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I n t r o d u c t i o n  

The diagnosis and treatment of  breast cancer has 
rapidly evolved over the past 20 years. In the first 
80 years of the 20th century, treatment of  breast 
cancer consisted of radical mastectomy; but adjuvant 
systemic treatment and adjuvant radiotherapy did not 
play a major role. Diagnosis of breast cancer was 
mostly made based on clinical presentation, later aided 
by mammography and often combined with frozen 
section pathology confirmation. 

Starting in the 1980s, there have been important 
alterations in the diagnosis and treatment of  breast 
cancer, having an important impact on the diagnostic 
procedures employed by pathologists and leading to 
increasingly refined "tailored" treatment, requiring 
"tailored" diagnosis. 

Radiological techniques have greatly improved, and 
in addition, population-based manmlography screen- 
ing is increasingly offered, especially to women over 
50 years of age. These developments have led to 
the detection of many small non-palpable lesions, 
including ductal carcinoma in situ. 

When an invasive carcinoma is diagnosed, the 
treatment decisions that need to be taken include: 
For local treatment: 

Mastectomy versus breast-conserving therapy 
For mastectomy patients: whether radiotherapy 
needs to be given; and to which sites (chestwall; 
axilla; parasternal lymph node chain) 
For patients undergoing breast-conserving therapy: 
extent of  the local excision; the extent of  radiother- 
apy 

For adjuvant systemic treatment: 
Whether adjuvant treatment is required, 
I f  such treatment is required: hormonal therapy, 
chemotherapy, or both 
For hormonal therapy and chemotherapy: which 
agents should be given. 
Histopathological features play an important role in 

guiding these decisions. In addition, genetic research is 
starting to have an increasing impact on guiding ther- 
apy by providing predictive and prognostic factors. 

In this article, the pathology work-up of breast 
specimens (including biopsies) is discussed and the 
minimum requirements for a pathology report are 
indicated (Table 1). 

In addition, the emerging findings from genetic 
research are described with emphasis on developments 
with direct clinical relevance. 

Table 1 
What should be described in a pathology report for invasive 
carcinoma 

Type of surgery 
Tumour diameter 
Tumour type (WHO classification) 
Tumour grade (Elston Ellis method) 
Amount and type of carcinoma in situ component 
Status of the resection margins (distance to the margins of invasive 

carcinoma and carcinoma in situ component in millimetres) 
Presence/absence of lymphangio-invasive growth 
Oestrogen receptor status 
Progesterone receptor status 
HER2 status 
Sentinel node biopsy: 

Number of lymph nodes 
Presence/absence of metastases 
Diameter of metastases in mm 

Axillary lymph node dissection: 
Number of lymph nodes with metastases 
Total number of lymph nodes 
Diameter of the metastases; involvement of resection margins 
Status of most distant lymph node 

P r e - t r e a t m e n t  d i a g n o s i s  

Diagnosis of  breast lesions is based on clinical exami- 
nation, radiology and pathology. Only by combining 
the findings for each of these diagnostic disciplines 
can a reliable diagnosis be given. When abnormalities 
are found, the diagnostic findings should be discussed 
among specialists from the three disciplines involved 
in the diagnostic work-up: the surgeon, the radiologist 
and the pathologist. The important implication of 
this multidisciplinary approach for the pathologist is 
that diagnostic conclusions should always involve the 
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findings of the other disciplines, most notably the 
radiological findings. 

The following diagnostic procedures are discussed 
in more detail: 

Fine needle aspiration 
Core needle biopsy 
Incisional/excisional biopsy 

Fine needle aspiration (FNA) 

This diagnostic approach is very suitable for palpable 
masses; a thin needle is used to aspirate cells from 
such a mass. The cells are then placed on a microscope 
slide and carefully processed into a thin layer of 
cells, usually by applying a second microscope glass. 
The cells are then fixed and stained. As fixation 
and staining can be performed within 5 minutes, 
this procedure is very suitable for obtaining a rapid 
diagnosis. 

Of course the most important differential diagnosis 
that has to be solved by fine needle aspiration is 
between carcinoma and a benign tumour. The most 
frequently occurring benign tumour in this setting is 
a fibroadenoma. 

If a primary breast carcinoma is present, combining 
clinical, radiological and cytological features can lead 
to a final diagnosis in up to 80% of patients. Based on 
the final diagnosis reached with this triple diagnostics 
approach definitive treatment can be planned. 

While judging a cytological preparation, other 
differential diagnostic possibilities that should be 
considered include adenoma of the breast, papilloma, 
malignant lymphoma, sarcoma, and metastasis of a 
primary malignancy outside the breast. 

When a tumour is not palpable but visible under 
ultrasound, ultrasound-guided fine needle aspiration is 
also possible to obtain a diagnosis. 

Some investigators have also used fine needle aspi- 
ration to obtain a diagnosis when microcalcifications 
are present. In my personal view, fine needle aspiration 
is not very suitable for such situations and should be 
used only when a mass is present in the breast. 

In addition to diagnosing a mass as malignant, other 
features such as histological type and grade, and the 
amount of ductal carcinoma in sire can be predicted 
with some degree of certainty based of the cytological 
findings. Such additional features are, however, usually 
of limited clinical importance. 

Core needle biopsy 

Core needle biopsies are taken using thicker needles 
than those used for FNA, using a device specifically 
designed to obtain these biopsies. Prior to taking the 

biopsy, a small incision in the skin is made under 
local anaesthesia. For breast biopsies, the thickness 
of the needle is usually 18 or 14 Gauge. Even when 
a palpable mass is present, the preferred method of 
obtaining a biopsy is using ultrasound to guide the 
biopsy device. When a clearly distinguishable mass 
is present, two or three biopsies are usually sufficient 
to obtain a definite diagnosis. When the radiolog- 
ical/clinical finding is an architectural distortion or 
microcalcifications, more biopsies are usually required 
to obtain a certain diagnosis. 

When an abnormality in the breast cannot be 
detected using ultrasound, most radiology departments 
have equipment to obtain stereotactical-guided biop- 
sies. 

As with FNA, the diagnostic findings in the biopsy 
should be evaluated in combination with the clinical 
and radiological findings. The histological diagnosis 
should fit the clinical and radiological diagnosis. 

Incisional/excisional biopsy 

The current methods for radiological evaluation in 
combination with the possibility to obtain fine needle 
aspirates and core needle biopsies will lead to a 
diagnosis of most breast lesions, based on which final 
therapy can be planned. Only in exceptional cases 
is incisional of excisional biopsy required; frozen 
sections to obtain a diagnosis have almost become 
obsolete. 

Examination of surgical specimen containing 
invasive breast cancer 

Breast-conserving therapy: wide local excision and 
lumpectomy specimens 

Nowadays, 60-70% of patients undergo breast-con- 
serving therapy. Standardized work up of surgical 
specimens, obtained as part of breast-conserving 
therapy, is extremely important. The surgeon should 
mark the excision specimen so that the pathologist can 
reconstruct the orientation of the resection margins. 
Usually it is sufficient to mark the basal resection 
margin and the resection margin in the direction of the 
nipple. In combination with the exact location of the 
tumour within the breast, it can then always be recon- 
structed where all the resection margins are located. 

The resection margins should be marked with 
ink. At our institute, we use 4 different colours to 
identify the various resection margins: the resection 
margins towards the fascia (basal resection margin) 
is marked with blue ink; margin in the direction of 
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Fig. 1. Work-up of a wide local excision specimen from the breast. The specimen should be sent to the pathology department directly 
following surgery. (A) Wide local excision specimen from the breast. The sutures have been placed by the surgeon to mark the basal 
resection margin; and the resection margin towards the nipple. The resection margins have been inked prior to cutting 0.5 cm thick slices. 
(B) Slice from the specimens shown in (A); centrally, an invasive breast carcinoma is present. (C) Example of central slice similar to the 
one described in (B), after part of the tumour has been removed for freezing. (D) By using a 0.6 cm core biopsy device, removing part of 
the tumour for freezing can be done in a more standardized fashion. 

the nipple with yellow ink, the specimen is then 
placed with the basal side downwards and the nipple 
facing the pathologist; the left resection margin in now 
marked with green ink; the right margin with red ink 
(Fig. 1A). 

To obtain optimal morphology in the histology 
sections, and to obtain optimal immunohistochemical 
staining results (see below), the resection specimen 
should be cut into thin slices immediately after 
surgery. At our institute we store the specimen 
at -20°C, wrapped in aluminum foil. After freezing for 
15-30rain, the specimen is then cut into 0.5 cm thick 
slices (Fig. 1B). This cooling of the specimen is 
performed to make possible the cutting of thin slices 
using a fresh specimen. Freezing of the specimen 
should be avoided to preserve morphology. 

The following measurements and information should 
be recorded: size of the resection specimen in three di- 
mensions; presence and dimensions of skin; presence 
of localization wires if present. 

It is very likely that an increasing number of factors 
can only be determined using fresh frozen mmour 
material (see below). It is, therefore, advised to freeze 

fresh turnout for all invasive breast carcinomas. This 
can be done by excising a 0.5×0.5×0.5cm 3 piece 
of turnout tissue (Fig. 1C), preferentially from the 
periphery of the mmour since some turnouts have 
central sclerosis/fibrosis. Alternatively a biopsy device 
can be used (Fig. 1D) enabling the pathologist to 
obtain a standardized piece of mmour tissue. For all 
turnouts larger than 1 cm, it is possible to obtain 
frozen mmour material in such a way that histological 
evaluation of the mmour is not affected, and without 
compromising evaluation of the resection margins. 

For microscopic examination the following parts 
of the specimen should be obtained and processed 
for paraffin sections: full diameter of the turnout 
and its surroundings (usually resulting in one to 
four sections); small part of the turnout to perform 
inmmnohistochemistry (see later); if there are macro- 
scopical or radiological abnormalities in the tissue 
surrounding the invasive tumour, these areas should 
be sampled, if there are no abnormalities surrounding 
the invasive tumour mass, at least two sections 
of macroscopically normal breast tissue should be 
obtained. 
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For the invasive mmour, the macroscopic diameter 
and microscopic diameter should be combined, to 
provide the final diameter in millimeters for the 
invasive mmour. Assessing the tumour diameter is ex- 
tremely important, since therapy decisions, especially 
decisions on adjuvant systemic treatment, are based 
on the exact tumour diameter. Often tumours have a 
stellate configuration, in those cases the core o f  the 
mmour should be measured. Thin fibrous projections 
of  the tumour that often contain a small amount o f  
mmour cells, should not be included in the mmour 
diameter. 

The histologic type o f  the mmour should be 
assessed according to World Health Organisation 
(WHO) guidelines. Grading should be performed 
according to the adaptation by Elston and Ellis o f  the 
Bloom and Richardson grading system [1]. 

The distance of  the invasive component o f  the 
mmour to the nearest resection margin should be 
provided in millimetres. 

It has been shown that an extensive component o f  
intraductal carcinoma (EIC) which has been incom- 
pletely excised, is an important risk factor for local 
recurrence after breast-conserving therapy [2]. For this 
reason, the ductal carcinoma in situ (DCIS) component 
in and around the tumour should be assessed. 

The reason that EIC is a risk factor for local 
recurrence is that a large amount o f  DCIS may be left 
behind in the breast after excision in some patients [3]. 
For this reason, the most important task for the 
pathologist in this respect is to estimate the likelihood 
that a large amount o f  DCIS is left behind in the 
breast. 

In most published series, only poorly differentiated 
DCIS has been evaluated as a risk factor for local 
recurrence. Much less is known about residual well 
differentiated DCIS left behind in the breast; it is likely 
that an extensive component o f  well differentiated 
DCIS is a risk factor for local recurrence, but after 
a much longer interval. 

Lobular carcinoma in situ (LCIS) adjacent to 
invasive disease has not been associated with an 
increased risk o f  local recurrence [4]. 

In the original publications, an extensive intraductal 
component has been defined as an area >25% of  the 
invasive tumour being involved with DCIS; in com- 
bination with any component o f  DCIS surrounding 
the invasive tumour. In these published series, most o f  
the mmours were excised with only a small amount 
of  surrounding normal breast tissue. When a breast 
mmour is excised with a large amount o f  normal 
breast tissues surrounding the tumour (and in most 
institutes this is the recommended treatment), it should 
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Fig. 2. Illustration of the various amounts of ductal carcinoma in situ 
(DCIS) that can accompany an invasive breast carcinoma. The grey 
area is the resection specimen; the black oval structure is the invasive 
carcinoma; the small round structures are ducts/lobules, involved 
with DCIS. (A) Small amount of DCIS. Almost every invasive 
carcinoma is accompanied by DCIS; (B) Moderate amount of DCIS; 
(C) Large amount of DCIS; this presentation has also been described 
as "extensive intraductal component". Note that DCIS is also present 
at the resection margin. 

be assessed how much of  the normal breast tissue is 
involved with DCIS. The amount o f  DCIS should be 
categorized as: a small amount, a moderate amount, or 
a large amount o f  DCIS (Fig. 2). 

In addition, it should be recorded whether the 
DCIS component is well differentiated, moderately 
differentiated or poorly differentiated. When a large 
amount of  poorly differentiated DCIS is present, it 
should be indicated whether the margins are involved. 
The margins can be defined as not involved (distance 
to the resection margins should be provided in 
millimetres); focally involved; o f  extensively involved. 
In our institute, when there is a small or moderate 
amount o f  DCIS, the status o f  the resection margins 
for DCIS is considered as unimportant for the risk o f  
local recurrence and is not reported. 

The presence o f  tumour emboli in lymph vessels o f  
blood vessels surrounding the invasive tumour should 
be evaluated and reported. 

When satellite foci o f  invasive breast cancer are 
present, this should also be recorded. 

Mastectomy specimens 

Mastectomy specimens should also be sent to the 
pathology department directly after surgery. The resec- 
tion specimen should be cut into 5 nm~ thick lamellae. 
The specimen is cut at the site o f  the thoracic fascia 
with the skin facing downwards, so that the lamellae 
stay connected by the skin. The distance o f  the tumour 
to the skin and to the basal fascia should be recorded. 
It should be recorded whether the fascia is involved 
with tumour. When there is mmour involvement o f  the 
fascia (which is very rare) the resection margin should 
be evaluated by inking the margin. 
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Sections of  mmour and surrounding tissue should 
be taken in the same way as described for breast- 
conserving therapy specimens. Reporting of the mi- 
croscopic findings is also similar to that described for 
breast-conserving therapy specimens. 

contains tumour cells or not should be separately 
recorded. 

When there is massive involvement of lymph nodes 
with tumour, the resection margin of the axillary 
dissection specimen should also be examined. 

Examination of axillary lymph nodes 

Sentinel node biopsy 

On average, one to three sentinel node biopsies are 
obtained from the axilla; in some patients, sentinel 
nodes are also obtained from the parasternal region. 
In many institutes, frozen section evaluation of the 
sentinel node biopsy is performed. I f  the sentinel node 
is found to be mmour positive, a full axillary dissection 
can immediately be performed. 

For frozen section, usually the sentinel node is 
bisected and both halves are evaluated. After formalin 
fixation, the sentinel node can be processed for paraffin 
sections. 

There is agreement that 1 hematoxylin and eosin 
(H&E) stained section of the sentinel node should 
always be evaluated. There is much discussion on 
the value of examining various levels of  the sentinel 
node and on performing immunohistochemistry with 
antibodies directed against keratin for the evaluation 
of the sentinel node [5,6]. 

The size of  the lymph node metastasis should be 
categorized as follows: 

>2 nm~ = a macrometastasis 

0.2-2 nm~ = a micrometastasis 

<0.2 nml = isolated mmour cells (the tumour cells 
can often only be detected by 
inmlunohisto chemistry) 

Axillary dissection 

When a full axillary dissection is performed, fatty 
tissue is removed which contains the lymph nodes. 
The pathologist should carefully identify all the lymph 
nodes that are present in the resection specimen, and 
each of these lymph nodes should be embedded for 
histological examination. Lymph nodes up to 1 cm 
can be totally embedded, larger lymph nodes should 
be bisected or lamellated and fully embedded. The 
number of  lymph nodes containing metastases should 
be recorded. In addition, the diameter of  the largest 
lymph node metastasis should be recorded. 

It should be attempted to identify the most distal 
lymph node in the resection specimen, usually the 
medial axillary apex; whether this lymph nodes 

Examination of surgical specimen containing 
ductal carcinoma in situ (DCIS) 

In population mammographic screening, 20% of the 
malignant lesions are DCIS, which are detected as 
microcalcifications on the mammogram [7]. When 
a surgical specimen containing DCIS is examined, 
there are two important histopathological features that 
should be reported: the absence or presence of an 
invasive component, and margin status. 

To detect possible foci of  invasive carcinoma it 
is important to perform adequate sampling of the 
area of  the breast involved with DCIS. It has been 
found that small foci of  invasive carcinoma are 
present in up to 20% of patients in which DCIS was 
detected by mammographic screening and in which 
only microcalcifications are present [8]. 

It may be difficult to differentiate between true 
invasion and distortion of ducts when inflammation 
is present surrounding the ducts and lobules involved 
with DCIS. Invasive carcinoma should only be diag- 
nosed when an invasive focus can be detected outside 
the stroma of the lobules. 

The surgical margins should be carefully inked and 
sections should be taken of the areas with DCIS in 
relation to the resections margins. For all cases of  
DCIS identified by the presence of microcalcifications, 
the sections should be taken guided by an X-ray of 
the tissue lamellae of  the surgical specimen. Because 
DCIS spreads through the ducts and lobules, when 
a lobule or duct involved with DCIS is present very 
close to the resection margin, it should be assumed 
that there is likelihood that ducts and lobules on 
the other side of  the resection margins can also be 
involved. In such instances the resection margin should 
be described as tumour. It is not known with certainty 
what a save margin is. I f  normal ducts and lobules are 
present between the resection margin and the DCIS, 
it can be assumed that the resection margin is free 
of  tumour. It has been shown that the risk of  local 
recurrence after breast-conserving therapy decreases 
with increasing margin width [9]. To help in decisions 
on the optimal treatment of DCIS, the Van Nuys 
Prognostic Index (VNPI) was developed [10]. The 
VNPI combines three significant predictors of  local 
recurrence: tumor size, margin width, and pathologic 
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classification. Scores of  1 (best) to 3 (worst) are 
assigned for each of the three predictors and then 
totaled to give an overall VNPI score ranging from 
3 to 9. It has been suggested that DCIS patients with 
VNPI scores of  3 or 4 can be considered for treatment 
with excision only. Patients with intermediate scores 
(5, 6, or 7) show a 17% decrease in local recurrence 
rates with radiation therapy. Patients with VNPI scores 
of 8 or 9 exhibit extremely high local recurrence rates, 
regardless of  irradiation, and should be considered 
for mastectomy. It should be noted, however, that at 
present the VNPI is not widely used. 

Additional factors: oestrogen receptor, 
progesterone receptor and HER2 

For the treatment of breast cancer, especially the 
choice of  adjuvant systemic treatment, determining 
oestrogen receptor status, progesterone receptor status, 
and HER2 status is extremely important. Pathologists 
should be aware that a false negative or false positive 
test result can have profound influence on the adjuvant 
systemic treatment choices, and can possibly lead to 
decreased survival chances for individual patients. 

The detection method for each of these proteins is 
inm~unohistochemistry. All laboratories participating 
in performing inm~unohistochemistry for the detection 
of these proteins, should have standardised protocols 
and internal and external validation of the protocol 
used. 

It is beyond the scope of this article to discuss in 
detail the various antibodies and inmlunohistochemi- 
cal staining techniques used. Some important aspects 
will be briefly mentioned. 

Oestrogen receptor 

Staining for oestrogen receptor is always nuclear in 
localisation. There are several scoring systems to ar- 
rive at a semi-quantitative score for oestrogen receptor 
expression [10,11]. As a general rule, approximately 
30% of invasive breast carcinomas do not show any 
staining, and approximately 50% show strong staining 
of the majority of the mmour cell nuclei. For these 
two categories, a semi-quantitative staining score does 
not appear to be relevant. For the approximately 
20% of breast carcinomas that show weak staining 
and/or staining of part of  the tumour cells, a semi- 
quantitative score may have predictive value for the 
likelihood of response to hormonal therapy. In most 
institutes, all patients with a tumour in which more 
than 10% or more than 1% of the tumour cells show 

positive staining are candidates for adjuvant hormonal 
therapy. 

Progesterone receptor 

The staining pattern for progesterone receptor is very 
similar to that for oestrogen receptor. The percentage 
of progesterone receptor positive breast cancers is 
smaller than that of  oestrogen receptor positive breast 
cancers. Personally, I have only very rarely come 
across breast carcinomas where the oestrogen receptor 
was negative and the progesterone receptor was 
positive (< 1% of the cases seen). It is likely that many 
are progesterone receptor-positive, oestrogen receptor- 
negative breast carcinomas are the result of  false 
negative oestrogen receptor staining. 

When negative staining for oestrogen receptor 
and/or progesterone receptor is seen, it is important 
to confirm that the staining of the hormone receptor- 
negative case has been successful. This can usually 
be tested, since the majority of  normal breast tissues 
contain some nuclei in ducts and lobules that are 
positive for oestrogen and progesterone receptor. I f  
no normal breast epithelial cells are found to show 
positive staining, the hormone receptor assays should 
be repeated on another tumour block. I f  no normal 
breast tissue can be found to show positive staining, 
it should be noted that the hormone receptor essay is 
possibly false negative. 

HER2 

HER2 gene amplification is observed in 15 30% of 
invasive breast cancers and leads to HER2 receptor 
overexpression. It is an early event in cancer but 
is also associated with aggressive disease and poor 
clinical outcome in most, but not all, studies [12,13]. 
Taken together, these factors provided the rationale 
for the development of  antibody-based therapy with 
trastuzumab, which was specifically designed to tar- 
get HER2 [14]. In addition to predicting response 
to trastuzumab, data suggest that HER2 positivity 
may predict relative sensitivity to anthracycline- and 
taxane-based regimens and indicates decreased sensi- 
tivity to tamoxifen and CMF [15]. 

Several technologies are available for determining 
HER2 status, but the two most commonly used 
are inmmnohistochemistry (IHC), which measures 
HER2 protein overexpression, and fluorescence in-situ 
hybridisation (FISH), which detects HER2 gene am- 
plification. IHC scoring provides a semi-quantitative 
interpretation of HER2 expression, based on the 
intensity and percentage of stained cells. The most 
commonly used IHC scoring system considers a score 
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of ' 0' 
is considered equivocal and should be followed by 
retesting by FISH. Only ' 3+' unequivocally indicates 
HER2 positivity. Clinical outcomes data demonstrate 
similar clinical benefits in patients with IHC 3+ and/or 
FISH-positive tumours, supporting the diagnostic find- 
ings that a score of IHC 3+ and FISH-positivity are 
highly concordant and can identify patients eligible 
for trastuzumab. Based on these findings, the testing 
algorithm for HER2 is as follows: if IHC is performed 
as the initial HER2 assessment test, women with 
IHC 3+ tumours are eligible for trastuzumab, while 
those with IHC 0/1+ tumours are not eligible. Women 
whose tumours are equivocal (IHC 2+) should be 
retested with FISH, with a positive result indicating 
eligibility for trastuzumab. According to the algorithm, 
FISH may also be conducted as the initial assay for 
HER2 status determination, with positivity indicating 
eligibility for trastuzumab. 

To ensure the highest possible accuracy, pathology 
centers must standardise methodologies and testing 
procedures, regularly validate their testing procedures, 
implement quality control and quality assurance mea- 
sures, and have adequate experience of performing the 
techniques. 

FISH can also be replaced by chromogenic in-situ 
hybridisation (CISH) [16], which is based on similar 
methodology to FISH, but it uses a chromogenic 
reaction, similar to that used with IHC. 

and ' 1+' as HER2 negative. A ' 2+' result The heterogeneity of breast cancer is also reflected 

Prognostic and predictive factors 

In the past 20 years, much research has been devoted 
to identify prognostic and predictive factors, especially 
to guide adjuvant systemic therapy. 

All this research has resulted in thousands of 
scientific papers, but only recently have some of 
these assays started to be used in day-to-day clinical 
decision-making, mainly in the form of incorporation 
of these assays into clinical trails. It is to be expected 
that in the coming years the process of bringing this 
knowledge from scientific research into the clinic will 
be proceeding at a higher speed than we have seen in 
the past 20 years. 

Genetic alterations 

Through the great advances in molecular biology, 
differences between cancer cells and their normal 
counterparts can be analysed at the molecular genetic 
level. These assays have led to an impressive catalogue 
of genetic alterations in malignancies and also in 
breast cancer. 

by the genetic alterations that have been identified. 
Most genetic alterations are present in approximately 
15-20% of all tumours and there are no common 
genetic alterations that can be found in the majority 
of breast carcinomas. 

To date, mainly amplification of approximately 10 
different chromosomal regions and inactivation of a 
limited number of tumour suppressor genes have been 
found. The presence of frequent loss of heterozygosity 
for many chromosomal regions indicates that more 
tumour suppressor genes are likely to be present and 
will be identified in the coming years. 

For clinical practice, the following genetic alter- 
ations are of importance at present: 
• HER2 gene amplification, which has been discussed 

in the previous section. 
• Germ-line mutations in the BRCA1 and 2 genes 

[17]: these mutations are associated with an 80% 
lifetime risk of breast cancer. In counselling families 
with hereditary breast cancer, genetic testing is 
routinely performed to identify mutations in these 
two breast cancer predisposing genes. 

• Mutations in the E-cadherin gene are specific for 
lobular breast cancer [18]. 
At present, no associations of specific genetic 

alterations with clinical behaviour have led to clinical 
testing. As some of these genetic alterations may lead 
to novel targeted therapies, this situation may change 
in the future. As this chapter is mainly aimed at 
discussing clinically relevant factors, a more detailed 
discussion of the genetic alterations in breast cancer is 
beyond the scope of this chapter. 

Gene expression profiles 

DNA microarrays 

DNA microarrays use gene chip technology to simul- 
taneously measure the mRNA expression of several 
thousand genes in biological specimens. Using this 
approach, prognostic subgroups of breast carcinomas 
have been identified. Using supervised classification, 
an expression profile of 70 genes has been identified 
that can predict distant metastasis-free probability 
in node-negative breast cancer patients younger than 
53 years of age [19,20]. More recently, a gene expres- 
sion profile consisting of 76 genes was identified [21] 
by a similar approach that led to the identification of 
the 70-gene profile. Other investigators have also iden- 
tified subgroups of tumours characterized by specific 
gene expression profiles, which are associated with 
outcome [22]. These are recent results and at present 
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there is not yet a gene expression pattern that inte- 
grates all of these studies. Prospective studies are now 
underway to validate the findings of these retrospective 
gene expression-profiling studies. Taken together, the 
data show the feasibility of this approach, but do 
not yet justify clinical application of microarray- 
based tests. Despite these promising results, more 
studies are needed with larger numbers of uniformly 
treated patients to determine whether adjuvant therapy, 
or a particular type of adjuvant therapy, improves 
prognosis in patients with an adverse genetic profile. A 
prospective randomised trial incorporating the 70-gene 
prognosis profile [19] is now being planned by the 
Breast Inter Group (BIG); the acronym for this study 
is: Microarray for Node-Negative Disease may Avoid 
Chemotherapy (M1NDACT). 

The use of DNA microarray technology to identify 
a prognostically predictive gene expression signature 
is but one of its many potential applications in breast 
cancer management. There is also evidence that the 
technology may be able to define a multigene predictor 
of complete pathological response to a particular 
primary systemic chemotherapy regimen [23-25]; 
and also predict responsiveness to hormonal ther- 
apy [26]. Gene expression profiles can distinguish 
sporadic breast cancer cases from those associated 
with mutations in the BRCA1 and 2 genes [19,27], 
and can distinguish novel molecular classes of breast 
cancer, including luminal and basal epithelial cell 
subtypes [28]. The differential expression of genes in 
mmour versus normal tissue may also help in identi- 
fying novel therapeutic targets for the development of 
drugs. 

Multigene RT-PCR 

Quantitative real-time polymerase chain reaction (RT- 
PCR) has been used to develop a prognostic gene 
expression classifier in node-negative, ER-positive 
breast cancer after adjuvant therapy with tamoxifen. 
This multigene RT-PCR assay allows quantitation 
of gene expression from fixed, paraffin-embedded 
tissue samples [29]. Candidate genes were selected 
from the literature, including published results of 
DNA microarray studies, and then tested in three 
independent breast cancer studies to identify an op- 
timal gene panel for clinical validation. The resulting 
21-gene panel comprised 16 cancer and 5 reference 
genes. The cancer genes were associated mainly with 
proliferation, invasion, and the estrogen and HER2 
pathways. The gene panel was then prospectively 
validated in the tamoxifen arm of the large, multicenter 
NSABP B-14 clinical trial. 

The assay was successful in 99% of the patients 
tested, indicating the feasibility and reproducibility of 
the technique. Regression analysis was used to calcu- 
late a recurrence score (RS), predicting the probability 
of disease- and relapse-free survival (DRFS) up to 16 
years after diagnosis. The test for the 10-year DRFS 
comparison between the low- and high-risk groups was 
highly statistically significant (p < 0.00001). These 
findings indicate that the RS accurately and precisely 
predicts the likelihood of distant recurrence. 

A prospective adjuvant clinical trial incorporating 
this assay is now planned by the North American 
Breast Intergroup. 

Proteins: from immunohistochemistry to proteomics 

The term proteome describes all the proteins expressed 
by a tissue. Proteomics includes the characterization 
of proteins and their post-translational modifications, 
differential display for comparison of proteins in 
different disease states, and studies of protein protein 
and protei~DNA/RNA interactions. It employs high 
throughput techniques, including protein arrays, two- 
dimensional gel electrophoresis, and mass spec- 
troscopy. These techniques are currently being used to 
analyse serum from breast cancer patients, and protein 
isolated from breast carcinomas. At present, there 
are no results from these high throughput proteomics 
studies that can already be applied in the clinic. In the 
coming years, it is likely that important developments 
will take place in this research area. 

Inmmnohistochemistry (IHC) is one of the most 
convenient methods to study protein expression in 
paraffin embedded clinical samples. IHC for the 
detection of ER, PR and HER2 has been discussed in 
the previous section. IHC has also been used to study 
many potential prognostic factors, but none of these is 
presently in clinical use. 

An important prognostic factor is the combined 
determination of urokinase-type plasminogen activator 
(uPA) and its inhibitor, activator inhibitor type 1 
(PAI-1), by ELBA of protein lysates from breast 
carcinomas. The prognostic impact of both factors 
in primary breast cancer has been substantiated by 
pooled analysis of large series of patients and in a 
multicentre prospective randomised therapy trial in 
node-negative breast cancer [30]. Patients with node- 
negative breast cancer with low antigen levels of uPA 
and PAI-1 in their primary tumour tissue have a very 
good prognosis and, therefore, may be spared the 
burden of adjuvant chemotherapy, whereas those with 
elevated uPA/PAI-1 antigen levels carry an increased 
risk of disease recurrence. 
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Discussion 

Histologic tumour assessment is used to determine 
mmour size, type and grade, and serves to evaluate the 
resection margins and lymph node status. These patho- 
logical features play a key role in providing optimal 
therapy tailored to individual patients. The assessment 
of these factors should be standardized and subjected 
to quality control in every institute. Assessment of 
oestrogen receptor, progesterone receptor, and HER2 
status should be performed for every breast carcinoma. 
The methods to assess these factors should also be 
standardized and subjected to quality control. 

Genetic tests to identify mutations in the BRCA1 
and 2 genes are available to evaluate individuals with 
a family history of breast cancer. 

Recent developments in molecular technologies 
have resulted in greater understanding of the pro- 
cesses/pathways involved in mmourigenesis and can- 
cer development, and it is now apparent that mmours 
with similar phenotypes can actually be genetically 
quite distinct. The application of molecular diagnostics 
is beginning to show improvements over existing 
clinicopathologic marker assessment. Single-marker 
diagnostic tests are already a reality in the clinical 
setting and the best examples are ER status and 
HER2 status. 

Data suggest that gene expression profiling have 
exciting potential in the development of new diagnos- 
tic tests to predict prognosis and response to specific 
therapy regimens. 

Taken together, there is an ongoing increase in the 
therapy choices that have to be made for individual 
patients. This is paralleled by an ongoing increase in 
the diagnostic possibilities to provide optimal patient 
tailored treatment of breast cancer. 

References 

1 Elston CW, Ellis IO. Pathological prognostic factors in breast 
cancer. I. The value of histological grade in breast cancer: 
experience from a large study with long-term follow-up. 
Histopathology 1991, 19, 403410 .  

2 Harris JR, Conolly JL, Schnitt SJ, Cohen RB, Hellman S. 
Clinical-pathologic study of early breast cancer treated by 
primary radiation therapy. J Clin Oncol 1983, 1, 184 189. 

3 Holland R, Connolly JL, Mravunac M, et al. The presence of  an 
extensive intraductal componnent following a limited excision 
correlates with prominent residual disease in the remainder of  
the breast. J Clin Oncol 1990, 8, 113 118. 

4 Abner AL, Connolly JL, Recht A, et al. The relation between 
the presence and extent of  lobular carcinoma in situ and the risk 
of  local recurrence for patients with infiltrating carcinoma of the 
breast treated with conservative surgery and radiation therapy. 
Cancer 2000, 88, 1072 1077. 

5 Weaver DL. Pathological evaluation of sentinel lymph nodes in 
breast cancer: a practical academic perspective from America. 
Histopathology 2005, 46, 702~06.  

6 Cserni G. Evaluation of  sentinel lymph nodes in breast cancer. 
Histopathology 2005, 46, 697~02.  

7 Ernster VL, Ballard-Barbash R, Baftow WE, et al. Detection 
of  ductal carcinoma in situ in women undergoing screening 
mammography. JNa t l  Cancer Inst 2002, 94, 1546 1554. 

8 Hoorntje LE, Schipper ME, Peeters PH, Bellot F, Storm RK, 
Borel Rinkes I. The finding of invasive cancer after a 
preoperative diagnosis of  ductal carcinoma-in-situ: causes of  
ductal carcinoma-in-situ underestimates with stereotactic 14- 
gauge needle biopsy. Ann Surg Oncol 2003, 10, 748~53.  

9 Silverstein MJ, Lagios MD, Groshen S, et al. The influence of 
margin width on local control of  ductal carcinoma in situ of  the 
breast. N E n g l J M e d  1999, 340, 1455 1461. 

10 Silverstein MJ, Lagios MD, Craig PH, et al. A prognostic index 
for ductal carcinoma in situ of  the breast. Cancer 1996, 77, 
22672274.  

11 Harvey JM, Clark GM, Osborne CK, Allred DC. Estrogen 
receptor status by immunohistochemistry is superior to the 
ligand-binding assay for predicting response to adjuvant 
endocrine therapy in breast cancer. J Clin Oncol 1999, 17, 1474 
1481. 

12 Slamon DJ, Clark GM, Wong SG, Levin WJ, Ullrich A, McGuire 
WL. Human breast cancer: correlation of  relapse and survival 
with amplification of  the HER-2/neu oncogene. Science 1987, 
235, 177 182. 

13 Van de Vijver MJ, Peterse JL, Mooi WJ, et al. Neu-protein 
overexpression in breast cancer. Association with comedo-type 
ductal carcinoma in situ and limited prognostic value in stage II 
breast cancer. N-Engl-J-Med 1988, 319, 1239 1245. 

14 Slamon DJ, Leyland-Jones B, Shak S, et al. Use of  chemotherapy 
plus a monoclonal antibody against HER2 for metastatic breast 
cancer that overexpresses HER2. N Engl J Med 2001,344, 783 
792. 

15 Piccart M, Lohrisch C, Di Leo A, Larsimont D. The predictive 
value of  HER2 in breast cancer. Oncology 2001; 61 Suppl 2: 
73-82. 

16 Arnould L, Denoux Y, MacGrogan G, et al. Agreement between 
chromogenic in situ hybridisation (CISH) and FISH in the 
determination of  HER2 status in breast cancer. Br J Cancer 

2003, 88, 1587 1591. 
17 Krainer M, Silva-Arrieta S, FitzGerald MG, et al. Differential 

Contributions of  BRCA1 and BRCA2 to eafty-onset breast 
cancer. N E n g l J M e d  1997, 336, 1416 1421. 

18 Berx G, Cleton-Jansen AM, Nollet F, et al. E-cadherin is 
a tumour/invasion suppressor gene mutated in human lobular 
breast cancers. EMBO J 1995, 14, 6107~6115. 

19 ' t Veer LJ, Dai H, Van de Vijver MJ, et al. Gene expression 
profiling predicts clinical outcome of  breast cancer. Nature 2002, 
415, 530 536. 

20 Van de Vijver M J, He YD, van' t Veer LJct al. A gene-expression 
signature as a predictor of  survival in breast cancer. N Engl J 

Med 2002, 347, 1999 2009. 
21 Wang Y, Klijn JG, Zhang Y, et al. Gene-expression profiles to 

predict distant metastasis of  lymph-node-negative primary breast 
cancer. Lancet 2005, 365, 671 679. 

22 Softie T, Perou CM, Tibshirani R, et al. Gene expression patterns 
of  breast carcinomas distinguish tumor subclasses with clinical 
implications. Proc NatlAcad Sci USA 2001, 98, 10869 10874. 

23 Ayers M, Symmans WF, Stec J, et al. Gene expression 
profiles predict complete pathologic response to neoadjuvant 



130 M. van  de  Vi jver  

paclitaxel and fluorouracil, doxorubicin, and cyclophosphamide 
chemotherapy in breast cancer. J Clin Oncol 2004, 22, 2284 
2293. 

24 Chang JC, Wooten EC, Tsimelzon A, et al. Gene expression 
profiling for the prediction of therapeutic response to docetaxel 
in patients with breast cancer. Lancet  2003, 362, 362 369. 

25 Hannemann J, Oosterkamp HM, Bosch CA, et al. Changes 
in gene expression associated with response to neoadjuvant 
chemotherapy in breast cancer. J Clin Oncol 2005, 23, 3331 
3342. 

26 Ma XJ, Wang Z, Ryan PD, et al. A two-gene expression ratio 
predicts clinical outcome in breast cancer patients treated with 
tamoxifen. Cancer Cell 2004, 5, 607 616. 

27 Hedenfalk I, Duggan D, Chen Y, et al. Gene-expression profiles 
in hereditary breast cancer. N E n g l  J M e d  2001, 344, 539348.  

28 Perou CM, Jeffrey SS, Van de Rijn M, et al. Distinctive gene 
expression patterns in human mammary epithelial cells and 
breast cancers. Proc Natl  Acad  Sci USA 1999, 96, 9212 9217. 

29 Paik S, Shak S, Tang G, et al. A multigene assay to predict 
recurrence of  tamoxifen-treated, node-negative breast cancer. 
N Engl  J Med  2004, 351, 28172826.  

30 Harbeck N, Kates RE, Schmitt M, et al. Urokinase-type 
plasminogen activator and its inhibitor type 1 predict disease 
outcome and therapy response in primary breast cancer. Clin 

Breast Cancer 2004, 5, 348052.  


