likely that all the calcifications will
have been removed during the biopsy proce-
dure and subsequent localisation for surgery
may be required. In these circumstances the
gel pellets have the advantage of being easily
visible with ultrasound, and localisation for
surgery can be performed under ultrasound
rather than X-ray guidance??. Displacement
of calcifications at the time of biopsy has also
been described and for this reason it may be
wise to always place some kind of marker at
the biopsy site where there is a high likeli-
hood of subsequent surgical excision being
required?.

When the biopsy needle is removed from
the breast, local compression should be
applied continuously directly over the
biopsy site as firmly as the patient can toler-
ate for 10-15 minutes. When there is no
evidence of any bleeding, the skin entry site
should be closed with an adhesive strip or
skin adhesive; a skin suture is not required.
After-care is the same as for automated core
biopsy but it is advisable to also apply folded
swabs directly over the biopsy site with a
secure skin dressing held in place by a tight-
fitting brassiere or wrap-around bandage.
The patient should keep this on for 48 hours.

If a large amount of tissue has been removed,
a wrap-around pressure bandage should be
used. All dressings can be removed after 48
hours.

As with other biopsy procedures, patients
are advised not to undertake any vigorous
exercise; particularly using the arm on the
side of the breast biopsied, for at least 24
hours. They should be given an instruction
leaflet that explains the procedure that has
been performed, what to do if bleeding
occurs (apply manual pressure as applied at
the time of the biopsy), advice on the use of
analgesia, which is not normally required,
and a contact telephone number for advice
should problems arise.

Indications for VAM

Mammotomy, with its ability to sample
larger volumes of breast tissue, has been
shown to be more reliable in confirming that
no frankly malignant change is present in
association with conditions such as radial
scar and ADH!'31-33, For the same reason re-
biopsy rates are significantly less when VAM
is used compared to conventional automated
core biopsy®?>**. However, despite the wider
sampling achievable by mammotomy, until
studies show that this technique is com-
pletely reliable in excluding associated
malignancy, surgical excision is still recom-
mended for definitive diagnosis in these
circumstances!?%-%.

The scar tissue around the surgical site in
the conserved breast, particularly following
radiotherapy, can be extremely hard and dif-
ficult to biopsy by conventional means when
recurrence of malignancy is suspected. The
mammotomy device with its motorised
cutting trocar can be used successfully to
obtain sufficient tissue to achieve a reliable
diagnosis.

For malignant lesions, where ascertaining
excision margins is fundamental to confirm-
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ing adequate treatment, mammotomy must
not be considered a therapeutic proce-
dure!®®. Orientation of the piecemeal cores
of tissue is difficult and it is impossible to
ascertain with any degree of certainty
whether adequate clearance of excision mar-
gins has been obtained. However, for some
benign lesions, such as fibroadenoma, mam-
motomy can be used for therapeutic excision.
Ultrasound guidance is ideal for this
procedure, which is significantly more cost-
effective and associated with less morbidity
than surgical excision.
Indications for stereotactic VAM:

® very small cluster of microcalcifications
that is likely to be difficult to sample with
core biopsy

® cluster of calcifications at a site difficult to
access with core biopsy

® conventional core biopsy failed to provide
sufficient material for diagnosis

® indeterminate microcalcifications where it
is likely that larger tissues volumes will be
required for diagnosis.

VAM will understage disease less than
half as often as will conventional core
biopsy!>'41640, The difference is particularly
marked in the understaging of ductal carci-
noma in situ (DCIS). In a large review of core
and VAM carried out by Reynolds, DCIS was
found at surgery following a biopsy result.
ADH was reported in 41% of core biopsies
and only 15% of vacuum-assisted samples.
Jackman and colleagues found that core
biopsy underestimated the presence of inva-
sive malignancy associated with DCIS in just
over 20% of cases, while this was found in
only 11% where VAM had been used for
preoperative sampling*!. A similar study
reported by Rosenfield Darling found that
VAM underestimated the presence of inva-
sive disease in patients with DCIS in half the
number compared to core biopsy (10% com-
pared to 21%) and understaged DCIS in 19%
compared to 40%°4*4,

VAM is ideal for sampling calcifications
associated with papillary lesions as it allows
for the whole lesion to be excised along with
a rim of surrounding normal tissue*.
Papillary lesions are often reported as inde-
terminate by pathologists and removal of the
whole lesion and histological confirmation
that the lesion is entirely benign can be
achieved without the need for surgical
biopsy.

Indications for ultrasound-guided
Mammotome™ biopsy include the follow-
ing:

® mammographically detected architectural
distortion visible on ultrasound (differen-
tiation of radial scar from malignant
disease)

® focal and suspicious microcalcifications
visible on ultrasound

® lesions too small for conventional core
biopsy

® lesions too superficial or deep in the breast
for conventional core biopsy

® previous failed conventional core biopsy

® further evaluation of core or fine-needle
aspiration showing suspicious changes of
uncertain malignant potential (e.g. ADH
or lobular carcinoma in situ or radial scar)

® diagnosis of recurrent disease in patients
treated by conservation surgery.

® abnormalities where wide sampling is
considered important (e.g. mammo-
graphic asymmetric density with a
non-specific ultrasound correlate)

® removal of benign lesions such as
fibroadenoma as an alternative to surgery

® removal of axillary lymph nodes for diag-
nosis or as part of sentinel node biopsy.

The main advantages of VAM compared
to automated core biopsy are that it requires
only a single pass of the probe into the breast
to obtain multiple cores of tissue, the cores
are contiguous and circumferential and the
tissue volume removed is considerably
larger. VAM is also associated with signifi-
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cantly less morbidity than core biopsy — most
women who have experienced both profess
to prefer mammotomy. The main compara-
tive disadvantages are its increased cost (at
least 15 times more for consumables) and
that it takes significantly longer to perform.

Ultrasound-guided
mammotomy

The HH Mammotome device is light and
easy to use (Fig. 5.2)24047_ An initial ultra-
sound scan is carried out to identify the best
direction for access to the abnormality. Local
anaesthetic is injected into the skin, the breast
tissue down to the lesion and liberally infe-
rior to and around the lesion itself. The local
anaesthetic needle is used to identify the best
direction and angle in which to insert the
Mammotome™ probe. The probe is placed
through a 2-mm skin incision under direct
real-time ultrasound vision so that the biopsy
notch lies immediately behind, and not
through, the lesion. The relationship between
the sampling notch and the lesion can easily
be identified on the scan by manually mov-
ing the cutting trocar. Samples are obtained
by incremental rotating of the probe through

various angles up to 90° on either side of the
12 o’clock horizontal position. The number of
samples taken depends on the type and size
of the abnormality. In a few cases there may
be difficulty in advancing the probe to the
required site through dense uncompressed
breast tissue. In these circumstances, forming
a track for the probe with the local anaes-
thetic injection is usually effective. Alter-
natively, a radiofrequency outer sheath can
be placed for the mammotome probe to be
passed through to the biopsy site. As the
patient is lying supine, the procedure is well
tolerated. Haematoma is kept to a minimum
because the breast is not under compression
and intermittent suction is applied through
the probe at the biopsy site.

X-ray stereotactic-guided
mammotomy

The techniques for prone table and upright
VAM are very similar to those for conven-
tional automated core biopsy?#. Special
attachments are needed for the probe guides
and all manufacturers can provide these. The
localisation software for the equipment must
also be amended to allow for accurate place-

Fig. 5.6
The Mammotome ST™ in use with the
GE Senovision™ system.
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ment of the probe. The depth of passage is
calculated as for core biopsy such that the
centre of the sampling chamber corresponds
to the point target selected on the stereo-
scopic images. VAM has been performed
more widely on prone table devices but it is
also easy to perform this technique on
upright stereotactic devices using the Breast
Care Ethicon Endosurgery Mammotome
ST™ device. This has been designed for both
prone and upright use (Figs 5.1 and 5.5). In
the upright position, a lateral approach is
preferred for most procedures as the probe is
inserted in the long axis of the compressed
breast (Figs 5.5 and 5.6). With this approach
the compressed thickness of the breast is not
a factor — with a vertical approach the com-
pressed breast cannot be less than 30 mm or
the sampling chamber will not be wholly
within the breast and the vacuum will not
function correctly. The lateral approach also
allows for easier access to lesions lying
superficially, close behind the nipple and
close to the chest wall. These are all sites that
can be difficult to target with core biopsy
either with upright or prone biopsy tables*.
Some concern has been expressed about
possible long-term changes to the breast
structure shown on mammography as a
result of mammotomy but this has not been
shown to be a particular problem®. Liberman
et al. reported that immediate sequelae
including air at the biopsy site and visible
haematoma were common (72% and 60%,
respectively) but that these changes resolve
quickly leaving no long-term mammo-
graphic interpretation problems*. Similarly,
Lamm and colleagues retrospectively
reviewed 744 stereotactic core biopsies and
found no abnormality at all in 96 of 225 vac-
uum-assisted mammotome procedures and
only five mass lesions; in none of those with
a residual abnormality did this cause any dif-
ficulty with mammaographic interpretation®!.
Similarly, displacement of viable malignant
cells by the vacuum-assisted technique is not

thought to be a significant problem3>.

Significant acute complications, mainly
haematoma that requires intervention, are
equally uncommon with VAM and core
biopsy occurring in approximately 0.15% of
cases™. Bruising following mammotomy is
common for both procedures.

The contraindications to VAM are the
same as those for conventional automated
core biopsy.

Summary

VAM is a useful adjunct to core biopsy in the
quest to achieve as high as possible non-
operative diagnosis of breast calcifications. It
is a flexible and accurate technique that can
be used under both ultrasound and X-ray
guidance. It provides the much larger tissue
specimens needed by pathologists to make
definitive diagnoses in borderline and other
difficult cases and a method for the radiolo-
gist to obtain material from lesions that
would otherwise be inaccessible to percuta-
neous biopsy. Despite the more accurate and
reliable diagnoses achieved with VAM, the
results should always be discussed in a mul-
tidisciplinary forum where the radiological
and pathological concordance can be deter-
mined and the appropriate management
discussed¥. The main inhibition to the
much wider use of VAM is the cost per case
compared to conventional automated core
biopsy’.
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Introduction

Non-operative diagnosis is essential in breast
screening assessment to avoid surgical resec-
tion of tissue for diagnosis, particularly of
benign lesions. In the UK, up to the mid
1990s, FNAC was the method of choice but
the more recent introduction of automated
core biopsy guns has led to the increasing use
of tissue biopsy. The role of either technique
for obtaining a non-operative diagnosis in
malignancy is to provide a definitive diag-
nosis with subsequent rapid referral for
treatment. Definitive non-operative diag-
nosis of benign conditions is also useful,
leading to prompt reassurance and discharge
with return to routine screening. It is well
recognised that the greatest diagnostic
accuracy in the non-operative diagnosis of
breast disease is achieved using a “triple
approach”!2 This utilises the results of imag-
ing and clinical examination with FNAC
and/or core biopsy and, when all three
modalities agree, reaches a very high level
of diagnostic accuracy (>99%)°. Similar level
of accuracy can be obtained when clinical
examination is non-contributory for impal-
pable lesions®. In the UK National Health
Service Breast Screening Programme
(NHSBSP), audit has identified improved
performance for needle core biopsy® and
updated guidelines recommend core biopsy
rather than FNAC as more appropriate for
the assessment of calcific lesions®. As
described in Chapter 4, the use of core
biopsy sampling has especial benefits in the
diagnosis of mammographic calcific lesions.

Core biopsy

Histological assessment of core biopsies can-
not be performed reliably in isolation. The
clinical and mammographic findings are
vital for full evaluation, including the nature
of the lesion and the site of sampling. If the
core biopsy has been sampled from an area of

calcification, multidisciplinary discussion
and specimen X-ray are essential.

Calcification in core biopsy

After biopsies from mammographic micro-
calcifications have been X-rayed to
determine whether calcium is present, they
should be sent, ideally with a radiological
comment regarding the presence or absence
of representative microcalcification, to the
histopathology laboratory along with the
core sample. The specimen X-ray allows the
pathologist to determine, not only the site of
the calcification for which they are searching,
but also the amount.

Examination of several levels (usually
three) is performed initially, and if the calcifi-
cation is not immediately apparent, further
sections can be undertaken. It may be helpful
for the cores in which the microcalcification
is detected to be marked with a vital dye or
sent to the laboratory in a separate specimen
pot allowing “targeted” examination by
deeper levels etc. should calcification not be
detected in the initial series of sections. Thus
comparison with the core biopsy X-ray
allows the pathologist to concentrate on the
particular core or portion of the sample that
bears the calcification. On occasion, although
calcification has been seen in the initial
levels, it is clear from specimen X-ray that the
amount is not representative of that present
in the core and further levels may helpfully
be examined.

Once the core biopsy has been X-rayed it
should be placed immediately in fixative
solution and sent promptly to the laboratory.
Optimal fixation is paramount no matter
what the nature of the lesion and ideally
biopsies should be fixed for a minimum of
6 hours. After processing, routine haema-
toxylin and eosin (H&E)-stained sections are
produced in the laboratory. Calcium takes
different forms and has varying histological
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appearances. For example, most calcifica-
tions have a haematoxyphilic nature and can
be clearly seen with a deep purple colour on
H&E sections. Calcium oxalate crystals, con-
versely, do not take up H&E stain and are
often indistinct on routine sections but have a
characteristic birefringence and rhomboidal
structure when viewed with polarized light;
further histochemical stains are therefore not
in general required.

Diagnostic classification of core
biopsies

Histological examination of core biopsy pro-
vides definitive diagnosis more often than
FNAC” but it is important to recognise that it
is not always possible to give an unequivocal
diagnosis in all cases, although this is possi-
ble in the majority (> 90%). Most core biopsy
samples can be classified as normal, benign
or malignant but a small proportion of sam-
ples cannot. Some difficult cases may require
further sectioning and, in problematic cases,
histochemical and immunohistochemical
studies may be helpful. Because of this and
because of the requirements for fixation and
processing, immediate reporting of core

biopsy is not possible, in contrast to FINAC
where a result may be available rapidly and
within less than 1 hour.

Core categories
B1 — normal

A core sample composed entirely of normal
tissue is classified as B1, whether or not breast
epithelial structures are present. Thus a sam-
ple of normal breast ducts and lobules or
mature adipose tissue or stroma alone is cat-
egorised as Bl. This may indicate that the
lesion has not been sampled but this is not nec-
essarily the case. Some benign lesions such as
hamartomas and lipomas will provide normal
histological features on core biopsy.

Normal breast cores may contain micro-
calcification, for example within stroma (Fig.
6.1) or in involutional lobules. It is essential
that these cases be discussed in a multidisci-
plinary forum to confirm the appropriateness
of the microcalcification in the histological
specimen. Small foci of calcification within
involuted lobules are common and may be
too small to be visible mammographically
although they are evident microscopically
(Fig. 6.2).

Fig. 6.1
Histological image showing
calcification of normal breast
stroma.
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Microcalcification, either singly or in clus-
ters less than 100 ['m in diameter, is not
visible radiologically®. A histological report
that merely notes the presence of this calcifi-
cation without additional comment on its

nature, size and site is unhelpful, may be
misleading and can lead to false reassurance
and delay in diagnosis.

B2 — benign

A core biopsy sample is classified as B2 when
it contains a specific benign abnormality.
Thus a range of benign lesions including
fibroadenomas, fibrocystic changes, scleros-
ing adenosis and duct ectasia may contain
calcification and will fall within the B2 cate-
gory for core biopsy. This also extends to
include other non-parenchymal lesions such
as abscesses and fat necrosis (Fig. 6.3).
Calcification which is deemed representa-
tive of the mammographic lesion
radiologically and which can be confirmed to
be in a specific benign lesion, such as a
hyalinised fibroadenoma or fibroadenoma-
toid hyperplasia’, can provide reassurance
and the patient can be advised that surgical
excision is not necessary unless they wish to

Fig. 6.2
Histological image showing
calcification within atrophic
lobules.

have the lesion removed. A benign diagnosis
from a calcific lesion in the absence of histo-
logical calcification, however, may not be
considered sufficient and repeat sampling
should be considered.

B3 - of uncertain malignant potential

This category is used for lesions which have
benign histological features in the core
biopsy sample, but the type of lesion identi-
fied is known in a proportion of cases to
show heterogeneity with co-existing malig-
nancy or to have an increased risk (albeit
low) of associated malignancy. Thus
included under the B3 category are atypical
epithelial hyperplastic lesions where a uni-
form population of cells involves one duct
space or only partially involves two or more
duct spaces. These appearances raise the pos-
sibility of low grade DCIS but are insufficient
in the tissue available to fulfil the diagnostic
criteria (see also Chapter 2, Intraductal
epithelial lesions)'. There is a range of
degree, from those which are insufficient for
a definite diagnosis of DCIS but highly suspi-
cious, to those which only show minor
degrees of atypia which requires further
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assessment. Appropriate categorisation into
B3 or B4 is undertaken by the pathologist
based on the degree of suspicion.

The definition of ADH relies on a combi-

nation of histological and morphological
features and extent of disease and it is essen-
tially an intraductal epithelial proliferation
showing the features of low grade DCIS but
in less than two duct spaces or less than
2 mm in diameter. For this reason, accurate
diagnosis of ADH is not possible on core
biopsy. Series of subsequent surgical diag-
noses in cases described as ADH in
non-operative core biopsy show that in over
50% the surgical excision biopsy has con-
tained either in situ or invasive carcinoma.
This is not surprising as the limited tissue
sampling that can be undertaken by core
biopsy guns (often by stereotactic methods
for foci of microcalcification) often provides
insufficient material for definitive diagnosis
of low grade DCIS. As described in Chapter
2, a greater number of cores particular
bearing increased number of calcifications!?
or larger bore samples (such as the
Mammotome™ device, see Chapter 5) may
be helpful.

A proportion, usually of larger, radial

Fig. 6.3

A mammographic image following previous excision of a
benign abnormality. Widespread punctate calcifications
are demonstrated due to fat necrosis; in addition,
calcified oil cysts are seen.

scars/complex sclerosing lesions are now
recognised to harbour forms of breast carci-
noma often in the form of low grade DCIS
or invasive tubular cancer. Papillomas,
again usually the larger forms, can be het-
erogeneous and have focal areas of in situ
carcinoma. In addition, categorical distinc-
tion between benign papillomas and papil-
lary carcinomas in situ can be problematic
in small tissue samples. Thus similar prin-
ciples apply to lesions such as radial
scars/complex sclerosing lesions and to
papillomas (all of which may have associ-
ated microcalcification) sampled by core
biopsy as apply to core biopsies bearing
ADH. Unless the lesion has been very
widely sampled by multiple core biopsies,
or removed by mammotomy, current
guidelines recommend classification of
these lesions as B3.

A wide variety of rare lesions, which
rarely contain calcification, such as phyllodes
tumour and spindle cell proliferation, can
present mammographically and a confident
diagnosis cannot be achieved on routine core
biopsy. In such circumstances we recom-
mend that these are also classified as B3 and
advise diagnostic surgical excision.



A practical approach to the reporting of percutaneous sampling of breast calcifications

B4 - suspicious

Rarely, apparently neoplastic cells are con-
tained within blood clot or adherent to the
outer aspect of the sample and these are clas-
sified as B4 suspicious. Very small foci of
invasive carcinoma, in which there is insuffi-
cient material to allow immunocytochemical
studies, may also on occasions be assigned to
this category.

A single complete duct space bearing an
unequivocal high grade malignant epithelial
proliferation is classified as B5 malignant and
the features are those of high grade DCIS.
Care is, however, taken if one or only part of
a duct space is seen containing a highly
atypical epithelial process (particularly if no
necrosis is present); this may be regarded as
suspicious rather than definitively malig-
nant. Care is essential if the epithelial cells
show apocrine features as this may represent
an atypical apocrine proliferation but not
apocrine DCIS.

Another lesion, which may be derived
from mammographic calcification, and
which must on occasion be classified as
suspicious rather than malignant, is a non-
high grade intraductal proliferation with a
significant degree of atypia which could rep-
resent intermediate- or low grade DCIS.
Particular care is taken when relatively few
involved duct spaces are represented in the
biopsy. If there is doubt in the mind of the
pathologist, and the number of ducts pro-
vided is sparse, they should take a pragmatic
approach and report an atypical intraductal
proliferation, qualifying this according to the
degree of suspicion. On the basis of extent or
severity of atypia the core biopsy report is
allocated to either the B3 or to B4 category.
The management of cases classified as B3 or
B4 will usually be either diagnostic excision
biopsy of the area or repeat core or wider
bore needle biopsy sampling to obtain defin-
itive diagnosis. Multidisciplinary discussion
is essential to ascertain what course of action

is most appropriate for each individual case.
In some cases it may be felt by the patholo-
gist that the limited sampling available even
with wide-bore needle sampling, may not
provide sufficient material for reliable
diagnosis and open biopsy may be more
appropriate. The UK NHSBSP Non-
Operative Guidelines note that definitive
therapeutic surgery should not be under-
taken as a result of a B3 or B4 core biopsy
diagnosis'®.

B5 — malignant

The B5 category is used for cases of unequiv-
ocal malignancy on core biopsy. Further
categorisation into in situ and invasive
malignancy is undertaken whenever possi-
ble. One of the benefits of core biopsy is that
it can allow distinction between in situ and
invasive carcinoma, which is not possible on
FNAC. Clearly, due to sampling error, pres-
ence of DCIS alone in the core does not
exclude the presence of an invasive focus in
the lesion, and in a proportion of cases sam-
pled by standard methods, co-existing
invasive carcinoma will be identified in the
subsequent surgical excision specimen!®!.
Conversely, invasive mammary carcinoma
can be unequivocally identified in core
biopsy with a positive predictive value of
98%!4.

The nuclear grade, architecture and the
presence of necrosis of the DCIS can be indi-
cated on the core biopsy report. The grade of
DCIS on core biopsy correlates with subse-
quent grade of DCIS in the excision sample
and also provides some limited assistance in
the prediction of which cases may have a
small associated invasive focus'®>. Many of
these cores will derive from screen-detected
microcalcifications and the presence of asso-
ciated calcification should clearly be noted in
the histological report. The site of the calcifi-
cation should also be recorded, whilst in the
majority microcalcification will be present
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within the necrotic debris of the DCIS (Fig.
6.4); in some cases there may also be benign
calcification in a co-existing benign process.
The mammographic features can be
reassessed in view of this data and the size of
the malignant process re-evaluated.

FNAC

It is clear that FNAC is not the “gold stan-
dard” diagnostic technique; false positive
cytology will occur. In particular it is impor-
tant to note that certain lesions classified
histologically as benign have malignant
cytological features. These are generally
borderline hyperplastic lesions, such as atyp-
ical hyperplasia. Histological diagnosis in
these cases relies on cytomorphology but
also extent and purity of the changes present
and these are clearly not demonstrable in
cytological preparations. Although ideally a
definitive diagnosis of malignancy or benig-
nity can be made on the majority of FNAC
samples, the proportion where this is possi-
ble will increase with experience of both the
pathologist and aspirator. If the sample is
paucicellular or if the preparation is sub-opti-
mal a clear distinction may not be possible.

Calcification in FNAC

FNAC from mammographically detected
foci of calcification may be classified into any
of the five diagnostic cytological categories
recommended in the UK NHSBSP and it is of
vital importance that the significance of
each is understood in the multidisciplinary
context. It is essential that the pathologist
comments on the presence of calcification
within the sample. If calcification is present,
the radiologist and the multidisciplinary
team can be more certain that the lesion has
been sampled accurately and the likelihood
of a false negative due to an aspiration miss
is lower. It is important to note, however, that
the presence of calcification in an FNAC from
a calcific lesion does not discriminate
between benign and malignant conditions
and that the background cytological features
are paramount.

FNAC categories
C1 - inadequate

The designation of an aspirate as “inade-
quate” is somewhat subjective. It is generally

Fig. 6.4

Histological image showing a
pleomorphic proliferation of
intraductal epithelial cells with
central necrosis and
calcification. The appearances
are of high grade DCIS.
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based on the presence of sufficient numbers
of epithelial cells to provide a sample ade-
quate for confident assessment. There are a
number of reasons for categorising a smear
as inadequate: the preparation may be
hypocellular, poorly spread or stained or
obscured by blood. Conversely, aspirates
from certain lesions, such as cysts, abscesses,
fat necrosis and nipple discharge specimens
may not contain epithelial cells but are not
classified as inadequate. It is extremely
unusual for a smear to contain microcalcifica-
tion but insufficient epithelial cells for
assessment and if this occurs, repeat sam-
pling procedure should be performed,
preferably core biopsy or diagnostic open
biopsy.

C2 - benign

A benign sample with no evidence of signifi-
cant atypia or malignancy is categorised as
benign. The aspirate is usually poorly to
moderately cellular and consists largely of
regular epithelial cells. The background is
usually composed of naked nuclei. A positive
diagnosis of specific conditions, for example
fibroadenoma, fat necrosis, granulomatous
mastitis, breast abscess or lymph node, may
be suggested if sufficient specific features are
present to establish the diagnosis. The
presence of microcalcification in a benign
FNAC is supportive that the lesion has been
sampled.

C3 - atypia probably benign

A C3 aspirate will have characteristics of a
benign smear with, in addition, certain fea-
tures not commonly seen in benign aspirates.
These could be nuclear pleomorphism, some
loss of cellular cohesiveness, nuclear or cyto-
plasmic changes or increased cellularity. In
our unit the commonest benign lesion pro-
ducing a C3 FNA is a fibroadenoma. Other
low-grade and in situ carcinomas may also

give such a result’. Calcification may be seen
in these lesions. The presence of calcification
in a C3 smear provides neither reassurance
nor should it produce unease; whatever the
radiological suspicion, repeat sampling or
diagnostic biopsy should be performed on a
C3 result.

C4 - suspicious of malignancy

This category is used for aspirates where
there are atypical features such that the
pathologist is almost certain that they come
from a malignant lesion. Confident diagnosis
cannot be made because the specimen is
scanty, poorly preserved or poorly prepared
but has features of malignancy or it may
show some malignant features without overt
malignant cells present. Alternatively the
sample may have an overall benign pattern
but with occasional cells showing distinct
malignant features. As with C3 results, the
commonest malignant lesions in this cate-
gory are low grade or special type lesions
and also DCIS®. Similarly, the presence of
calcification is non-contributory to subse-
quent management; further investigation is
required. Definitive surgery should not be
performed on the basis of a C4 result'®.

C5 — malignant

A malignant smear is usually cellular with
cells showing discohesion, increase in cell
size and pleomorphism and thus is inter-
preted as unequivocally malignant. It is well
recognised that DCIS presenting as mammo-
graphically detected microcalcification is
often high grade. FNAC of high grade DCIS,
in general, if adequately sampled, bears large
characteristically malignant cells along with
necrosis; in this situation confident diagnosis
can often be made. Low grade DCIS is more
difficult to diagnose on FNAC and may be
impossible to definitively diagnose; these
cases will not infrequently be categorised as
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suspicious (C4) rather than malignant (C5)
due to the paucicellular nature and the lack
of large, overtly malignant cells. It should
also be remembered that DCIS and invasive
carcinoma cannot be distinguished by
cytology alone.

The most common cause of false negative
cytological diagnosis is an aspiration miss.
There are, however, types of carcinoma
which, by their nature, may produce a false
negative diagnosis. The most common of
these are tubular and lobular type carcino-
mas.
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Recall

The most important decision regarding the
diagnosis of calcifications is whether the
features of the calcifications on the screen-
ing mammogram warrant recall. If calcifica-
tions are recalled to assessment it is
unusual for the calcifications not to be cor-
rectly diagnosed as benign or malignant.
Factors that should be taken into account
when deciding whether to recall are their
morphology, the distribution of the calcifi-
cations and the cluster shape. Other impor-
tant factors include period change and
whether similar calcifications are seen else-
where in the same or opposite breast.
Clinical history and physical findings are
occasionally important.

Number

There is no magic number of calcific flecks
above which clusters should be recalled and
below which clusters should not be recalled.
Three granular calcifications in a ductal dis-
tribution warrants recall, where four or five
punctate calcifications in a round cluster
with similar calcific flecks scattered else-
where within the ipsilateral and contralateral
breast probably do not warrant recall. It
should always be remembered that the
smaller the cluster, the less characteristic the
morphology is for DCIS.

Morphology

Judgement as to whether a calcification
cluster’s morphology warrants recall should
be based on the most suspicious of the mor-
phological features present. The presence of
punctate, rounded, oval calcifications within
the cluster does not necessarily indicate
benignity if there are other calcifications with
more worrying morphological features, such
as granular, elongated rod or branching calci-

fications. Rounded calcifications with central
lucency are a reliable indicator of benignity.
Variations in the size, shape and density of
the calcifications increase the suspicion of
malignancy although such features are
found in many benign clusters. If elongated
rod-shaped calcifications are present, the dif-
ferential diagnosis lies between DCIS and
duct ectasia. Caution should be adopted
before diagnosing duct ectasia if the calcifica-
tions are unilateral and especially if the
calcifications are not retro areolar. High-
grade DCIS can give rise to quite coarse
calcification, which appears very similar to
duct ectasia.

Distribution

If a ductal distribution is present, unless
there are categorical features of duct ectasia,
the calcifications should be recalled as the
only other common cause of a ductal distrib-
ution of calcifications is DCIS.

Cluster shape

Most clusters of benign calcifications are
round or oval, whereas the vast majority of
DCIS clusters have an irregular or V-shaped
cluster shape. It is, however, not uncommon
for DCIS when the cluster is small to have
a round or oval cluster shape and this is
particularly so in cases of low- or inter-
mediate-grade DCIS. A multiple lobular
distribution of calcifications normally indi-
cates fibrocystic change but occasionally a
multilobular distribution of calcifications can
be found in intermediate- or low-grade
DCIS.

Period change

Increase and decrease in the number of
calcifications present over time is a com-
mon feature of both benign and malignant
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calcifications. New or increasing calcifica-
tions are often benign and just because
calcifications are new does not automati-
cally mean that recall is required.
Calcifications that are totally unchanged
over a 3-year period are very unlikely to
represent DCIS and recall would only be
warranted if they were of particularly
suspicious morphology. It must also be
appreciated, however, that decreasing cal-
cifications do not necessarily imply that
they are benign. We have had one case of
Paget’s disease of the nipple where obvi-
ous comedo calcification was present on
the previous mammogram but which had
totally disappeared by the time the patient
presented with Paget’s disease. A recent
paper has also demonstrated that a third
of cases where indeterminate calcification
disappear are associated with the develop-
ment of invasive carcinoma.

Is calcification elsewhere?

If a small cluster of calcification is found it
is very important to critically review the
whole of the affected and the opposite
breast. If, on review, similar calcifications
are seen elsewhere within the affected and
in the opposite breast and these calcifica-
tions have a similar morphology, it is
almost certain that this represents fibro-
cystic change and recall should only occur
if the initial cluster identified has more
worrying morphological features than the
other calcifications demonstrated.

History

The threshold for recalling -calcifications
should be lower in patients whose clinical
history or findings raise the possibility of
DCIS. Low-risk calcifications in patients with
single duct nipple discharge warrant further
investigation.

Assessment of microcalcifications
Magnification views

High-quality magnification views should
always be obtained in the CC and lateral
planes. We routinely use a magnification fac-
tor of 1.5. The use of magnification factors
higher than this can lead to blurring and can
therefore degrade the quality of the image.
One of the most important reasons for doing
magnification views is to look for sedimenta-
tion to confirm the presence of fibrocystic
change. The “tea cup” appearance should be
visible on the lateral view and the calcifica-
tions should be more difficult to see and have
an ill-defined rounded morphology on the
craniocaudal view. In cases of fibrocystic
change, magnification views will often
identify smaller but similar calcifications
elsewhere within the breast. Magnification
views in cases of DCIS will often reveal
smaller additional calcifications within the
cluster when compared with the standard
mammographic views. The magnification of
views are also helpful for confirming the sus-
picious morphological features and a ductal
distribution in such calcifications. In cases of
malignant calcification, the magnification
views should also be used to assess lesion
size. Accurate assessment of lesion size is
obviously important in counselling patients
as to whether they are suitable for breast-
conserving surgery or not.

Ultrasound

Ultrasound is often useful in the further
assessment of cases of microcalcification.
This is especially true in cases where there is
a dense mammographic background pattern.
In this situation there will often be a mam-
mographically occult, but ultrasound-visible,
mass. Often this mass is smaller than the cal-
cification cluster and may indicate an
invasive focus. Ultrasound-guided biopsy of
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invasive focus obviously benefits a patient as
this will alert the surgeon to the need for an
axillary staging procedure. Power Doppler
examination of the area of microcalcification
can sometimes show a focus of increased
vascularity and this can also be helpful in
guiding ultrasound-guided biopsy of an
invasive focus. Ultrasound can also be help-
ful even in the absence of a mass as the
calcifications can often be seen if high fre-
quency 13 MHz probes are used!. In the
absence of a mass, it is debatable whether
ultrasound-guided core or stereotactic core
biopsy should be performed. The results
of ultrasound-guided core biopsy in the
absence of a mammographic mass in this
clinical setting tend to be slightly poorer than
the results of stereotactic core if digital imag-
ing is available.

Physical examination

Before image-guided biopsy is performed, it
is important that the patient has a physical
examination. A physical examination is help-
ful in identifying physical features associated
with DCIS such as nipple discharge or
Paget’s disease. It is also important to know
prior to biopsy whether the lesion is palpable
and, if the lesion is shown to be malignant or
suspicious on biopsy, one needs to know
whether the lesion requires localisation or
not. It is also helpful for the patient to meet
the clinician who will give them the result of
their biopsy prior to the receipt of the biopsy
results.

Magnetic resonance imaging

Three studies of dynamic, contrast-enhanced
MRI have shown that this imaging modality
is both insensitive and non-specific in differ-
entiating benign from malignant calcification
clusters®™*. It is unclear whether DCIS assess-
ment with MRI is superior to high-quality
magnification views.

Scintimammography

Two studies have demonstrated that scinti-
mammography in the clinical setting of
mammographic microcalcification is rela-
tively insensitive to in situ malignancy*®. Its
routine use in this clinical setting is therefore
not advocated.

Biopsy — which technique?

The use of FNAC to biopsy mammographic
microcalcification is not recommended as it
is not possible to confirm representative
sampling. The prefered choice of technique
is whether to use core biopsy or a vacuum-
assisted device. The main advantages of
core biopsy are low cost and speed. The
disadvantages are a lower -calcification
yield than mammotomy, difficulty in sam-
pling calcifications behind the nipple and
widespread diffuse clusters. Core biopsy is
also more likely to understage DCIS and
invasive cancer, yielding ADH results in
cases of DCIS and DCIS results in cases
that have an invasive focus. Repeat biop-
sies are more common following core than
following mammotomy. The advantages of
mammotomy are the increased calcification
retrieval and less understaging of DCIS and
invasive carcinoma®. The disadvantages of
mammotomy are the cost of the dispos-
ables and lengthened procedure when com-
pared with core biopsy. Core biopsy is,
however, able to accurately diagnose a
majority of calcification clusters and, for
calcification clusters with 10 or more flecks
in a tight cluster, the chances of diagnostic
success are high. We would advocate the
use of the mammotomy for small clusters,
in cases of diffuse calcification and in calci-
fication in the retro areola or inferior breast.
Repeat biopsies should normally be per-
formed by mammotomy. The major compli-
cations for mammotomy and core biopsy
are identical at 0.1%.
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Repeat biopsies

Repeat stereotactic biopsies are often helpful
in patients with microcalcification’. If a
benign result is obtained but no calcification
is present on the specimen X-ray, a repeat
biopsy is indicated. If a benign result is
obtained and only one or two flecks of calci-
fication were seen on specimen X-ray, a
repeat biopsy is also likely to be required as
false negative biopsies can occur in these
circumstances®. A benign core biopsy and
at least three flecks of calcification on the
specimen X-ray indicate the patient can be
discharged to routine follow-up unless the
calcifications demonstrated are highly suspi-
cious of malignancy, in which case a repeat
percutaneous biopsy or surgical biopsy
should be performed. In patients where the
result of the needle biopsy is ADH, lobular
carcinoma in situ or suspicious of DCIS, a
repeat biopsy should normally be per-
formed. Such decisions should be made at a
multidisciplinary meeting where the pathol-
ogists and surgeon are present and this
meeting should occur before the patient has
been given the results of the biopsy. We
rarely perform more than two percutaneous
biopsies. If two biopsies are non-diagnostic, a
surgical diagnostic biopsy should be per-
formed. If a calcification cluster has been
adequately sampled and a benign result
obtained, there is no need for short-term fol-
low-up. It is our experience that women
placed on short-term follow-up have a
higher incidence of anxiety and depression
compared with women who are discharged
back to routine follow-up.
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Introduction

The majority of cases of DCIS regarded as
suitable for breast-conserving surgery are
impalpable and therefore require image-
guided localisation. Diagnostic surgical
biopsy is also needed for mammographically
indeterminate  microcalcifications where
image-guided biopsy has failed to make a
definitive diagnosis. This includes cases
where it has not been possible to obtain a
representative sample of microcalcification
at image-guided core biopsy or where the
pathology of the tissue obtained is equivocal
or suspicious for malignancy.

Some clusters of microcalcification may be
superficially located within a small breast. In
these cases it may be sufficient to place a
marker on the skin directly over the lesion.
This can be done by placing a piece of lead
shot on the skin directly over the lesion
and securing it in position with a piece of
adhesive tape. Lateral and craniocaudal
mammograms are then performed to check
the position of the lead shot relative to the
cluster of microcalcifications. If the position
is satisfactory, the site of the lead shot on the
skin is marked with an “X” using indelible
marker pen. The majority of clusters of
microcalcifications do not, however, lie
superficially within the breast and it is there-
fore necessary to localise the cluster using a
marker device placed under image guidance.

The most commonly used technique for
image-guided localisation involves the inser-
tion of a hookwire into the area requiring
excision. Other techniques include radio-
isotope localisation of clinically occult breast
lesions; the use of carbon granules will also
be discussed. The imaging modalities avail-
able to guide insertion of the marker device
are either ultrasound or mammography,
usually using stereotaxis

Hookwire localisation

The ideal localisation device should be
acceptable to the patient, easy to place, be
secure in position from the time of place-
ment until the time of surgery and facilitate
accurate surgical excision while allowing a
good cosmetic result. A number of different
hookwires have been manufactured for
localising clinically occult breast lesions
(Fig. 8.1). A wire is inserted into the breast
inside an introducing needle following
local anaesthetic infiltration of the skin.
When the tip of the needle has been accu-
rately placed within the lesion, the needle
is withdrawn, leaving the tip of the wire in
position and the excess wire protruding
through the skin. The tip of the wire then
provides a three-dimensionally stable guide
for the surgeon. The disadvantage of a flex-
ible wire is that the surgeon has to follow
the wire from the skin down to the lesion
and therefore the surgical approach to the
lesion is governed by the direction of wire
insertion. A flexible wire may also be inad-
vertently cut at the time of surgery'? A
curved-end wire has the advantage that it
can be pulled back into the introducing
needle and repositioned within the breast if
necessary and, if the localisation needle is
left in situ, this acts as a palpable, anchored
guide facilitating surgery®*. The ability to
straighten out the curve and pull the wire
back into the needle does, however,
weaken the stability of the wire’.
Hookwires that protrude from the side of
the needle provide a rigid guide which can
be palpated by the surgeon and have
greater anchoring strength than the flexible
springhook wire and the curved-end
wire®®. The Reidy breast localisation needle
is flexible and has an X-shaped tip, which
is palpable and stable within the breast®.
Once deployed within the breast, the Reidy
wire cannot be repositioned and some
pathologists have had problems with its

—
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use as it can be difficult to remove from the

surgical specimen without cutting into the
tissue and interfering with specimen prepa-
ration!?. The main disadvantage of leaving
the introducing needle as well as the wire
within the breast is the presence of the seg-
ment protruding through the skin. As this
is not flexible, accidental trauma could
result in tissue damage or displacement of
the needle. This problem can be overcome
by removing the localisation needle follow-
ing insertion of the wire. At the time of
surgery the surgeon can then place a blunt
cannula over the wire until the tip of the
cannula reaches the tip of the wire. The tip
of the cannula is palpable and indicates the
site of the lesion. The surgeon can then
choose the optimal incision and route to
the lesion allowing removal of the lesion
with a good cosmetic result!®!.

Fig. 8.1
Examples of various hookwires
used to localise non-palpable
breast lesions.

Ultrasound guidance

The proportion of clusters of microcalcifica-
tion visible on high-frequency ultrasound
varies from 52 to 93%!%'4. This depends on a
number of factors including the size of the
cluster, depth of the cluster within the breast,
presence of associated sonographic soft-tis-
sue abnormalities and operator experience.
For areas of microcalcification visible on
high-frequency breast ultrasound, this is the
method of choice for insertion of the marker
wire. When using ultrasound, the technique
is similar to that used for ultrasound-guided
breast biopsy. The woman is in a supine
oblique position with the ipsilateral arm ele-
vated behind the head. The skin is infiltrated
with local anaesthetic, and the introducing
needle containing the wire is placed through
the area of microcalcification using ultra-



Localising breast calcification

sound guidance. The ideal position is for the
wire to pass through the cluster with the tip
lying just deep to it. The wire is inserted at an
angle approximately 30° to the skin to avoid
the potential complication of pneumothorax.

Stereotactic guidance

Whilst some have had success in recognising
microcalcifications using very high-fre-
quency probes (10-15 MHz'*), many clusters
are difficult to detect unless there is an asso-
ciated soft-tissue abnormality. Localisation of
microcalcification is therefore usually per-
formed using stereotactic guidance. The
direction of insertion of the localisation
device depends on the location of the lesion
within the breast and is chosen such that the
wire traverses the minimum amount of
breast tissue. When localising microcalcifica-
tions using stereotaxis, the accuracy of the
procedure is dependent on choosing the
same part of the cluster as the target on both
stereotactic images. For lesions in the upper
half of the breast, the wire should be inserted
from above with the breast compressed in the
craniocaudal position. For lesions in the
lower outer quadrant, the wire is inserted
from the lateral side, and for lesions in the
lower inner quadrant, the wire is inserted
from the medial side. The skin is infiltrated
with local anaesthetic and the introducing
needle containing the wire inserted through
the cluster of microcalcifications. As with
ultrasound localisation the ideal position is
the wire traversing the microcalcifications
with the tip of the wire immediately deep
to the cluster. The potential difficulties of
performing the procedure with upright
stereotaxis such as patient movement and
vasovagal attacks should be reduced by the
use of digital technology as this significantly
reduces the time taken to carry out the proce-
dure.

Following both stereotactic and ultra-
sound localisation, the marker wire left

protruding through the skin is covered in
gauze and the gauze taped to the skin. The
tip of the wire is fixed within the breast. The
protruding wire is not taped to the skin in
order that it is free to move in and out of the
skin as the shape of the breast alters accord-
ing to the woman’s position. Cranio-caudal
and lateral mammograms are then per-
formed to check the position of the wire with
respect to the lesion. The ideal position of the
wire is such that it passes through the cluster
of microcalcifications with the tip lying
immediately deep to the lesion (Fig. 8.2). The
position is adequate provided that the tip of
the wire is within 10 mm of the lesion. Good
communication between the radiologist and
surgeon is vital. It is useful for the radiologist
to provide a written description of the direc-
tion of insertion of the wire and its position in
relation to the cluster of microcalcifications.
The check mammograms demonstrating the
wire position should be made available to the
surgeon. If the tip of the wire is short of
the lesion, the position is not adequate to
guarantee successful surgical excision and
the procedure will need to be repeated. Some
of the hookwires such as the Nottingham
wire can be removed by a firm tug. Others
such as the Reidy wire cannot be removed
except by surgical excision under anaesthesia
and therefore, if the initial wire position is
unsatisfactory, another wire should be
inserted and the correct wire subsequently
identified to the surgeon. The wire should
remain stable within the breast, allowing
surgery to be carried out later the same day.

Magnetic resonance imaging

Although there have been some reports stat-
ing that high-resolution magnetic resonance
(MR) is able to visualise DCIS-induced
microcalcification, most researchers cannot
confirm this and MR has therefore no current
role in the localisation of microcalcifica-
tions™.

—
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Outcome and complications of
hookwire localisation

The aim of the localisation procedure for
non-palpable breast lesions is the removal of
the suspicious lesion at the first surgical
operation. The failure of excision rates pub-
lished in the literature varies between 1.5%
and 10%!101¢-21, Some studies have shown that
failure of localisation is more likely with
microcalcifications than other mammo-
graphic lesions?. There are a number of
possible reasons for failure to excise the
mammographic lesion. These include the
accuracy of the hookwire placement, experi-
ence and skill of the individual surgeon and

Fig. 8.2

(A) Magnification view of cluster of
microcalcification. Stereotactic core
biopsy demonstrated malignant
calcification within an invasive
carcinoma with mucinous features.
(B) Lateral and (C) craniocaudal
mammograms demonstrating the tip
of the hookwire within the cluster of
microcalcification.

migration of the wire within or out of the
breast following placement and before
surgery?. Migration of the wire is most likely
to occur into the subcutaneous tissues with
subsequent extrusion through the skin. Wires
have, however, been reported to migrate
some distance into the neck, axilla or even to
the subcutaneous tissue of the buttock?.

Other techniques
Use of dye and carbon

Preoperative marking of non-palpable breast
lesions has been attempted using dyes such
as methylene blue. Unfortunately the dye

—
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tends to diffuse rapidly into the surrounding
breast tissue and hence there is inaccuracy of
marking even if the surgery is carried out
within 4 hours of injection?*. Carbon suspen-
sion as a marking medium was introduced in
1978 and has been widely used in some
centres®. The non-palpable breast lesion is
marked with a 4% aqueous suspension of
carbon injected through a needle from the
lesion out to the skin while the needle is
being withdrawn. A black track of carbon
particles is left within the breast and a tiny
black point of carbon acts as a tattoo marking
the site of injection in the skin. The carbon
tract remains inert within the breast and the
marking may therefore be performed days
before surgery. At surgery, the surgeon dis-
sects down the track to the lesion. Mullen et

al. describe a 100% successful excision rate in

132 patients undergoing surgery following
marking with carbon suspension®. In their
series, the mammographic lesion underwent
large-core needle biopsy using either a 14-
gauge automated or 1l-gauge vacuum-
assisted device and, at the end of the biopsy
procedure, the needle track was marked with
carbon suspension injected through an 18-
gauge needle. In the patients with a
preoperative diagnosis of cancer there was
no significant difference in the size of the
surgical specimens with carbon marking
compared with conventional hookwire local-
isation. No details were given regarding the
adequacy of excision in these malignant
cases. For the patients where localisation was
performed for diagnostic purposes the mean
size of the surgical specimen was 17 ml larger
in the patients who had carbon marking

Fig. 8.3

(A) Magnification view of
microcalcification due to
intermediate grade ductal
carcinoma in situ.
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(B),(C) Lateral and craniocaudal
mammograms following
radiolabelled colloid localisation.
The cluster of microcalcification is
obscured by radio-opaque contrast
medium indicating accurate
localisation.
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compared with hookwire localisation. The
authors attributed this to the fact that the
majority of these cases were performed dur-
ing the learning curve phase early in the
study. No difference was seen in the postsur-
gical cosmetic result. Carbon marking was
well tolerated by the patients, did not create
any mammographic abnormality and there-
fore did not interfere with subsequent
mammographic follow-up. The main advan-
tage of carbon marking is that it can be done
at the time of the image-guided large-core
biopsy and this avoids the need for a second
procedure if the results of biopsy necessitate
surgery. Needle seeding of cancer along the
needle biopsy track has been described?. As
the biopsy needle track is excised at the time
of surgery following carbon marking, this is
a potential advantage of this procedure
compared with conventional hookwire
localisation.

Radiolabelled colloid localisation

More recently, technetium-99m (*™Tc)-
labelled colloid albumin has been used for
preoperative localisation of non-palpable
breast lesions. Gennari et al. describe the
technique in 647 patients®. In their series,
3.7 MBq (0.1 mCi) of *~Tc-labelled colloid
particles of human serum albumin were
injected into the non-palpable breast lesion
using either stereotactic or ultrasound
guidance. Frontal and lateral view planar
scintigraphy images of the breast were
obtained with a gamma camera immediately
and 5 hours after administration of the *™Tc-
labelled colloid particles. Superimposing
these images on an appropriately enlarged
mammogram checked the correct localisa-
tion of the tracer in the lesion. Surgical
excision was carried out within 24 hours
using a gamma-detecting probe to identify
the area of maximum radioactivity corre-
sponding to the site of the lesion. After
excising the specimen, the probe was used to

check for residual radioactivity at the exci-
sion site and if this was present the excision
was enlarged. Subsequent radiography of
the specimen verified the presence and cen-
tricity of the lesion in all but three patients
(99.5%). In the remaining three patients, the
lesion was successfully removed following a
wider excision of tissue from around the ‘hot
spot’ of radioactivity. The mean absorbed
dose of radioactivity to the surgeons’ hands
from 100 such surgical procedures was esti-
mated at 1% and 10% of the recommended
annual dose limits for the general population
and exposed workers, respectively. A com-
parison of radio-guided excision with wire
localisation of occult breast lesions showed
this new technique allowed a reduced exci-
sion volume with a better cosmetic result®. If
a small volume (0.1-0.2 ml) of radio-opaque
contrast medium is mixed with the radio-
labelled colloid prior to injection, lateral and
craniocaudal mammograms done immedi-
ately after the injection can be used to
confirm accurate positioning of the radio-
isotope in the mammographic lesion (Fig.
8.3). This obviates the need for scintigraphy3.

Conclusion

In conclusion, microcalcifications can be
successfully localised using a variety of tech-
niques. The most commonly used method
involves image-guided insertion of a hook-
wire. The use of carbon marking at the time
of large-core needle biopsy avoids the need
for a second procedure if surgery is required.
An alternative technique using an injection
of radiolabelled colloid has been shown to be
as accurate and this may be more widely
adopted in the future.
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Clinical aspects of diagnosing microcalcification

Introduction

The large majority of breast lesions present-
ing as microcalcification are impalpable.
Their clinical management depends on his-
tology and extent and is greatly facilitated,
and possibly more effective, if a preoperative
diagnosis can be made. Extensive areas of
microcalcification rarely present a problem in
this regard and, as almost all of those that are
clinically significant will be extensive DCIS,
management decisions are not difficult.
Small, localised clusters of microcalcification
may be less amenable to radiological biopsy
and an open diagnostic biopsy may be
required. When a preoperative diagnosis of
malignancy has been made, therapeutic wide
local excision may be appropriate. Excision
of non-palpable lesions is now a relatively
routine procedure for breast surgeons. The
extent of surgery may be influenced by mam-
mographic findings both for calcification
associated with pure DCIS and also for
microcalcification present within and around
invasive lesions. Microcalcification may also
be the presenting feature of non-malignant
lesions that predict increased breast cancer
risk. This chapter will discuss the clinical
aspects of these issues.

Calcification and DCIS

The incidence of DCIS has increased sixfold
over the past 15 years. The mode of presenta-
tion has also changed from a palpable mass,
nipple discharge or Paget’s disease to the
current situation in which approximately
90% of all DCIS cases present as clini-
cally occult lesions on mammography.
Approximately 80% of these are present as
microcalcification. This is of course due to
mammographic screening in which, for
women aged 50-65, 20% of all cancers
detected are DCIS. If younger women are
screened, this percentage is reportedly as
high as 40%.

The optimum management of DCIS is still
debated. Uncertainty remains about which
women should be treated by mastectomy
and which by wide local excision. No ran-
domised trial has ever compared wide local
excision to mastectomy for the treatment of
DCIS and, whilst mastectomy is virtually
curative, a small but significant risk of local
recurrence is reported by all series of wide
local excision. Factors used to predict this
risk include close pathological margin status,
high-grade and comedo histological subtype.
Scoring systems have been developed which
weight these factors to predict risk of recur-
rence and that proposed by the Van Nuys
Group is perhaps the most widely used!.
There is general agreement that margin
status is of paramount importance. This is, of
course, not available until an attempt at ther-
apeutic surgery has been performed. In three
randomised trials in which wide local exci-
sion alone has been compared with adjuvant
radiotherapy, local recurrence rates are
significantly reduced by radiotherapy.
However, it is clear that not all women
require radiotherapy (indeed the large
majority do not) and a few women will get
local recurrence even after receiving it.

Several reports have assessed mammo-
graphic appearances for predicting the likely
success of breast-conserving surgery for
DCIS. Only one study has used actual local
recurrence rate as its primary outcome
measure. This reported that proximity of
microcalcifications to within 40 mm of the
nipple was associated with increased risk of
local recurrence?. The local recurrence rate at
5 years was 36.6% (11 of 46) in the close
group compared to 12.8% (four of 83) in the
distant group. In another study of 37 cases,
risk of local recurrence (as predicted by the
Van Nuys prognostic index) was lowest with
fine granular microcalcifications, moderate
with coarse granular microcalcifications and
highest with linear branching microcalcifica-
tions®>. This was principally due to the
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association between linear branching micro-
calcifications, and to a lesser extent coarse
granular calcification, with high nuclear
grade. Linear pattern calcification, particu-
larly if branching, is strongly associated with
both nuclear grade and presence of comedo
necrosis*$. Of 198 cases of DCIS diagnosed in
Kopparberg County, Sweden between 1977
and 1994, 151 (76%) presented as microcalci-
fication®. The distribution of grade according
to type of calcification is shown in Table 9.1.
What is the clinical relevance of being able
to predict grade of DCIS by mammography?
In both the NSABP and EORTC randomised
trials of wide local excision for DCIS in which
women were randomised to adjuvant radio-
therapy or not, high-grade/comedo necrosis
was a significant independent predictor of
local recurrence risk®. In addition, invasive
local recurrences in women with high-grade
DCIS tend to be grade 3 cancers!. Hence
mortality from invasive recurrences of DCIS,
although small, is greatest in those who had
high-grade DCIS. In the EORTC trial, 11 of
the 14 women (79%) who developed metas-
tases following an invasive local recurrence
had originally been treated for high-grade
DCISY. Thus, if women with high-grade
DCIS are to be treated by breast-conserving
surgery, it is important that local treatment is
adequate. Young women are more likely to
have high-grade DCIS and it is this group
who are perhaps most likely to chose breast-
conserving surgery. Knowing preoperatively
that a woman is likely to have high-grade

DCIS may influence the extent of surgical
excision.

However, the DCIS collaborative group
sounded a cautionary note regarding the sig-
nificance of grade'?. Although it significantly
correlated with local recurrence at 5 years
(12% versus 3%), at 10 years this correlation
was all but lost (18% versus 15%). This would
suggest that grade of DCIS might be a pre-
dictor of time to local recurrence as well as
grade of invasive local recurrence.

Currently, mammographic extent of
microcalcification rather than type of calcifi-
cation is the main preoperative determinant
of suitability for breast-conserving surgery.
Discrepancy between this and pathological
extent measured at microscopy is obviously
of relevance. This was assessed by Holland et
al.’3; in a series of 82 mastectomy specimens,
47% of the micropapillary/cribriform DCIS
type showed a discrepancy of greater than
20 mm between radiological and patho-
logical extent compared to only 16% of
comedo-type DCIS. However, in a later pub-
lication analysing a series of 35 cases, the
relationship between discrepancy in size and
type of DCIS was lost if magnification views
of the calcification were performed*. This is
now standard practice. However, despite
magnification the pathological extent of 17%
of all cases in this series was still underesti-
mated by more that 2 cm.

Margin analysis of wide local excision
specimens for DCIS is not, unfortunately, an
exact science. Hence despite a widely held

Table 9.1 Distribution of grade according to type of calcification

Linear

Coarse granular Fine granular

46 (30.5%)
37 (80.4%)
9 (19.6%)

No. of cases (%)
High grade
Low/Intermediate grade

78 (51.7%)
35 (44%)
43 (55.1%)

27 (17.9%)
3(11.1%)
24 (88.9%)

From Tabar et al.?
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belief that DCIS is a contiguous disease
process, all series of breast-conserving
surgery report a rate of local recurrence
despite apparently clear margins. This rate is
higher if radiotherapy is omitted and affects
the site of previous excision in approximately
80% of cases. The chance of achieving clear
surgical margins is greatest at initial surgery,
hence the importance of preoperative diag-
nosis. It can be difficult at re-operation to
identify the original site of the lesion and
histological interpretation of scarred and
diathermised tissue can be problematic. In a
recent analysis of the Nottingham DCIS
series, 24/28 local recurrences (86%)
occurred in women who had undergone re-
excision to (apparently) clear margins after
either diagnostic or initial therapeutic
surgery'4. The chance of clear margins is also
greater, unsurprisingly, with increasing
width of excision'. There is an argument per-
haps for recommending a wider (2-3 cm)
margin for high-grade DCIS (linear calcifica-
tion) than for low-grade DCIS (fine granular
calcification) and it may be that fewer cases
of high-grade DCIS are suitable for breast-
conserving surgery on the basis of this
criteria alone.

Calcification and invasive
cancer

Associated microcalcification also has signi-
ficance for invasive lesions. It correlates with
tumour grade, one study showing that it
occurred with 31% of high-grade cancers
compared to only 6% of low-grade cancers'.
Six studies have shown that it correlates with
an increased risk of involved surgical exci-
sion margins after wide local excision!’2.
Two studies have reported that two-thirds of
women who have cancers with associated
calcifications have involved cavity wall shav-
ings following wide local excision'”8. This is
particularly likely with linear calcifications'.

Beron et al. showed in a series of 190 patients
that mammographic calcification of any sort
was associated with an increased chance of
finding residual disease at re-excision (35%
versus 11% with no calcifications)?. In a
study of 381 women, a stellate lesion with
associated microcalcification was associated
with a 3.8-fold (95% CI 1.1-13.0) increase in
local recurrence?'.

Extensive in situ disease surrounding an
invasive cancer is also recognised as a risk
factor for local recurrence after wide local
excision. Five-year local recurrence rates
have been reported to be 3.5-fold higher in
those with an EIC%. In 105 cases, Healey et al.
showed that cancers with EIC were more
likely to be associated with mammographic
calcification than those without EIC (83%
versus 27%)*.

Absence of mammographic calcification
surrounding an invasive ductal carcinoma
may be the best predictor of unifocality?!.
Of 135 mastectomy specimens containing
tumours < 4 cm (44% less than 2 cm), 90 had
no associated calcification. Of these, 39% had
multifocal disease beyond 1 cm from the
dominant mass histologically compared to
62% in those with associated calcification.
Surgeons should certainly take note of the
presence and type of calcification within
and around invasive cancers. Patients with
microcalcifications may be selected for wider
excision or in some cases may be deemed
unsuitable for breast-conserving surgery and
prospective studies assessing this, perhaps
assessing the significance of different pat-
terns of microcalcification, are required.

Certain types of microcalcification have
even been proposed as having indepen-
dently significant prognostic value®. In a
retrospective study of 343 patients with
breast cancers <15 mm, casting-type calcifi-
cations appeared to select a group of women
with a poor prognosis. In view of the asso-
ciation between this feature and tumour
grade, this is almost certainly a secondary
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prognostic variable and it is difficult to envis-
age its clinical utility.

Calcification and atypical
hyperplasias

A relatively common reason for a diagnostic
excision of microcalcification is ADH. Of all
diagnostic excisions performed for a pre-
operative diagnosis of ADH, 25-47% will
be DCIS or invasive cancer?2’. One study
suggested that mild ADH found on mammo-
tome biopsy may not need surgical excision
if all calcification was excised®. However, the
main clinical difficulty encountered with
ADH is the variability in pathological inter-
pretation of this lesion between different
pathologists. Nevertheless, surgical biopsy is
necessary and, as ADH is commonly associ-
ated with malignant lesions, it may be
appropriate to discuss therapeutic excision of
the lesion as the first operative procedure
(see below).

Wire-guided biopsy

For impalpable lesions the most common
method of performing either diagnostic or
therapeutic surgery is wire-guided biopsy.
Other approaches are under investigation.

The surgical technique for both diagnostic
and therapeutic wire-guided biopsy is
similar, with the exception that a diagnostic
operation is often incisional, the priority
being to remove the minimal amount of
tissue sufficient for diagnosis with maximal
consideration for cosmesis. Accepting this
principle it is still sometimes prudent to con-
sent the patient for and intentionally perform
a therapeutic excision for small lesions where
the degree of radiological suspicion is
high and the resultant additional effect on
cosmesis is negligible.

In performing wire-guided surgery, the
initial step is to make a spatial appraisal of the

lesion from the mammograms in relation to
its position within the breast, relationship to
the nipple, skin and chest wall. The next step
is to ascertain the full extent of the lesion, and
inking of its perimeter on the mammograms
by the radiologist may aid this. To this end, a
magnification view of the microcalcification is
essential. The final preoperative step is to
determine the position of the lesion in relation
to the tip of the wire. Ideally the wire tip
should be within the lesion or just beyond it
(Figs 9.1 and 9.2). Two-view mammography
is required for this process and craniocaudal
and true lateral films may be the ideal combi-
nation. Attention is then turned to the breast
and placement of the surgical scar. This
should be directly over the lesion. Minor
adjustments to enhance cosmesis are accept-
able but re-excision rates are high after both
diagnostic and therapeutic procedures for
microcalcification and second excisions are
easier when the wound lies directly over the
cavity. Most wire-guided localisation systems
involve a rigid cannula being fed over a flex-
ible guide wire. This should be performed
with the wire straight. It thus needs to be held
under slight tension and an assistant should
manipulate the breast to approximate the
position in which the wire was inserted
(recorded by the radiologist), so straightening
it. Once the rigid cannula is advanced to the
tip of the wire, the site of the lesion is often
easily palpable by balloting the tissue
between the tip of the cannula and the over-
lying skin. This in turn is made easier if there
is a relatively short length of cannula within
the breast. At operation the position of the
wire tip is repeatedly checked by balloting the
cannula. When surgery is for an invasive can-
cer or when there is a mass lesion on mam-
mography, there is often a palpable nodule
intraoperatively, which can guide excision.
This is not the case for DCIS presenting as
microcalcification only, for which there is usu-
ally no palpable abnormality even intraoper-
atively.
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Fig. 9.1

Mammography following stereotactic localising
wire insertion. This check image shows the tip of
the wire just through the cluster of
microcalcifications. This is the ideal wire position.

Fig. 9.2

Specimen X-ray on a diagnostic wire
localisation showing adequate
sampling of the calcification cluster.
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The superficial plane of dissection over
the lesion is initially dissected. In fatty
breasts, which can “crumble” easily during
surgery, great care needs to be taken to avoid
displacement of the guide wire. For a thera-
peutic procedure, I then normally develop
the planes of dissection parallel to the tip of
the cannula, then dissect the margins distal
and deep to the cannula tip before complet-
ing the excision by removing the cannula and
dividing the wire at the desired margin of
excision. The specimen is marked, X-rayed
and margins of excision assessed (Fig. 9.3).
Two-dimensional X-ray is appropriate if
excision margins have not been taken to
skin superficially and pectoral fascia deeply.
Surgical clips left in the cavity may help to
identify the site of the lesion if a re-excision is
required.

With relatively large areas of microcalci-
fication, or where it forms a more linear
distribution, bracketing by two wires may be
helpful. This can allow large lesions to be
widely excised with cosmetic reshaping,
reduction or volume replacement proce-
dures.

Radio-guided biopsy

An alternative technique to wire-guided
surgery is radio-occult lesion localisation
(ROLL). This utilises *mTc-labelled macro-
molecules to localise the lesion, which can
then be detected using a gamma probe. The
macromolecules do not migrate within the
breast and are excised as part of the excision
specimen. A check film is required to confirm
correct placement of the marker. This can be
achieved either by a scintigram or by inject-
ing a small amount of radio-opaque dye with
the macromolecules and confirming correct
placement with a mammogram (Fig. 9.4).
This technique has potential advantages over
wire-guided biopsy. One advantage for sur-
geons is that the site of the lesion is readily
identified throughout the operation and
absence of radioactivity within the cavity
confirms that the lesion lies within the speci-
men. It can be performed on the day or even
the day before surgery and it is also not
subject to displacement, unlike guide wires.
One disadvantage encountered in the
Nottingham series was that, for two patients,

Fig. 9.3

Therapeutic wide local excision
specimen X-ray showing the small
cluster of microcalcifications
representing DCIS centrally within the
excision. Approximately 1-2 cm excision
margin is seen radiologically.
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the radio-opaque dye was inadvertently
injected into a duct and the check mammo-
gram revealed a galactogram appearance
with diffuse radioactive uptake. Wire-guided
biopsy was possible after allowing approxi-
mately an hour for the dye to clear (Fig. 9.5).
In a comparison with wire-localisation, one
study found that ROLL excision specimens
were smaller and the lesion was better
centred®. In a randomised trial comparing
these procedures, ROLL was quicker and
easier to perform. Accuracy of the two tech-
niques was similar but patient satisfaction
was higher with ROLL3.

Fig. 9.4

Mammographic check film of ROLL. It
can be seen that the injection of water-
soluble ionic contrast media overlies a
small cluster of microcalcifications.

Conclusions

Clinically significant breast microcalcifica-
tion has several implications for the
management of premalignant and invasive
breast lesions. It can give important clues as
to the biology of the disease process and this
information may currently be under-utilised
in the preoperative decision-making process.
For both DCIS and invasive breast cancer,
associated microcalcification can indicate the
need for wider excision and is strongly asso-
ciated with grade. It should therefore be a
consideration in the decision to recommend
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breast-conserving surgery. Such surgery
requires careful appreciation of the mammo-
graphic findings and ROLL may be a useful
new technique to facilitate it.
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Introduction

The mainstay of detection of microcalcifica-
tions is mammography. As the typical size of
microcalcifications ranges from 50 to 500
microns in size, mammography is well suited
to the task of demonstrating the presence of
breast microcalcifications. Using modern
screen-film combinations, microcalcifications
of 50 microns in size can be detected. The
morphology of microcalcifications can be
further characterised using magnification
views. Magnification views enable the
microcalcifications to be further analysed
according to the degree of clustering, density,
morphology and distribution as well as
whether any other associated features such
as the presence of any masses or distortions.
Indeterminate and suspicious clusters of
microcalcifications can then be localised and
biopsied under stereotactic guidance in order
to achieve a histological diagnosis. For ultra-
sound to be of clinical use in the diagnosis of
microcalcifications, the efficacy in the detec-
tion, analysis, classification and guidance of
biopsy procedures must be measured against
that of conventional screen-film mammo-
graphy. The ability to detect suspicious
clustered microcalcification in breast screen-
ing is particularly important as it enables the
detection of DCIS, which may be associated
with small high histological grade invasive
tumours!.

Background

The early literature using automated whole
breast water-path scanners in the early 1980s
shows that palpable or mammographic
masses containing calcifications appear as
masses containing internal echoes or areas of
acoustic attenuation.

Microcalcifications could not be positively
identified. The limiting factor may be the low
frequency (3.7-4 MHz) that is responsible for
the poor lateral resolution of 2 mm?.

However, microcalcifications larger than 0.5
mm could be differentiated as strong
echogenicfociinhypoechoicmasses. The main
value was the ability to demonstrate masses
that were associated with invasive carcinoma.

The introduction of higher frequency
7.5 MHz transducers with automatic scan-
ners improved visualisation of microcalcifi-
cations; Jackson et al.* were able to detect
microcalcifications sonographically in 57% of
cases but only when associated with masses.
The use of real-time 7.5 MHz transducers
further improved detectability of micro-
calcifications as actual echogenic foci in
hypoechoic areas®. These tend to appear
larger than the actual pathological size and
do not attenuate. Using 7.5-10 MHz real-
time ultrasound equipment, ultrasound
abnormalities corresponding to clustered
microcalcifications can be identified in
59.6-76% cases with a specificity for malig-
nancy of 82-93%°8. There is, however, lower
accuracy in the positive identification of
benign microcalcifications. Not all malignant
microcalcifications could be positively iden-
tified on ultrasound; this is usually due to the
absence of a definite sonographic mass.
There is also no clear distinction in whether
the malignant lesions identified sonographi-
cally were invasive carcinoma, which were
usually associated with a sonographic mass
or pure in situ disease. Other investigators
using similar equipment to localise impalpa-
ble lesions presenting solely as micro-
calcifications have not been able to achieve
this level of detection®'".

The use of higher frequency ultrasound
probes (HFUS) with operating frequencies
above 7.5 MHz and claimed axial and lateral
resolution of 0.1-0.5 mm improved the abil-
ity of detecting microcalcifications, and this
appeared to be substantiated by investiga-
tors using 10 and 13 MHz transducers in the
mid-1990s'>13, For instance, a 5-10 MHz
broadband transducer with axial and
lateral resolutions of 0.9 mm and 1.1 mm,
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respectively, is capable of detecting micro-
calcifications greater than 0.6 mm in size'.
This compares to the detection of microcalci-
fications of 0.15 mm in size, which can be
identified using a 13 MHz transducer with an
axial resolution of 0.118 mm. However, the
results are mixed with sensitivities ranging
from 52% (31/52 patients) to 88% (15/17
patients)®!*15, The ability to visualise micro-
calcifications is likely to be multifactorial,
depending not only on the presence of any
associated sonographic abnormalities but
also on operator experience.

Technique and application

The use of a broadband width linear trans-
ducer with a mid-frequency above 7.5 MHz
improves the axial (defined by the pulse
width) and lateral resolution (defined by
echo beam width). Identification of the area
of interest is best guided by the knowledge of
the mammographic location; this is easiest if
the true lateral and cranio-caudal projections
are used. The conventional orthogonal scan-
ning planes can be used initially. Scanning in
the radial and anti-radial planes is particu-

larly useful when there is a high suspicion of
a ductal pathology where the mammograms
suggest a ductal or segmental distribution
with pleomorphic clustering of microcalcifi-
cations.

More recently, there have also been
attempts to improve detection of malignant
disease associated with microcalcifications by
using colour or power Doppler ultrasound.
Malignant breast disease is associated with
neoangiogenesis in invasive breast cancer and
increased vascularity in high-grade DCIS!¢-18,
In a recent study involving 44 patients, power
Doppler vascularity associated with clustered
microcalcifications was identified in 4/14
(28.6%) benign lesions and 12/30 (40%)
malignant lesions’. The presence of focal
power Doppler vascularity was instrumental
in detecting focal small masses or distortions
in eight cases, which in turn aided ultrasound
core biopsy. In total, the combination of power
Doppler and 13 MHz transducer enabled the
visualisation of isolated clustered microcalci-
fication in 93% of cases.

Where an ultrasound abnormality has
been identified, it is essential that it be corre-
lated with the mammographic appearance.

Fig. 10.1

Benign microcalcifications in
stromal fibrosis manifest as
echogenic foci in relatively
hypoechoic breast tissue.
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In the presence of suspicious clustered micro-
calcifications, the presence of a mass or
echo-poor attenuating area should be consid-
ered suspicious for malignant disease. A
positive ultrasound correlate is amenable to
percutaneous needle biopsy under ultra-
sound guidance. In the absence of a
sonographic mass, the sonographic lesion
may still be amenable to ultrasound-guided

needle biopsy. In this situation, specimen
radiography should be undertaken to ensure
that representative microcalcification is
obtained. The use of a large volume per-
cutaneous sampling device such as the
Mammotome™ is likely to improve the
diagnostic yield where the sonographic
appearance is subtle or manifest as hyper-
echoic foci in the absence of a mass.

Fig. 10. 2

Lateral magnification view
showing typical “tea-cupping” of
milk of calcium in microcysts.

Fig. 10.3

Ultrasound image depicting
microcysts with milk of calcium
layering within the cysts.
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Ultrasound appearances of
benign microcalcifications

Benign calcifications can be difficult to
identify as many of these occur in fibro-
glandular tissue where there is lack of con-
trast required to distinguish the echogenic

foci within the echogenic tissue. The
presence of stromal flecks of hyperechoic
foci representing stromal calcifications can
sometimes be clearly identified (Fig. 10.1).
Small microcysts containing “milk of cal-
cium” as well as areas of focal fibrocystic
change containing microcalcifications are

Table 10.1 Detectability of clustered microcalcifications in prospective studies with histological correlation
Authors Transducer Benign Malignant Malignant
frequency in situ invasive
Yang et al 19974 5-10 MHz linear - 0 (0/6) Invasive only
broadband 100% (36/36)
DCIS and
invasive 52.4%
(22/42)
Ranieri et al 19978 10 MHz annular 33.3% 33.3% 95.4%
(7/21) (3/9) (21/22)
Cleverley et al 1997 10/13 MHz linear 87.5% 87.8% -
(7/8) (7/8)
Gufler et al 2000%* 7.5 MHz linear 59.2% 100% 100%
(16/27) (9/9) (11/11)
8/11 invasive
with in situ
Moon et al 2000%' 5-10 and 5-12 MHz  22.6% 76.7% 100%
linear (14/62) (23/30) (8/8)
Teh 20001 13 MHz linear and  85.7% 85.7% 100% (10/10
power Doppler (12/14) (6/7) invasive
with in situ)
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A 13 MHz annular array image
showing a dilated duct
containing echogenic foci.
There is associated parenchymal
hypoechogenicity. The surgical
diagnosis is high-grade DCIS.
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other positive benign findings (Figs 10.2
and 10.3). Fibroadenomas containing flecks
of attenuating coarser calcifications are also
usually visible due to the presence of an
associated hypoechoic mass. Nevertheless
the definitive identification of benign
microcalcification is comparatively lower
from that of malignant disease and ranges
from 33.5% to 85.7% in prospective studies
where histological correlation is available
(Table 10.1).

Fig. 10.5

(A) Mammogram showing
segmental distribution of
clustered malignant
microcalcifications. (B) Ultrasound
images confirm the presence of
strongly echogenic foci. An
ultrasound-guided core biopsy
and subsequent surgical excision
confirms comedo DCIS.

Ultrasound appearances of
malignant-type
microcalcifications

Malignant lesions are usually more readily
identified even in the absence of a mammo-
graphic mass. The detectability varies
depending on whether the microcalcifica-
tions are associated with DCIS or whether
there is any associated invasive carcinoma.
Comparative studies generally show detec-
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tion of pure DCIS to be superior to that of
benign disease but inferior to that in which
invasive disease is also present (Table 10.1).
Morphological features described in DCIS
include the presence of dilated ducts contain-
ing flecks of microcalcifications (Fig. 10.4)%.
There may be associated sonographic par-
enchymal changes or hypoechoic lesions.

Adjacent strongly echogenic foci represent-
ing microcalcifications are also generally
seen (Fig. 10.5). Masses or irregular attenuat-
ing areas may also be present particularly
with high-grade or comedo DCIS (Fig.
10.6)*-22. These have the appearances of the
typical spiculated or irregular masses or non-
strongly attenuating lesions or distortions. In

Fig. 10.6

(A) Magnification view of clustered
casting microcalcifications.

(B) Ultrasound of the area
demonstrates the presence of
several irregular masses with
associated parenchymal changes. A
fleck of strongly echogenic focus is
seen within the irregular mass.
Ultrasound core biopsy confirms
high-grade DCIS.
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some cases, masses are not seen but sec-
ondary signs of surrounding parenchymal
abnormality (such as increased echogenicity
of the intramammary fat) may be present.
Where invasive carcinoma is present, the
positive identification of a sonographic
abnormality approaches that of 100%. These
tend be irregular, ill-defined masses. The
ability to visualise a sonographic abnormal-
ity is particularly high where the
mammogram shows a suspicious (e.g. pleo-
morphic or typically casting or comedo
pattern) appearance or where there is cluster-
ing of more than 10 mm in extent. The
increased detection rate of malignant calcifi-
cations using ultrasound has been
successfully exploited by investigators as a
means of performing ultrasound-guided
needle biopsy or localisations®131921-23,

Summary

The use of high-frequency ultrasound can be
used to detect mammographic microcalcifica-
tions. The ability to reliably detect benign
microcalcifications remains low. Never-
theless, clustered suspicious microcalcifica-
tions demonstrated on mammography can be
visualised using ultrasound, particularly
where associated with malignancy. Malignant
clustered microcalcifications of suspicious
appearances, particularly if extensive, can be
detected as either masses or focally dilated
ducts. The use of power Doppler may also
improve the detection of invasive foci of dis-
ease.
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Computer-aided detection of mammographic calcifications

Introduction

Most mammograms are acquired on X-ray
film. However, in recent years, digital X-ray
acquisition systems have been developed,
in which the information in the image is
represented directly as a matrix of numbers
(pixels). Although digital images may be
printed on film for conventional viewing,
they are more usually displayed and viewed
on screen. Advances in digital acquisition
and display technology, coupled with the
flexibility offered by digital imaging, have
made the prospect of routine digital
mammography more realistic, although
resolution is still an issue, particularly for
screening applications where the early detec-
tion of microcalcifications is important.

The use of digital mammograms offers a
number of significant advantages. First, the
images are readily amenable to manipulation
by performing mathematical operations on
the matrix of numbers. Such processing can
facilitate viewing; for example, by adjusting
the contrast or brightness, or by using knowl-
edge of the imaging physics to compensate
for degradation'. Specific image features can
be made more — or less — conspicuous to aid
the detection of abnormalities; for instance,
linear structures might be enhanced to
improve visualisation of architectural distor-
tion, or suppressed to aid detection of
masses. Quantitative information can also be
extracted to enable classification of detected
abnormalities for diagnostic purposes, or
measurement for monitoring response to
treatment. Images of the left and right breast,
or films taken on different occasions, may be
registered to facilitate comparison. A further
advantage of using digital images is that they
can be rapidly transmitted to other sites, and
multiple copies may be made available with-
out loss of image quality. Digital images can
be easily annotated without detriment to the
original data; multiple annotations can thus
be acquired for teaching and research pur-

poses. Intelligent software has been devel-
oped to provide access to digital image
databases, not only on the basis of finding
several examples of a given pathology, but
to enable searches for images which share
particular properties. This is useful both
for teaching and for diagnostic purposes.
One of the most exciting prospects is that
of using a computer to automatically detect
groups of pixels corresponding to clinically
significant abnormalities?>. Research in this
area has been active for the last 25 years, with
an increase in interest and particularly rapid
progress during the last 10 years. Most of the
algorithms to date have been developed and
tested using digitised film images. Detection
of mammographic abnormalities is a chal-
lenging problem both for human and
computer, due to the sometimes ill-defined
and subtle nature of abnormal signs, the
complexity and variability of the underlying
mammographic structure and the similarity
of normal and abnormal image features. This
is compounded, in the screening context, by
the infrequency of clinically significant
abnormalities and by the requirement for
efficiency. The most successful results to date
have been for the detection of microcalcifica-
tion clusters; although these may pose a
problem of perception for the human
observer, they have a well-defined range of
appearance and are dissimilar to the
parenchymal background. Current algo-
rithms are capable of detecting a very high
percentage of microcalcification clusters with
a low false positive rate. There has also been
good progress on the detection of spiculated
masses, by virtue of the fact that a combina-
tion of radiating linear stucture and a bright
central region is not typical of the underlying
background, but the results so far are less
impressive than those for microcalcification
detection. Some signs of abnormality, in par-
ticular asymmetry and distortion, are even
more difficult to detect. For these signs, there
is less agreement between human observers
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about what constitutes a significant degree of
abnormality, or merely a variation of normal
appearance. Further algorithms have been
developed to analyse detected abnormalities
with a view to improving the benign biopsy
rate and providing additional diagnostic
information. Again, the most successful
attempts at this are directed at the classifica-
tion of calcification.

Computer-aided
mammography

The aim of much of the early research into
abnormality detection was to replace the
human film reader by a fully automatic com-
puterised system. However, in order to do
this, the computer must be able reliably to
detect all manifestations of mammographic
abnormality with both a very high sensitivity
and an acceptably low false positive rate.
Clearly, at present, it is not feasible to use a
machine even as an automatic second reader;
the only type of abnormality for which
detection performance approaches the levels
attained by experienced human film readers
is microcalcification.

Another potential model for computer-
aided mammography is prescreening, in
which the screening films are sorted by the
computer into two groups: those that are
unequivocally normal and those that may
contain an abnormality. The radiologist
would then look only at those films classified
as potentially abnormal, reviewing just a
small number of the normal group for qual-
ity control purposes. Provided a sufficient
proportion of the films are correctly identi-
fied as being unequivocally normal, this
model would focus the radiologist on the
more difficult and abnormal films, making
better use of their skills. Technically, this
requires algorithms that can either reliably
detect normal images or that can detect all

manifestations of abnormality with great
sensitivity — but not necessarily with high
specificity. The detection of normality is an
area in which research is active; a starting
point is the classification of mammograms
according to their glandular background, as
this has been shown to be related to risk®*.
Detection of abnormalities is easier in fatty
breasts for both human and machine, and a
significant proportion of women in the
screening age group have predominantly
fatty breasts, so it may be that a combined
approach could enable prescreening. Current
computer-aided detection systems are not
designed for prescreening; the full range
of abnormalities is not usually targeted, and
too large a proportion of mammograms are
flagged with suspicious regions to make
prescreening cost-effective.

There is, however, a way in which com-
puter-based detection algorithms can be
used to aid the process of detecting mammo-
graphic abnormalities without having a full
suite of algorithms, and without the require-
ment that the algorithms must be almost
perfectly sensitive. There is now evidence
that computer-based prompting can improve
human detection performance. The idea of
prompting is to attract the reader’s attention
to regions of the original image which may
be abnormal. First, the computer uses algo-
rithms to detect potential abnormalities, and
their locations are presented to the human
film reader as prompts, which are usually
small symbols or outlines of suspicious
regions superimposed on a low resolution
version of the mammogram. The human
reader, having first viewed the original
image unaided, consults the prompt image
and reviews the original image accordingly.
Some of the prompts may correspond to gen-
uine abnormalities which the human reader
either failed to see in their initial search of the
mammogram, or to abnormalities which
they saw but dismissed as being insignifi-
cant.
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This approach is known as computer-
aided detection (CAD) and, with the advent
of commercial CAD systems, we are begin-
ning to understand the parameters which
make prompting effective. Clearly, the algo-
rithms need to be sensitive, and to detect not
only the more obvious abnormalities but also
subtle signs that would otherwise be missed
or dismissed by human readers. However,
there is also evidence that too many false
prompts reduce the benefits offered by the
technology®. This could happen by a number
of different mechanisms. For example, false
prompts could distract the human reader,
drawing attention away from regions con-
taining genuine abnormalities. If there are a
large number of false prompts, the radiolo-
gist’s confidence in the significance of
prompts might also be reduced, causing him
to routinely ignore prompting information.
Most commercial CAD systems are centred
around a highly sensitive microcalcification
detection algorithm, along with at least one
other algorithm (usually to detect masses).
As all the prompts are presented on a single
prompt image, the response of the human
reader is complex, even though microcalcifi-
cation and mass prompts are distinct. There
is published evidence that CAD system algo-
rithms are capable of detecting very early
cancers; researchers have looked at the previ-
ous screening films of women with interval
cancers, and found that a number of these
had prompts in the right place®. Despite this,
there is as yet no evidence that a commercial
CAD system can improve the performance of
human readers in the context of the National
Health Service Breast Screening Programme.

Microcalcification detection

Microcalcifications are sometimes difficult
for the human film reader to detect because
of their small size and low contrast, particu-
larly if there are only a few particles, and if

these are superimposed on dense glandular
tissue. However, of all the signs of
abnormality found on mammograms, micro-
calcifications are the easiest for computers to
deal with. Unlike small ill-defined masses,
which may superficially resemble normal
glandular tissue, microcalcifications have
properties that differ significantly from those
of normal background structures. Their small
size is, in this respect, an advantage, as is
their relatively high attenuation coefficient.
The computer can be trained to detect small,
bright, regions with well-defined edges.
Most algorithms make an initial attempt at
detection, followed up by a more specific
analysis to reduce the number of false
positive responses. The small size of micro-
calcification particles necessitates the use of
very high-resolution digital images in which
many pixels are used to represent each
square millimetre of the mammogram. The
more pixels in the image, the longer it takes
to process, so the initial detection stage is
used to reduce the number of pixels at which
detailed further analysis will be applied.

False signals may be generated by over-
lapping narrow linear structures, or artifacts
such as screen-film “shot” noise, but these
can generally be excluded by further analy-
sis’. The analysis phase focuses both on the
properties of individual candidate particles —
shape, size and brightness — and also on the
distribution of candidate particles within the
image. One of the most powerful tools for
reducing the false positive rate of detection
algorithms is the application of clustering cri-
teria; generally, a detection is only registered
(and prompted) if a number of individual
bright regions are found within a limited
area. In other words, prompts are only placed
where clusters of calcifications are found.

A more difficult problem is distinguishing
between calcifications that would be dis-
missed as insignificant by experienced
radiologists and those it is imperative to
detect and prompt. Unless highly accurate
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characterisation algorithms are available, it is
probably safer to prompt all clusters and
leave the decision as to whether any further
action should be taken to the radiologist.
A loss of confidence in microcalcification
prompts could result if some clusters are
prompted and some are not.

There have been many published papers
describing methods for detecting microcalci-
fications in digital mammograms, but it is
difficult to compare their efficacy because
few have been applied to the same sets of
data. The majority of researchers work with
local clinicians and have relied on these
clinicians to provide images considered to be
representative examples. This is a highly sub-
jective approach, as there are considerable
differences in opinion as to what constitutes
a representative data set. Some examples
are much less conspicuous than others,
and whilst a number of researchers have
attempted to compensate for this by classify-
ing lesions according to subtlety, it is difficult
to avoid bias. In addition, differences in data
arise because some data sets are based on
screening mammograms and others on
symptomatic cases, and because of differ-
ences in screening practice.

The problem of subjectivity can be avoided
by using large samples (either randomly
selected or consecutive) taken from screening
data. In this way, examples with multiple
abnormality types and common artifacts will
be naturally included. The performance on
very early cancers can be measured using suit-
ably reviewed previous screening films from
interval cancer cases, and normal data should
be taken from the previous screening films of
women who have had a subsequent normal
screening examination.

Further difficulties in evaluating algo-
rithms arise because of the nature of the
ground truth against which the computer’s
performance is compared. As the majority of
computer-based detection methods are
applied to screening and symptomatic mam-

mogrames, it is extremely difficult to get accu-
rate pathological evidence of the location of
abnormalities — especially for microcalcifica-
tions. We must rely on annotations provided
by experts, and once again the problem of
subjectivity arises. In the main, only the
boundaries of calcification clusters are
marked, rather than individual particles, as
annotation of individual particles is
extremely time-consuming and difficult, gen-
erally requiring access to both the digital
image and the original film. To facilitate
comparison of methods, public databases of
digitised mammograms have been made
available’.

The majority of attempts to automatically
detect microcalcification clusters in digital
mammograms have directly exploited the
most obvious properties of the particles:
their small size, their increased brightness
compared to their backgrounds and their
relatively sharp edges. There exist many
generic computer vision techniques which
can be used to detect small bright blobs or
edges in images, and researchers have
applied several of these to mammograms.
One class of techniques which has been
investigated for the detection of microcalci-
fications by a number of researchers is
mathematical morphology®™. The mammo-
gram may be considered as a surface, raised
according to brightness, with small peaks
corresponding to microcalcifications, and
larger ones corresponding to other struc-
tures. Morphological operations such as
erosion and dilation modify the surface
according to a predefined structuring ele-
ment, and combinations of modified surfaces
can be used to enhance structures of particu-
lar sizes and shapes. Unfortunately, such
simple techniques also detect any noise
peaks of similar size and shape present in the
images, and poor classification of image pix-
els into calcification versus non-calcification
results. These results improve when cluster-
ing rules are applied, and sensitivities of
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approximately 95% with about 0.5 false
clusters per image have been reported!.
Morphology may also be helpful in identify-
ing suspicious regions, based on an
examination of the distribution of detected
peak sizes in normal and abnormal tissue!2

There are similarities between the mor-
phological approaches and that developed
by Chan and colleagues®. Their method
involves subtracting an image in which the
microcalcifications have been suppressed
from one in which they have been enhanced
by means of a matched filter. Following
subtraction, there are several stages of post-
processing involving extraction of potential
microcalcifications and subsequent feature
analysis. More recently, methods based on
neural networks have been used to reduce
the number of false positive clusters. A sensi-
tivity of 93.3% (measured on a ‘per case’
basis) with 0.7 false clusters per image has
been obtained'.

An alternative approach is to attempt to
detect the edges of calcification particles
by amplifying gradient information in the
images. However, there are a large number of
edges naturally present in mammograms, all
of which will be enhanced, and the subse-
quent task of determining which edges
correspond to microcalcifications is complex.
Various combinations of edge and peak
detection have been investigated, but none
has achieved sufficient sensitivity and speci-
ficity to be clinically useful.

A more sophisticated method was devised
by Karssemeijer, who devised a statistical
preprocessing algorithm for noise estimation
and equalisation which was found to signifi-
cantly improve results!’®. Each pixel is
assigned one of four labels: background,
microcalcification, line/edge, or film emul-
sion error. The detection method, based on
the use of Bayesian techniques and a Markov
random field model to describe spatial rela-
tionships between pixel labels, involves
iteratively updating the labels to maximise

their probability. The method uses both con-
trast and edge information. A cluster was
defined as at least two detections in an area
enclosed by an empty region half a centi-
metre wide. Results, plotted on FROC
curves, showed a sensitivity of more than
90% with slightly less than one false detec-
tion per image on a set of 40 mammograms.
Finally, commercial CAD systems are now
under evaluation both in the UK and abroad.
The detection performance of some of the
algorithms is impressive; the ImageChecker
system from R2 Technology can currently
detect over 86% of all abnormalities in
NHSBSP films. However, the microcalcifica-
tion detection algorithm far outshines the
system’s mass detection capabilities, and
whilst the ImageChecker produces very few
false microcalcification prompts (approxi-
mately one in every four cases), on average
there is at least one false mass prompt per
case. Despite this, the system is still the most
specific commercial system available.

Conclusions

Just a few examples of computer-based
methods for detecting microcalcifications
are discussed here; many more have been
described in the literature, and still more are
under development. The most successful
methods can detect 98% of microcalcification
clusters, but in most cases, their false positive
rates are still too high to enable effective
prompting. A rate of 0.5 false prompts per
image may sound good, but for a four-film
mammogram this rate corresponds to an
average of two false prompts per case, and
the vast majority of cases will have at least
one false prompt.

Many of the false prompts for microcalci-
fication detection algorithms correspond to
clusters or image features an experienced
film reader would simply dismiss, and it may
be that work on characterisation and
classification of microcalcification clusters
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will pave the way for more detailed analysis
of candidate clusters. Characterisation
research has, to date, focused both on the
properties of individual particles (for exam-
ple, size, shape and density) and on the
properties of clusters (overall cluster shape
and distribution of particles). Some of these
features — especially cluster shape — are very
difficult to deal with because of the nature of
the imaging process. Three-dimensional
cluster shapes are projected into a two-
dimensional image; even if the effects of
breast compression are small, robust charac-
terisation of the projected shapes is difficult,
especially for clusters of only a few particles.

In summary, the detection of microcalcifi-
cation clusters is the most successful applica-
tion of computer-based detection in
mammography. This is due to the differences
between microcalcifications —notably size and
attenuation coefficient — and their back-
ground. Agreat deal of research effort hasbeen
directed at their detection, with the result that
most clusters can be detected automatically,
although false positive detections due to arti-
facts and other background structures may
occur. For automated detection to be a useful
tool, the false positive rate must be reduced
even further and, if they are to be incorporated
into a CAD system, the false prompt rates of
algorithms for other abnormalities must also
be reduced significantly.
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MRI detection of DCIS

Introduction

Initial experience with MRI suggested that
breast examination was not very useful as
there is overlap of T1 relaxation times of
breast parenchymal tissue, benign lesions
and malignant disease. Following the intro-
duction of intravenous gadolinium-based
contrast medium it was found that dynamic
contrast-enhanced breast MRI was very sen-
sitive to the detection of malignancy'. There
have been a number of publications indicat-
ing sensitivities of between 88 and 100% but
with variable lower specificity (Table 12.1).

The rapid leakage of contrast into the
extravascular, extracellular space in cancers
is responsible for the change in signal. The
local paramagnetic effects on T1-weighted
images shortening the relaxation time, result-
ing in increased signal, allows detection of
abnormalities, particularly if the high signal
from the adjacent fat is suppressed by using
either a fat-suppression technique or image
subtraction.

Lesion morphology, enhancement pat-
terns and signal change over time are used to
differentiate benign disease from malignant
tissue. Features suggesting malignancy are
an enhancing mass with irregular or spicu-

lated margins?. In a series of 56 malignant
lesions, 50 had these features, giving a posi-
tive predictive value for malignancy of 89%?2.
Benign masses have smooth or lobulated
borders and have non-enhancing internal
septations?. Lesions with these characteristics
and non-enhancing lobulated masses were
found to be benign in 52 cases, with a
negative predictive value for malignancy of
100%*. Smooth masses most often repre-
sented fibrocystic change, and lobulated
masses with non-enhancing internal septa-
tions were most likely to be fibroadenomas.
DCIS is the most common histological corre-
late of ductal enhancement, with a positive
predictive value of 40%. Enhancement in one
region of the breast (regional enhancement)
is usually due to fibrocystic change or malig-
nancy (PPV 42%). Of these malignancies, half
are DCIS and half are DCIS with an invasive
component?.

Enhancement patterns are also thought to
be important in improving benign/malig-
nant differentiation. In order to evaluate
lesion enhancement, images need to be
acquired every minute sequentially before
and after injection of contrast for up to 5-8
minutes. Large data sets are produced and
the limitation on the number of sequences

Table 12.1 Overall sensitivity and specificity of MRI

Author Year No. of No. of Benign Sensitivity  Specificity

patients cancers lesions (%) (%)
Heywang et al.?® 1989 150 71 27 98 65
Kaiser & Zeitler?” 1989 191 58 31 100 97
Harms et al.* 1993 30 a7 27 94 37
Oellinger et al.?® 1993 33 25 16 88 80
Gilles et al.%® 1994 143 64 79 95 53
Boetes et al.® 1994 83 65 22 95 86
Orel et al."® 1995 176 72 112 92 88
Bone et al.? 1996 231 155 95 93 73
Nunes et al.3! 1997 94 46 43 96 79
Kuhl et al.32 2001 192 15 100
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acquired dynamically is the capacity of the
software to process the data. The T1 signal
change can be plotted over time to demon-
strate the initial rate of contrast
enhancement, the peak signal and subse-
quent signal change.

Strong, early enhancement with a relative
signal increase of over 140% and a peak of
enhancement before 3 minutes is highly sug-
gestive of malignancy together with early
washout, i.e. a signal decrease of more than
10% following maximum enhancement.
Focal, irregular and non-homogeneous
enhancement or enhancement that follows a
ductal pattern is suspicious. Rim or centri-
petal enhancement, i.e. enhancement that
starts at the periphery and progresses
towards the centre of an abnormality, is
highly suggestive of malignancy. However,
it is becoming increasingly clear that both
enhancement characteristics and lesion mor-
phology are required to separate benign and
malignant lesions?.

MRI was initially not thought to be useful
in the detection of DCIS. With increasing
asymptomatic mammographic screening, the
proportion of DCIS cases had increased from
5% of all breast cancers to 15-20% of all
detected breast cancers and 25-30% of all
clinically occult cancers detected by mam-
mography®. Due to this increased detection
of DCIS, recent breast MRI series have
included larger numbers of DCIS and radiol-
ogists have also examined the utility of breast
MRI to improve the diagnosis in mammo-
graphically detected microcalcification.

MRI sensitivity and specificity
in DCIS

Most of the published breast MRI series have
been consecutive patients with either clinical
or mammographic abnormalities. DCIS has
been found together with invasive ductal
carcinoma and the sensitivity and specificity

for MRI for DCIS have been calculated as
a sub-analysis**!. MRI is performed for a
variety of reasons, usually suspicious
mammographic features, palpable lump on
clinical examination or newly diagnosed
breast cancer. DCIS tends to represent only a
small proportion of the patients in the series.
The cases are identified retrospectively and
then the characteristic features of DCIS are
analysed. In almost all of the series, the MRI
examinations are read with the knowledge
and availability of the mammograms, with
few series reporting the MRI examination
blind. Sensitivity of MRI for the detection of
DCIS in these series varies between 77% and
100%, the specificity varying between 28%
and 100% (Table 12.2).

The value of MRI as a problem-solving
tool in patients with mammographic micro-
calcification has been examined in two series.
Westerhoff et al.!> examined 63 consecutive
patients with suspicious isolated clustered
microcalcification to assess the additional
value of MRI in relation to surgical manage-
ment. In this cohort, 33 patients had DCIS,
five patients invasive ductal cancer and 25
patients had benign disease. The overall
accuracy of MRI was 56%), with 45% sensitiv-
ity and 72% specificity. The sensitivity for
detection of DCIS was 67%. In this series, the
MRI did not detect any additional disease
that had not been identified on mammogra-
phy and did not alter surgical management2.

A large, prospective two-centre study
included 172 women with isolated, clustered,
suspicious microcalcification. All were des-
tined for excision biopsy and examined with
dynamic contrast-enhanced MRI. Eight
malignant lesions were found, of which 58
were in situ cancers and 22 invasive carci-
noma. The remaining 92 women had benign
lesions. The overall sensitivity was 95% with
MRI detecting early enhancement in 56 of 58
cases of in situ disease®. However, while a
high sensitivity was achieved, the authors
concluded that specificity was poor, limiting
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Table 12.2 MRI detection of DCIS

Author Year No. of No. of patients Sensitivity Specificity
patients with DCIS

Gilles et al.® 1996 172 58 95% 51%
Bone et al.? 1996 231 17 82% 73%
Soderstrom et al.? 1996 22 22 100% -
Orel et al.” 1997 330 13 pure 77% —
Westerhof et al.?? 1998 63 33 67% 72%
Kuhl et al."® 1998 33 33 100% -
Nunes et al. 1999 192 1 90% -
Hiramatsu et al .3 1999 21 17 15/17 100%
Amano et al." 2000 58 26 19/26 -
Satake et al.” 2000 46 15 91% -
Viehweg et al.™ 2000 71 50 96% 28%

the value of MRI in distinguishing benign
and malignant mammographic microcalcifi-
cation.

Overall, the sensitivity of breast MRI in
detection of DCIS is lower than for invasive
disease. The reasons for this are complex and
are discussed below. Sensitivity is improved
if the mammogram is available to direct
attention to areas of suspicious microcalcifi-
cation. The specificity is variable and similar
to invasive disease.

Morphology of DCIS

DCIS typically displays clumped or linear
enhancement with a ductal distribution. Less
commonly, DCIS can show a spiculated
appearance or even ring enhancement,
although infiltrating invasive disease is more
likely to cause a spiculated appearance®.
Ill-defined or diffuse enhancement in a seg-
mental distribution tends to be the most
common finding. Satake, in a study designed
to compare ultrasound detection of intra-
ductal spread with mammography and MRI,
found three morphological patterns — linear,
regional and segmental enhancement, with

segmental and linear being the most com-
mon correlate of DCIS®. Nunes, in
attempting to correlate lesion appearance
with histological findings for a breast MRI
interpretation model, found 11 cases of DCIS
in a series of 192 patients. MRI detected 10 of
these 11 cases, four had ductal enhancement
(ductal is linear and branching), four
regional enhancement (where regional is
defined as diffuse, ill-defined pattern), one
irregular mass and one spiculated mass®.
Linear, spotty enhancement, an area of linear
enhancement, an enhancing area or mass
without distortion of the surrounding tissue
and a well-circumscribed mass have all been
found on MRI and reported in a series of 10
cases of DCIS™. The spectrum of DCIS mor-
phology is well demonstrated in Viehweg's
series of 50 patients. Of the 48 lesions show-
ing enhancement, the commonest appear-
ance was of an ill-defined area of enhance-
ment followed by a well-defined area, the
remaining lesions demonstrating a ductal
pattern (eight cases) and a diffuse area of
enhancement in five cases!. Segmentally
extended enhancement defined as vague,
faint and diffuse enhancement forming a
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segmental “cone” shape was found in four
pure DCIS lesions, and 10 predominantly
DCIS cases with multiple focal masses con-
fined to one quadrant were found in three
DCIS cases. No enhancement was found in
seven cases of DCIS associated with invasive
cancer'.

Fig. 12.1 A
Postcontrast T1-weighted
image with 3-cm invasive ductal
carcinoma showing
heterogeneous enhancement
and an irregular margin in the
lower outer quadrant of the
left breast.

Fig. 12.1B
Subtraction of pre- and
postcontrast T1-weighted
image improves conspicuity of
abnormal enhancing area
caused by invasive ductal
carcinoma. Regions of interest
drawn round the enhancing
tumour and also round
adjacent fat. The subtracted
image results in fat
suppression.

Fibrocystic enhancement patterns are
most likely to be confused with DCIS. Benign
proliferative changes are seen as fine stippled
enhancement®. Fibrocystic and proliferative
change appears as ill-defined irregular seg-
ment or region of enhancement which is a
common appearance of DCIS. In summary,
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Inage No:

Fig. 12.1C
Time signal enhancement curve
demonstrates rapid rise in
enhancement peak reached within 2
minutes and more than 10% wash out
immediately following peak
enhancement. The enhancement curve
is typical of invasive carcinoma (type IlI
curve). The background fat signal
shown by the dotted line shows a slow
steady rise in signal by approximately
10%.

Fig. 12.2 A
Wedge-shaped area of
enhancement seen at the

2 o'clock position of the
right breast on postcontrast
T1-weighted images.
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any focal area with diffuse ill-defined
enhancement should be considered suspi-
cious and investigated further. Enhancement
following a linear, branching or ductal pat-
tern should be considered suspicious of
DCIS. Rarely, a focal or spiculated mass
can be due to DCIS and this should be
remembered when reporting this type of
abnormality.

Fig. 12.2 B

Wedge-shaped segmental area
of enhancement on fat-
suppressed images created by
a subtraction of precontrast
T1-weighted images from
postcontrast T1-weighted
image.

Fig. 12.2 C

Adjacent slice with a rather
linear ductal pattern at the

2 o'clock position of the right
breast. On the left breast there
is an irregular lobulated lesion
at the 12 o’clock position
which was a further 1.2 cm
area of invasive ductal cancer.
The segmental area of
enhancement is due to DCIS.

Enhancement rate

DCIS enhancement rates can be very variable
with some lesions enhancing rapidly and
some slowly. Classically, invasive malig-
nancy enhances early and reaches a peak
within 3 minutes of injection time. Contrast
injection in the antecubital vein to breast
enhancement is thought to take approxi-
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Image No: 432

124

71

Fig. 12.2 D
Region of interest
drawn around
segmental area of
enhancement and
adjacent area of
background fat.

Fig. 12.2 E

Graph demonstrates signal change
over time. Images acquired at
1-minute intervals. Continuous line
shows slow continuous
enhancement over time with no
wash out. This type Il curve is
commonly found with DCIS as in this
case. Again, background fat shows
little change in signal over time.
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mately 46 seconds, although this will vary
with heart rate and rapidity of the bolus
injection. Hiramatsu et al. found that DCIS
tended to be slowly enhancing in 10 cases of
pure DCIS". In a larger series of 50 cases of
pure DCIS, enhancement was delayed in 65%
of lesions. The majority of cases showed
strong enhancement, with 16 showing
indeterminate enhancement and five low
enhancement, and in only two cases was
enhancement absent'®. Kuhl et al.’s'® series of
33 patients showed fast enhancement in
49%, intermediate enhancement in 30% and
delayed in 21% with all patients with DCIS
showing some enhancement. The time-
signal intensity curves showed type I,
steadily increasing, in 73%, with type II, early
rise and plateau, in 18% and type III, peak
with washout, in 9%, whereas invasive dis-
ease typically shows the reverse, i.e. 8%, 27%
and 65%, respectively'®. Similarly, in
Viehweg's series, only 4% of DCIS showed
the malignant washout pattern’.

In the differentiation of DCIS from benign
disease it is unhelpful to use enhancement
rates, as the rapid enhancement characteris-
tic of invasive disease is often not present in
DCIS. The enhancement patterns of benign
proliferative change tend to overlap those of
DCIS with slow continuous enhancement.
This can result in DCIS being overlooked. On
finding slow diffuse enhancement, it is
important to review the mammograms to
search for evidence of DCIS. Most authors
advocate interpretation of breast MRI only in
conjunction with the mammograms. If the
morphological changes are consistent with
DCIS then a biopsy should be considered. It
is important to retain a high index of suspi-
cion when diffuse enhancement patterns are
even. Timing of the examination is important
as during the second half of the menstrual
cycle the normal breast parenchyma can
show marked enhancement. Imaging is
recommended between days 6 and 16 of
menstrual cycle to reduce over-investigation

of parenchymal changes’”. HRT can cause
similar effects and it is suggested stopping
HRT 4 weeks prior to examination to reduce
the number of enhancing normal areas of
breast tissue.

Relationship between DCIS
tumour grading and MR
enhancement

There does not appear to be a relationship
between the grading of DCIS and the rate of
contrast enhancement, or even whether the
DCIS displays any signal change't. There is
no significant difference between the rate of
enhancement according to grade, the pres-
ence or absence of necrosis or microinvasion.
Although 76% of comedo DCIS showed focal
early enhancement, compared to only 50% of
non-comedo DCIS, no relationship between
contrast enhancement and tumour grade has
been found!. Again, in Orel’s series of 19
patients with DCIS (13 pure DCIS and six
DCIS with separate foci of invasive disease),
there was no correlation between grade of
tumour and enhancement. MRI detected
seven of nine cases with comedo high grade,
three out of six non-comedo intermediate
grade and three out of three non-comedo low
grade'®. Viehweg found ductal enhancement
more common in comedo-type DCIS (29%)
compared to non-comedo (12%). Comedo
DCIS was more likely to have early enhance-
ment (50%) compared to non-comedo (29%),
although none of these were shown to be
statistically significant®®.

Lack of enhancement is the reason for
most false negative cases in the literature.
False negative cases of both comedo and
non-comedo type DCIS have been reported’®.
Stomper et al. reported three false negative
cases, including a 4-cm area of comedo DCIS
with 1 mm of microinvasion, and a second 6-
cm area of comedo”. The one false negative
case in Sataki’s series was comedo DCIS in



MRI detection of DCIS

the sub-areolar area'®. The retro-areolar area
is notoriously difficult to assess on MRI as
well as mammographically. A 0.6-cm focus of
DCIS did not enhance and was the cause of
the one negative case in a series of 11
patients*.

It is important to be aware that not all
cases of DCIS enhance. As MRI is sometimes
used as a problem-solving tool to exclude
malignancy and, clearly, DCIS cannot be
excluded using dynamic contrast-enhanced
MRI as the negative predictive value is not as
high for DCIS as it is for invasive disease.

Can MRI accurately demonstrate
extent of DCIS?

The classical mammographic features of
DCIS are irregular, linear or branching micro-
calcifications with or without an associated
ill-defined soft-tissue mass with, rarely, an
ill-defined soft-tissue mass being the only
finding. Mammography can underestimate
the extent of disease, and this is a particular
problem if DCIS is part of multifocal or
multicentric pathology. The extent of DCIS
demonstrated on MRI has been shown to
correlate reasonably well with histological
assessment®>®12, Westerhof, in his series of 63
patients, found no additional disease on MRI
or at histological examination compared to
mammography?. Soderstrom et al., using the
fat-suppressed RODEO technique, found the
MRI estimation of disease extent concordant
with pathology in 22 cases, the only excep-
tion being one case of pure DCIS where MRI
overestimated disease extent — the clumping
pattern was found which correlated with
DCIS, fibrocystic change and sclerosing
adenosis. In the same series, mammography
enabled accurate prediction of disease extent
in 14 of 19 (74%) patients®.

While Gilles et al. found a significant
correlation between the size of DCIS and
histopathological analysis (r = 0.85, P =

0.0085), they found that there were some dif-
ferences in the correlation depending on the
type of enhancement pattern. When focal
enhancement was seen, there was a good cor-
relation with size at histological examination,
in 20 out of 26 patients, but in the remaining
six MRI underestimated the extent of disease.
Where there was early diffuse enhancement,
in only two out of eight patients was there
accurate histological correlation and, in the
remaining patients, MRI overestimated the
extent of DCIS. This was thought to be due to
adjacent proliferative disease (four patients)
or non-proliferative fibrocystic change®.

MRI has demonstrated mammographi-
cally occult DCIS. In one series of 15 cases of
DCIS found on MRI, five of the cases were
not detected by mammography®. Similarly,
in the series reported by Orel of 19 DCIS
cases detected on MRI, seven were mammo-
graphically occult and six of these had
multifocal disease (three in the same quad-
rant and three in a separate quadrant)”. In a
series of 33 consecutive DCIS cases, 20 were
mammographically occult?.

While MRI can demonstrate additional
disease, the false negative cases mentioned
in the previous section show that it is not as
accurate as histological examination.
On balance, MRI is probably as good as
mammography in demonstrating the extent
of DCIS.

Does type of sequence used
influence MRI detection of DCIS

Most breast MRI studies have been per-
formed on high field strength systems
(1.0-1.5T). These produce good signal-to-
noise ratios, allow spectrally selected fat
suppression and increase the T1 relaxation
times of tissues increasing the signal differ-
ence between native and contrast-enhanced
tissue.

Dedicated phased array breast coils allow
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excellent spatial resolution and, with modern
hardware and software, allow good temporal
resolution. These requirements are necessary
for the detection of small foci of DCIS. Fat
suppression is necessary to increase lesion
conspicuity as subtraction techniques are
hampered by patient movement which can
obscure small abnormalities. Bilateral breast
imaging is recommended due to high inci-
dence of bilateral disease (3—6%)?, either in
the axial or coronal plane.

A variety of strategies have been
employed to improve both detection of small
cancers and DCIS. This has mainly been by
improving spatial resolution and signal-to-
noise ratio. Use of contrast is necessary to
detect malignant lesions. The dose used is
normally 0.1 ml/kg, although some proto-
cols have recommended a double dose to
improve lesion conspicuity®. Ideally, voxels
less than 3 mm should be achieved by using
slice thickness <3 mm, with as small a rec-
tangular field of view as possible to reduce
volume averaging. Tl-weighted sequence
precontrast with postcontrast sequences
repeated up to 5-8 times are recommended
with each sequence lasting fewer than 60-90
seconds.

The detection of small foci of DCIS
appears to be improved by the use of fat-
suppressed  three-dimensional  volume
spoiled gradient echo sequences (SPGR).
Both Harms and Soderstrom have claimed
that three-dimensional rotating delivery of
excitation off resonance (3D RODEO)
sequence, which is fat-suppressed, has
improved contrast and spatial resolution. In
22 cases of DCIS, the true extent of disease
was demonstrated in 21 of 22 cases®. Harms
et al. demonstrated the value of this sequence
initially and demonstrated DCIS in all seven
cases?. It is thought that the magnetisation
transfer contrast inherent in the RODEO
sequence improves the contrast-to-noise
ratio between cancer and ductal tissue,
which reduces the effects of volume averag-

ing between DCIS and normal parenchyma.
Also it is claimed that the microcalcification
can be detected directly on MRI as it
produces magnetic susceptibility artefacts.
However, the susceptibility effects does not
help distinguish between benign and malig-
nant disease®.

New techniques have been introduced in
an attempt to improve the temporal resolu-
tion of breast imaging. Dynamic spiral MRI
achieves improved temporal resolution but
at a cost of lowering spatial resolution. The
7-10 mm section thickness leads to greater
volume averaging, resulting in decrease in
lesion detection. The technique therefore
needs to be combined with high spatial reso-
lution conventional fat-suppressed images.
With spiral MRI, the susceptibility artefacts
are greater due to the longer readout time
and the lack of magnetisation transfer sup-
pression of muscle and normal fibro-
glandular tissue. In six cases of DCIS there
was variable contrast enhancement. The
technique was very useful for utilising the
exchange rate constant to differentiate
benign from invasive disease but it was
not helpful in separating DCIS from benign
disease®.

Polarity-altered spectral and spatial selec-
tive acquisition (PASTA) technique for fat
suppression has been used with three-
dimensional fast spin echo sequences.
PASTA uses narrow band spectral selective
90° pulse to eliminate fat, and a reverse
polarity 180° pulse to avoid contamination of
fat signals from other sections. Ando
reported a series of 49 women imaged using
this technique, in which there were seven
DCIS cases®. The method detects tumour
vascularity directly instead of evaluating
pattern of enhancement and this could be
used as a surrogate marker of malignancy. In
the initial patients in the series, two-dimen-
sional fast spin echo sequences were used
with three to six slices 6-mm thick, but lat-
terly a three-dimensional fast spin echo
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sequence was used in the sagittal plane.
Maximum intensity projections are created
and peritumoural, intratumoural and mar-
ginal vascularity is documented. Intra-
tumour and marginal vascularity were
significantly more common in invasive dis-
ease than in DCIS but DCIS could not be
reliably differentiated from benign disease.

Conclusion

The sensitivity of MRI to detect DCIS is lower
than for invasive cancer, likely due to the
variable angiogenesis found with DCIS. The
most specific patterns are linear, clumped,
regional and segmental enhancement but
more commonly a diffuse, ill-defined pattern
is seen. Signal change following contrast
tends to be less than invasive disease but
greater than benign, proliferative changes.
The enhancement rate can be rapid but more
commonly is slow, continuing to rise or
plateau, with washout rarely seen. There is
no relationship to grade of in situ disease.
High resolution imaging is required to detect
DCIS together with a high index of suspicion
when dealing with ill-defined, diffusely
enhancing areas.
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The nature of breast tissue calcifications

A crystallographic perspective

The formation of crystalline and semi-
crystalline materials occurs extensively
within biological tissues due to natural bio-
logical processes, disease, drug therapies and
implants. However, detailed crystallographic
study of these organic and inorganic materi-
als has generally been very limited, with
perhaps the exception of bone. Traditionally,
crystallographers determine and examine
details of the regular atomic distributions
associated with crystalline solids by exploit-
ing diffraction phenomena. Measurements
of intensity distributions from diffraction
experiments are utilised to “solve” crystal
structures. Further information associated
with structural disorder (e.g. crystallite size
and “strain” and atomic substitutions), is
also available from diffraction data. Such
ultrastructural characteristics have marked
effects upon macroscopic properties and
behaviour of materials such as reactivity and
hardness. Crystallographic descriptions of
materials’ microstructures can provide
information about formation mechanisms,
formation environments and an indication of
how the crystals will interact with their
environment.

Frequently, crystalline materials associ-
ated with biological tissues are calcific
minerals. These have been exploited diag-
nostically when located in pathological
tissues such as the brain!, thorax?, liver?,
arteries?, joints® and retina®. The most com-
mon biological mineral, found in a wide
range of crystalline forms and body loca-
tions, is based upon the prototype structure
of calcium hydroxyapatite [Ca,,(PO,),(OH),].
In vivo it occurs with extensive ionic sub-
stitution, e.g. carbonate ions replacing the
indigenous hydroxy or phosphate ions and,
hence, it shall be referred to as b-HAP within
this chapter. This material forms the bulk of
bone and teeth. As expected after many years
of in vivo development, b-HAP has ideal

properties to behave as both an ion store and
mechanical composite matrix. However, this
apatite is also the most common form of
dystrophic and metastatic mineral.

Other than bone and teeth, the most well
known and studied human mineralisation is
associated with the urinary system (crystal-
luria and wurolithiasis), although the
crystalline constituents of uroliths are not
exclusively mineral in nature’. Uroliths have
been extensively structurally characterised
and found to consist of a wide range of crys-
talline materials that most often combine to
form elegant, laminar architectural macro-
structures.

Currently, an important part of initial
breast cancer diagnosis is based upon the
mammographic appearance of radio-opaque
deposits commonly thought to be calcifica-
tion. Such mammographically recognised
calcification has been used, for some time,
to indicate high-risk areas within breast
tissues®® and increased specificity may be
gained from magnification of the images'.
Indeed it has even been suggested that
medial calcific sclerosis of breast arteries may
also be diagnostic!! and that the shape of the
crystallites on mammograms can be instruc-
tive'2. The prognostic value of calcification
has also been examined and a significantly
greater number (twice as many) of lymph
nodes appear to be involved with tumours of
patients with calcification’®. This has sug-
gested the possibility of calcium deposition
being related to tumour cell metastasis.

Despite extensive diagnostic use made of
these deposits (albeit with a relatively low
specificity!4), the detail of their chemical and
structural composition has not been fully
determined. Thus, the clinical significance of
breast tissue calcifications as diagnostic indi-
cators of tumour type and stage is far from
being fully explored. Further, there is little
evidence correlating the type of calcification
to its mammographic appearance, e.g. the
linear and granular distributions that have
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been correlated to tumour subtype'®. Also
any relationship of calcific nature to histo-
logical classifications, such as that by
Maria Foschini'®, has not been established.
However, several studies have suggested
that the type of calcification formed may act
as a marker for malignancy and that simply
the presence of calcification may be of biolog-
ical significance; 5- and 20-year survival of
patients with calcifications has been found to
be significantly less than those without!” 1

Currently, there are several contradictory
and limited studies examining the diagnostic
ability of the chemical nature of calcifica-
tions. Undoubtedly there is significant
experimental confounding within and
between these studies due to differences in
sampling methods, specimen preparation/
storage and analysis techniques. Crystallo-
graphic characterisation of these calcifi-
cations would certainly go some way to
resolve many of these issues.

The aim of this chapter is to review the
crystallographic data related to breast tissue
calcifications and examine the implications
and value of this information for (a) breast
cancer diagnosis and (b) understanding the
natural history of the disease. This review is,
for the most part, observational but placed
within an appropriate context. The processes
and language associated with crystallogra-
phy and diffraction are also introduced.
Much of the initial background is presented
in relation to b-HAP as this undoubtedly
forms the majority mineral of breast tissue
deposits.

Crystallographic structures of
biogenic calcifications

The term “crystalline” is used to indicate the
presence of long-range atomic order within a
material. Within highly crystalline materials,
such as silicon wafers used by the semicon-
ductor industry, the regular arrangement of

atomic units can persist over several centi-
metres and crystallographic investigations
can be performed using single crystals. A
more common material form, “polycrys-
talline”, occurs when the crystal size
(typically 0.1-100 pm) is many times smaller
than the interrogating X-ray probe and many,
randomly oriented, crystallites are present
within the sample. Thus, although a high
degree of atomic order exists within each
crystallite, intercrystallite orientational order
is absent. However, in some solid materials,
the atomic order persists only over a single
molecule (e.g. glasses) and such materials are
referred to as “amorphous”. This should not
be confused with the frequent use of this
term to describe the visual and mammo-
graphic appearance of breast tissue deposits;
crystalline precipitates often form with an ill-
defined visual morphology. Between the
single crystal and amorphous extremes are
intermediate states including “nanocrys-
talline” materials in which the crystallite size
is only a few nanometers. In fact, bone min-
eral may be considered such a material and
its extensive ultrastructural disorder (typical
of all b-HAP) described by a “paracrys-
talline” model®.

Biological calcifications are typically
treated as polycrystalline, although it has
been asserted that in vivo precipitation of
amorphous calcium phosphate is a precursor
stage in the formation of b-HAP.

Diffraction data (upon which crystallo-
graphic characterisation is based) from single
crystal and polycrystalline forms are sig-
nificantly different in nature and in the
information that they can provide. For exam-
ple, single crystal studies tend to provide
relatively accurate and precise atomic posi-
tion and vibrational data, whereas data from
polycrystalline experiments, although possi-
bly not as precise, may also provide
crystallite morphology and other microstruc-
tural information. In particular, the “phase”
(see following paragraph) of a material is
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routinely identified from polycrystalline
data.

Conventionally, three-dimensional, atomic
distributions in crystalline materials are
reduced to a description of (a) the
morphology of the molecular repeating unit
or motif, known as the “unit cell” and
defined by “lattice parameters”, and (b) the
atomic species and atom positions (or
“sites”) within a single unit cell. These con-
cepts are illustrated, with reference to
calcium hydroxyapatite, in Figure 13.1.
Different crystalline materials are distin-
guished by differences in unit cell morphol-
ogy and/or cell contents. Unique atomic
distributions and cell morphologies are
identified as “phases”. Thus calcium
hydroxyapatite, calcium oxalate monohy-
drate (COM) and calcium oxalate dihydrate
(COD) are wunique crystalline phases.
However, within each crystalline phase,
subtle differences in stoichiometry (e.g. the
fraction of atomic sites occupied and atomic
substitutions) and lattice parameters fre-
quently exist. This is certainly the case for
b-HAP that is almost exclusively found with
hexagonal unit cell morphology — a phase

unit cell
0.4 nm

lattice
parameters

form of hydroxyapatite that is only sta-
bilised by the inclusion of impurity atoms®.

Usually, changes to unit cell contents effect
the lattice parameters.* For example, in the
range of biological interest, carbonate substi-
tution for the PO, ions of calcium hydroxya-
patite causes a contraction of the a-axisby 6.2 x
10~ nm/wt% and an expansion of the c-axis
by 2.3 x 10 nm/wt%?!. Other ionic substi-
tution effects in hydroxyapatite are indicated
in Table 13.1. Similar effects are also observed
when the hydration state of a material is
changed, for example in calcium oxalates.
Thus, accurate determination of lattice para-
meters can provide information on the precise
nature of the material. However, an inherent
difficulty of employing lattice parameters for
interpretation of b-HAP stoichiometry, is the
confounding effect of multiple heteroionic
substitutions that often must occur for charge
balance, e.g. when CO,* is substituted for
PO,* in calcium hydroxyapatite, then a sub-
stitution of Na* for Ca?* or loss of Ca is often
observed®. Heteroionic substitutions in b-
HAP are extensive. For example, a detailed
study? of an enamel apatite determined its
stoichiometry to be,

Fig. 13.1

Perspective view of HAP crystallographic
structure as seen along the c-axis (along the
O-H channels).

# It should be realised that much of the crystallographic data concerning hydroxyapatite is derived from the
synthetic preparations of the mineral. Interpretation of structural data corresponding to b-HAP is derived

from these synthetic studies.
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Table 13.1 Qualitative description of lattice parameter changes in HAP
resulting from ionic substitutions

lon Substitution Lattice parameter changes
CO,> PO, a'c
COo,> OH- azd
F- OH- a'c
Cl- OH- azc
Sr2+ Ca2+ aZ CZ
MgZ+ Ca2+ aZ c1
Mn2+ Ca2+ a'c!
Cd* Ca?* alc
Na* Ca% ac
Pb2+ Ca2+ a2 c2

174

2 indicates an increase and decrease respectively,

3 indicates no measurable change.

(Ca, ,Na, Mg, ,),(Ca ;Na, ;Mg ), (PO, (CO,), ;(OH), 54

(the I & II subscripts referring to different Ca
sites within the unit cell).

Small changes to stoichiometry and crys-
tallite microstructure often have a significant
impact upon crystallite—environment inter-
actions. For example, performance critical
parameters of b-HAP crystallites within
bone include their morphology and amount
of carbonate substitution. Morphology is
important for enzyme interactions, as these
are specific to particular growth surfaces of
hydroxyapatite?. Increased carbonate sub-
stitution has been shown to enhance
significantly the reactivity and dissolution of
synthetic hydroxyapatite in vitro*. Further,
the inflammatory properties of crystallites
within tissues have been shown to depend
critically upon the chemical and microstruc-
tural characteristics (e.g. specific surface
area) of the crystals®. The ability of HAP
crystals to lyse cell membranes has a similar
dependence®.

The formation conditions associated with
calcifications within breast tissues are impor-
tant to assess; the extracellular environment

in which crystallites form significantly affects
both the unit cell contents and crystallite
morphology. Thus, crystallographic detail of
calcifications may be exploited to indicate
local, dynamic changes in tissue physiology
and/or metabolism, i.e. disease onset. In
vitro studies have shown that changes to the
morphology of growing crystallites occur in
response to changes in environmental pH?.
An early study?® indicated a correlation
between the nature of the calcifications
formed and breast tissue pH. The pH is sig-
nificantly higher within breast ducts than
surrounding tissues and b-HAP direct pre-
cipitation requires an alkaline environment.
Further, calcification morphogenesis may
indicate if direct precipitation or phase trans-
formation (for example from amorphous
calcium phosphate) is occurring. Also
crystallite morphology is influenced by pref-
erential adsorption of proteins. In particular,
HAP has a high affinity for protein adsorp-
tion but this is often associated with
particular crystal faces. For example, bone
acidic proteins have been shown to adsorb
preferentially upon faces normal to the crys-
tallite c-axis where calcium ions present a
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regular arrangement?. A consequence of this
is preferential growth along the c-axis.

It is highly likely that the histopatho-
logical appearance of breast calcifications is
directly influenced by the precise nature of
mineral. For example, the granular and lami-
nar calcifications of DCIS characterised by
Foschini et al.' are clearly indicative of
different crystallite growth environments
and growth processes. Thus the crystallites’
crystallographic features will inevitably be
different. Although not specific to breast tis-
sues, a comprehensive review of biological
crystal formation in pathological tissues is
provided by Daculsi et al.?.

Characterisation of
calcifications

When considering the microscopic and ultra-
structural characterisation of biological
tissues, it is important to appreciate the
precise nature of information generated by
various analytical methods. Traditionally,
histopathological examination of tissues
does not warrant the use of techniques that
provide high specificity for crystalline phase.
Stains such as Von Kossa and alizarin red,
frequently used in the examination of breast
tissues, are able to indicate high calcium
concentrations and even provide a degree
of phase differentiation through the use of
further stains such as silver nitrate/rubeanic
acid and H&E safranin. However, specificity
is low and it has been suggested that tradi-
tional histopathological techniques can alter
the hydration states of materials. Further,
specimen storage methods may have a sig-
nificant influence upon the inorganic tissue
deposits®. The optical appearance of calcifi-
cations is certainly not phase-specific and,
even using polarising microscopy, it can be
misleading, for example when birefringency
is thought specific for COD'. A critical eval-
uation of the use of polarising microscopy for

breast tissue calcification has recently been
provided by the mineralogist Jill Pasteris,
who concluded that there was significant
misapplication of technique and misleading
mineral identification within pathology
literature3!.

Scanning electron microscopy (SEM) is an
increasingly common and versatile analysis
tool that can be applied to histopathological
slides with little specimen preparation.
However, in its usual imaging mode it suffers
from the same specificity limitations as opti-
cal microscopy although it has significantly
greater sensitivity. It has been recently
shown?? that SEM may detect calcifications
missed by histopathology and, thus, it is
highly likely that the frequency of calcifica-
tion within breast and other tissues is
significantly greater than currently reported.
SEM studies tend to report crystalline
deposits as a range of forms, from large
aggregates to very small, fine needles. This
clearly indicates differences in formation
mechanisms and/or environments.

Most electron microscopes are modified to
accommodate detectors that measure X-rays
produced from the interactions between
probe electrons and atoms within the sample.
The energies of these X-rays are characteristic
of the atoms within the specimens and thus
this technique (known as electron beam
microprobe, EBM, or X-ray microanalysis)
provides information concerning the atomic
species within tissues. It is occasionally,
and unfortunately, confused with X-ray
diffraction®. Although EBM is not easily
quantifiable, it has been previously applied
to breast tissue calcifications* where Ca/P
ratios ranged from 1.5 to 1.7. Often it is
mistakenly suggested that the technique is
specific for phase; for example, calcium
phosphates are distinguished from calcium
oxalates simply by the presence or absence of
P. However, the technique operates inde-
pendently of the nature of the material;
crystalline and amorphous solids are not
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distinguished. A notable, extensive study of
breast tissues was undertaken by Benjamin
Galkin® who examined discrete tissue
deposits from mastectomy specimens. The
study surprisingly concluded that many of
the smaller deposits did not contain any cal-
cium but a wide range of elements such as
silicon and iron. The significance of this work
remains unclear and the role of such deposits
in calcification development is unknown.
However, as a note of caution, due to the
high sensitivity of this technique the poten-
tial for contamination from specimen
processing is high.

A third type of electron microscope exam-
ination is the use of electron diffraction.
Although specimen preparation is difficult,
this method is specific for crystalline phase.
However, its application to breast tissue
deposits has been very limited. Tornos et al.*
applied a combination of techniques that
included electron diffraction (to a single
specimen) from which calcium oxalate
monohydrate crystals were identified. A
similar, earlier study®” of a single histo-
pathological section containing crystallites
indicated a good crystallographic match to
b-HAP.

A technique often used by mineralogists
and, in particular, crystallographers study-
ing bone mineral, is that of infrared (IR)
spectroscopy. Through the determination of
preferential IR absorption bands by bonded
atoms, specific molecular species can be
identified. This has been previously applied
to breast tissue calcifications to demonstrate,
in three cases, the presence of calcium oxalate
dihydrate®. Recently, and increasingly, there
has been a more extensive use of IR spec-
troscopy for examining biological systems, as
the analysis probe can be formed within an
optical microscope system®. Recent work®
has demonstrated significant differences
between the organic components of normal
and malignant breast tissues. However, due
to the complex nature of the specimens, it is

difficult to assign differences to specific
changes in the tissue chemistry.

The greatest phase specificity undoubt-
edly derives from diffraction methods. The
most common diffraction probes are X-rays
with a wavelength of approximately 0.1 nm,
although neutron diffraction is generally also
well utilised. However, X-ray diffraction
measurements have rarely been performed
on breast tissue materials, although they
routinely provide definitive phase informa-
tion within a wide range of fields such as
mineralogy, forensic and materials science.
Further details are provided in the following
section.

In summary, and from a crystallographic
perspective, despite the probable signifi-
cance of phase and microstructural
characteristics of deposits forming within
biological tissues, there have been very few
definitive studies, using appropriate (phase-
specific) analytical techniques, of breast
calcifications. This has resulted in a common
belief, propagated through contemporary
literature, that the phases of breast calcifica-
tions are well known. The principal sources
of evidence upon which this belief is based
are summarised in Table 13.2 and comprise
92 patients from a narrow target population.
None of the experimental data were collected
with sensitive detectors and no analysis
beyond phase identification has ever been
performed. Further, most of the specimens
examined were only representative of
“mature” calcification.

X-ray diffraction

X-ray diffraction is a coherent scattering
process that occurs when X-ray photons pass
through any material. In fact, these scattered
photons and the information contained
therein are produced during all routine radio-
logical examinations. However, as they do
not directly contribute to image formation,
they are disregarded. Crystallographically,
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Table 13.2 Investigations where phase specific methodologies have been employed to examine breast
tissue calcifications

Experimental probe Recording medium  Specimens Reference

X-ray diffraction Film Three cases, all carcinoma 28

X-ray diffraction Film 11 patients, malignant and 60
benign

X-ray diffraction Film 49 patients, range of 43
pathologies

X-ray diffraction Film 23 patients, range of 44
pathologies

Electron diffraction Film One specimen (?), carcinoma 37

Electron diffraction Film One specimen, preselected 36

birefringent

Infrared spectroscopy  Digital Three cases (sections), single 38

crystals extracted

all the structural information is provided by
these photons.

For examination of biological minerals
there are several key characteristics that can
be derived from diffraction data. As is typical
of many analytical techniques, X-ray diffrac-
tion data from polycrystalline materials may
be reduced to a pattern (“diffractogram”)
containing intensity maxima at specific
angular positions, 6, around the specimen
(see inset of Fig. 13.2). The angular position
of each diffraction maxima is related simply
to the interrogating X-ray wavelength, A, and
the perpendicular distance between atomic
planes within the sample material, d,
through Braggs’ Law,

A = 2dsin®.

The integrated intensities and peak positions
are unique for each crystalline phase and
thus may be exploited for phase identifica-
tion. Even when the chemistry is similar, e.g.
COD and COM, the diffraction patterns are
quite distinct (see Fig. 13.2). Accurate deter-
minations of lattice parameters can be
obtained from the peak positions and thus
small changes in stoichiometry revealed and

quantified. Modern digital technologies (e.g.
area or “moving point” detectors) for record-
ing diffraction data have all but replaced film
as a recording medium and thus errors from
film processing, insensitivity etc. have been
significantly reduced.

Microstructural information is inherent
within the shape of each diffraction maxima.
If crystallite dimensions are less than about
0.2 um (which is the case for most b-HAP)
then the diffraction peaks become broadened
in a systematic manner. At these dimensions,
optical microscopy and even SEM becomes
very limited. Anisotropic broadening
between different maxima may be employed
to determine average crystallite morphology.
A confounding effect, however, is that of
small, local variations in lattice parameters
(referred to as “microstrain”) caused by dis-
ordering effects such as stoichiometric
gradients, which also broaden the diffraction
maxima. A diffraction peak may thus be
broadened by finite crystallite size or micro-
strain, or more likely for biological
calcifications a combination of both. For
example examine the bone diffraction data
presented in Figure 13.2 compared to that of
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the synthetic calcium hydroxyapatite. The
peaks within the bone data are markedly
broader than those of the structurally more
“perfect”, stoichiometric synthetic material.
Fortunately, there are several analytical
methods that may be applied to diffraction
data to separate these effects and provide
estimates of crystallite size and microstrain®'.
Diffraction data are also sensitive to the
orientation distributions of crystallites with
specimens. This is important, for example, in
the mechanical functionality of bone that
is dependent upon the preferred growth
directions of the mineral crystallites.

phases. Inset shows the conventional
X-ray diffraction geometry.

Finally, the integrated intensities of dif-
fraction peaks contain information con-
cerning the contents of the average unit cell.
Thus, by using these data, a complete struc-
tural model of the unit cell may be derived
and refined. In the case of calcifications it is
the model refinement that is of most value, as
the structural prototype for b-HAP is well
known. The refinement process for polycrys-
talline materials is commonly known as the
Rietveld method and information about pre-
cise atomic positions (and therefore
distortions) and site occupancies (e.g. Ca
deficiencies) may, in principle, be obtained.
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Although diffraction analyses are utilised
extensively outside the field of medicine,
there are limitations in their use applied to
biological tissues. Although diffraction is
highly phase-specific, with conventional,
laboratory X-ray sources, the technique is not
highly sensitive and only provides spatial
averages. This can lead to ambiguity when
analysing homogeneous materials such as b-
HAP. With optimum laboratory conditions a
phase determination of calcific materials
requires at least ~10 ug of material. In the
context of breast tissue calcifications, how-
ever, the total mass of mineral in, for
example, a typical core-cut biopsy specimen,
is relatively small and may be dispersed
through a relatively large mass of organic tis-
sue. Further, with a small crystallite size and
low structural symmetry (resulting in large
numbers of diffraction maxima), unambigu-
ous phase identification and microstructural
characterisation is challenging, due to sig-
nificant numbers of overlapping diffraction
peaks. Undertaking diffraction experiments
using pathological slides is not feasible, due
to the limited mass of crystalline material
and because the embedding wax (even when
apparently removed using xylene) produces
a strong diffraction signal masking that of the
deposits. However, early work using X-ray
diffraction®?** examined mammary calcifica-
tions removed by microdissection. COD was
identified from the diffraction data, although
actual specimen numbers and any crystalline
HAP identification were not made clear in
either of the studies. Further early diffraction
data were also collected from dissected
deposits and were determined to consist of
COD, HAP and amorphous calcium phos-
phate. However, the distinction between
small quantities of truly amorphous and
poorly crystalline materials is very difficult.
Perhaps the most comprehensive and sensi-
tive X-ray diffraction work to date was that
of Fandos-Morera et al.*. Using a specialised
diffraction camera, Fandos-Morera et al.

examined crystals that had been chemically
isolated (aggressively?) from breast tissue.
Phases identified were b-HAP, calcium
oxalate (hydration state not provided), oxalic
acid, calcite and aragonite.

Thus although, in principle, diffraction
can provide a large number of mineral char-
acteristics; in practice for biogenic deposits, a
great deal of care is required, both in data col-
lection and interpretation. However, it is one
of very few, truly phase-specific methodolo-
gies and thus one that must be adopted if this
information is required. Therefore, recent
research has involved the use of specialist
radiation sources such as synchrotron radia-
tion described below.

Synchrotron radiation studies

The use of synchrotron radiation (SR) is not
widespread in the field of medicine and, in
fact, few health care professionals have even
heard of it. SR sources provide multiple,
extremely intense and tuneable beams of
photons over a wide range of energies from
IR through to hard X-rays. Its advent has
revolutionised many experimental tech-
niques and SR is increasingly being applied
across many fields from macroscopic imag-
ing to molecular dynamics. It has spawned
several methods for studying live and wet
tissue samples yielding information on both
structure and composition on all length
scales down to atomic resolution. Such tech-
niques have played a crucial role in the
development of molecular biology and the
solution of protein structures. The applica-
tion of SR in the field of radiology is now
expanding and it is clear that very substantial
improvements in image quality and patient
dose can be realised.

Although there are currently more than 50
SR sources world-wide (for example, see Fig.
13.3), the use of SR for medical research is
still for the most part, in its infancy. The
applications of SR to medicine are many and
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varied. The use of SR sources offers the

potential for considerable improvements in
some of the techniques already routinely
used in medicine, and also makes possible
entirely new procedures. Some of these tech-
niques can be applied in vivo, whilst others
are more suited to in vitro studies that are
therefore potential constituents of the pathol-
ogist’s tool kit.

The properties of synchrotron radiation
can be summarised as follows:

® very high intensity

a broad and continuous spectrum from
infrared to X-rays

natural collimation

small source size

high polarisation

pulsed time structure.

It is the combination of these properties that
makes SR a unique and vastly superior X-ray
source than conventional sealed tubes for a
very wide range of scientific and technical
applications. In particular, the high-intensity,
natural collimation and continuous spectrum
makes possible the production of intense,
tuneable, monochromatic beams of radiation

Fig. 13.3
The European Synchroton Radiation
Facility sited at Grenoble, France

which simply cannot be produced in any
other way. The selection of a small wave-
length band from the broad white radiation
spectrum is achieved by using monochroma-
tors fabricated from “perfect” single crystals
that exploit Braggs law (see the section on X-
ray diffraction).

The traditional and most frequent use of
SR has been for X-ray diffraction experi-
ments. These have played a major role in the
development of molecular and structural
biology, areas that are set to expand further.
The human genome project alone is likely to
identify in excess of 10 000 proteins, many of
which will have to be structurally analysed
in order to determine their function. The
structure of a protein has a major effect upon
its functionality and knowledge of protein
sequence is not sufficient to predict its
function. Molecules pack in crystals in a non-
random manner and are governed by the
same rules that apply when the molecule
binds to its macromolecular receptor. The
results of high-resolution structure analyses
based upon X-ray diffraction studies of crys-
tals, provide information that is invaluable
for modelling drug-receptor binding. Drug
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design on the basis of this information is
in its infancy, but has accelerated in recent
years as a deeper understanding of the
required structural principles has begun to
emerge.

SR X-ray diffraction is not restricted to the
study of crystalline materials but can also
yield a wealth of information on fibrous
tissues and even solutions, where small and
weakly scattering or dilute samples can still
produce useful diffracted intensities. Most
biological systems have some degree of spa-
tial ordering and SR X-ray diffraction can still
be used to provide extremely useful struc-
tural information. This type of diffraction is
known by the generic term of non-crystalline
diffraction, and there are a large number of
medically significant projects taking place
throughout the world, including studies of
protein folding, tubulin assembly and trans-
dermal drug delivery. Specific examples of
studies of fibrous biological tissues include
examinations of the cornea®® (which has a
stromal region of stacked lamellae, each
being composed of a parallel array of colla-
gen fibrils) and muscle®. A further example
relevant to breast structures is described in
greater detail below.

Radiological applications of SR have
recently included development of several
imaging modalities. These include coronary
angiography (including dichromography),
bronchography, multiple energy computed
tomography, and fluorescent computed
tomography. All have been shown to pro-
duce high quality images in vivo, with future
exploitation expected to provide new
insights into diagnosis and disease progres-
sion. Radiotherapy applications, exploiting a
novel approach using multiple SR micro-
beam applicators, have shown remarkable
results in terms of cellular survivability when
compared to conventional methods. Both the
imaging and therapeutic applications of SR
have been comprehensively reviewed by
Lewis?.

Mammography with SR

Using conventional mammography, lesions
of less than 2-3 mm are very difficult to
detect. The dedicated mammography X-ray
sources are operated at 25-30 kVp. The spec-
trum from such sealed tubes consists of two
fluorescence lines at 17.4 and 19.6 keV super-
imposed upon a Bremsstrahlung continuum.
The characteristic lines themselves represent
only 25% of the total flux. Whilst the opti-
mum energy for mammography is known to
be in the region of 17-21 keV (it varies
slightly with breast thickness and density),
the continuum of radiation above 20 keV
produces a diffused background in the
resulting radiograph that serves onmly to
diminish contrast. It was reported in 19924
that tuneable monochromatic SR beams
offered the potential to image the breast with
higher contrast and perhaps a lower dose
than is possible with a conventional mam-
mography set. The basic principle is
illustrated in Figure 13.4(a). The monochro-
maticity of SR results in all the incident
photons usefully contributing to the image
and the inherent collimation of the beam
allows slits to be placed both before and after
the breast thereby greatly reducing scatter.
The image is constructed by scanning the
patient or possibly the beam.

The first tests on phantoms and excised
breast tissue, performed at the Adone SR
source in Frascati*, demonstrated that
images of higher contrast could be recorded
with a similar or lower dose than on a con-
ventional mammography set. Subsequent
work with phantoms® has shown that 20-
keV SR images have comparable contrast to
those obtained in conventional mammo-
grams but with a skin dose that is 10 times
smaller. At 17 keV, substantially higher con-
trast is obtained with less than half the skin
dose for a conventional mammogram. Our
work on the UK’s SR source at Daresbury has
recently confirmed these results’. To fully
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establish the potential of this technique, a
dedicated mammography beamline is being
built on the “ELETTRA” SR machine at
Sincrotrone Trieste, Italy®2.

A very exciting recent development is the
latest work at the National Synchrotron Light
Source (USA). Termed diffraction-enhanced
imaging (DEI), a second analyser crystal is
placed after the breast tissue which then
transmits only those photons having a spe-
cific energy (see Fig. 13.4b). Not only does
this system have excellent scatter rejection,
it has been used to produce some quite
spectacular contrast enhancements by using
the analyser to select those photons which
have been very slightly deviated from the
beam?3.

It has been demonstrated that with SR,
and particularly DEI, greatly improved spa-
tial and contrast resolution can be achieved
and thus there is the potential to detect and
characterise calcifications during mammog-
raphy. This may therefore result in higher
sensitivity and specificity for diagnosis,
based upon appearance rather than simply
distribution of the calcifications.

- Detector
i o S, E

Fig. 13.4

Mammography using Synchroton
radiation. Both of the systems
illustrated utilise a tuneable
monochromatic beam and slits to
reject scattered radiation. In (b) an
analyser crystal is used to enhance
scatter rejection and improve
contrast.

Breast tissue collagen
organisation

In a current research programme at the
Daresbury SR source, breast tissue samples
are being studied by X-ray diffraction. It is
hoped that the work will determine whether
differences at the molecular level, in the tis-
sue surrounding tumours, can be observed
by diffraction techniques. Work is concen-
trating on collagen structure, calcifications
and adipose tissue. Recently we have been
examining collagen structures within breast
tissues using small angle X-ray scattering
(SAXS) to characterise collagen’s supramole-
cular ordering. The rationale for this work is
based upon observations that breast tumours
display aberrant collagen organisation in the
tumour stroma®%. Furthermore, extensive
alteration of the extracellular matrix has been
observed in invasive colorectal carcinomas
where the collagen derangement is attrib-
uted to both enzymatic degradation and
altered neosynthesis.

Our results thus far have demonstrated
that highly significant differences can be
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detected in the collagen order and atomic
spacings of normal, malignant and benign
breast tissues®.

Perhaps, more importantly, it appears that
these differences are detectable several cen-
timetres away from the lesion. An example of
the SAXS data is presented in Figure 13.5,
which illustrates the marked difference
between normal and malignant breast tis-
sues. We are currently pursuing further work
involving larger patient numbers and a
wider range of tumour types.

Crystalline materials within
breast tissues

The difficulty in describing the crystallo-
graphic details of breast tissue calcification
is that they are simply unknown. The real
significance and formation mechanisms of
breast calcifications are also unknown
although it has been suggested that the
difference between lamellar and granular
architectures is due to calcium precipitation
in either proteinaceous or cellular environ-
ments respectively'®. Thus only a brief
outline of current evidence is provided
below. There are probably a number of differ-
ent formation mechanisms in breast tissues,
some passive (related to necrosis) and some
active. These inevitably produce a range
of phases and mineral stoichiometries.

Fig. 13.5

2-dimensional, small angle X-ray
scattering distributions from breast tissue
core-cut biopsy specimens of (a) normal
tissues and, (b) malignant tumour tissue.
Note the lack of well defined diffraction
maxima in (b) indicating the loss of
ultrastructural order. The dark
rectangular central region is a lead
absorber to stop the direct beam
reaching the detector.

Generally, formation processes and models
have been inferred from the location of the
calcifications within tissues rather than tissue
chemistry and calcification crystallography.
Perhaps the most fundamental (and, on the
whole, currently lacking) crystallographic
information is simply the phase of material
being formed.

Specific interest in the crystalline phases
forming within breast tissues has previously
arisen, principally due to:

1. Understanding discrepancies between
radio-opacities seen on mammograms
and those observed during histopathol-
ogy. This has been ascribed partly due to
difficulties observing what is assumed to
be COD in biopsy specimens (normal
histopathological stains are ineffective)
and its apparent preferential loss during
sectioning?.

2. Assessment of the diagnostic value of
crystalline phase. It is often assumed that
breast calcification phase is either (i) cal-
cium oxalate dihydrate, formed perhaps
as a result of secretory activity of epithelial
cells® and/or neoplasia, or (ii) dystrophic
calcium hydroxyapatite®®. However, care-
ful examination of the definitive evidence
(i.e. phase-specific) upon which this
assumption is founded (see Table 13.2)
reveals several unsatisfactory features of
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the data. These include very small speci-
men numbers, confounding specimen
preparation methods and highly selective
tissue types (only very mature/large
deposits have thus far been studied).

The association of calcium oxalates with
benign disease or LCIS is in contrast to an
association of b-HAP with both benign
and infiltrating carcinomas.®® Thus some
diagnostic value may be directly attribut-
able to phase. However, the detailed
diffraction work of Fandos-Morera* did
not coincide with this generally held view.
Perhaps a further difficulty here is the
complete lack of any genuine “control”
data arising from non-diseased breast
tissues.

3. Examining the effects of silicone pros-
thetic devices to determine the likelihood
of silicate deposition and toxicity of silicon
based minerals®"5.

The b-HAP of breast tissues is undoubtedly
non-stoichiometric and it is highly likely that
the “amorphous calcium phosphate” often
referred to within current literature is actu-
ally crystalline b-HAP. It is probably the most
frequently observed calcific phase within
breast tissues, where it may appear as
opaque, basophilic deposits with small crys-
tallite size. It has also been referred to* as a
“type I1” calcification and exclusively (proba-
bly mistakenly) associated with infiltrating
carcinoma®. It has been suggested that b-
HAP is the result of any pathological
alteration of breast tissue, whereas the
formation of other phases may suggest a
specific tissue change.

In contrast, calcium oxalate dihydrate
(mineral name “weddellite”), probably tends
to form relatively large polyhedral and bire-
fringent crystallites. It has been referred to as
“type 1" calcifications and its presence has
been associated with lobular carcinoma in
situ or benign lesions (including apocrine
metaplasia). Although its most common for-

mation route is through oxalic acid, this is
rarely observed to crystallise in breast tis-
sues. This, of course, may be a consequence
of the non-phase-specific analytical tech-
niques employed.

Although calcium oxalate dihydrate is an
end point of metabolism (there are no oxalate
degenerative enzymes in humans), oxalate
resorption has been demonstrated in renal
and postmortem thyroid tissues®. Any such
resorption would inevitably result in tissue
changes in response to the liberation of toxic
oxalate ions. Calcium oxalate dihydrate is
more unstable thermodynamically than the
monohydrate phase. In other biosystems,
COD has been shown to convert to the mono-
hydrate forms unless stabilised®. Perhaps
surprisingly, calcium oxalate monohydrate is
rarely reported to be found within breast tis-
sues. Within the thyroid it has been
suggested that examination of (what is
assumed to be) COD, features may indicate
the functional state of lesions®. Within occu-
lar tissues, dystrophic oxalosis has been
ascribed to the presence of intraocular ascor-
bic acid®® and activity of the retinal pigment
epithelium®.

Through a careful examination of previ-
ous investigations, there would appear to be
some evidence for a range of phases formed
within breast tissues. These are listed in Table
13.3. The majority of these are not regularly
reported, due to the low specificity of the
methods routinely employed to examine
breast tissues and, perhaps, destructive spec-
imen processing techniques. If indeed there
is a wide range of crystalline phases being
formed then undoubtedly specific crystalli-
sation mechanisms are responsible.

Formation mechanisms

For any physiologic or pathologic crystal
deposition, a sequence of fundamental
events involving tissue changes must occur.
These include a local increase in ionic
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Table 13.3 Phases reportedly identified within breast tissues

Chemical name Chemical formula Mineral name Reference
Calcium hydroxyapatite Ca,(PO,),(OH)" Dahllite 60
Calcium oxalate dihydrate Ca(C0,),2H,0 Weddellite 60
Calcium oxalate monohydrate Ca(CO,),2H,0 Whewellite 36
Calcium oxalate Ca(Co,), = 44
Calcium carbonate CaCo, Calcite 44
Calcium carbonate CaCo, Aragonite 44
Oxalic acid C,H,0, = 44
Tricalcium phosphate Ca,(PO,), Whitlockite 28
Amorphous CAP Ca,P, = 60

"Refers to b-HAP, dahllite being carbonate substituted HAP. Where multiple reference sources are available
(e.g. in cases when b-HAP is reported), only one is provided.

species, a change in pH and the formation of
a deposition nucleator or promoter®. The
nature of these events in breast tissue has not
been established. Pathologic b-HAP is often
correlated with the presence of membrane
debris such as that found associated with cell
necrosis. However, in many studies the
cause—effect direction has not been estab-
lished; studies have been unable to
determine if crystals cause necrosis or
necrotic tissue facilitates crystal growth®.
Further, within breast tissues, many of the
crystalline deposits, particularly formed
from relatively small crystallites, are not
associated with areas of necrosis, although a
characteristic of all necrotic breast tissue is
that it absorbs calcium.

The apparent similarity between the b-
HAP formed within breast and that of osteo
tissues, has prompted several studies exam-
ining common features of the formation
mechanisms. However, calcific phase deposi-
tion in breast tissues is unlike “normal”
ossification, as breast calcification is not
uniquely associated with collagen and, in
any case, the collagen of breast carcinoma
tissues does not possess the structural
order required to support ossification®®®.

Nonetheless, several bone matrix proteins
have been identified at raised concentrations
in malignant lesions and calcified tissues.
Macrophages rather than tumour cells, that
have been shown to express osteopontin”
(this has a high binding affinity for HA), have
also been associated with necrotic areas of
breast tumours, although this is not unique
to breast tissues’’. Further, it has been
recently demonstrated” that breast cancer
cells express bone sialoprotein (normally
associated with bone mineralisation and
remodelling) and this may be used as a
potential indicator of the ability of the cells to
metastasise to bone. An early stage marker
for this is likely to be calcification.
Intriguingly, it has also been suggested that
such bone matrix proteins, produced by
breast cells, may further be responsible for
the high osteotropism of breast cancer cells
and a molecular basis for this, based upon
interactions between metastatic cancer cells
and osteoclasts, has recently been pro-
posed”.

Other indicators of specific formation
mechanisms that involve active protein par-
ticipation may be derived from elemental
analyses of specimens; many enzymes
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require metallorganic cofactors. Such studies
have shown that several elements, including
Mg and Zn”™, are significantly elevated
within cancerous tissues. It is well known
that Mg has an inhibiting effect on the con-
version of amorphous calcium phosphate to
hydroxyapatite. Other elements such as
silicon may also be implicated in specific
formation mechanisms.”

Another facet to breast tissue—calcification
interactions has been developed through the
careful examination of calcium phosphate
crystallites associated with osteoarthritic
joint disease. Here a clear link between the
presence of basic calcium phosphate crystals
(these include b-HAP, octacalcium phos-
phate and tricalcium phosphate) and the
degree of cartilage degeneration has been
established”. The causal nature of this link
has been shown to be probably due to the
apparent ability of b-HAP crystallites to
induce mitogenesis and secretion of matrix
metalloproteases””8. It has also been demon-
strated that human articular cartilage matrix
vesicles can be stimulated to produce crys-
talline calcium pyrophosphate dihydrate if
exposed to adenosine triphosphate (ATP)
and b-HAP crystals without ATP7?.
Recently, a genetic basis for control of tissue
calcification through regulation of cellular
pyrophosphate levels in a mouse model has
been postulated®!. The consequences of these
recent findings for calcification of breast tis-
sues are unclear. No pyrophosphate phase
has ever been reported observed within
breast tissues.

In summary, breast tissue is a complex,
dynamic chemical environment that, in prin-
ciple, enables the formation and resorption of
a range of inorganic crystalline deposits. It is
clear that currently there are no satisfactory
mechanistic models for the formation of
breast tissue calcifications and no definitive
data relating the deposition of specific
inorganic phases to the aetiology and devel-
opment of breast disease. There is, however,

a growing body of circumstantial evidence
that may form the basis of such a model and
there is certainly a central role to be played
by the calcification ultrastructure within any
such model.

Work in progress

The crystallography of breast tissue calcifica-
tions is important (a) to assess the diagnostic
and prognostic potential of the calcific struc-
tures and (b) to help map the natural history
of disease processes, through premalignant,
cancerous and metastatic stages. In selecting
appropriate data collection and analysis
techniques, both specificity and sensitivity
need to be assessed. Ideally the calcifications
should be examined within the tissues in
order to retain any spatial relationship
between them. Thus, correlation and corrob-
oration with histopathological data would be
possible. We are unaware of any such studies
that have been performed and even the detail
that arises from diffractometer experiments
is rarely, if ever, reported.

Our recent work has involved diffraction
characterisation of a range of breast tissues.
We have used small angle diffraction to
study changes to collagen with malignancy
(see previous section) and wide angle diffrac-
tion to study the nature of calcifications.
Although not yet attempted with breast tis-
sues, in principle, these two measurement
regimens may be combined into a single
experiment.

Our diffraction studies of calcifications
have included the examination of both dis-
sected crystalline masses and core-cut biopsy
specimens containing crystallite populations.
The dissected samples were studied in the
laboratory using conventional powder dif-
fraction measuring facilities. The b-HAP data
from breast tissue deposits (see Fig. 13.6b)
was subsequently compared to that from
other biogenic calcifications (bone, ureteric
calculi and aortic medial calcification) using
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the Rietveld refinement method. Although
specimen numbers were limited, it was
apparent that the breast calcification was
something of an extreme mineral, possessing
the greatest lattice parameter (along the c-
axis) and smallest crystallite size®2. The full
significance of this will be realised as further
data become available. However, it may be
related to differences in the initial deposition
mechanisms. Further preliminary work (as
yet unreported) employing synchrotron radi-
ation examined, for the first time, core-cut
biopsy specimens. Utilising a small (0.5 x 0.5
mm) incident X-ray beam, each unfixed
specimen was oscillated through the beam,

ensuring complete illumination during 30-
minute data collections. An image plate
recorded the diffraction data (see Fig. 13.6a),
which was subsequently reduced to one-
dimension by radial integration. A phase-
matching routine indicated the presence of
b-HAP and other, as yet unidentified crys-
talline materials that do not appear to
correspond to those within Table 13.3.

We hope in future to undertake more exten-
sive studies on similar specimens, and pro-
duce a complete account of the calcific phases
formed and their crystallographic detail. In
vivo characterisation may, to some extent, be
developed from emerging technologies such
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asdiffraction-enhanced imaging (see previous
section) and/or absorption edge-enhanced
imaging (the linear absorption coefficient of
HAP is almost three times that of COD at
20 keV). Thus the full diagnostic potential
of breast calcifications would be exploited.
Naturally, this is critically dependent upon
demonstration of the clinical significance of
calcification crystallography.

References

. Piattella L, Zamponi N, Cardinali C, Porfiri L,
Tavoni M. Endocranial calcifications, infantile celiac
disease, and epilepsy. Childs Nervous System 1993;
9:172-5.

2. Brown K, Mund DF, Aberle DR, Batra P, Young DA.
Intrathoracic calcifications: radiographic features
and differential diagnoses. Radiographics 1994; 14:
1247-61.

3. Rieber A. Das fibrolamellare Karzinom. Zeitschrift
Gastroenterol 1994; 32: 651-3.

4 Kragel PJ, Aquino MO, Fiorella R, Chapman J.
Clinical, radiological and pathological features of
medial calcific sclerosis in the breast. Southern Med
] 1997; 90: 518-21.

5 McCarty DJ, Lehr JR, Halverson PB. Crystal
populations in human synovial fluid; identification
of apatite, octacalcium phosphate and tricalcium
phosphate. Arthritis Rheum 1983; 26: 1220—4.

6. Mustafina ZhG, D’iakova GA, Galimova RZ,
Karzhaubaeva GG. Pathological mineralization in
retinoblastoma. Vestnik Oftalmologii 1992; 108: 37-8.

7. Sperrin MW, Rogers KD. The architecture and
composition of uroliths. Br ] Urol 1998; 82: 781-4.

8. Price JL, Gibbs NM. The relationship between
microcalcification and in situ carcinoma of the
breast. Clin Radiol 1978; 29: 447-52.

9. Egan RL, McSweeney MB, Sewell CW.
Intramammary calcifications without an associated
mass in benign and malignant diseases. Radiology
1980; 137: 1-7.

10. Galkin BM, Feig SA, Frasca P, Muir HD, Soriano RZ.
Photomicrographs of breast calcifications:
correlation with histopathologic diagnosis.
Radiographics 1983; 3: 450-77.

11. Kragel PJ, Aquino MO, Fiorella R, Chapman J.
Clinical, radiographic and pathologic features of
medial calcific sclerosis in the breast. Southern Med
] 1997; 90: 518-21.

12. Frouge C, Meunier M, Guinebretiere J-M et al.

Polyhedral microcalcifications at mammography:

histologic correlation with calcium oxalate.

Radiology 1993; 186; 681—4.

—_

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Holme TC, Reis MM, Thompson A, Robertson A et
al. Is mammographic microcalcification of biological
significance? Eur ] Surg Oncol 1993; 19: 250-3.
Albertyn LE. Mammographically indeterminate
microcalcifications: can we do any better?
Australasia Radiol 1991; 35: 350-7.

Stomper PC, Connolly JL. Ductal carcinoma in situ
of the breast: correlation between mammographic
calcification and tumor subtype. Am J Roentgenol
1992; 159: 483-5.

Foschini MP, Fornelli A, Peterse JL, Mignani S,
Eusebi V. Microcalcifications in ductal carcinoma in
situ of the breast: histochemical and
immunohistochemical study. Hum Pathol 1996; 27:
178-83.

Tsuchiya A, Kanno M, Hara K, Kimijima I, Abe R.
The evaluation of mammographic microcalcification
as biological malignancy in breast cancer.
Fukushima ] Med Sci 1996; 1: 17-22.

Tabar L, Chen H, Duffy SW, Yen MF, Chiang CF,
Dean PB, Smith RA. A novel method for prediction
of long-term outcome of women with T1a, T1b, and
10-14 mm invasive cancers: a prospective study.
Lancet 2000; 355: 429-33.

Wheeler EJ, Lewis D. An X-ray study of the
paracrystalline nature of bone apatite. Calcified
Tissue Res 1977; 24: 243-8.

Morgan H, Wilson RM, Elliott JC, Dowker SEP,
Abderson P. Preparation and characterisation of
monoclinic hydroxyapatite and its precipitated
carbonate apatite intermediate. Biomaterials 2000;
21: 617-27.

Handschin RG, Stern WB. X-ray diffraction studies
on the lattice perfection of human bone apatite
(Crista Iliaca). Bone 1995; 16: 3555-63S.

Wilson RM, Elliott JC, Dowker SEP. Rietveld
refinement of the crystallographic structure of
human dental enamel apatites. Am Minerol 1999;
84: 1406-14.

Fujisawa R, Kuboki Y. Preferential adsorption of
dentin and bone acidic proteins on the (100) face of
hydroxyapatite crystals. Biochim Biophys Acta 1991;
1075: 56-60.

LeGeros RZ, Kijkowska R, Bautista C, LeGeros JP.
Synergistic effects of magnesium and carbonate on
properties of biological and synthetic apatites.
Connective Tissue Res 1995; 33: 203-9.
Prudhommeaux F, Schiltz C, Liote F et al. Variation
in the inflammatory properties of basic calcium
phosphate crystals according to crystal type.
Arthritis Rheum 1996; 39: 1319-26.

Wiessner JH, Mandel GS, Halverson PB, Mandel
NS. The effect of hydroxyapatite crystallinity on
hemolysis. Calcified Tissue Intl 1988; 42: 210-19.
Osborne CA, Davis LS, Sanne J, Unger LK, O’Brien
TD, Clinton CW, Davenport MP. Identification and
interpretation of crystalluria in domestic animals: a



The nature of breast tissue calcifications

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42

light and scanning electron microscopic study. Vet
Med 1990; 85: 18-37.

Hassler O. Microradiographic investigations of
calcifications of the female breast. Cancer 1969; 23:
1103-9.

Daculsi G, Bouler J-M, LeGeros RZ. Adaptive crystal
formation in normal and pathological calcifications
in synthetic calcium phosphate and related
biomaterials. Intl Rev Cytol 1997; 172: 129-91.
Moritz JD, Luftner Nagel S, Westerhof JP, Oestmann
JW, Grabbe E. Microcalcifications in breast core
biopsy specimens: disappearance at radiography
after storage in formaldehyde. Radiology 1996; 200:
361-3.

Pasteris JD, Wopenka B, Freeman JJ, Leroy Young V,
Brandon HJ. Medical mineralogy as a new challenge
to the geologist: silicates in human mammary
tissue? Am Mineral 1999; 84: 997-1008.

Terzakis JA. Detection of calcifications in breast
biopsies by scanning electron microscopy. Ultrastr
Pathol 1998; 22: 181—4.

Mihaescu A, Burri G. Calcium oxalate crystals in
benign breast cyst fluid. Diagn Cytopathol 1995; 12:
67-70.

Torell JA, Knight JP, Marcus PB. Intraluminal
calcium hydroxyapatite crystals in breast carcinoma:
an ultrastructural study. Ultrastr Pathol 1984; 6:
9-14.

Galkin BJ, Frasca P, Feig SA, Holderness KE. Non-
calcified breast particles. A possible new marker of
breast cancer. Invest Radiol 1982; 17: 119-28.

Tornos C, Silva E, El-Nagger A, Pritzker KPH.
Calcium oxalate crystals in breast biopsies. The
missing calcifications. Am J Surg Pathol 1990; 14:
961-8.

Ahmed A. Calcification in human breast
carcinomas: ultrastructural observations. ] Pathol
1975; 117: 247-51.

Going JJ, Anderson TJ, Crocker PR, Levison DA.
Weddellite calcification in the breast: 18 cases with
implications for breast cancer screening.
Histopathology 1990; 16: 119-24.

Estepa-Maurice L, Hennequin C, Marfisi C, Bader C,
Lacour B, Daudon M. Fourier transform infrared
microscopy identification of crystal deposits in
tissues. Clin Chem 1996; 105: 576-82.

Jackson M, Mansfield JR, Dolenko B, Somorjai RL,
Mantsh HH, Watson PH. Classification of breast
tumours by grade and steroid receptor status using
pattern recognition analysis of infrared spectra.
Cancer Detect Prevent 1999; 23: 245-53.

Delhez R, deKeijser TH, Langford ]I, Louer D,
Mittemeijer EJ, Sonneveld EJ. Crystal imperfection
broadening and peak shape in the Rietveld method.
In: Young RA, Ed. The Rietveld Method. USA,
IUCr-Oxford University Press, 1993.

. Frappart L, Remy I, Lin HC, Bremond A, Raudrant

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

D, Grousson B, Vauzelle JL. Different types of
microcalcifications observed in breast pathology:
correlations with histopathological diagnosis and
radiological examination of operative specimens.
Virchows Arch A 1986; 410: 179-87.

Frappart L, Boudeulle M, Boumendil ] et al.
Structure and composition of microcalcifications in
benign and malignant lesions of the breast: study by
light microscopy, transmission and scanning
electron microscopy, microprobe analysis and X-ray
diffraction. Hum Pathol 1984; 15: 880-9.
Fandos-Morera A, Prats-Esteve M, Tura-Soteras JM,
Traveria-Cros A. Breast tumours: composition of
microcalcifications. Radiology 1988; 169: 325-7.
Meek KM, Blamires T, Elliot GF, Gyi T], Nave C.
The organisation of collagen fibrils in the human
corneal stroma: a synchrotron radiation x-ray
diffraction study. Curr Eye Res 1987; 6: 841-6.
Lombardi V, Piazzesi G, Ferenczi M, Thirlwell H,
Dobbie I, Irving M. Elastic distortion of myosin
heads and repriming of the working stroke in
muscle. Nature 1995; 374: 553-5.

Lewis RA. Medical applications of synchrotron
radiation X-rays. Physics Med Biol 1997; 42:
1213-43.

Burattini E, Gambaccini M, Marziani M et al. X-ray
mammography with synchrotron radiation. Rev Sci
Instrum 1992; 63; 638—40.

Burattini E, Cossu E, Di Maggio C et al.
Mammography with synchrotron radiation.
Radiology 1995; 195: 239-44.

Johnston RE, Washburn D, Pisano E et al.
Preliminary experience with monoenergetic photon
mammography. SPIE 1995; 2432: 434—41.

Lewis RA, Hufton AP, Hall CJ, Helsby WI, Towns-
Andrews E, Slawson S, Boggis CRM. Improvements
in image quality and radiation dose in breast
imaging. Synchrotron Radiation News 1999; 12:
7-14.

Arfelli F, Bravin A, Barbiellini G et al. Digital
mammography with synchrotron radiation. Rev Sci
Instrum 1995; 66: 1325-8.

Zhong Z, Thomlinson W, Chapman D, Sayers D.
Implementation of diffraction-enhanced imaging
experiments: at the NSLS and APS. Nucl Instrum
Methods Physics Res 2000; A450: 556-67.
Schonermark MP, Bock O, Buchner A, Steinmeier R,
Benbow U, Lenarz T. Quantification of tumor cell
invasion using confocal laser scan microscopy. Nat
Med 1997; 3: 1167-71.

Kauppila S, Stenbdck F, Risteli ], Jukkola A, Risteli
L. Aberrant type I and type III collagen gene
expression in human breast cancer in vivo. ] Pathol
1998; 186: 262-8.

Lewis RA, Rogers KD, Hall CJ et al. Breast cancer
diagnosis using scattered X-rays. ] Synchrotron
Radiat 2000; 7: 348-52.

189



Breast calcification

190

57. D’Orsi CJ, Reale FR, Davis MA, Brown V]. Is
calcium oxalate an adequate explanation for
nonvisualization of breast specimen calcifications?
Radiology 1992; 182: 801-3.

58. Edmundo J, Gonzalez G, Caldwell R, Valaitis J.
Calcium oxalate crystals in the breast. Pathology
and significance. Am ] Surg Pathol 1991; 15: 586-91.

59. Radi M]J. Calcium oxalate crystals in breast biopsies.
An overlooked form of microcalcification associated
with benign breast disease. Arch Pathol Lab Med
1989; 113: 1367-9.

60. Busing CM, Keppler U, Menges V. Differences in
microcalcification in breast tumors. Virchows
Archiv A 1981; 393: 307-13.

61. Bellahcene A, Castronovo V. Increased expression of
osteonectin and osteopontin, two bone matrix
proteins, in human breast cancer. Am J Pathol 1995;
146: 95-100.

62. Bergstrand A, Collste LG, Franksson C et al.
Oxalosis in renal transplants following
methoxyflurane anaesthesia. Br ] Anaesth 1972; 44;
569-74.

63. Rogers KD, Sperrin MW, MacLean EJ. A
synchrotron study of bladder urolith architecture.
Powder Diffraction 2000; 15: 94-100.

64. Katoh R, Kawaoi A, Muramatsu A, Hemmi A,
Suzuki K. Birefringent (calcium oxalate) crystals in
thyroid diseases — a clinicopathological study with
possible implications for differential diagnosis. Am J
Surg Pathol 1993; 17: 698-705.

65. Gardner A. Retinal oxalosis. Br ] Ophthalmol 1974;
58: 613-19.

66. Jensen OA. Calcium oxalate crystals localised in the
eye. Acta Ophthalmol 1975; 53: 187-96.

67. Boskey AL, Bullough PG, Vigorita V, DiCarlo E.
Calcium-acidic phospholipid—phosphate complexes
in human hydroxyapatite-containing pathologic
deposits. Am ] Pathol 1988; 133: 22-9.

68. Rogers KD, Lewis RA, Hall CJ et al. Preliminary
observations of breast tumor collagen. Synchrotron
Radiation News 1999; 12; 15-20.

69. Pucci-Minafra I, Luparello C, Andriolo M, Basirico
L, Aquino A, Minafra S. A new form of tumor and
fetal collagen that binds laminin. Biochemistry 1993;
32: 7421-7.

70. Hirota S, Ito A, Nagoshi ] et al. Expression of bone

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

matrix protein messenger ribonucleic acids in
human breast cancers. Lab Invest 1995; 72: 64-9.
Brown LF, Papadopoulos-Sergiou A, Berse B et al.
Osteopontin expression and distribution in human
carcinomas. Am ] Pathol 1994; 145: 610-23.
Bellahcene A, Castronovo V. Expression of bone
matrix proteins in human breast cancer: potential
roles in microcalcification formation and in the
genesis of bone metastases. Bull Cancer 1997; 84:
17-24.

Yoneda T. Cellular and molecular basis of
preferential metastasis of breast cancer to bone.

J Orthopaed Sci 2000; 5: 75-81.

Santoliquido PM, Southwick HW, Olwin JH. Trace
metal levels in cancer of the breast. Surg Gynecol
Obstet 1976; 142: 65-70.

Carlisle EM. Silicon. Biochem Essent Ultratrace
Elements 1984; 3: 257-91.

Halverson PB, McCarty DJ. Patterns of radiographic
abnormalities associated with basic calcium
phosphate and calcium pyrophosphate crystal
deposition in the knee. Annu Rheum Dis 1986; 45:
603-5.

Cheung HS, Story MT, McCarty DJ. Mitogenic
effects of hydroxyapatite and calcium
pyrophosphate dihydrate crystals on cultured
mammalian cells. Arthritis Rheum 1984; 27: 668-74.
McCarthy GM, Mitchell PG, Struve JS, Cheung HS.
Basic calcium phosphate crystals cause co-ordinate
induction and secretion of collagenase and
stromelysin. ] Cell Physiol 1992; 153: 140-6.

Derfus BA, Kurtin SM, Camacho NP, Kurup I, Ryan
LM. Comparison of matrix vesicles derived from
normal and osteoarthritic human articular cartilage.
Connective Tissue Res 1996; 35: 337-42.

Derfus BA, Kranendonk S, Camacho NP, Mandel N,
Kushnaryov V, Lynch K, Ryan LM. Human
osteoarthritic cartilage matrix vesicles generate both
calcium pyrophosphate dihydrate and apatite in
vitro. Calcified Tissue Intl 1998; 63: 258-62.

Ho AM, Johnson MD, Kingsley DM. Role of the
mouse ank gene in control of tissue calcification and
arthritis. Science 2000; 289: 265-70.

Rogers KD. Initial Rietveld characterisation of
biological calcifications. Powder Diffraction 1997;
12:175-9.



Index

ADH see atypical ductal hyperplasia
advanced breast biopsy instrumentation (ABBI),
85-87
amorphous material, 172, 184
aneuploidy, rates in DCIS and atypical ductal
hyperplasia, 49
anticoagulant therapy, vacuum-assisted
mammotomy and, 90
anxiety, follow-up and, 112
artefacts, 24
arthritis see osteoarthritis
atrophic lobules, calcification, 12, 13 (Fig.), 14
(Fig.)
atypical ductal hyperplasia, 48—49
core biopsy, 79, 80, 101, 102
microcalcification, 130
atypical intraductal proliferation, 103
axillary metastases, diagnosed ductal carcinoma
in situ, 62-63

b-HAP (ion-substituted calcium hydroxyapatite),
171,173-174
breast vs bone, 184
osteoarthritis, 186
Bard gun, 72
benign calcification, 3-29, 109
core biopsy, 80
ultrasound, 142-143
benign lesions
core biopsy, 101
fine-needle aspiration cytology, 105
magnetic resonance imaging, 157, 164
vacuum-assisted mammotomy for, 91
biopsy
surgical, diseases diagnosed, 3—4
see also core biopsy
blunt duct adenosis, 19
bone matrix proteins, 185
bone mineral
vs breast calcification, 185
X-ray diffraction, 178
see also b-HAP (ion-substituted calcium
hydroxyapatite)
Bragg’s law, 178
broken needle appearance, in duct ectasia, 16

C-erbB-2 oncogene, ductal carcinoma in situ,
44-46
calcification
disappearance of, 110
mechanisms, 184-186
calcification retrieval rates, core biopsy, 77-78
calcium hydroxyapatite, 171
calcium oxalate crystals

formation, 184
microscopy, 100
phases, 173
technical errors, 175, 183
X-ray diffraction, 177 (Fig.), 178
calculi (uroliths), 171
carbon suspension, calcification localisation,
120-122
carbonate substitution, hydroxyapatite, 173, 174
carcinoma see ductal carcinoma in situ; invasive
carcinoma
cartilage, pyrophosphate phase, calcification, 186
casting-type calcification, prognosis, 65-66,
129-130
cell size, ductal carcinoma in situ, 44
characterisation research, computer-aided
mammography, 153-154
classifications
core biopsies, 100-104
ductal carcinoma in situ, 41-43
fine-needle aspiration cytology specimens,
104-106
clinical examination, for core biopsy, 76-77, 111
cluster shape, calcification
ductal carcinoma in situ, 34
recall of screening patients, 109
cluster size, ductal carcinoma in situ, invasion
risk, 64
collagen, synchrotron radiation studies, 182-183
colour Doppler ultrasound, 140
comedo calcification
disappearance, 110
ductal carcinoma in situ, invasive foci, 64
invasive carcinoma, 55, 56 (Table), 61
prognosis and, 66
comedo ductal carcinoma in situ, 41
magnetic resonance imaging, 164-165
screen-detected, 47
ultrasound, 144-145
comedo necrosis, ductal carcinoma in situ,
recurrence risk, 128
computer-aided detection (CAD), 150-151
computer-aided mammography, 149-154
consent, core biopsy, 77
contrast enhancement, magnetic resonance
imaging, 157-158
morphology, 159-162
timing, 162-164
core biopsy, 72-80
benign results, 80
diseases diagnosed, 3
fine-needle aspiration cytology vs, 71, 99, 100
large, 85-95
number of samples, 77-78 191
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core biopsy — continued
reasons for failure, 85
specimen assessment, 99-104
understaging, 80, 91
vacuum-assisted mammotomy vs, 91-92, 111
validity for invasive focus in DCIS, 64
cornea, synchrotron radiation studies, 181
coronary artery disease, vascular calcification, 20
cosmetics, radiodense, 24
cribriform pattern, ductal carcinoma in situ, 41,
42 (Fig.), 4344
crystallography, 171-175
cysts, 4, 28 (Fig.)
ultrasound, 142

databases, digital images, 149
DCIS see ductal carcinoma in situ
depression, follow-up and, 112
dermatomyositis, 23
diabetes mellitus, vascular calcification, 20
diffraction see X-ray diffraction
diffraction-enhanced imaging, 182
digital mammography, 149
digital stereotaxis, 73-74
duct ectasia, 15-19
vs ductal carcinoma in situ, 16-19, 33 (Fig.), 38
ductal carcinoma in situ, 33-48, 127-129
calcifications
criteria for recall of screening patients,
109-110
distribution, 35-36
morphology, 36-40
number, 36, 64-65
change over time, 40
classification, 41-43
core biopsy diagnosis, 103-104
vs duct ectasia, 16-19, 33 (Fig.), 38
extensive in situ component (EIC), invasive
carcinoma with, 55, 61-62, 129
fine-needle aspiration cytology, 105-106
growth patterns, 41
invasive carcinoma and, 55-65, 103
magnetic resonance imaging, 157-167
missed diagnosis, 40, 41
ultrasound, 142 (Fig.), 143-145
see also recurrent ductal carcinoma in situ
dyes, calcification localisation, 119-120
dynamic spiral magnetic resonance imaging, 166
dystrophic calcification
eye, 184
fibroadenoma, 6

edge detection, computer-aided mammography,
153

electron beam microprobes (EBM), 175-176

electron diffraction, 176

electron microscopy, 175

enhancement see contrast enhancement, magnetic
resonance imaging

epidermal inclusion cysts, 26

epithelial proliferations, intraductal, 31-51

erect posture, digital stereotaxis, 74-76

extensive in situ component (EIC), invasive
carcinoma with, 55, 61-62, 129

eye, oxalosis, 184

fast-spin echo sequences, 166-167
fat necrosis, 20-21, 22 (Fig.), 23 (Fig.)
fibroadenomas, 5-7, 8 (Fig.)
magnetic resonance imaging, 157
ultrasound, 143
fibroadenomatoid hyperplasia, 7-12
fibrocystic change, 4-5, 6 (Fig.)
magnetic resonance imaging, 157, 160
magnification views, 110
ultrasound, 142-143
film-screen stereotaxis, core biopsy, 72-73
fine-needle aspiration cytology, 71
vs core biopsy, 71, 99, 100
false negative, 106
inadequate samples, 104-105
specimen assessment, 104-106
fixation, biopsy specimens, 99

gadolinium see contrast enhancement, magnetic
resonance imaging

gel pellets, biopsy site marking, 90

grading of carcinoma, calcification and, 55-57,
128-130

granulomatous mastitis, idiopathic, 26-29

guns, core biopsy, 72, 89

haematomas, 28 (Fig.)
haemostasis, vacuum-assisted mammotomy, 90
heteroionic substitution, apatite, 173-174
high-frequency ultrasound transducers, 139-141,
142 (Table)
histology
calcification, 99-100
vs mammography, microcalcification, 128
stains for calcification, 175
hookwire localisation, 115-116
see also wire-guided biopsy

idiopathic granulomatous mastitis, 26-29

image processing, 149-154

ImageChecker system (R2 Technology), 153

inadequate samples, fine-needle aspiration
cytology, 104-105

inclusion cysts, epidermal, 26

infrared spectroscopy, 176

intercellular calcification, ductal carcinoma in
situ, 41

intraductal epithelial proliferations, 31-51
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invasive carcinoma, 55-66
core biopsy diagnosis, 103
disappearance of calcification, 110
incidence, 47
magnetic resonance imaging, contrast
enhancement rates, 164
microcalcification and prognosis, 129-130
ultrasound, 143-145
involutional change (atrophic lobules),
calcification, 12, 13 (Fig.), 14 (Fig.)
ionic substitution, apatite, 173-174
ischaemic heart disease, vascular calcification, 20

Klippel—Trenaunay syndrome, 26

large-cell ductal carcinoma in situ, 44
large core biopsy, 85-95
lateral approach, vacuum-assisted mammotomy, 93
lattice parameters, crystalline materials, 173
lead-pipe calcification, ductal ectasia, 17, 19 (Fig.)
lobular type carcinoma, fine-needle aspiration
cytology, 106
local anaesthesia
core biopsy, 77
ultrasound-guided mammotomy, 92
vacuum-assisted mammotomy, 89
localisation of breast calcification, 115-123
lymph node metastases, tumour calcification and,
171

magnesium, 185
magnetic resonance imaging, 111, 117
ductal carcinoma in situ, 157-167
magnification views, 110, 120 (Fig.), 139
malignant cell displacement, biopsy, 71
mammography, synchrotron radiation, 181-182
Mammotome HH™, 87 (Fig.), 88
ultrasound-guided procedures, 92
Mammotome ST™ driver and probe, 86 (Fig.), 93
Manan gun, 72
margins, wide local excision, 129
markers
biopsy sites, 90
calcification localisation, 115, 119-122
see also hookwire localisation
menstrual cycle, magnetic resonance contrast
enhancement, 164
metastases (malignant disease)
bone matrix proteins, 185
tumour calcification and, 171
metastatic calcification, renal failure, 26
methylene blue, calcification localisation, 119-120
MIB1 (cell cycling marker), ductal carcinoma in
situ, 46
microcalcification
assessment when found, 110-112
biopsy, 71

blunt duct adenosis, 19
clinical aspects, 127-135
computer-aided detection, 151-154
ductal carcinoma in situ, 33
epidermal inclusion cysts, 26
fibroadenomatoid hyperplasia, 12
fibrocystic change, 5
invasive carcinoma, 55
normal biopsy cores, 100, 101
normal stroma, 12, 100-101
predicting carcinoma invasion, 62-65
sclerosing adenosis, 12
on screening, 48
spontaneous resolution, 66
ultrasound, 110-111, 139-144
micropapillary pattern, ductal carcinoma in situ,
41, 43-44, 45 (Fig.)
microscopy
polarising microscopy, 175
scanning electron microscopy, 175
see also histology
microstrain, 178
migration, localisation wires, 119
milk of calcium see teacup appearance
minimally invasive breast biopsy (MIBBT), 87
multifocality, vs calcification, 129

nanocrystalline material, 172
necrosis
calcification and, 184-185
ductal carcinoma in situ, 37 (Fig.), 44
recurrence risk, 128
screen-detected, 47, 48
needle size, core biopsy, 72
nipple plane growth, ductal carcinoma in situ, 41
non-crystalline diffraction, 180
normal appearance, computer identification, 12
normal biopsy cores, 100-101
normal stroma, microcalcification, 12, 100-101
number of calcifications
ductal carcinoma in situ, 36
invasion risk, 64-65
recall of screening patients, 109

oestrogen receptors, ductal carcinoma in situ, 46

oil cysts, 28 (Fig.)

osteoarthritis, b-HAP (ion-substituted calcium
hydroxyapatite), 186

osteopontin, 185

oxalate metabolism, 184

p53 gene, ductal carcinoma in situ, 46
Paget’s disease of nipple
disappearance of calcification, 110
incidence of radiological abnormalities, 33
pain, fine-needle aspiration cytology vs core
biopsy, 71
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papillary lesions, vacuum-assisted mammotomy,

papillomas
core biopsy, 102
skin, 23
paracrystalline material, 172
PASTA (polarity-altered spectral and spatial
acquisition), 166
pathology see histology
pectoral muscles, calcification, 28 (Fig.)
pH, calcification, 174
phased array breast coils, magnetic resonance
imaging, 165-166
phases, crystalline materials, 173
Bragg’s law, 178
physical examination, for core biopsy, 76-77, 111
polarising microscopy, 175
polarity-altered spectral and spatial acquisition
(PASTA), 166
polycrystalline material, 172
popcorn-like calcification, 6, 7 (Fig.)
power Doppler ultrasound, 140
prescreening, computer-aided, 149
progesterone receptors, ductal carcinoma in situ,
4

prognosis
casting-type calcification, 65-66, 129-130
comedo calcification, 66
invasive carcinoma, microcalcification and,
129-130
prompting, 150-151
prone digital stereotaxis, 75-76
proteins
absorption, crystallites, 174
structural studies, 180
punctate calcification, ductal carcinoma in situ, 40
pyrophosphate phase, calcification, 186

radiodense materials
tissue deposits, 176
topical medications, 24
radiography see specimen radiography;
stereotactic procedures
radioisotope studies, 111
radiolabelled colloid, calcification localisation,
121 (Fig.), 122
biopsy, 132-133, 134 (Fig.)
radiotherapy
adjuvant, 127
calcification from, 47
synchrotron radiation, 181
recall of patients, from screening, 109-110
recurrent ductal carcinoma in situ
calcification vs grading, 127-128
diagnosis, 4647
Reidy localisation needle and wire, 115-116
renal failure, metastatic calcification, 26

repeat biopsies, 111-112

resolution, spontaneous, microcalcification, 66

Rietveld method, X-ray diffraction, 178

rod-shaped calcification, ductal carcinoma in situ,
40, 41

ROLL see radiolabelled colloid

rotating delivery of excitation off resonance
(RODEO), magnetic resonance imaging, 166

sampling errors, fine-needle aspiration cytology,
71
scanning electron microscopy, 175
scar tissue
carcinoma in, 102
vacuum-assisted mammotomy for, 90
scintimammography, 111
sclerosing adenosis, 12-15
screening
ductal carcinoma in situ detection, 4748
recall of patients, 109-110
seeding see track recurrence
sialoprotein, 185
SiteSelect™ (large core biopsy), 86
sitting posture, digital stereotaxis, 74-76
skin calcification, 21-24, 25 (Fig.)
small angle X-ray scattering, collagen, 182-183,
186
small-cell ductal carcinoma in situ, 44
soap, radiodense, 24
specimen radiography, 76, 99
performance, 71
wire-guided biopsy, 131 (Fig.), 132
specimen storage, 77
spiral magnetic resonance imaging, 166
spoiled gradient echo sequences (SPGR), 166
spontaneous resolution, microcalcification, 66
stains (histology), calcification, 175
statistics
algorithms, computer-aided mammography,
153
see also validity
stereotactic procedures
core biopsy, 72-80
vs fine-needle aspiration cytology, 71
hookwire localisation, 117, 118-119 (Fig.)
vacuum-assisted mammotomy, 92-93
indications, 91
stromal calcification, 10 (Fig.), 11 (Fig.), 12
subjectivity, computer-aided detection and, 152
subtraction technique, computer-aided detection,
153
surfaces, mammographic images as, 152
surgical biopsy, diseases diagnosed, 34
suture calcification, 24-26
synchrotron radiation studies, 179-182, 187

tattoos, 24
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teacup appearance
cysts, 4, 5, 6 (Fig.)
ductal carcinoma in situ, 39
magnification views, 110
ultrasound, 141 (Fig.)
technetium-99m-labelled colloid see radiolabelled
colloid
thyroid, calcium oxalate, 184
tissue studies, synchrotron radiation, 182-183
topical medications, radiodense materials, 24
track recurrence, biopsy, 71
carbon suspension localisation and, 122
Trichinella spiralis, pectoral muscle calcification, 28
(Fig.)
triple approach, non-operative diagnosis, 99
tubular type carcinoma, fine-needle aspiration
cytology, 106

ultrasound, 139-145
microcalcification, 110-111, 139-144
ultrasound-guided procedures
core biopsy
vs fine-needle aspiration cytology, 71
vs stereotactic core biopsy, 111
hookwire localisation, 116-117
Mammotome HH™, 92
vacuum-assisted mammotomy, indications, 91
understaging
core biopsy, 80, 91
vacuum-assisted mammotomy, 91

unifocality, vs calcification, 129
unit cells, crystalline materials, 173
upright digital stereotaxis, 74-76
uroliths, 171

usual type hyperplasia, 3, 4, 33

vacuum-assisted mammotomy, 85, 87-92

vs core biopsy, 91-92, 111

stereotactic procedures, 92-93

indications, 91

validity

core biopsy for invasive focus in DCIS, 64

magnetic resonance imaging, DCIS, 158-159
vascular calcification, 19-20, 21 (Fig.), 171
vascularity, Doppler ultrasound, 140
very large core biopsy, 85-87

weddellite, 184

wide angle X-ray diffraction, 186

wide local excision, ductal carcinoma in situ,
recurrence, 127

wire-guided biopsy, 130-132

wires see hookwire localisation

X-ray diffraction, 176-179
synchrotron radiation studies, 179-182
X-ray microanalysis, 175-176

zinc, 185
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