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ABSTRACT

In the last decade, advances in the diagnosis and treatment
of breast cancer have achieved a significant increase in the
general and disease-free survival of affected women but have
also increased the complexity of therapeutic decisions. The
decision-making process requires agreement between the
physicians involved in the management of these patients.
Radiologists must understand what other physicians expect
and inform them about the usefulness of imaging modalities.
This review attempts to provide an update on these subjects.
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for many years to suggesting an initial diagnosis and detecting lo-

co-regional recurrence after treatment by mammogram and breast
ultrasonography (US). The Breast Imaging Reporting and Data System
(BIRADS) of the American College of Radiology (ACR) (1) standardized
the description and recommended management of breast lesions. BI-
RADS has increased the radiopathological correlation of radiologists’
reports, improving the reports’ reliability (2). This system has also estab-
lished a common language for all of the physicians involved in breast
disease management, favoring agreement on decisions. Furthermore,
advances in breast magnetic resonance imaging (MRI) and image-guid-
ed interventional procedures have increased our responsibility in the
therapeutic decision-making process.

At the same time, new knowledge and technical progress have im-
proved the management and prognosis of these patients. Breast-con-
serving treatment, and namely, lumpectomy plus postsurgical whole-
breast radiotherapy (RT), has replaced mastectomy as the treatment of
choice for stage I and II breast cancer according to the American Joint
Committee on Cancer (AJCC Cancer Staging Manual, Table) (3), due to
the similar overall survival (OS) and disease-free survival (DFS), lower
morbidity, better cosmetic results, and minor changes in the self-esteem
of the patients (4-6). Postsurgical adjuvant therapy (hormonotherapy
or chemotherapy) significantly improved survival over the last 20 years.
Currently, adjuvant therapy is based on identification of molecular
markers in tumor tissue, which act as specific targets for treatments and/
or provide prognostic information (7). Human genome decoding has
led to the identification of several subtypes of breast cancer that have
different systemic treatments and outcomes (7). Progress in presurgical
or neoadjuvant therapy allows certain patients with locally advanced
tumors (stage III) who had undergone a mastectomy several years ago
to become candidates for breast-conserving treatment (4, 8-11). Signif-
icant differences in the OS or DFS between patients who received neo-
adjuvant or adjuvant therapy have not been observed (4, 12). Finally,
patient concerns (self-esteem, risk of loco-regional recurrence) also in-
fluence the choice of treatment (6).

All of these improvements are increasing the complexity of the deci-
sion-making process (7, 10-13). Multidisciplinary teams (varying accord-
ing the resources of each institution) composed of surgeons, gynecolo-
gists, medical and radiation oncologists, pathologists, and radiologists
may be useful to determine the best decision for each patient. Our goal
is to review the contribution of radiologists throughout the diagnos-
tic and therapeutic process for patients with breast cancer, focusing on

T he role of radiologists in breast cancer management was limited
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Table. Anatomic stage and prognostic groups of breast cancer

Stage T N M

0 Tis NO MO

la T12 NO MO
Ib TO

T1 NTmi MO

NTmi MO

lla TO N1°P MO

T1? N1 MO

T2 NO MO

Ilb T2 N1 MO

T3 NO MO

Illa TO N2 MO

T12 N2 MO

T2 N2 MO

T3 N1 MO

T3 N2 MO

llb T4 NO MO

T4 N1 MO

T4 N2 MO

lllc Any T N3 MO

\Y Any T Any N M1

aT1 includes T1mi.

5T0 and T1 tumors with nodal micrometastases only are excluded from Stage IIA and are classified Stage IB.

MO includes MO(i+).

The designation pMO is not valid; any MO should be clinical.

If a patient presents with M1 prior to neoadjuvant systemic therapy, the stage is considered Stage IV and
remains Stage IV regardless of response to neoadjuvant therapy.

Stage designation may be changed if postsurgical imaging studies reveal the presence of distant metastases,
provided that the studies are carried out within four months of diagnosis in the absence of disease progres-
sion and provided that the patient has not received neoadjuvant therapy.

Postneoadjuvant therapy is designated with “yc” or “yp” prefix. Of note, no stage group is assigned if there is
a complete pathologic response to neoadjuvant therapy, for example, ypTOypNOcMO.

Obtained from “The American Joint Committee on Cancer (AJCC) Cancer Staging Manual. 7th ed. Chicago: Spring-
er Science and Business Media LLC, 20170.” with the permission of AJCC.

areas of debate. Issues about diagnosis,
treatment planning, the evaluation
of responses to neoadjuvant therapy,
surgery, radiofrequency ablation, RT,
and post-treatment follow-up are dis-
cussed.

Diagnosis

The diagnosis of breast cancer is usu-
ally achieved by mammogram, breast
US and image-guided percutaneous
core biopsy. If microcalcifications or
architectural distortion are observed,
vacuum-assisted biopsy (with 8- to
14-gauge needle) removes more tissue
than percutaneous core biopsy (with
14-gauge needle), decreasing the possi-
bility of the underestimation of disease
(14). A surgical biopsy will be necessary
in two situations to exclude this risk
(15): a) Radiopathological discordance,

and namely, suspicious radiological
findings are categorized as BIRADS
code 4 or 5 and benign pathological
findings. Images should be obtained
during the interventional procedure
and should correspond to the speci-
men to verify that the lesion has been
sampled accurately, especially in case
of microcalcifications (14). If the biop-
sy was not accurately on-target, it must
be repeated. b) Atypical ductal hyper-
plasia is a very high-risk lesion. In oth-
er high-risk lesions (in situ lobular car-
cinoma, atypical lobular hyperplasia,
papillomas, radial scar, and flat epithe-
lial atypia) there is no standard of care
(surgery vs. follow-up). Small prelimi-
nary studies have suggested that gad-
olinium contrast-enhanced breast MRI
may be useful in determining the most
appropriate option. Prospective trials
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are needed to decide how to manage
these lesions (15).

A subset of women at increased risk
of developing breast cancer has been
identified based on clinical experi-
ence and genetic tests. Unlike popu-
lation-screening programs for early
diagnosis that are based on periodic
mammograms in women at average
risk, which have achieved a reduction
in mortality close to 30% in the last de-
cades in developed countries, there is
currently no evidence of improvement
in the survival of high-risk women with
periodic breast-imaging procedures.
However, this improvement has been
suggested by numerous observational
studies, leading to the publication of
guidelines recommending the use of
periodic mammograms. Mammograms
and MRI performed concurrently every
year or staggered every six months are
reasonable options (16).

Treatment planning

After diagnosis, the multidisciplinary
team will decide upon a suitable treat-
ment for each patient. Breast cancer
treatment varies depending on the dis-
ease stage, including the evaluation of
tumor spread inside the breast, the lo-
cation and characterization of lymph
nodes in the axilla, and the detection
of distant metastases; and the molecular
markers in tumor tissue (estrogen and
progesterone receptors [ER and PgR] and
human epidermal growth factor recep-
tor 2 [HER2]) (3, 4, 7, 12, 13). The stag-
ing determines locoregional treatment,
and the molecular markers dictate the
systemic treatment (hormonotherapy,
trastuzumab, and chemotherapy; sin-
gle or combined regime). The staging,
histological grade (grade 3 has a high-
er risk of systemic dissemination than
grade 1) and Ki-67 proliferative index
(high if greater than 30%) also influ-
ence the choice of systemic treatment
(7,13, 17).

Extension inside the breast

MRI is the best technique to assess
tumor volume, including the invasion
of the pectoral muscle in posterior
tumors (18), with abnormal enhance-
ment of the muscle in postgadolinium
images (Fig. 1). MRI is the most sensi-
tive imaging method to detect multifo-
cality (the presence of two or more foci
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Figure 1. Sagittal, fat-suppressed, contrast-enhanced T1 MR image of a 49-year-old woman with
pectoral muscle involvement in multicentric invasive carcinoma. There is a nodule in the inner
internal quadrant adjacent to the chest wall with abnormal enhancement of the pectoral muscle.
The extensive infiltration of the pectoral muscle was demonstrated in surgical specimen after
mastectomy.

of cancer within the same breast quad-
rant) and multicentricity (presence of
several foci of cancer in different quad-
rants). In the majority of cases, multi-
centricity excludes breast-conserving
treatment (4, 19), so a mastectomy
would be the most appropriate option,
although breast-conserving treatment
may occasionally be a reasonable alter-
native (5, 19), especially in absence of
an extensive intraductal component.
However, therapeutic changes caused
by the discovery of additional lesions
by MRI have not improved DFS (20),
suggesting that the disease could be
controlled by RT or systemic treatment.
Furthermore, MRI is a relatively expen-
sive procedure and yields a significant
percentage of false positives (predictive
positive value of 52%-77%) for invasive
ductal carcinoma (20, 21). Therefore, it
is necessary to confirm the diagnosis by
percutaneous core biopsy after a second
look focused on the MRI findings or to
perform an MRI-guided biopsy, which
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is available in a few institutions, if ad-
ditional foci are not observed by mam-
mogram or US. Diffusion-weighted im-
aging (DWI), a noncontrast sequence
of MRI, improves breast lesion charac-
terization without decreasing the sensi-
tivity, reducing the number of negative
biopsies if multicentricity is suspected
(18). Currently, routine pretreatment
MRI in all patients with invasive duc-
tal carcinoma remains controversial
(4, 8, 13, 18, 20-23), but seems to be
indicated in those patients with inva-
sive lobular carcinoma. This condition
has a higher risk of microscopic spread
than invasive ductal carcinoma, allow-
ing better-delimited tumor margins
than mammography and US. Invasive
lobular carcinoma might have an im-
pact on adequate complete surgical
management, which is assumed to be
pathologically confirmed surgical erad-
ication of the tumor. A percutaneous
core biopsy of additional tumor foci
will be needed to minimize the harm

of overtreatment, as in invasive ductal
carcinoma. Large prospective random-
ized clinical trials are necessary to de-
termine whether preoperative MRI can
improve DFS or OS in patients with in-
vasive lobular carcinoma (24).

MRI is also indicated before neoad-
juvant therapy in patients with poten-
tially operable stage Illa breast cancer
(18, 23) or at stage II if the tumor is
too large with respect to the breast vol-
ume, provided that performing an MRI
does not significantly postpone neoad-
juvant therapy initiation (23). Pretreat-
ment MRI facilitates comparison with
postneoadjuvant therapy imaging, en-
abling accurate preoperative planning.
Molecular markers from percutaneous
core biopsy samples should be required
to select the appropriate neoadjuvant
therapy (25), enabling an earlier be-
ginning of treatment. In patients with
multifocal/multicentric breast cancer
and candidates for neoadjuvant ther-
apy, obtaining molecular markers in
each focus has been suggested (17),
because heterogeneity among foci
with the same histotype in terms of bi-
ological features is possible, changing
the appropriate neoadjuvant therapy.
However, these findings were obtained
from the analysis of surgical specimens
rather than biopsy samples.

It is useful to implant metallic mark-
ers inside the tumor prior to neoadju-
vant therapy to avoid the risk of los-
ing sight of the tumor during surgery,
which occurs in 10%-50% of cases
(9, 25). Current nickel-platinum me-
tallic markers are compatible with
MRI (Fig. 2). If neoadjuvant therapy
shrinks the tumor volume significant-
ly, breast-conserving treatment will
be performed (4, 8-11, 23). In care-
fully selected stage IIIb to IIlc breast
cancer patients, neoadjuvant therapy
could downstage the tumor to enable
breast-conserving treatment, although
the data are sparse, and the usual treat-
ment will be neoadjuvant therapy plus
mastectomy and RT, as in poor re-
sponders to neoadjuvant therapy and
in inflammatory breast carcinoma (11).

Axillary spread

The most common site of the lym-
phatic metastases of breast cancer is
the axillary lymph nodes, even in me-
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Figure 2. a, b. A 48-year-old woman with locally advanced invasive ductal carcinoma in the
upper-external quadrant of the right breast. Mediolateral oblique mammograms before (a)
and after (a) neoadjuvant chemotherapy show a partial response to the treatment. Two metal
markers were implanted into the lesion prior to neoadjuvant chemotherapy.

dially located tumors. It is essential to
know the axillary status for staging,
choosing the appropriate treatment
and establishing the patient’s prog-
nosis (26, 27). Sentinel lymph node
biopsy has replaced axillary lymph-
adenectomy as the method of choice
for detecting lymph node metastases
because this technique reduces the
axillary morbidity (lymphedema, par-
esthesias) without a reduction in di-
agnostic accuracy in experienced in-
stitutions. However, a degree of risk
persists, and the method is highly de-
pendent on the surgeon’s experience
and is time- and resource-consuming,
so it is advisable to minimize the num-
ber of procedures (27, 28). Axillary US
and axillary US-guided fine-needle
aspiration or percutaneous core bi-
opsy are rapid, inexpensive and safe
methods of staging the disease of the
axilla, and there is much evidence of

usefulness (26-28). Axillary US should
be performed to detect lymph nodes
suspected of malignancy, which are
characterized by a cortical thickening
greater than 3 mm, a bulge in contour
and the absence of a central fatty hi-
lum (the most suspicious features), a
rounded (not oval) shape and predom-
inantly peripheral vascularization (26,
27, 29). For detection, a fine-needle
aspiration or percutaneous core biop-
sy must be performed. A positive result
makes sentinel lymph node biopsy an
unnecessary technique at this time,
and axillary lymphadenectomy, with
the dissection of axillary levels I and II
(low and middle), should be performed
during a surgical breast procedure. If a
negative result is obtained or if suspi-
cious lymph nodes are not observed by
axillary US, a sentinel lymph node bi-
opsy must be performed because it is a
more sensitive method (3, 4, 26).
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Axillary US and axillary fine-needle
aspiration or percutaneous core biopsy
offer a low yield in patients with tu-
mors less than 1 cm in diameter, so it
only seems advisable to perform axil-
lary US in patients with tumors larger
than 1 cm (26).

The choice between fine-needle as-
piration and percutaneous core biopsy
depends on the radiologist’s experi-
ence and the cytology support in each
institution. Fine-needle aspiration has
several advantages, as this method is
less aggressive, better tolerated by the
patients, less expensive, and has a sen-
sitivity is similar to that of percutane-
ous core biopsy. Although fine-needle
aspiration is less specific, a positive
result for metastatic adenocarcinoma
is sufficient to obviate sentinel lymph
node biopsy (26).

Patients with abnormal axillary US
and a positive fine-needle aspiration or
biopsy are considered to be clinically
node-positive and were not included
in the conclusions of the Z0011 tri-
al (30). In particular, in patients with
limited sentinel lymph node metasta-
ses, axillary lymphadenectomy does
not improve survival, and the risk of
loco-regional recurrence seems to be
controlled by RT and adjuvant therapy.

Distant spread

In stages I and I, it is not necessary
to perform additional radiological
studies, such as total-body comput-
ed tomography (CT) or bone scintig-
raphy, to consider a woman free of
metastases if there are no suspicious
symptoms or blood-test alterations, as
distant metastases are uncommon in
these stages (11). Moreover, the indis-
criminate use of these tools would pro-
duce a high false-positive rate, causing
unjustified anxiety in many patients
and a remarkable increase in costs (31).
These procedures (or at least chest ra-
diography plus liver US instead of CT)
are recommended in stage III, which
has a significantly higher risk of dis-
tant metastases (3, 11, 31). A patholog-
ical confirmation of metastases should
be performed whenever feasible by
fine-needle aspiration, percutaneous
core biopsy or surgical biopsy (3).

Evaluation of response to neoadjuvant therapy

The best available marker for OS
and DFS after neoadjuvant therapy is
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the pathological complete response,
and namely, the absence of invasive
carcinoma after removing the volume
where the tumor was located, corre-
sponding to grade 5 of the Miller and
Payne histological grading system (32).
To evaluate the degree of response to
neoadjuvant therapy is a major chal-
lenge in radiology. MRI clearly seems
to be the best imaging technique for
this assessment (9-11, 18, 22, 23, 33),
identifying residual disease after treat-
ment (tumor persistence). However,
the correlation between the residual
size of the tumor determined by MRI
and the pathology is not accurate, with
a risk of over- or underestimation. The
benefit to OS and DFS of additional
MRI during treatment, aimed to assess
the early and intermediate tumor re-
sponses (chemosensitivity), is yet to be
established (23).

Chemosenisitivity

The question is how to distinguish
responder from nonresponder tumors
after the first cycle of neoadjuvant
therapy to detect the need for a change
in therapy. At this stage, morpholog-
ical changes are not observed. Only
modifications in perfusion and metab-
olism that can be detected by molecu-
lar imaging techniques, such as mag-
netic resonance (MR) spectroscopy,
DWI, positron emission tomography
(PET), and single-photon emission CT
(SPECT) are observable (8). These tech-
niques have limited spatial resolution,
but MR spectroscopy and DWI can be
reinforced with MRI, and PET or SPECT
with CT (12). It has been reported that
MR spectroscopy can distinguish re-
sponder from nonresponder tumors 24
hours after the first cycle. In respond-
er tumors, MR spectroscopy detects a
decrease in the choline peak, which is
a marker of cell turnover or cell mem-
brane breakdown (18).

DWI detects changes in water dif-
fusion, which is restricted in invasive
cancers, which show a high DWI sig-
nal intensity. However, this behavior is
not specific, so the use of the apparent
diffusion coefficient (ADC) is recom-
mended to assess changes in water dif-
fusion. A high DWI intensity has a low
ADC value (33); therefore, the ADC
value is lower in breast cancer than in
normal tissue or benign lesions. After
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neoadjuvant therapy, a low ADC value
would suggest a low cytotoxicity, and
therefore, the presence of viable tumor
tissue. Large prospective studies are
needed to establish the reliability of
MR spectroscopy and DWI for assess-
ing chemosensitivity (11, 23).

The changes monitored by MRI in
patients who receive neoadjuvant
therapy are predictive of responses in
basal-like or triple-negative (ER-, PgR,
and HER2-) and HER2-like (ER and
PgR-, HER2+) subtypes but not in the
most common luminal subtypes (ER
or PgR+) (34). Basal-like cancers have
a worse prognosis and greater associ-
ation with BRCA mutations (13, 35).
BRCA mutation carriers have an up
to 70% chance of developing breast
cancer over their lifetime (22) and a
higher incidence of new primary can-
cer (5). Unlike local recurrences, new
primary cancers appear in different lo-
cations than the primary tumor, with a
different histological pattern and after
a long time interval (5). Because there
is no definitive correlation between
BRCA mutations and a significant in-
crease in loco-regional recurrence, the
presence of these mutations does not
contraindicate breast-conserving treat-
ment (5, 35, 36).

Tumor persistence

MRI is the best technique to identi-
fy residual tumor but has a certain risk
of underestimation due to the vascu-
lar obliteration caused by neoadjuvant
therapy. Neoadjuvant therapy reduces
tumor vitality but also gadolinium en-
hancement, therefore decreasing the
ability to detect the tumor (23, 37). Six
weeks after the first cycle, the patho-
logical uptake and washout curve dis-
appears or slows (37). Residual tumor
has been surgically identified in up
to 30% of cases without a tumor visi-
ble by MRI (MRI false negatives), with
greater residual tumor for non-mass-
forming lesions than for mass-forming
lesions. Greater underestimation is also
observed with the use of taxanes than
with the use of other chemotherapeu-
tic agents (23, 37). In any case, surgery
must be performed after neoadjuvant
therapy, even without MRI evidence of
disease (8, 18).

The measurement of responses ac-
cording to the Response Evaluation

Criteria in Solid Tumors (RECIST) is ad-
visable (23, 38). In RECIST, four groups
are categorized: complete responders
(the complete vanishing of the tumor),
partial responders (a decrease in the
sum of the tumor lengths by 30% or
more compared with the baseline ex-
amination and/or evidence of residual
nonmeasurable disease) (Fig. 3), pro-
gressive disease (an increase in the sum
of the tumor lengths by 20% or more
compared with the smallest total length
during treatment or the appearance of
incontrovertible new disease) and sta-
ble disease (the remainder) (38). New
volumetric methods to improve the
assessment of the response to neoadju-
vant therapy are being developed (39).
DWI has a diagnostic ability equiva-
lent to MRI for the detection of resid-
ual tumor after neoadjuvant therapy.
As DWI does not need gadolinium, this
method could be advantageous in wom-
en with impaired renal function (33).
The delay after finishing neoadjuvant
therapy and before surgery should be as
short as possible and should intercalate
MRI In the clinical and conventional
imaging of poor responders (progres-
sive or stable disease), MRI usually con-
firms the results (very low rate of false
positives) and is thus unnecessary (23).

Surgery

If lumpectomy is feasible, the ra-
diologist can help the surgeon to ob-
tain negative surgical margins, or the
presence of tumor cells more than 1
mm in distance from the specimen’s
edges, although there is no consen-
sus about the adequate width (Fig. 4)
(4, 5). Obtaining negative margins is
the key to avoiding loco-regional re-
currence, which is the main problem
in breast-conserving treatment (5, 22),
affecting DFS and OS (40). It has been
shown that a significant improvement
in long-term local control with margins
wider than 1 mm is unlikely (41). Two
radiological procedures are useful (4,
5): a) Presurgical installation of a mam-
mogram- or US-guided wire in or near
the tumor. The radiology report must
include the path of the wire, whether
the wire passes through the lesion and
the distance from the skin at the en-
trance of the wire to the skin overlaying
the tumor. The surgeon will make an
incision in the skin overlaying the tu-
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Figure 3. a—d. A 40-year-old woman with locally advanced invasive ductal carcinoma. A mediolateral oblique mammogram of the right breast (a)
shows a 3.2 cm long-axis lobulated mass in the upper quadrants with associated microcalcifications. Moreover, several suspicious axillary lymph nodes
were observed on US (not shown). A BIRADS code 5 (predictive positive value for cancer higher than 95%) was assigned. A diagnosis of triple-negative
invasive ductal carcinoma with axillary invasion was obtained by US-guided percutaneous core biopsy in both lesions. Sagittal, fat-suppressed, contrast-
enhanced T1 MR images before neoadjuvant chemotherapy (b); after four cycles of doxorubicin plus cyclophosphamide, with one cycle every three
weeks (c); and after completion of treatment with four cycles of the taxane docetaxel (Taxotere®, Sanofi-Aventis, Paris, France), with one cycle every
three weeks (d) are seen. In image before neoadjuvant chemotherapy (b), a 6 cm long-axis lobulated mass with intense enhancement was observed,
occupying both upper quadrants (multicentric tumor). In image (c), the mass shrunk to 2.5 cm, and only one lymph node was observed. In image (d),
axillary lymph nodes and suspicious images of the breast (mass or enhancement) were not observed. According to RECIST, the tumor was categorized
as a complete responder. Two weeks later, a mastectomy plus axillary lymphadenectomy was performed, and scattered nests of carcinoma in the upper
quadrants of the breast and axillary lymph nodes were detected.

mor or as close as possible, attempting
to remove the tumor in a single speci-
men, with negative margins and good
cosmetic results. US-guided intraopera-
tive installation depends on radiologist
availability. b) Radiography or US of

the surgical specimen before intraop-
erative margin study to assess whether
the lesion is fully included. This step is
more important in nonpalpable lesions,
such as microcalcifications. It must be
reported to the surgeon if the surgical
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margins need to be extended.

Between 20% and 30% of women
undergoing lumpectomy may require
additional surgery due to positive mar-
gins (Fig. 5) (42). Postoperative breast
MRI is the most useful technique for
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Figure 4. A 61-year-old woman with invasive ductal carcinoma. Microphotograph of the surgical
specimen stained with hematoxylin-eosin (H-E) at the original magnification (x4) is seen. The
tumor tissue is less than T mm from the edge of the specimen, marked with ink at the bottom of
the photograph (double-headed red arrow, narrow margin). The width corresponding to 1 mm is
shown by a scale in green. At the upper part of the photograph, the margin is negative because
the space between the tumor tissue, and the edge of the specimen is wider than 1 mm and is

occupied by adipose tissue.

Figure 5. A 50-year-old woman with invasive ductal carcinoma with positive margins.
Microphotograph of the surgical specimen stained with H-E at the original magnification (x40) is
seen. The tumor tissue is in direct contact with the edge of the specimen, which is marked with ink.

evaluating residual tumor and decid-
ing upon the extent of the addition-
al excision. However, this method is

Volume 19 e Issue 5

not included in the current practice of
many institutions. MRI should be per-
formed as soon as possible after surgery

(18, 22). A ring enhancement detected
by MRI around the postsurgical sero-
ma, with a thick contour (larger than
5 mm) that is nodular or irregular, sug-
gests the presence of residual tumor,
and a thin and uniform enhancement
suggests the absence of disease. In tu-
mors with microcalcifications, a mam-
mogram will be preferable (22).

Radiofrequency ablation in early breast
cancer

The possibility of avoiding surgery
in early cases using percutaneous pro-
cedures performed by radiologists is
being evaluated. The most promising
technique seems to be radiofrequency
ablation, based on the high sensitivi-
ty of tumor cells to hyperthermia (43).
The main inconvenience of radiofre-
quency ablation is that this method
does not allow surgical margin eval-
uation. There are still no data about
DES, OS, or long-term cosmetic results
because the research period has been
brief. Studies suggest that radiofre-
quency ablation can be an alternative
in tumors less than 2 cm in diameter
(T1) without an associated in situ com-
ponent, which are clearly visible using
the imaging technique with which
radiofrequency ablation is performed
(usually US). The tumors should also
be located 1 cm away from the skin or
the pectoral muscle to avoid lesions
(43). It is necessary to exclude axillary
involvement before radiofrequency
ablation. As ablation makes the pos-
terior evaluation of molecular markers
impossible, these markers must be de-
termined from a previous biopsy (43).
Radiofrequency ablation is not recom-
mended in invasive lobular carcinoma
due to this cancer’s higher risk of mi-
croscopic spread (44).

Radiotherapy post-treatment follow-up

Whole-breast RT is performed after
breast-conserving surgery, except in
patients with absolute (pregnancy, pre-
vious breast RT) or relative (connective
tissue disorders, except rheumatoid ar-
thritis) contraindications because this
method eliminates residual microscop-
ic tumor foci, achieving a significant
decrease in loco-regional recurrence (4,
5, 8,13, 37, 45) and improving OS and
DEFS (8, 34, 40).
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Clinical history, physical examina-
tion, and mammography are the key
elements required for the early detec-
tion of loco-regional recurrence after
treatment (8, 12, 46, 47), improving OS
(48). Most guidelines recommend per-
forming the first mammogram one year
after the initial diagnosis and at least six
months after the end of RT because radi-
ation effects are more visible from 6-12
months after RT and disappear over
time. Mammograms are recommended
yearly for a long time or even for life
(46, 47), including for the contralateral
breast (4). Mammographic stability (the
absence of changes in two successive
controls) is usually achieved 2-3 years
after treatment (4, 46, 49). Subsequent
findings will be considered suspicious
for loco-regional recurrence and must be
biopsied unless the findings are benign
according to the BIRADS criteria (Fig. 6).
Most of the recurrences appear 3-5 years
after the initial diagnosis, but recurrence
has also been described during the fol-
lowing 15 years (4, 46, 47).

The changes in breast tissue due
to RT are an increase in density, skin

thickening, microcalcifications or ar-
chitectural distortion, and the differ-
ential diagnosis of loco-regional recur-
rence may be difficult in certain cases
(46, 49). Additional mammographic
projections, US, percutaneous core bi-
opsy, or even MRI may be needed if
it is not possible to perform a biopsy
(23, 47). MRI improves the differentia-
tion of a radial scar from locoregional
recurrence when imaging is performed
12-18 months after the end of RT but
could also be useful after only three
months (50). In any case, there is no
evidence regarding the value of rou-
tine MRI follow-up (23, 47), bone scin-
tigraphy, PET or CT scans, liver US, or
chest radiography (47).

Accelerated partial breast irradia-
tion consists of applying RT only to
the tumor bed and surrounding areas,
decreasing the radiation dose deliv-
ered to the uninvolved portions of the
breast and adjacent organs. Possible
applications could be in those wom-
en who underwent previous RT of the
thorax and breast for lymphoma treat-
ment (13) or in selected women older

Figure 6. a, b. A 33-year-old woman with invasive ductal carcinoma with an extensive
intraductal component in the upper outer quadrant of the left breast underwent breast-
conserving treatment. Mediolateral oblique mammogram one year after treatment (a) is seen.
The same projection one year later (b) showed suspicious microcalcifications with a ductal
distribution in the surgical bed (arrow). A BIRADS code 4 was assigned (predictive positive
value for cancer, 2%-95%), and a biopsy with stereotactic guidance was performed. An
invasive ductal carcinoma was diagnosed. In this case, the recurrence appeared earlier, two
years after finishing the treatment, whereas recurrence usually takes at least three years. A

mastectomy was subsequently performed.
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than 60 years with early breast cancer,
but it is unlikely that accelerated par-
tial breast irradiation will replace RT
for most patients treated with lumpec-
tomy (45). There are no available data
that justify previous breast MRI to ac-
celerated partial breast irradiation (45),
although in certain articles, this meth-
od is recommended (23).

Conclusion

The role of radiologists in the man-
agement of breast cancer is summa-
rized in the following points:

e Diagnosis should be performed
using a mammogram, US and im-
aging-guided percutaneous core
biopsy or vacuum-assisted biopsy,
and a surgical biopsy should be
recommended in cases of ra-
dio-pathologic discordance (if the
lesion was incorrectly sampled,
repeat percutaneous core biopsy)
or atypical ductal hyperplasia. In
other high-risk lesions, there is
no standard of care. In high-risk
women, screening with breast
imaging procedures is advisable,
but there is not yet robust evi-
dence of these methods’ impact
on improving survival.

¢ If invasive lobular carcinoma is
diagnosed or if pectoral muscle
infiltration is suspected due to a
mammogram or US, MRI should
be performed for staging. The
need for pretreatment MRI in all
patients with invasive ductal car-
cinoma is not clearly established.
If multifocality/multicentricity
is suspected, the malignancy in
each focus should be confirmed
by a percutaneous core biopsy
because such features would
alter the type of surgery. DWI
can help to select the most
suspicious focus, reducing the
number of negative biopsies.

¢ An ipsilateral axillary US should
be performed if the tumor is
greater than 1 cm in diameter.

If suspicious lymph nodes are
observed, a fine-needle aspira-
tion or percutaneous core biopsy
must be performed.

e When locally advanced carcino-
ma is suspected due to the tumor
volume and/or degree of axillary
spread, requesting molecular

Cortazar-Garcia et al.



marker testing in percutaneous

core biopsy samples is advisable
because this information allows
the earlier planning of neoadju-
vant therapy.

¢ In locally advanced carcinoma
or whenever metastases are
suspected, bone scintigraphy
and total-body CT (or at least
chest radiography and liver US)
are recommended. A histopatho-
logic confirmation of suspicious
lesions is needed.

e Before neoadjuvant therapy,

a metallic marker should be
implanted into the lesion.
Pretreatment MRI and MRI after
the end of neoadjuvant therapy
should be performed to estab-
lish the surgical decision. MRI
during treatment for monitoring
the response and noncontrast
sequences to assess chemosensi-
tivity requires large prospective
studies to establish this method’s
reliability.

e The placement of a wire into the
tumor before surgery and imag-
ing studies of surgical specimens
help to obtain negative margins.
If new surgery is necessary due
to positive margins, MRI would
be advisable for planning the
procedure, and a mammogram is
necessary in tumors with micro-
calcifications.

e Large prospective trials are
needed to assess the reliability of
radiofrequency ablation.

e After treatment, a long-term
follow-up is necessary for the
early detection of loco-regional
recurrence or new tumors, usual-
ly with annual mammograms. If
suspicious findings are observed,
a percutaneous core biopsy is
needed. MRI or other image scans
are not recommended in routine
breast cancer surveillance.

Acknowledgements

The authors thank to Isabel Rodrigo-Fernan-
dez, member of the Department of Pathology
(Costa del Sol Hospital), for her help providing
the microphotographs.

Conflict of interest disclosure
The authors declared no conflicts of interest.

Volume 19 e Issue 5

References

1.

10.

11.

12.

13.

D’Orsi CJ, Basset LW, Berg WA, et al. ACR
Breast Imaging Reporting and Data System,
Breast Imaging Atlas. 4th ed. Reston: Ameri-
can College of Radiology, 2003; 193-198.

. Geller BM, Ichikawa L, Buist D, et al. Im-

proving the concordance of mammography
assessment and management recommenda-
tions. Radiology 2006; 241:67-75. [CrossRef]

. Hayes DF, Allred C, Anderson BO, et al.

Breast. In: Edge SB, Byrd DR, Compton CC,
eds. AJCC Cancer Staging Manual. 7th ed.
New York: Springer, 2010; 347-376.

. American College of Radiology. Practice

guideline for the breast conservation
therapy in the management of invasive
breast carcinoma. ] Am Coll Surg 2007;
205:362-376. [CrossRef]

. Newman LA, Kuerer HM. Advances in

breast conservation therapy. J Clin Oncol
2005; 23:1685-1697. [CrossRef]

. Temple WJ, Russell ML, Parsons LL, et al.

Conservation surgery for the breast can-
cer as the preferred choice: a prospective
analysis. J Clin Oncol 2006; 24:3367-
3373. [CrossRef]

. Dowsett M, Dunbier AK. Emerging bio-

markers and new understanding of tra-
ditional markers in personalized therapy
for breast cancer. Clin Cancer Res 2008;
14:8019-8026. [CrossRef]

. Buchholz TA, Lehman CD, Harris JA, et

al. Statement of the science concerning
loco-regional treatment after preopera-
tive chemotherapy for breast cancer. A
national cancer institute conference. ]
Clin Oncol 2008; 26:791-797. [CrossRef]

. Edeiken BS, Fornage BD, Bedi DG, et al.

US-guided implantation of metallic mark-
ers for permanent localization of the tu-
mour bed in patients with breast cancer
who undergo preoperative chemothera-
py. Radiology 1999; 213:895-900.
Gralow JR, Zujewsky JA, Winer E. Preop-
erative therapy in invasive breast cancer:
reviewing the state of the science and
exploring new research directions. J Clin
Oncol 2008; 26:696-697. [CrossRef]

Chia S, Swain SM, Byrd DR, Mankoff
DA. Locally advanced and inflammatory
breast cancer. ] Clin Oncol 2008; 26:786-
790. [CrossRef]

Wolff AC, Berry D, Carey LA, et al. Re-
search issues affecting preoperative sys-
temic therapy for operable breast cancer. |
Clin Oncol 2008; 26:806-813. [CrossRef]
Goldhirsch A, Ingle JN, Gelber RD, et al.
Thresholds for therapies. Highlights of
the St. Gallen International expert con-
sensus on the primary therapy of early
breast cancer 2009. Ann Oncol 2009;
20:1319-1329. [CrossRef]

. Gumiis H, Gumiis M, Devalia H, et al.

Causes of failure in removing calcium
in microcalcification-only lesions using
11-gauge stereotactic vacuum-assisted
breast biopsy. Diagn Interv Radiol 2012;
18:354-359.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

235.

26.

Georgian-Smith D, Lawton TJ. Contro-
versies on the management of high-risk
lesions at core biopsy from a radiology/
pathology perspective. Radiol Clin N Am
2010; 48:999-1012. [CrossRef]

Lee CH, Dershaw DD, Kopans D, et al.
Breast cancer screening with imaging: rec-
ommendations from the Society of Breast
Imaging and the ACR on the use of mam-
mography, breast MRI, breast ultrasound
and other technologies for the detection
of clinically occult breast cancer. ] Am Col
Radiol 2010; 781:18-27. [CrossRef]

Buggi F, Folli S, Curzio A, et al. Multi-
centric/multifocal breast cancer with a
single histotype: is the biological charac-
terization of all individual foci justified?
Ann Oncol 2012; 23:2042-2045. [Cross-
Ref]

Weinstein S, Rosen M. Breast MR imag-
ing: current indications and advanced im-
aging techniques. Radiol Clin N Am 2010;
48:1013-1042. [CrossRef]

Yerushalmi R, Tyldesley S, Woods R,
Kennecke HF, Speers C, Gelmon KA. Is
breast-conserving therapy a safe option
for patients with tumor multicentrici-
ty and multifocality? Ann Oncol 2012;
23:876-881. [CrossRef]

Turnbull L, Brown S, Harvey I, et al. Com-
parative effectiveness of MRI in breast cancer
(COMICE) trial: a randomised controlled tri-
al. Lancet 2010; 375:563-571. [CrossRef]
Houssami N, Ciatto S, Macaskill P, et al. Ac-
curacy and surgical impact of magnetic res-
onance imaging in breast cancer staging:
systematic review and meta-analysis in detec-
tion of multifocal and multicentric cancer. J
Clin Oncol 2008; 26:3248-3258. [CrossRef]
Morris EA. Diagnostic breast MR imaging:
current status and future directions. Radiol
Clin N Am 2007; 45:863-880. [CrossRef]
Sardanelli F, Boetes C, Borisch B, et al.
Magnetic resonance imaging of the
breast: recommendations from the EU-
SOMA working group. Eur J Cancer 2010;
46:1296-1316. [CrossRef]

Heil J, Buehler A, Golatta M, et al. Do
patients with invasive lobular breast can-
cer benefit in terms of adequate change
in surgical therapy from a supplementa-
ry preoperative breast MRI? Ann Oncol
2012; 23:98-104. [CrossRef]

Gralow JR, Burtstein HJ, Wood W, et al.
Preoperative therapy in invasive breast
cancer: pathologic assessment and sys-
temic therapy issues in operable disease. J
Clin Oncol 2008; 26:814-819. [CrossRef]
Manieiro MB, Cinelli CM, Koelliker SL,
Graves TA, Chung MA. Axillary ultra-
sound and fine-needle aspiration in the
preoperative evaluation of the breast can-
cer patient: an algorithm based on tumor
size and lymph node appearance. AJR
Am ] Roentgenol 2010; 195:1261-1267.
[CrossRef]

Role of radiologists in a multidisciplinary breast cancer team « 385


http://dx.doi.org/10.1148/radiol.2411051375
http://dx.doi.org/10.1016/j.jamcollsurg.2007.02.057
http://dx.doi.org/10.1200/JCO.2005.09.046
http://dx.doi.org/10.1200/JCO.2005.02.7771
http://dx.doi.org/10.1158/1078-0432.CCR-08-0974
http://dx.doi.org/10.1200/JCO.2007.15.0326
http://dx.doi.org/10.1200/JCO.2007.15.9459
http://dx.doi.org/10.1200/JCO.2008.15.0243
http://dx.doi.org/10.1200/JCO.2007.15.2983
http://dx.doi.org/10.1093/annonc/mdp322
http://dx.doi.org/10.1016/j.rcl.2010.06.004
http://dx.doi.org/10.1016/j.jacr.2009.09.022
http://dx.doi.org/10.1093/annonc/mdr570
http://dx.doi.org/10.1093/annonc/mdr570
http://dx.doi.org/10.1016/j.rcl.2010.06.011
http://dx.doi.org/10.1093/annonc/mdr326
http://dx.doi.org/10.1016/S0140-6736(09)62070-5
http://dx.doi.org/10.1200/JCO.2007.15.2108
http://dx.doi.org/10.1016/j.rcl.2007.07.002
http://dx.doi.org/10.1016/j.ejca.2010.02.015
http://dx.doi.org/10.1093/annonc/mdr064
http://dx.doi.org/10.1200/JCO.2007.15.3510
http://dx.doi.org/10.2214/AJR.10.4414

27.

28.

29.

30.

31.

32.

33.

34.

Garcia-Ortega M]J, Benito MA, Va-
hamonde EF, Torres PR, Velasco AB,
Paredes MM. Pretreatment axillary ultra-
sonography and core biopsy in patients
with suspected breast cancer diagnostic:
accuracy and impact on management.
Eur J Radiol 2011; 79:64-72. [CrossRef]
Manieiro M. Regional lymph node stag-
ing in breast cancer: The increasing role
of imaging and ultrasound-guided axillary
lymph node fine needle aspiration. Radiol
Clin N Am 2010; 48:989-997. [CrossRef]
Bedi DG, Krishnamurthy R, Krishnamur-
thy S, et al. Cortical morphologic features
of axillary lymph nodes as a predictor
of metastases in breast cancer. AJR Am ]
Roentgenol 2008; 191:646-652. [CrossRef]
Giuliano AE, Hunt KK, Ballman KV, et
al. Axillary dissection vs. no axillary dis-
section in women with invasive breast
cancer and sentinel node metastases: a
randomized clinical trial. JAMA 2011;
305:569-575. [CrossRef]

Puglisi F, Follador A, Minisimi AL, et al.
Baseline staging test after a new diagnosis
of breast cancer: further evidence of their
limited indications. Ann Oncol 2005;
16:263-266. [CrossRef]

Ogston KN, Miller ID, Payne S, et al. A new
histological grading system to assess re-
sponse of breast cancer to primary chemo-
therapy: prognostic significance and surviv-
al. Breast 2003; 12:320-327. [CrossRef]
Woodhams R, Kakita S, Hata H, et al.
Identification of residual breast carcino-
ma following neoadjuvant chemothera-
py: diffusion-weighted imaging-compari-
son with contrast-enhanced MR imaging
and pathologic findings. Radiology 2010;
254:357-366. [CrossRef]

Loo CE, Straver ME, Rodenhius S, et al.
Magnetic resonance imaging response
monitoring of breast cancer during neo-
adjuvant chemotherapy: relevance of
breast cancer subtype. J Clin Oncol 2011;
29:660-666. [CrossRef]

33.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Haffty BG, Qifeng Y, Reiss M, et al. Lo-
coregional relapse and distant metastasis
in conservatively managed triple negative
early-stage breast cancer. J Clin Oncol
2006; 24:5652-5657. [CrossRef]
Eiermann W, Vallis KA. Locoregional
treatments for triple-negative breast can-
cer. Ann Oncol 2012; 23 Suppl 6:vi30-34.
[CrossRef]

Kuhl CK. Current status of breast MR im-
aging. Part 2. Clinical applications. Ra-
diology 2007; 244:672-691. [CrossRef]
Gwyther SJ, Schwartz SH. How to assess an-
ti-tumour efficacy by imaging techniques.
Eur J Cancer 2008; 44:39-45. [CrossRef]
Hylton N, Blurne JD, Bernreuter WK, et
al. Locally advanced breast cancer: MR
imaging for prediction of response to
neoadjuvant chemotherapy--results from
ACRIN 6657/1-SPY trial. Radiology 2012;
263:663-672. [CrossRef]

Clarke M, Collins R, Darby S, et al. Effects
of radiotherapy and of differences in the
extent of surgery for early breast cancer
on local recurrence and 15-year surviv-
al: an overview of the randomised trials.
Lancet 2005; 366:2087-2106.

Houssami N, Macaskill P, Marinovich ML,
et al. Meta-analysis of the impact of surgical
margins on local recurrence in women with
early-stage invasive breast cancer treated
with breast-conserving therapy. Eur J Can-
cer 2010; 46:3219-3232. [CrossRef]
Morrow M, Harris JR, Schnitt SJ. Surgical
margins in lumpectomy for breast can-
cer--bigger is not better. New Eng ] Med
2012; 367:79-82. [CrossRef]

Noguchi M. Radiofrequency ablation thera-
py for small breast cancer. Semin Ultrasound
CTI MR 2009; 30:105-112. [CrossRef]
Palussiere J, Henriques C, Mauriac L, et al.
Radiofrequency ablation as a substitute
for surgery in elderly patients with non-
resected breast cancer: pilot study with
long-term outcomes. Radiology 2012;
264:597-605. [CrossRef]

386 « September-October 2013 « Diagnostic and Interventional Radiology

45.

46.

47.

48.

49.

50.

Smith BD, Arthur DW, Buchholz TA, et
al. Accelerated partial breast irradiation
consensus statement for the American
Society for Thoracic Radiation Oncology
(ASTRO). Int J Radiation Oncology Biol
Phys 2009; 74:987-1001. [CrossRef]
Krishnamurthy R, Whitman GJ, Stelling
CB, Kushwaha AC. Mammographic find-
ings after breast conservation therapy. Ra-
diographics 1999; 19:553-S62.
Katcheresian JL, Hurley P, Bantug E, et al.
Breast cancer follow-up and management
after primary treatment: American Soci-
ety of Clinical Oncology Clinical Practice
Guideline Update. J Clin Oncol 2013;
31:961-965. [CrossRef]

Houssami N, Ciatto S, Martinelli F, Bonar-
di R, Duffy SW. Early detection of second
breast cancers improves prognosis in
breast cancers survivors. Ann Oncol 2009;
20:1505-1510. [CrossRef]

Gunhan-Bilgen I, Oktay A. Management
of microcalcificacions developing at the
lumpectomy bed after conservative sur-
gery and radiation therapy. AJR Am ]
Roentgenol 2007; 188:393-398. [CrossRef]
Morakkabati N, Leutner C, Schmiedel A,
Schild HH, Kuhl CK. Breast MR imaging
during or soon after radiation therapy.
Radiology 2003; 229:893-901. [CrossRef]

Cortazar-Garcia et al.


http://dx.doi.org/10.1016/j.ejrad.2009.12.011
http://dx.doi.org/10.1016/j.rcl.2010.06.010
http://dx.doi.org/10.2214/AJR.07.2460
http://dx.doi.org/10.1001/jama.2011.756
http://dx.doi.org/10.1093/annonc/mdi063
http://dx.doi.org/10.1016/S0960-9776(03)00106-1
http://dx.doi.org/10.1148/radiol.2542090405
http://dx.doi.org/10.1200/JCO.2010.31.1258
http://dx.doi.org/10.1200/JCO.2006.06.5664
http://dx.doi.org/10.1093/annonc/mds192
http://dx.doi.org/10.1148/radiol.2443051661
http://dx.doi.org/10.1016/j.ejca.2007.10.010
http://dx.doi.org/10.1148/radiol.12110748
http://dx.doi.org/10.1016/j.ejca.2010.07.043
http://dx.doi.org/10.1056/NEJMsb1202521
http://dx.doi.org/10.1053/j.sult.2008.10.001
http://dx.doi.org/10.1148/radiol.12111303
http://dx.doi.org/10.1016/j.ijrobp.2009.02.031
http://dx.doi.org/10.1200/JCO.2012.45.9859
http://dx.doi.org/10.1093/annonc/mdp037
http://dx.doi.org/10.2214/AJR.06.0106
http://dx.doi.org/10.1148/radiol.2293020167



