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Technology as a force for improved diagnosis and
treatment of breast disease

Increasing numbers of women are seeking evaluation of screen-detected breast
abnormalities, and more women with breast cancer are living with the consequences
of treatment. Improved technologies have helped to individualize diagnostic evalua-
tion and treatment, improve efficacy and minimize morbidity. This article highlights
some of these technologies. Superior imaging techniques have improved breast can-
cer screening and show promise for intraoperative surgical guidance and postopera-
tive specimen evaluation. Digital mammography improves the sensitivity of mam-
mography for women younger than 50 years with dense breasts, and tomosynthesis
may improve specificity. Magnetic resonance imaging provides sensitive delineation
of the extent of the disease and superior screening for women with a greater than
25% lifetime risk of breast cancer Minimally invasive techniques have been devel-
oped for the assessment of intraductal lesions, biopsy of imaging abnormalities, stag-
ing of the axilla and breast radiotherapy. Ductoscopy facilitates intraductal biopsy
and localization of lesions for excision, sentinel lymph node biopsy is becoming stan-
dard for axillary staging, and intraoperative radiotherapy has the potential to reduce
treatment time and morbidity. Three-dimensional imaging allows correlation of final
histology with preoperative imaging for superior margin assessment. Related tech-
niques show promise for translation to the intraoperative setting for surgical guid-
ance. New classifications of breast cancers based on gene expression, rather than
morphology, describe subtypes with different prognoses and treatment implications,
and new targeted therapies are emerging. Genetic fingerprints that predict treatment
response and outcomes are being developed to assign targeted treatments to individ-
ual patients likely to benefit. Surgeons play a vital role in the successful integration of
new technologies into practice.

De plus en plus de femmes demandent une évaluation d’anomalies du sein détectées au
dépistage et plus de femmes qui ont un cancer du sein vivent avec les conséquences du
traitement. L’amélioration des technologies a aidé à personnaliser l’évaluation diagnos-
tique et le traitement, à améliorer l’efficacité et à réduire au minimum la morbidité.
Cet article présente certaines de ces technologies. Des techniques d’imagerie
supérieures ont amélioré le dépistage du cancer du sein et sont porteuses de promesses
pour le guidage intraopératoire et l’évaluation des spécimens après l’intervention. La
mammographie numérique améliore la sensibilité de l’examen chez les femmes de
moins de 50 ans qui ont les seins denses et la tomosynthèse peut améliorer la spéci-
ficité. L’imagerie par résonance magnétique circonscrit de façon sensible l’étendue de
la maladie et assure un meilleur dépistage chez les femmes qui présentent un risque
total de cancer du sein de plus de 25 %. Des techniques à effraction minimale permet-
tent d’évaluer les lésions intracanalaires, d’effectuer une biopsie d’anomalies révélées
par l’imagerie, de déterminer le stade au niveau des aisselles et de traiter le sein par
radiothérapie. La canaloscopie facilite les biopsies intracanalaires et la localisation des
lésions à exciser. La biopsie du ganglion lymphatique sentinelle devient la norme pour
la détermination du stade au niveau des aisselles et la radiothérapie intraopératoire
pourrait réduire la durée du traitement et la morbidité. L’imagerie tridimensionnelle
permet d’établir un lien entre l’histologie finale et l’imagerie préopératoire et de mieux
évaluer les marges. Des techniques connexes sont porteuses de promesses pour applica-
tion au contexte peropératoire aux fins de guidage chirurgical. De nouvelles classifica-
tions du cancer du sein basées sur l’expression génique plutôt que sur la morphologie
décrivent des sous-types qui présentent des pronostics différents et nécessitent des
traitements différents. De nouvelles thérapies ciblées font leur apparition. Les
empreintes génétiques qui permettent de prédire la réaction au traitement et les résul-
tats sont en développement et permettront d’affecter des traitements ciblés aux
patientes qui sont susceptibles d’en bénéficier. Les chirurgiens jouent un rôle vital dans
l’intégration réussie des nouvelles technologies dans la pratique.
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I ncreased public awareness of breast cancer has been
accompanied by a marked increase in the number of
women seeking assessment of symptomatic or screen-

detected breast abnormalities. In developed countries
where breast cancer is most common, a large proportion of
the female population is within the age group for which
screening is recommended and breast abnormalities are
prevalent. These demographic realities all increase the
need for thorough and accurate breast assessment.

Over the last 2–3 decades, the incidence of breast cancer
has risen, and this is predominantly related to the increased
use of screening and the detection of early breast cancers,
including ductal carcinoma in situ.1–3 More importantly,
the mortality rate from breast cancer has decreased signifi-
cantly, owing to both the detection of earlier disease and
improved treatment modalities.4,5 Thus, there are more
survivors of breast cancer than at any previous time, and,
along with the expectation of longer life expectancy, it is
essential that the modalities used to detect and treat breast
cancer are accompanied by improvements that minimize
long-term morbidity. The future of breast cancer treat-
ment is maximum control of the disease with a minimum
of complications and to tailor aggressive treatments to the
individuals most likely to benefit.

Heightened public awareness of the societal burden of
breast cancer has resulted in a substantial investment in
breast cancer research. Such research has fostered the
development of a number of important technological
advances with the goal of improving diagnostic accuracy
and individualizing treatment to maximize effectiveness
while minimizing short- and long-term morbidity. In this
article, we present several novel approaches to the diagno-
sis of breast abnormalities and treatment, which incorpo-
rate some of these new technologies. These new technolo-
gies were discussed at a joint symposium of the Canadian
Association of General Surgeons and the Canadian Society
of Surgical Oncology at the Canadian Surgery Forum in
Toronto on Sept. 7, 2007. The information presented
reflects the personal experience of the authors and is not
intended to be a comprehensive review.

DUCTOSCOPY

A tiny endoscope has been developed for direct visualiza-
tion and assessment of intraluminal lesions, particularly
within the proximal breast ducts. Despite the small diame-
ter of the ductoscope, it contains several channels, includ-
ing a light source, video camera and a biopsy channel,
which allows saline to be flushed down the duct to aid in
its passage and the aspiration of fluid for cytology (Fig. 1).
Whereas the scope is fairly rigid, the central breast is quite
malleable, and the camera can easily be guided down the
ducts by moving the breast tissue as the scope is inserted.
The scope is connected to a light, and a live, coloured
video feed with reasonable resolution can be displayed on

a computer screen. Normal ducts can be followed beyond
several levels of bifurcations, and it is possible to differen-
tiate between normal and abnormal ductal tissue. A biopsy
catheter that fits over the ductoscope can biopsy most
observed abnormalities.

Since 2005, we (A.E., W.L., D.M., M.R.) have per-
formed over 50 ductoscopies in women with spontaneous
uniductal nipple discharge. Under general anesthesia at the
time of planned duct excision for suspected intraductal
papilloma, the duct opening is gently dilated, and the duc-
toscope (Fibretech) is passed into the duct until the papil-
loma is visualized. Intraluminal localization of the papil-
loma directs the incision in the breast skin and dissection
within the parenchyma to ensure that the papilloma is
completely removed, thereby minimizing the removal of
additional ductal tissue. Occasionally, no papilloma is
found; this usually corresponds to a diagnosis of duct ecta-
sia as a cause of the nipple discharge. In our initial series,
we were able to cannulate the duct in 96% of patients and
looked at the ducts for an average of 14 minutes per pa -
tient.6 Surgeons generally felt that the ductoscope was
helpful in locating and defining the extent of duct excision.
The learning curve was quite short.

Although our use has been limited to patients undergo-
ing surgical excision of a breast or nipple duct, this tech-
nique has been used by others in the diagnostic workup of
patients with nipple discharge. A ductoscope can be
inserted in the outpatient or office setting, and there are
even reports of papillomata being excised directly with the
endoscope, thus avoiding the need for surgical duct exci-
sion.7 Although Sharma and colleagues8 reported that
malignant lesions may be missed by intraluminal excision
given the intraluminal origin of breast carcinoma, the
potential application of ductoscopy to the management of
malignant disease warrants further study.
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Fig. 1. Ductoscope used for the assessment of intraductal lesions.
The ductoscope (Fibretech) contains several channels, including
a light source, video camera and biopsy channel, which allows
saline to be flushed down the duct to aid its passage and the
aspiration of fluid for cytology.
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BREAST IMAGING

Mammography

Film mammography has been the gold standard for popu-
lation-based screening for breast cancer and is the only
breast imaging modality that has been proven to decrease
mortality.9 However, mammographic breast density, a risk
factor strongly associated with an increased risk of breast
cancer, decreases the sensitivity of mammography.10,11

Consequently, there have been considerable efforts to
improve and refine breast imaging technology.

Digital mammography acquires and records a digital
image of the breast that is stored electronically rather
than on film.12 The Digital Mammographic Imaging
Screening Trial11 screened 49 528 asymptomatic women
by both film and digital mammography. In the entire
population, the diagnostic accuracy of film and digital
mammography was the same; however, the accuracy of
digital mammography was significantly higher among
women younger than 50 years, those with heteroge-
neously or extremely dense breasts on mammography,
and those who were pre- or perimenopausal. Other
advantages of digital mammography include more effi-
cient storage, transfer of images to readers distant from
the site of image acquisition, lower doses of radiation and
the capability to digitally manipulate images (e.g., change
the contrast or magnification). A double read of a mam-
mogram increases the rate of cancer detection by 10%
but has not been widely adopted in North America.13

Digital mammography offers the possibility of computer-
aided detection (CAD) of malignant disease, which may
prove helpful in reducing variability among radiologists
with different expertise.9 In a recent equivalence trial,
CAD with a single reading of the mammogram was com-
pared with a double reading or with double reading and
CAD. The results suggested a single reading with CAD
could be an alternative to double reading and could
improve the rate of detection of cancer from screening
mammograms read by a single reader.14 The main disad-
vantage of digital mammography is the increased capital
investment required.15

Digital tomosynthesis

Tomosynthesis is a modified form of digital mammogra-
phy in which multiple views of a stationary compressed
breast are taken at different angles. These images are
then reconstructed to generate 3-dimensional (3-D) radi-
ographic images of the breast.16 It is hypothesized that
this evaluation of the breast will decrease the number of
false-positive and false-negative mammogram results
from overlapping tissue and potentially minimize the
number of recalls and additional views required to resolve
these issues.15,17

Breast magnetic resonance imaging

Breast magnetic resonance imaging (MRI) generates
images by recording the signals generated after radiofre-
quency excitation of nuclear particles in tissues exposed to
a strong magnetic field. It typically involves use of an
intravenous contrast agent, gadolinium diethylenetriamine
penta-acetic acid (DPTA), which can locate tumours by
highlighting areas containing dense vessel networks.18

Importantly, MRI is not influenced by breast density.
There are important considerations when using MRI,
such as its high sensitivity (94%–100%) but low specificity
(37%–97%).17 Consequently, diagnostic imaging centres
need to be prepared for the increased workload (higher
recall rates and more benign biopsies) as a result of adding
MRI capability17,19 by having the ability to perform MRI-
guided biopsies of lesions imaged only with this highly
sensitive but modestly specific diagnostic modality.

Indications for MRI screening
Among women who carry BRCA1 or BRCA2 mutations,
MRI is more sensitive for the detection of breast cancer
than mammography, ultrasound or clinical breast exami-
nation.20 In addition, there is evidence that untested first-
degree relatives of known gene mutation carriers and
women with a lifetime risk greater than 25% of breast
cancer benefit from MRI breast screening.21 For other
women with a high risk of breast cancer, including those
with a history of chest radiation before age 30, lobular car-
cinoma in situ or atypical ductal hyperplasia, there is lim-
ited evidence for MRI screening, but there is expert panel
support.21 Nonetheless, its high cost (10 times the cost of
mammography), limited availability, low specificity (com-
pared with mammography) and lack of standard machin-
ery and methodology make it unlikely to become a popu-
lation screening tool in its current form.9

Use of MRI in planning for surgery
A systematic review of diagnostic imaging, including MRI,
in breast cancer was completed in 2006 by the Program in
Evidence-Based Care at Cancer Care Ontario.19 This
report suggested that MRI could provide useful informa-
tion in a number of special clinical situations including in
the setting of invasive lobular carcinoma, occult breast pri-
mary with axillary metastases, clinically palpable but mam-
mographically occult breast cancer, preoperative assess-
ment of the extent of disease especially in young patients
with dense breasts, assessment of tumour response after
neoadjuvant therapy for locally advanced breast cancer,
assessment of the extent of disease in women with positive
margins after initial breast-conserving surgery (BCS) and
assessment of the extent of disease after local in-breast
recurrence. In a more recent publication, MRI was shown
to identify contralateral breast cancers that are occult to
physical examination and mammography in 3% of women
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with proven breast cancer,22 suggesting that MRI will
likely become part of the standard preoperative evaluation
of patients with breast cancer in the future. Further study
is required to determine if the identification of more
extensive disease with MRI will lead to a corresponding
reduction in breast cancer recurrence or mortality.17

Positron emission tomography

Positron emission tomography (PET) is unique among
the diagnostic imaging techniques used in the manage-
ment of breast cancer in that it identifies disease based on
the detection of altered physiology rather than anatomy.
Breast cancer cells frequently have increased glucose
metabolism, which may be detected by increased uptake of
a radiolabelled glucose compound (18-fluorodeoxyglu-
cose). However, PET presently does not have a useful role
in screening for breast cancer or in the assessment of
patients with early breast cancer. Investigational use of
PET for monitoring response to chemotherapy,15 distin-
guishing scars from recurrence12 and in the assessment of
metastatic disease17 has been reported.

IMAGE-GUIDED SURGERY AND SPECIMEN EVALUATION

Breast-conserving surgery, defined as complete tumour
excision with microscopically clear resection margins and
a good or excellent cosmetic result, is feasible in about
70% of women who undergo surgery for primary breast
cancer. Women who undergo BCS for stage I or II breast
cancer have comparable survival rates to those who receive
a mastectomy;23 however, involvement of the resection
margin with tumour has been associated with increased
rates of local disease recurrence in numerous studies, even
when radiotherapy is used.24–26 The cosmetic result after
BCS is directly related to the volume of tissue excised,
thus the current BCS practice is challenged to balance the
needs of complete tumour excision with maximal preser-
vation of normal breast tissue.

With the advent of screening, many breast cancers are
not palpable at diagnosis and require localization to facilitate
excision. Current localization techniques generally involve
percutaneous wires placed preoperatively by a radiologist on
the day of surgery. The wires are prone to being dislodged
and therefore must be placed just before surgery. This cre-
ates important scheduling and other logistical issues. A tita-
nium seed containing 125I developed for prostate cancer
brachytherapy can be used to address this problem. The 60-
day half-life of 125I allows the percutaneously placed seed to
be positioned 1 day before surgery. The seed is detected
intraoperatively using the gamma probes in routine use for
sentinel lymph node biopsy. This approach is currently
being evaluated by Peter Lovrics and colleagues, including
the authors A.E., J.E., W.L., D.M. and M.R., in a clinical
trial with the outcomes positive margin rate, procedural

complication rate, localization and operative times, margin
width and weight/volume of tissue excised.

Most localization techniques are effective at indicating
the location of the tumour within the breast, and some
techniques can often act as guides to disease extent along a
single axis, leaving the surgeon to estimate the extent of
disease in the other 2 dimensions. Even among women
with palpable tumours, nonpalpable satellite lesions or in
situ carcinoma that extends beyond the palpable invasive
component are common. Optimal localization techniques
will locate not only the position of the tumour in the breast
but also the margin of the tumour in all dimensions. One
approach has been to target tumour cells with antibodies
labelled with tracers for intraoperative detection. We
(C.H., F.W., M.L.Q.) have initiated a proof-of-principle
study for this approach.

Three-dimensional imaging of many breast tumours
can be achieved with a combination of mammography,
ultrasound and MRI interpreted together by an experi-
enced radiologist. Although such imaging may be highly
accurate, it is not available to surgeons in a useable form at
operation. Translation of preoperative 3-D imaging of
breast tumours and their extent into the operative field is
required for the benefits of such imaging to be fully used to
improve treatment outcomes. Techniques for real-time
intraoperative imaging of the extent of disease are under
development. It is hoped that they will improve the accu-
racy of surgical excision, thereby reducing recurrence rates
and extending the indications for BCS, although this
remains to be proven.

For the benefits of more accurate surgery to be realized,
precise pathologic assessment of the margins of the excised
specimen is required. Current methods of inking margins,
formalin fixation and selection of histologic sections based
on palpation or radiographic images of the sliced gross spec-
imen are disadvantaged by alteration in specimen conforma-
tion on removal, the soft and fragile composition of the
specimen and by the limitations of sampling. Techniques
that maintain specimen conformation and orientation and
combine 3-D specimen imaging and reconstruction with
histologic examination have the potential to improve the
accuracy of pathologic margin assessment (Fig. 2).

SENTINEL LYMPH NODE BIOPSY

The introduction of sentinel lymph node biopsy (SLNB)
has been revolutionary in the surgical management of
early breast cancer. The concept of the first node in the
draining nodal basin reflecting the status of the entire
basin was first described by Cabanas27 in penile cancer in
1977 and subsequently adopted for melanoma by Morton
and colleagues28 in 1992. Sentinel lymph node biopsy for
breast cancer was then reported using blue dye by Giuliano
and colleagues29 and radioisotopes by Krag and colleagues30

in the mid 1990s. Since then, findings of numerous studies,
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including 2 randomized control trials demonstrating the
accuracy of the procedure with no difference in survival,
have been incorporated into guidelines by bodies such as
the American Society of Clinical Oncology,31 supporting
its use as the preferred method of evaluating the axilla in
women with early breast cancer.32–37

There is no question that, unlike a lot of new surgical
innovations, SLNB is a multidisciplinary procedure involv-
ing surgery, nuclear medicine and pathology. Close collab-
oration among these disciplines is required for optimal
results. Appropriate training through residency or fellow-
ship, formal courses or mentoring is needed before using
SLNB as the sole staging procedure for the axilla.31 In
addition, identification rates and longer-term results such
as regional recurrences should be monitored.36 Whereas
there have been various descriptions of the technical
aspects of the procedure, mapping the sentinel node with
both blue dye and radioisotopes yields consistent results.
Radioisotopes can be injected subareolarly or subdermally
over the tumour the day before or on the day of surgery.31

A hand-held intraoperative gamma probe is then used to
remove, on average, 2 or 3 sentinel nodes using the “10%
rule,” whereby nodes emitting a count greater than 10% of

the highest count are considered to be sentinel nodes. In
addition to those that stain blue, those that have a blue
lymphatic vessel leading to it or are highly clinically suspi-
cious on palpation during the procedure should also be
removed as sentinel nodes. Whereas the use of intraopera-
tive pathologic evaluation can help facilitate completion
axillary dissection during the same procedure in cases of
positive disease, this is not required and is not available in
many centres.

One of the most important implications of SLNB has
been the enhanced pathologic staging afforded by evalua-
tion of a few nodes as opposed to the standard 10 or more
nodes in a level I/II axillary dissection. Historically, axillary
nodes were bivalved and evaluated using standard hema-
toxylin and eosin staining. Sentinel lymph node biopsy
results in many fewer nodes, which can be sectioned seri-
ally, often at 2- to 3-mm intervals, allowing for more thor-
ough analysis of each node. The most recent update of the
American Joint Committee on Cancer staging system
reflects this ability to detect increasingly small tumour
deposits,38 although the clinical significance of such disease
is less clear.

There is general agreement that completion axillary
node dissection should be performed when macrometas-
tases (> 2 mm) are present, given a rate of additional dis-
ease of up to 50%.31,39 However, controversy remains when
micrometastases (> 0.2 mm to ≤ 2 mm) and isolated
tumour cells (< 0.2 mm) are found. Micrometastatic disease
has been associated with additional disease in up to 35% of
patients,40 and retrospective data suggest that survival is
poorer in those with micrometastatic disease compared
with those who are truly node-negative.41–43 The finding of
isolated tumour cells alone has been associated with addi-
tional nonsentinel node metastases in 0%–27% of patients
undergoing a completion axillary lymph node dissection;44

however, this is difficult to interpret given the wide varia-
tion in SLNB protocols, methods of detection of addi-
tional metastases and the heterogeneous patient popula-
tions in these studies. This presents a challenge to
clinicians in determining if completion dissection is war-
ranted. In the absence of more definitive data, decisions
about completion dissection in this subgroup should take
into account the risk of additional disease and the impact
on adjuvant treatment decisions on a case-by-case basis.
Tools such as the Memorial Sloan Kettering nomogram,
although not perfect, can help to quantify the risk of resid-
ual disease based on primary tumour characteristics and
method of metastasis detection.45 We are awaiting long-
term data on morbidity and outcomes from 2 North Amer-
ican randomized trials of SLNB: the National Surgical
Adjuvant Breast and Bowel Project (protocol B-32;
NSABP-B32) and the American College of Surgeons
Oncology Group prognostic study of sentinel node and
bone marrow micrometastases in women with clinical T1
or T2 N0 M0 breast cancer (ACOSOG Z0010).46 Other

Fig. 2. Correlation between imaging histology and 3-dimensional
(3-D) reconstruction for comprehensive margin assessment.
Whole-mount sections in series are digitally scanned. Each
whole-mount section may be compared with slices imaged by
micro-computed tomography (CT). The CT and digital images
are then coregistered to allow 3-D reconstruction. Photograph
courtesy of Dr. Gina Clarke.
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randomized trials of SLNB, including those evaluating
recurrence and mortality in patients with micrometastases,
are summarized in Table 1. In the interim, SLNB is
rapidly becoming the preferred method of axillary staging
for early-stage breast cancer, providing accurate assessment
of nodal status with less morbidity.

GENE EXPRESSION–BASED BREAST CANCER SUBTYPE
CLASSIFICATION

Invasive breast cancer is a heterogeneous disease and has
traditionally been classified histologically as either ductal or
lobular. However, recent advances in our knowledge of the
human genome and the availability of high-throughput,
high-performance screening techniques of gene expres-
sion have permitted reclassification of breast cancer into
luminal, normal-like, basal and Her2-positive subtypes.49

Thus, molecular profiling has allowed detailed definition
of a number of breast cancer subtypes with different prog-
noses and treatment implications.

The luminal subtype makes up about 70% of breast can-
cers. Although luminal tumours are defined by a specific
gene expression profile,50 an appropriate immunohisto-
chemical surrogate for this subtype is the presence of estro-
gen receptor (ER) and/or progesterone receptor (PR).
Compared with the other subtypes, luminal tumours have
the most favourable overall and relapse-free survival times.49

This is partially because of the sensitivity of these breast
cancers to therapies that target estrogen metabolism.

Cancers of the normal-like subtype resemble normal
breast tissue in that basal epithelial cell and adipose cell genes
are expressed at relatively high levels and luminal epithe-
lial cell genes are expressed at relatively low levels. Patients
with these tumours have intermediate survival times.

Her2-positive cancers (Her2-positive, basal keratins
[5/6 and 17]–positive and ER-negative) make up 5%–10%
of breast cancers. These tumours have traditionally been
associated with a poorer prognosis; however, with the

introduction of trastuzumab, a monoclonal antibody that
targets Her2, the rate of disease-free survival has dramati-
cally improved in patients with these lesions.51

Basal breast cancers (15%–20% of breast cancer) are
associated with the lowest 5- to 10-year survival compared
with the other subtypes. About 80% of basal breast cancers
harbour mutations in the p53 tumour suppressor gene (v.
10%–15% for luminal), a known marker for poor progno-
sis and limited response to systemic treatment. Most basal
breast cancers are ER-, PR- and Her2-negative (“triple
negative”), making them refractory to the available tar-
geted breast cancer therapies. 

In contrast, basal breast cancers tend to overexpress
growth factor receptors such as epithelial growth factor
receptor and c-KIT; thus, agents that target these proteins
may prove effective in this context. Furthermore, there is
evidence that BRCA1-related breast cancer and basal breast
cancer share common molecular defects.52 The observation
that BRCA1-associated breast cancer may be sensitive to
platinum-based chemotherapy has stimulated interest in
using a similar chemotherapeutic approach to basal breast
cancer.53 Interestingly, triple-negative patients who are alive
and well 10 years after treatment have a relatively low rate of
distant relapse and may form a stable “cured” population.54

At the same time that better classifications of breast can-
cer are being developed, new systemic and targeted thera-
pies are emerging. To better match treatments to individ-
ual patients and tumours, genetic fingerprints that predict
treatment response and outcomes are being developed.

COMMERCIAL GENE PANELS

Current tools for predicting prognosis and treatment
response are imprecise. Olson55 reported that patients who
were considered “low risk” had a 23% mortality rate at
18.2 years, whereas 30% of “high-risk” patients remained
disease-free with local–regional therapy alone. Conse-
quently, oncologists tend to overprescribe chemotherapy

Table 1. Randomized trials of sentinel lymph node biopsy 

Study Population Comparison arms Trial status

Milan47 T1 tumours SLNB; SLNB + ALND Completed 

GIVOM48 T < 3 cm ALND; SLNB Completed 

NSABP-B32 T1–3 tumours SLNB; SLNB + ALND Closed, technical report published only 

ACOSOG Z0010 T1–2 tumours SLNB and bone marrow aspiration (no 
comparison arm) 

Closed 

ALMANAC33 Any T SLNB; SLNB + ALND or 4 node sampling Closed, quality of life data published 

ACOSOG Z0011 T1,2 with positive SLN ALND; no further surgery Closed early owing to poor accrual 

IBCSG 23–01 T1,2 tumours with micrometastases 
< 2 mm found in SLN 

ALND; no further surgery Open 

AMAROS T1,2 with positive SLN ALND; RT to axilla level I/II Open 

ACOSOG Z0010 = American College of Surgeons Oncology Group prognostic study of sentinel node and bone marrow micrometastases in women with clinical T1 or T2 N0 M0 breast 
cancer; ACOSOG Z0011 = American College of Surgeons Oncology Group randomized trial of axillary node dissection in women with clinical T1–2 N0 M0 breast cancer who have a 
positive sentinel node; ALND = axillary lymph node dissection; ALMANAC = Axillary Lymphatic Mapping Against Nodal Axillary Clearance; AMAROS = After Mapping of the Axilla: 
Radiotherapy Or Surgery?; GIVOM = Gruppo Interdisciplinare Veneto Oncologia Mammaria; IBCSG 23-01 = International Breast Cancer Study Group randomized trial of axillary 
dissection vs. no axillary dissection for patients with clinically node negative breast cancer and micrometastases in the sentinel node; NSABP B32 = National Surgical Adjuvant Breast 
and Bowel Project, Protocol B-32; RT = radiotherapy; SLN = sentinel lymph node; SLNB = sentinel lymph node biopsy. 
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because there is no accurate way to tell which patients’
disease has been treated adequately with surgery alone.
Therefore, a better prognostic system has the potential to
improve the risk-to-benefit ratio of potentially toxic and
expensive treatments.

The development of DNA microarray technology has
allowed the expression level of thousands of genes to be
determined simultaneously. A process known as gene profil-
ing measures the relative mRNA levels of individual genes,
resulting in a genetic signature of the tumour that may bet-
ter predict outcomes compared with current clinicopatho-
logic parameters.

One of the first studies to demonstrate the potential
utility of gene profiling in predicting outcomes was
reported by the Netherland Cancer Institute.56,57 They ret-
rospectively confirmed that a 70-gene panel could predict
distant metastasis and overall survival better than any com-
monly used clinicopathologic systems. This 70-gene panel
is now available commercially (MammaPrint; Agendia,
about Û1650 per test). The test is conducted on RNA
extracted from fresh surgical specimens, and it must be com-
pleted quickly because RNA is not stable at room tempera-
ture. The test uses DNA microarray technology to deter-
mine the expression of 70 genes whose expression is
correlated with clinical outcome. The initial study included
women younger than 61 years with early-stage node-negative
breast cancer and, therefore, may not be applicable to other
patient populations. A Europe-wide multicentre prospective
trial, MINDACT (Microarray In Node-negative disease and
1 to 3 positive lymph node Disease may Avoid ChemoTher-
apy), is now being conducted to evaluate MammaPrint for
selection of chemotherapy in 5000 women with node-negative
breast cancer.

Other gene profiling technologies, including quantita-
tive real-time polymerase chain reaction, have also been
developed. Oncotype DX (Genomic Health, about
US$4200 per test) determines the expression level of 21
genes, 5 of which are controls. Oncotype DX has the
advantage of using paraffin-embedded tissue, thereby elim-
inating the time restrictions for specimen processing.
Thus, patients and their physicians may postpone the deci-
sion to order the test until after surgery. Oncotype DX was
initially validated in patients with ER-positive node-negative
early breast cancer treated in the NSABP trials.58 The test
generates a recurrence score based on the 21-gene profile,
and a few studies have shown that recurrence scores can
predict recurrence in patients who received tamoxifen.
Women with a high recurrence score (≥ 31) may benefit
from the addition of chemotherapy to hormonal therapy,
whereas those with low score (< 18) will not likely benefit.
Currently, a North America–wide multicentre trial, the
Trial for Assigning Individualized Options for Treatment
(TAILORx), is being conducted to prospectively evaluate
the utility of Oncotype DX in treatment planning for 10 000
women with ER-positive, Her2/neu-negative breast cancer.

Both Mammaprint and Oncotype DX represent the first
generation of gene profiling tests that will facilitate better
individualization of treatment plans. As our understanding
of the molecular classification of breast cancer improves
and new targeted therapies are developed, more refined
gene profiling tests are expected.

INTRAOPERATIVE RADIOTHERAPY

Standard breast-conserving therapy for invasive breast can-
cer mandates whole-breast radiation after wide local excision
of the tumour. Radiation is generally given over a period of
weeks and may result in altered texture, sensation and sensi-
tivity of the breast skin and parenchyma. The evidence that
breast-conserving therapy for early breast cancer yields com-
parable disease-free and overall survival to mastectomy has
provided a rationale for the evaluation of more focused and
less extensive radiotherapy after tumour excision, with the
goal of reducing treatment time and morbidity. Whole-
breast radiation after wide local excision is used primarily to
reduce local recurrence. Because most in-breast recurrences
occur at the site of the primary tumour,59–65 the necessity of
whole-breast radiation has been questioned, and the con-
cepts of partial breast radiation and delivery of radiation at
the time of surgery have been developed.

There are several techniques for partial breast radiation,
including interstitial brachytherapy with seeds66 or Mam-
mosite67 conformal external breast radiation,68 intensity
modulated radiotherapy69 and intraoperative breast radia-
tion (IORT) either using the soft beam or the electron
beam radiation.70–72

At the Princess Margaret Hospital, we (J.E., A.E., W.L.,
M.R., D.M.) are currently evaluating IORT using soft
photon beam radiation as part of the targeted intraopera-
tive radiotherapy (TARGIT) trial. This international study
comparing IORT to standard external beam radiation had
enrolled 779 patients at 16 institutions by 2006.73 Once the
tumour has been excised, the duration of radiation, accord-
ing to the size of the cavity, is calculated by the radiation
physicist. The tumour bed receives 20 Gy using soft radi-
ographs (50 kV) delivered with the Intrabeam Photon
Radiosurgery System (Zeiss Inc.; Fig. 3). Following deliv-
ery of radiation, the source is removed, the cavity inspected
for hemostasis and the skin closed in the usual way. The
patient is followed at regular intervals to assess the condi-
tion of the skin over the operative site.

Use of this technology has raised the question of optimal
management in the event that surgical resection margins
are found to be positive after tumour excision and IORT.
Ideally, efforts should be made to avoid positive margins.
By selecting patients according to age (> 50 yr), tumour size
(< 3 cm), preoperative diagnosis with core needle biopsy
and ultrasound-guided preoperative needle localization of
nonpalpable tumours, multivariate analysis predicted a posi-
tive margin rate at first lumpectomy as low as 2.2%.74
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Other groups have dealt with the issue of positive mar-
gins in different ways. Some have considered IORT as a
boost and given postoperative whole-breast radiation;75

others have re-resected the margins before whole-breast
radiation.76 An Australian group has opted for performing
lumpectomy first and performing IORT during a second
procedure after negative margins have been confirmed.77–81

The primary advantages of IORT are the precision in
targeting the site of the primary tumour, thereby minimiz-
ing injury to normal breast tissue caused by whole-breast
radiation, and the completion of surgery and radiation in 
1 day. A possible limitation of IORT is the availability of
operating room time. In our experience, IORT requires
between 20 and 40 minutes for radiation time plus about
15 minutes to set up the radiation source.

Intraoperative breast radiation may represent an impor-
tant technological advance that supports the paradigm shift
from radical surgery and field radiation to targeted, mini-
mally invasive surgery and partial breast irradiation.

SUMMARY

Technological advances in many fields have been used in the
diagnosis and treatment of breast cancer (Table 2). Whereas
many of these advances have been clearly shown to improve
outcomes for women with breast cancer, others require eval-
uation in prospective trials to determine their role and utility
in clinical practice. Surgeons have an important role to play
in the development, application and evaluation of new tech-
nologies aimed at improving patient outcomes.

Fig. 3. Intraoperative radiotherapy illustration of the Intrabeam unit (A) on its own, (B) in place with the applicator within the breast
lumpectomy cavity and (C) in use with a tungsten shield over the breast.

Table 2. Technological advances in the local evaluation and treatment of breast cancer 

Technique Past Present Future 

Definition of ductal anatomy Contrast radiography Direct endoscopic visualization Intraductal excision of lesions 

Breast cancer screening Film mammography Digital mammography Possibly digital tomosynthesis 

Preoperative evaluation of the 
extent of disease  

Film mammography, 
ultrasonography 

Digital mammography with computer-assisted 
detection, ultrasonography, MRI in selected 
circumstances 

Possibly digital, tomosynthesis, 
ultrasonography, MRI 

Breast-conserving surgery Palpation Wire localization Molecular probes 

Surgical specimen evaluation Gross and microscopic 
evaluation 

Orientation of specimen, inking of margins, 
specimen radiograph, directed sectioning 

3-D specimen imaging and imaging–pathology 
correlation 

Axillary staging Axillary node dissection Sentinel lymph node biopsy Preoperative imaging of axillary nodes 
+/− biopsy, sentinel lymph node biopsy 

Tumour classification Histologic type, size Grade, lymphovascular invasion, ER, PR,  
Her2-neu oncogene expression 

Genotyping 

Gene expression ER, PR ER, PR, Her2-neu expression, Mammaprint,* 
Oncotype DX* 

Gene array–based individualized treatment 

Radiotherapy Whole-breast radiation Conformal whole-breast radiation Partial-breast radiation 

3-D = 3-dimensional; ER = estrogen receptor; PR = progesterone receptor; MRI = magnetic resonance imaging. 
*Clinical trial. 
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