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INTRODUCTION

Diagnostic methods are those used for further evaluation after a potential breast cancer is
suspected either by abnormal imaging or by physical findings.

The imaging modalities most commonly used to evaluate suspected breast cancers (ie,
mammography, breast ultrasound, breast magnetic resonance imaging [MRI]) are described
in detail in this topic. They are also discussed in other topics (eg, in the context of breast
cancer screening for asymptomatic women). (See "Breast imaging for cancer screening:
Mammography and ultrasonography" and "MRI of the breast and emerging technologies".)

Most breast cancers are diagnosed with a biopsy prior to treatment. Although breast biopsy
is an integral part of the diagnostic evaluation of patients with suspected breast cancer, it is
discussed in a dedicated topic separately. (See "Breast biopsy".)

Clinical evaluation of breast masses and the staging workup and management of patients
with newly diagnosed breast cancer are discussed separately. (See "Clinical manifestations,
differential diagnosis, and clinical evaluation of a palpable breast mass" and "Clinical
features, diagnosis, and staging of newly diagnosed breast cancer" and "Overview of the
treatment of newly diagnosed, invasive, non-metastatic breast cancer".)

OUR APPROACHES



In general, recommended imaging options in the context of a suspected breast cancer
include diagnostic mammography and breast ultrasound (US), the choice of which depends
on patient age and the degree of clinical/radiologic suspicion. There is little role for advanced
imaging modalities such as breast magnetic resonance imaging (MRI), positron emission
mammography (PEM), or sestamibi scan (MBI) [1].

Nevertheless, there is significant variability in the diagnostic evaluation of patients with
suspected breast cancer. Patterns of referral vary dramatically, as do rates of screening
mammography recall. The workup and evaluation may differ depending upon which clinician
is seen first. The following diagnostic algorithms are helpful as general guidelines, but they
may be adapted to suit provider and patient preferences.

Mammographic abnormality — The majority of breast cancers are diagnosed as a result of
an abnormal mammogram, but not all mammographic findings represent cancer. If an
abnormality is found on a screening mammogram, diagnostic mammography and possibly
targeted US are used for further evaluation. (See 'Diagnostic versus screening
mammography' below.)

Following diagnostic mammography and possibly breast US, the lesion is assigned to one of
the Breast Imaging-Reporting and Data System (BI-RADS) assessment categories ( table 1),
based on which further management can be formulated (  algorithm 1):

* BI-RADS 1 or 2: Normal or benign findings. The patient can continue with routine
annual screening mammography.

* BI-RADS 3: Probable benign findings. The patient should repeat diagnostic
mammogram in six months.

* BI-RADS 4: Suspicious for malignancy. BI-RADS 4 lesions have a 3 to 94 percent risk of
malignancy that could be either ductal carcinoma in situ (DCIS) or invasive cancer.
Management may be affected by the patient's age, comorbidities, and the type of
cancer.

* BI-RADS 5: Highly suggestive of malignancy. Such lesions have a 295 percent chance of
being malignant. In addition to biopsy, BI-RADS 5 (and some BI-RADS 4C [50 to 94
percent risk of malignancy]) patients would benefit from early surgical consultation.

The current standard is for patients with BI-RADS 4 or 5 lesions to undergo percutaneous
biopsy; the optimal biopsy method and post-biopsy management are discussed elsewhere.
(See "Breast biopsy" and "Overview of the treatment of newly diagnosed, invasive, non-
metastatic breast cancer".)



Palpable breast mass — Approximately 85 percent of breast cancers are detectable with
breast imaging. Regardless of imaging findings, a clinically suspicious mass should be
biopsied, as approximately 10 to 15 percent of such lesions can be mammographically occult
[1-3]. Even in the setting of palpable masses, image guidance for breast biopsy is preferred
because it may improve diagnostic accuracy. Algorithms for diagnostic evaluation of palpable
masses are stratified by the age of the patient:

Younger than 30 — The diagnostic approach to palpable masses in patients younger than
30 years of age differs among experts.

* The approach that is advocated by the National Comprehensive Cancer Network
(NCCN) [4] and the American College of Radiology (ACR) appropriateness criteria expert
panel [1] starts with a breast US(  algorithm 2). US is the preferred initial imaging
modality in younger patients because most benign lesions in young patients are not
visualized on mammography, the incidence of breast cancer in young patients is low
(<1 percent), and there is theoretically an increased radiation risk of mammography in
young patients, although the overall radiation risk from mammography is minimal [1].
(See 'Breast ultrasound' below.)

« If breast US identifies a simple cyst, then the lesion is assessed as BI-RADS 2 benign
and no biopsy is needed. Although therapeutic aspiration of the cyst may be
performed for symptomatic relief, surgical excision of a simple cyst is almost never
done and generally not recommended. (See "Breast cysts: Clinical manifestations,
diagnosis, and management", section on 'Simple cyst'.)

« If breast US identifies a cystic lesion that is not a simple cyst (ie, a complex cyst or
partially cystic mass), the lesion may be biopsied (if BI-RADS 4 suspicious; eg, there
is @ mass within the cyst), aspirated, or closely observed (if BI-RADS 3 probably
benign) depending on the sonographic features and the patient's symptoms. (See
"Breast cysts: Clinical manifestations, diagnosis, and management".)

« If breast US identifies a solid lesion with sonographic features suggestive of a
fibroadenoma (ie, oval circumscribed hypoechoic mass), this may be assessed as BI-
RADS 3 probably benign, and six-month repeat US imaging is a reasonable option in
lieu of biopsy, provided that the clinical examination also suggests a benign etiology.
In some clinical scenarios for which it is impractical to perform imaging surveillance
(eg, patients awaiting organ transplant, patients with known synchronous cancer, or
patients trying to become pregnant), immediate biopsy to confirm benignity is
warranted. Patients may also choose immediate biopsy over imaging surveillance as
a management option for BI-RADS 3 probably benign lesions. Some authors
recommend excision for particularly large, benign-appearing masses, although



there is no consensus as to a specific size above which excision is recommended.
(See "Overview of benign breast diseases", section on 'Fibroadenomas'.)

+ If breast US identifies a solid and indeterminate (ie, suspicious) lesion,
mammography is often performed in addition to US, as mammography may find
associated suspicious calcifications or additional masses. A biopsy is warranted for
the suspicious mass seen at US even if the mass is not seen on the mammogram. If
mammography identifies a benign lesion correlate to the US findings (eg, fat
necrosis or calcified fibroadenoma), then biopsy may be avoided.

« If the mass cannot be visualized on US, mammography followed by biopsy should
be pursued if the clinical suspicion for cancer is high, while a period of observation
may be appropriate if the level of clinical suspicion is low and both US and
mammography are negative. (See "Clinical manifestations, differential diagnosis,
and clinical evaluation of a palpable breast mass".)

* Alternatively, fine needle aspiration (FNA) can be selected as the initial approach to a
suspicious breast mass in a younger patient [4]. This alternative approach requires that
the facility has the capacity to perform and interpret FNA. However, there is no evidence
to support the use of FNA as part of the initial workup in patients younger than 30 with
a palpable lump, and it is preferable for imaging to occur before biopsy, as change
related to the biopsy may alter image interpretation [1].

« If nonbloody fluid is aspirated, and the mass resolves, the fluid is discarded and the
patient can be seen in two to four months for reexamination. There is no need to
send fluid for cytology. A recurrent mass requires breast US examination. Aspiration
of bloody fluid or persistent mass after aspiration requires core biopsy or surgical
excision of the mass. (See "Breast cysts: Clinical manifestations, diagnosis, and
management", section on 'Simple'.)

« If no fluid is aspirated and cytologic review of cell blocks from the needle washings is
nondiagnostic, then breast US is performed. (See "Breast biopsy", section on 'Fine
needle aspiration'.)

If the initial evaluation shows cancer, bilateral diagnostic mammography should be
performed prior to any treatment to exclude unsuspected or more extensive disease. (See
"Clinical features, diagnosis, and staging of newly diagnosed breast cancer", section on
'Staging'.)

40 years or older — Diagnostic mammography is the main initial modality for imaging a
palpable breast mass in patients 40 years of age or older (  algorithm 3). Even if the mass is
clinically suspicious for cancer, it is still preferable to image before biopsy [4]. The goal of
imaging in this setting is not to establish a diagnosis of cancer but rather to identify other



suspicious areas or calcifications in either breast, so that percutaneous biopsies of the most
suspicious findings can be performed to establish a diagnosis of cancer and guide
treatment. Further evaluation after the diagnostic mammogram depends on the lesion's BI-
RADS category (  table 1):

* BI-RADS 1 patients typically undergo a breast US to further characterize the lesion in a
manner similar to that outlined above for patients under 30 years of age
( algorithm 2):

« Cystic lesions found on breast US may be aspirated, biopsied, excised, or observed,
depending on the patient's symptoms and the sonographic features of the lesion. If
US finds a benign correlate to the palpable mass (eg, simple cyst or benign lymph
node), then clinical follow-up for the palpable mass is appropriate and the patient
may return to routine screening mammography. (See "Breast cysts: Clinical
manifestations, diagnosis, and management".)

* Solid lesions that are likely fibroadenomas and meet sonographic criteria for a
probably benign (BI-RADS category 3) mass have a <2 percent likelihood of
malignancy and may undergo short-interval (six-month) sonographic follow-up
provided that the clinical examination also suggests a benign etiology. However,
biopsy is warranted if a mass is new on imaging or increasing in size by 20 percent
in either volume or each dimension in a six-month period [1]. In addition, BI-RADS 3
lesions in high-risk patients, patients awaiting organ transplant, patients with known
synchronous cancers, or patients trying to become pregnant should be biopsied.

+ Solid lesions that are sonographically indeterminate or suspicious should undergo
biopsy or excision.

* Lesions not visible on breast US may be biopsied or observed, depending on the
clinical suspicion for malignancy. Specifically, when both mammography and US are
negative or benign in the evaluation of a palpable mass, the negative predictive
value is greater than 97 percent, which is reassuring when the clinical suspicion for
cancer is low [5]. However, a clinically suspicious lesion should always be biopsied
regardless of the imaging findings.

* BI-RADS 2 patients with a benign lesion that correlates to the palpable mass do not
require further imaging with breast US and can return to annual screening
mammography.

* BI-RADS 3 patients have a probably benign lesion. Mammograms should be repeated
every 6 to 12 months for two to three years to document stability. Alternatively, if the
lesion is visible on breast US, it can be followed with breast US every 6 to 12 months for



the same period of time. The lesion should be biopsied if it enlarges on either repeat
mammogram or US.

* BI-RADS 4 or 5 lesions seen on mammography should be biopsied. In this setting,
breast US would be performed to search for sonographic correlate of the lesion and to
examine the axilla as warranted. Finding a sonographic correlate of the mammographic
abnormality permits biopsy to be done with US guidance, which is better tolerated than

stereotactic biopsy. If no sonographic correlate is found, stereotactic biopsy or
mammographic-guided localization for excisional biopsy should be performed for BI-
RADS 4 or 5 lesions seen only at mammography. (See "Breast biopsy", section on
'Image guidance'.)

30 to 39 years of age — Either breast US(  algorithm 2) or mammography
( algorithm 3) can be used as the initial imaging modality for evaluating a patient 30 to 39
years of age, although likely both US and mammography will be performed as the two
studies are complementary.

Because the sensitivity of US is higher than mammography in this age group (96 versus 61
percent) and the specificities are similar (89 versus 94 percent) [6], it is reasonable to start
with US as the initial modality, but with a low threshold for using mammography if clinical
suspicion is high. If a suspicious mass is identified on the initial US in this cohort, bilateral
mammography is indicated. In the setting of malignancy in this age group, breast MRI
should be considered, especially for parenchymal lesions.

Imaging after breast surgery — Given that 20 to 40 percent of women who have
percutaneous breast biopsy subsequently undergo breast surgery, it is also important to
address how best to image women with a history of benign (including high-risk) breast
disease or breast cancer [7]. For such patients, the surveillance recommendations are
determined by their overall risk:

* Higher-than-average risk women with a history of benign surgery may require
screening mammography starting at an earlier age before 40 and may benefit from
screening MRI. (See 'Breast MRI' below.)

* For women with breast cancer who have undergone initial excision and have positive
margins, imaging with diagnostic mammography or MRI can sometimes guide
additional surgical planning. (See "Breast-conserving therapy".)

* Women who have completed breast conservation therapy for cancer should get annual
mammography and may benefit from the addition of MRI or ultrasound to their
surveillance regimen. (See "Approach to the patient following treatment for breast
cancer", section on 'Breast imaging'.)



Importance of multidisciplinary care — A suspicion of breast cancer requires that care be
coordinated among clinicians in several specialties. An integrated approach with breast
radiologists and breast surgeons can minimize unnecessary biopsies and expedite diagnosis
for the patient who receives a diagnosis of breast cancer. Similarly, once the diagnosis of
cancer is made, multidisciplinary coordination among breast and reconstructive surgeons,
radiation and medical oncologists, radiologists, and pathologists facilitates treatment
planning and streamlines patient care [8].

For example, in settings where there is suspicion that the lesion may be =2 cm or greater,
where there are neoadjuvant trials that require tissue for research, and where cytology is
available and reliable, diagnosis using FNA may be performed first so that a conversation
can be had with the patient and discussion of trial participation can be had prior to core
biopsy, so that research cores and diagnostic cores can be taken at the same time,
minimizing trauma and tumor disruption.

MAMMOGRAPHY AND DIGITAL BREAST TOMOSYNTHESIS

Over 90 percent of the breast cancers were identified mammographically, and fewer than 10
percent were detected solely by physical examination [9,10].

Mammography versus digital breast tomosynthesis — Digital breast tomosynthesis (DBT)
can address some of the limitations of standard mammography by improving lesion
localization and characterization in noncalcified lesions compared with conventional
mammographic workup. Although it has been predominantly evaluated in the screening
setting [11-13], DBT may be used in a diagnostic capacity as well and has demonstrated
improvements in both screening and diagnostic outcomes compared with standard 2D
mammography [14]. The performances of standard and digital mammography are
considered equivalent in the diagnostic setting. (See "Breast imaging for cancer screening:
Mammography and ultrasonography"”, section on 'Digital mammography'.)

Diagnostic versus screening mammography — By definition, a screening mammogram is
performed in a patient with no clinical symptoms or complaints. Abnormalities on screening
mammography include masses, calcifications, architectural distortions, or asymmetries.
Screening mammography is discussed in detail elsewhere. (See "Screening for breast cancer:
Strategies and recommendations".)

If an abnormality is found at mammographic screening, supplemental mammographic views
may be used for further characterization. A variety of mammographic techniques, including
spot compression and magnification views ( image 1 and  image 2) and varied angled
views, may characterize a lesion more precisely prior to making a final recommendation for
management. These additional images are termed diagnostic mammographic views. (See



"Breast imaging for cancer screening: Mammography and ultrasonography"”, section on 'The
mammographic examination'.)

Diagnostic mammography is associated with higher abnormal interpretation rate and higher
cancer detection rate than screening mammography. Data on digital mammography from
the Breast Cancer Surveillance Consortium (BCSC) showed an abnormal interpretation rate
(AIR) of 12.6 percent for diagnostic mammography and cancer detection rate (CDR) of 34.7
per 1000 compared with AIR of 11.6 percent and CDR of 5.1 for screening mammography
[15,16]. Such results are expected since diagnostic patients have signs or symptoms of
breast cancer while screening patients are asymptomatic.

Some of the most aggressive cancers appear between screening mammograms and are
therefore termed interval cancers [3], and younger patients may present with large tumors
prior to the age at which screening is usually recommended. As such, when patients present
with a suspicious new mass, diagnostic mammograms should be part of the initial workup,
despite young age or the patient having had a negative routine screening mammogram. The
only exception is that in patients younger than 30 years, initial evaluation with ultrasound is
recommended. If ultrasound findings are suspicious, then mammography should be
performed. (See 'Younger than 30" above.)

BI-RADS assessment categories — The radiologist summarizes the mammographic
findings using the American College of Radiology (ACR) BI-RADS (Breast Imaging-Reporting
and Data System) final diagnostic assessment categories, which indicate the relative
likelihood of a malignant diagnosis [17].

The BI-RADS final assessment categories standardize both the reporting of mammographic
and sonographic findings and the recommendations for further management (ie, routine
screening, short-interval follow-up, or biopsy). Assessments are either incomplete (category
0) or one of the final assessment categories (categories 1 through 6) as described in the table
( table 1) [17]. (See "Breast imaging for cancer screening: Mammography and
ultrasonography", section on 'BI-RADS final assessment categories'.)

If a mammogram is assigned category 0, additional evaluation is required for further
characterization, which may include additional mammographic views and/or ultrasound and,
rarely, magnetic resonance imaging (MRI). Mammographic findings such as masses and
calcifications can be stratified by suspicion for malignancy, and the BI-RADS 4A, 4B, and 4C
categories are helpful in alerting the referring clinicians, pathologists, and surgeons to the
underlying risk of malignancy [17,18].

Once pathology results become available, the radiologist issues a "statement of
concordance" between imaging and pathology; any benign pathology discordant with the
imaging findings should prompt further evaluation. A BI-RADS designation of 4C or 5 should



alert the pathologist that a malignant diagnosis is strongly suspected and that further
evaluation of the specimen (and possible rebiopsy) is needed if the biopsy is initially
interpreted as benign.

Mammographic features of breast cancer — There are two general categories of
mammographic findings suggestive of a breast cancer: soft tissue mass or asymmetry and
suspicious microcalcifications.

Soft tissue mass/asymmetry — The most specific mammographic feature of malignancy is
a spiculated soft tissue mass ( image 3); nearly 90 percent of these lesions represent
invasive cancer.

Approximately one-third of noncalcified cancers appear as spiculated masses; 25 percent as
irregularly outlined masses; 25 percent as less specific round, oval, or lobulated masses;
fewer than 10 percent as well-defined round, oval, or lobulated masses; and 5 percent as
areas of architectural distortion of dense tissue without an obvious mass [19].

Microcalcifications — Microcalcifications are seen in approximately 60 percent of cancers
detected mammographically. Histologically, these represent necrotic cells in the center of a
cluster of tumor cells ( picture 1). Calcifications also are common in association with a
mass, which usually signifies both invasive and in situ disease and can be present
throughout the area of large, aggressive cancers.

It is relatively common for women to have tiny deposits of calcium that range from 0.1 to 1
mm, which are the footprints of cells that turn over. Scattered individual calcifications are
benign, whereas the patterns in which calcifications group together may alert clinicians to
the presence of an underlying ductal malignancy. As an example, segmental calcifications
that align in a ductal distribution are particularly concerning for the presence of in situ
carcinoma.

Specific patterns of calcifications are associated with different likelihoods of underlying
malignancy:

* Linear branching microcalcifications (  image 4A-B) are most commonly associated
with the comedo histologic subtype and have a higher predictive probability for
malignancy when compared with coarse, heterogeneous (ie, nonlinear irreqular
calcifications of varying size and shape) microcalcifications. This pattern is usually
associated with high-grade ductal carcinoma in situ (DCIS).

* However, breast cancers, including DCIS, more often present with the small, clustered
type of calcifications [10]. But these patterns are also associated with benign conditions
(atypia, pseudoangiomatous stromal hyperplasia [PASH], proliferative fibrous
hyperplasia, and others).



* Grouped coarse heterogeneous calcifications have a likelihood of malignancy of just
under 15 percent, while amorphous calcifications have a likelihood of malignancy of 20
percent. Both would be assessed as BI-RADS 4B (  table 1) [20].

* Grouped round and punctate calcifications at baseline have a probability of malignancy
of less than 2 percent and can be safely placed in a short-interval (six-month) follow-up
category as BI-RADS 3: probably benign. (See 'BI-RADS assessment categories' above.)

* Calcifications that are not suspicious for malignancy and considered benign include
vascular and skin calcifications, rim calcifications, large and coarse calcifications
( image 5), and smooth round or oval calcifications ( image 6).

Despite the association of microcalcifications with DCIS, mammographic appearance alone
cannot differentiate between purely intraductal and invasive ductal breast cancers; there is
no mammographic correlate of basement membrane invasion [21]. Approximately 20
percent of invasive cancers diagnosed by mammography present only as microcalcifications
[22]. One-third of invasive carcinomas are associated with microcalcifications, with or without
a soft tissue mass, and 10 percent of intraductal cancers present as a soft tissue mass
without microcalcifications [10]. (See "Breast ductal carcinoma in situ: Epidemiology, clinical
manifestations, and diagnosis", section on 'Mammography'.)

Assessing the extent of disease — Mammographic assessment of the extent of DCIS and
early invasive carcinoma begins with diagnostic mammography and continues through the
biopsy, specimen management, and postexcision mammogram [10].

* Multicentric or multifocal disease - Multifocal disease is usually defined as
involvement of several areas within a breast quadrant, probably representing disease
along an entire duct. Multicentric disease involves multiple areas within different
quadrants, probably representing involvement of multiple ducts. Some authors define
multifocal disease as multiple areas within 2 cm and multicentric as areas =2 cm apart.

Mammography of both breasts is particularly important in the patient with DCIS or
invasive cancer who is considering breast conservation. Preoperative diagnostic
mammography can help to define the extent of disease and may identify multifocal or
multicentric cancer that could signal a potential difficulty in achieving clear surgical
margins. Multifocal or multicentric disease is not necessarily a contraindication to
breast conservation but is one of the factors that should be taken into consideration
along with breast size relative to the extent of disease on imaging. A larger extent of
disease also warrants consideration of neoadjuvant therapy [23]. (See "Overview of the
treatment of newly diagnosed, invasive, non-metastatic breast cancer", section on
'Neoadjuvant systemic therapy'.)



Although the extent of mammographic nonlinear branching microcalcifications
frequently underestimates the pathologic extent of the malignancy, the discrepancy is
less than 2 cm in 80 to 85 percent of cases [24]. Several groups of microcalcifications
separated by normal-appearing tissue should not be interpreted as multifocal or
multicentric disease. Often, these represent areas of contiguous tumor that is only
partially calcified within a ductal lobule [24,25]. Additionally, multiple groups of
calcifications that are separated by normal breast tissue should be confirmed to be
malignant before using the information as a basis for what to resect if it would change
the surgical approach.

Mammographic assessment of tumor size for the staging of multifocal disease presents
a unique dilemma. Most staging classifications require that the largest tumor mass be
utilized for T staging, even in cases where multifocal disease is suspected. However,
others suggest that the total surface area, volume, or aggregate measurements are a
better indicator of prognosis [26-28]. Accurate delineation of the extent of odd-shaped,
irregular, or multifocal tumors is important for treatment planning. (See "Tumor, node,
metastasis (TNM) staging classification for breast cancer".)

Extensive intraductal component - The combination of a mass and associated
calcifications often indicates the presence of an extensive intraductal component (EIC).
An EIC is defined pathologically as DCIS found adjacent to an invasive carcinoma,
accounting for more than 25 percent of the volume of disease. This finding can be a
predictor for a greater extent of disease than predicted by mammography and can be
associated with residual tumor (usually DCIS) following gross excision of the lesion [29].
(See "Breast ductal carcinoma in situ: Epidemiology, clinical manifestations, and
diagnosis".)

Limitations of mammography - A significant limitation of mammographic
assessment of disease extent is the obscuring of the borders or extent of the primary
tumor by dense overlying tissue. Dense breasts can limit the sensitivity of
mammography both for detection of breast cancers and for delineating disease extent
[30,31]. In this setting, contrast-enhanced breast magnetic resonance imaging (MRI)
may complement mammographic staging. If the clinical extent of disease is larger than
what can be appreciated by mammography, MRI may be considered, but its use
remains controversial.

For invasive cancers that are contiguous to the chest wall and not completely included
on mammographic projections, ancillary imaging techniques such as MRI may be
necessary to assess posterior tumor extension and pectoralis fascia or muscle
involvement if that will determine a change in the surgical approach or the use of
neoadjuvant therapy [32]. (See 'Breast MRI' below.)



* Postoperative mammography - Postoperative mammograms to look for residual
calcifications after surgical resection should be performed routinely regardless of
whether a specimen radiograph has been performed. The postoperative mammogram
provides a new baseline for future screening mammography. It is especially important
if the extent of calcifications removed is not documented on the specimen radiograph
or when the margins are close or positive [4,33,34]. (See "Techniques to reduce positive
margins in breast-conserving surgery", section on 'Specimen radiography'.)

Intramammary lymph nodes — Intramammary lymph nodes are detected in 1 to 28
percent of patients with breast cancer [35-39]. Benign nodes can often be distinguished from
metastatic or infiltrated intramammary lymph nodes by their mammographic or sonographic
appearance, but definitive assessment often requires histopathologic study [40]. Isolated
intramammary lymph node metastases are considered to represent stage II disease, even if
the axillary nodes are uninvolved. The presence of intramammary lymph node metastases
appears to confer a worse prognosis, both in patients who otherwise have stage I breast
cancer based upon tumor size and axillary nodal status and in those with stage II disease
[35]. (See "Tumor, node, metastasis (TNM) staging classification for breast cancer".)

ULTRASONOGRAPHY

Breast ultrasound — Diagnostic or targeted ultrasound (US) examination of the breast is an
important diagnostic adjunct to mammography. In patients suspected of having a breast
cancer, breast US is most useful in the following circumstances:

* To further characterize a mammographically detected mass, focal asymmetry, or an
area of architectural distortion. Breast US can help to characterize masses as either
benign or malignant and localize them for the surgeon. In one report, the sensitivity of
US for malignancy was 98.4 percent and the negative predictive value 99.5 percent [41].
Similar results have been reported in other studies [42-44].

As an example, solid masses identified by ultrasound that are oval and circumscribed
with benign imaging features have been shown to have a less than 2 percent likelihood
of malignancy, and short-term (six month) follow-up and then periodic surveillance may
be appropriate management in lieu of biopsy [42]. Note that this study was primarily in
young patients (less than 50 years old).

Breast US is often added to the initial diagnostic evaluation for patients with a
suspected breast cancer if there is a palpable mass and/or an abnormality is seen on
mammography. The benefit of this approach was suggested in a series of 2020 patients
(470 with a palpable mass) who underwent clinical examination, mammography, and
breast US [43]. The systematic addition of breast US detected eight additional



malignancies and correctly downgraded 332 cases of suspected malignancy to no
suspected malignancy (predominantly cysts or fibroadenoma). Thus, the main benefit
of breast US was improved specificity when used in a targeted manner. The sensitivity,
specificity, and positive and negative predictive values for clinical examination plus
mammography plus targeted US were 96.9, 94.8, 39.2, and 99.9 percent, while the
corresponding values for clinical examination plus mammography were 91.5, 87, 19.7,
and 99.7 percent, respectively.

However, US is highly operator dependent, and significant variability in the ability of
radiologists to characterize solid breast lesions by US has been reported [45-47]. A
benign solid appearance on US should not be used to avoid biopsy of a
mammographically or clinically suspicious mass.

* To identify a cystic mass. Simple cysts need no further intervention because the risk of
cancer is very low; one series found no malignancies in 223 cysts [48]. The
management of cystic lesions of the breast is discussed elsewhere. (See 'Younger than
30" above and "Breast cysts: Clinical manifestations, diagnosis, and management".)

e To further characterize a lesion when a mass detected on clinical breast examination
cannot be seen clearly on mammogram (often in patients with dense breasts).

* To determine whether a mammographically suspicious lesion can be visualized and
therefore sampled by US-guided biopsy. US-guided breast biopsy is better tolerated
than stereotactic biopsy and avoids radiation. (See "Breast biopsy".)

* To measure and clip a lesion prior to neoadjuvant chemotherapy. For patients who
present with large or locally advanced tumors for which neoadjuvant chemotherapy is
considered, careful anatomic localization is critical to ensure that the surgeon can
localize the area of tumor after neoadjuvant therapy. Typically, the lesion is measured
both clinically and ultrasonographically and reported in terms of size, the "o'clock"
location on the breast surface, and the distance of the lesion from the nipple. The use
of radiopaque clips placed at the time of biopsy to localize the primary tumor in case
there is a complete clinical and radiographic response to induction therapy is discussed
below. (See "Breast biopsy", section on 'Clip placement'.)

Axillary ultrasound — For patients with clinically suspicious lymph nodes, preoperative
axillary US with fine needle aspiration or core biopsy of suspicious areas provides a means to
identify patients who have positive nodes and place a marking clip [49]. This information
may be used to guide future additional surgery, radiation, or systemic therapy. (See "Clinical
features, diagnosis, and staging of newly diagnosed breast cancer"”, section on 'Lymph
nodes' and "Overview of sentinel lymph node biopsy in breast cancer", section on
'Indications'.)



BREAST MRI

The use of breast magnetic resonance imaging (MRI) in the preoperative evaluation of a
newly diagnosed breast cancer has increased significantly over the last two decades

(  image 7). However, there are no data from prospective randomized trials that
demonstrate improved outcomes from the addition of breast MRI to the diagnostic
evaluation of newly diagnosed breast cancer. Furthermore, the use of breast MRI increases
unnecessary surgery, may delay definitive treatment, and may lead to overtreatment. (See
"MRI of the breast and emerging technologies".)

Indications for preoperative breast MRI — Routine preoperative MRI is not indicated for
the majority of patients with early-stage breast cancer. In keeping with consensus-based
guidelines from major societies and the available data, we and others consider the role of
breast MRI in the evaluation of patients with suspected or newly diagnosed breast cancer as
follows [4,50-54]:

* For patients with axillary nodal metastases and a clinically occult primary tumor, breast
MRI can facilitate the identification of occult breast cancer and help select patients
most likely to benefit from surgery [55,56]. (See "Axillary node metastases with occult
primary breast cancer", section on 'Breast MRI'.)

* For patients with Paget's disease of the breast who have a negative physical
examination and negative mammography, breast MRI can define the extent of disease
and aid in treatment planning [57,58]. (See "Paget disease of the breast (PDB)", section
on 'Magnetic resonance imaging'.)

* For newly diagnosed breast cancers that are either indeterminant despite clinical and
conventional imaging evaluation or clinically larger than that appreciated by
mammography (particularly in the setting of dense breasts, which lower the sensitivity
of mammography), breast MRI can help define the extent of disease and aid in
treatment planning. (See '‘Assessing the extent of disease' above.)

* For invasive cancers that are contiguous to the chest wall and not completely included
on mammographic projections, MRI may be necessary to assess posterior tumor
extension and pectoralis fascia or muscle involvement if that will determine a change in
surgical approach or the use of neoadjuvant therapy [32]. (See '‘Assessing the extent of
disease' above.)

* For patients with locally advanced breast cancer, breast MRI may be used to determine
eligibility and response to neoadjuvant endocrine or chemotherapy before, during, or
after treatment. MRI can assess the extent of disease and the potential for breast-
conserving therapy. However, it is not mandatory in patients undergoing neoadjuvant



therapy. (See "General principles of neoadjuvant management of breast cancer”,
section on 'Clinical assessment and indications for imaging'.)

* For patients at higher-than-average risk for breast cancer, breast MRI is also useful to
screen the contralateral breast [59]. (See "MRI of the breast and emerging
technologies”, section on 'Screening high-risk women'.)

* For patients who are planning bilateral reconstructive surgery following breast cancer
resection (eg, partial mastectomy with contralateral breast reduction or mastectomy
with flap reconstruction), some surgeons prefer a preoperative MRI to assess the
contralateral breast. An abdominal flap can only be raised once, and the reconstructive
technique used might differ if bilateral reconstruction rather than unilateral
reconstruction is planned. When a contralateral reduction is planned as part of the
reconstructive process, MRI of the contralateral breast may avoid unexpected disease,
particularly if there is a condition that will make mammographic screening less
sensitive, such as dense breasts. MRI use for this indication is highly variable and not
necessarily a standard recommendation. (See "Overview of breast reconstruction".)

Sensitivity and specificity — The sensitivity of breast MRI for breast carcinomas is between
88 and 100 percent in the diagnostic setting [60,61]. Breast MRI has been historically
criticized for limited specificity due to enhancement of benign breast lesions. In a meta-
analysis of 44 studies evaluating diagnostic breast MRI in patients with breast lesions, pooled
specificity was 72 percent [62]. However, more contemporary studies have demonstrated
specificity as high as 87 percent of breast MRI, albeit in the screening setting [61,63-66]. (See
"MRI of the breast and emerging technologies".)

Impact of preoperative breast MRI — Because MRI is more sensitive than mammography,
ultrasound, or physical examination and identifies additional ipsilateral disease in
approximately 16 percent of patients with a known breast cancer [45,67,68], it was assumed
that preoperative MRI would estimate the extent of disease more accurately than
conventional imaging, thereby improving surgical planning (eg, prompting a change to
mastectomy when breast-conserving therapy had been previously considered [69]) and
enabling surgeons to better obtain clean margins in breast-conserving surgery.

However, use of preoperative breast MRI remains controversial because available data have
shown that routine preoperative breast MRI has not improved overall survival outcomes,
improved the rate of breast conservation surgery achievement, or lowered locoregional
recurrence rates [70-83]. Additionally, preoperative MRI may lead to unnecessary surgery
such as re-resection and mastectomy and case delay in treatment in some cases
[52,69,84,85].



* Positive margin and reoperation rate - Evidence that routine use of breast MRI
results in fewer positive margins at the time of partial mastectomy or a lower rate of
reoperation to achieve clear margins is mixed [69,77]. Although some observational
studies found lower re-excision rates in patients who underwent breast MRI compared
with those who did not [86-88], two randomized trials (COMICE and MONET) showed no
difference in positive margin rate or reoperation rate with or without preoperative MRI
( table 2)[77,78,89]. In a meta-analysis that included the two trials and seven
comparative cohort studies, the reexcision rate after breast-conserving surgery was
similar with and without preoperative MRI (11.6 versus 11.4 percent).

However, breast MRI-guided biopsy and MRI-guided localizations were not routinely
used in these trials, thus minimizing or negating the potential impact of breast MRL.
Breast MRI enhancement does not always represent malignancy and should be
confirmed by biopsy before using MRI results to plan surgical management. The
Preoperative Breast MRI in Clinical Practice: Multicenter International Prospective Meta-
Analysis of Individual Data (MIPA) trial involves expert centers and is expected to
provide more conclusive evidence regarding the impact of preoperative breast MRI.
(See "Techniques to reduce positive margins in breast-conserving surgery", section on
'Role of MRI".)

* Mastectomy rate - A number of studies have reported that MRI results in changes in
surgical management and may be a factor in the increased use of mastectomy, bilateral
mastectomy, and prophylactic mastectomy in patients with newly diagnosed breast
cancers [90-94]. In the same meta-analysis of two trials and seven comparative cohort
studies, MRI was associated with higher initial (16 versus 8 percent) and overall
mastectomy rates (26 versus 18 percent) [90]. In another 3606 patients with newly
diagnosed breast cancer, patients who underwent MRI were twice as likely to have
contralateral prophylactic mastectomy performed [93].

* Contralateral disease detection - MRI imaging of the contralateral breast identifies a
synchronous clinically and mammographically occult malignancy in 3 to 5 percent of
cases, approximately one-half of which are invasive cancer and the remainder in situ
cancer [93,95-98], and results in an approximately 12 percent chance of biopsy
[93,95,96,99]. The clinical significance, especially the survival benefit, of detecting these
cancers has not been extensively studied [100]. Thus, the role of MRI to assess the
contralateral breast is controversial, and it is not routinely recommended for the
majority of patients with a newly diagnosed breast cancer. There are some clinical
scenarios where breast MRI might be beneficial prior to therapy to assess contralateral
disease (eg, in high-risk patients or prior to major breast reconstruction). In the setting
of dense breast tissue and elevated predisposition, MRI is clearly the more sensitive



modality. More abbreviated methods of conducting MRI have been shown to be more
sensitive than 3D mammography [63].

* Survival and recurrence rate - In two trials [77,89] and one meta-analysis [90] that
compared breast cancer surgery with or without preoperative MRI, there was no
difference in overall survival or ipsilateral breast tumor recurrence rates. Similarly,
preoperative MRI was not associated with improved recurrence or survival outcomes
for ductal carcinoma in situ (DCIS) [101,102].

* Specific tumors - In general, tumor histology does not appear to be a predictor for the
utility of breast MRIL. However, in some studies, breast MRI has shown benefit for
preoperative evaluation of invasive lobular carcinoma and DCIS [87,90,103-105].

+ Invasive lobular cancers are often associated with only subtle mammographic
changes. Some studies have reported that MRI accurately determines disease extent
for invasive lobular cancers, although this is not uniformly the case
[24,40,43,45,106]. In a meta-analysis, the reexcision rate in patients with invasive
lobular cancer was reduced after MRI (10.9 versus 18 percent) [90].

+ Although early studies reported difficulty in detecting DCIS on MRI, subsequent
studies suggest that MRI can accurately determine the extent of high-grade DCIS,
with sensitivities of 89 to 94 percent [45,103,107,108]. Preoperative MRI may have a
role in evaluating patients with DCIS in terms of extent of disease, higher grades of
DCIS, or occult invasion [63]. Preoperative MRI in patients with DCIS reduced
positive surgical margins and repeat surgeries without resulting in a higher
mastectomy rate in some studies [104], but the data are not yet conclusive.

BREAST BIOPSY

Patients with a suspicious mammographic abnormality (Breast Imaging-Reporting and Data
System [BI-RADS] 4 or 5) or a clinically suspicious palpable breast mass typically undergo
biopsy regardless of additional imaging findings. The goal of the initial biopsy is to obtain
sufficient diagnostic material using the least invasive approach and to avoid surgical excision
of benign lesions. (See "Breast biopsy".)

The only exceptions are those with a BI-RADS 4A lesion (low risk, <10 percent chance of
malignancy), for whom a six-month follow-up rather than biopsy may be considered
depending on whether the suspicion is for ductal carcinoma in situ (DCIS) or invasive cancer,
prior biopsy, comorbidities, and patient preference.

Surgical biopsy should not be utilized as a diagnostic tool unless percutaneous palpation-
guided or image-guided biopsy is not feasible. A preoperative histologic diagnosis of invasive



carcinoma permits better multidisciplinary treatment planning and patient decision making
(eg, genetic testing, neoadjuvant therapy, breast conservation versus mastectomy). It also
may allow the surgeon to plan a single operation to treat the cancer, including sentinel
lymph node biopsy or full axillary dissection, depending upon the clinical circumstances.
Excision of more extensive areas of DCIS may also be optimally planned if the diagnosis has
been established by percutaneous core needle biopsy.

It is important to note that imaging should precede biopsy whenever possible as needle
biopsy may cause hematomas and inflammation at the site of the mass and enlargement of
the axillary nodes, which can make clinical and radiographic assessment and surgical
planning more difficult. Although physical examination changes from needle biopsy often
resolve by the time of surgery, if the palpable lesion is small or subtle, it is helpful to arrange
image-guided localization of the clip placed at the time of biopsy to facilitate breast-
conserving surgery. (See "Techniques to reduce positive margins in breast-conserving
surgery", section on 'Localization of nonpalpable lesions'.)

Breast biopsy techniques are discussed in detail in a dedicated topic. (See "Breast biopsy".)

SOCIETY GUIDELINE LINKS

Links to society and government-sponsored guidelines from selected countries and regions
around the world are provided separately. (See "Society guideline links: Breast cancer".)

SUMMARY AND RECOMMENDATIONS

* Mammographic abnormality - The majority of breast cancers are diagnosed as a
result of an abnormal mammogram, but not all mammographic findings represent
cancer. Patients who have an abnormal screening mammogram need further
diagnostic mammography and possibly breast ultrasound (US) evaluation to determine
the need for tissue biopsy. The algorithm ( algorithm 1) describes an approach to the
evaluation of a mammographic abnormality, which integrates the Breast Imaging-
Reporting and Data System (BI-RADS) assessment categories ( table 1). (See
'Mammographic abnormality' above.)

* Palpable breast mass - A clinically suspicious mass should be biopsied, regardless of
imaging findings, as 10 to 15 percent of such lesions can be mammographically occult.
Approaches to diagnostic evaluation of palpable masses are stratified by the age of the
patient (see 'Our approaches' above):

* Younger than 30 - We prefer US for initial imaging of a palpable breast mass in
patients younger than 30 years of age (  algorithm 2). Further evaluation depends



upon whether US reveals no lesion, a cystic lesion, or a solid lesion. (See 'Younger
than 30' above.)

» Older than 40 - We prefer bilateral diagnostic mammography for initial imaging of
a palpable breast mass in patients 40 years of age or older ( algorithm 3). Further
evaluation depends upon the lesion's BI-RADS assessment category. (See '40 years
or older' above.)

» Between 30 and 40 - Either breast US or mammography can be used as the initial
imaging modality for evaluating a patient 30 to 39 years of age with a palpable
breast mass. US may be preferred given its higher sensitivity. If US is negative,
mammography should still be performed.

* Mammography - Over 90 percent of breast cancers are visible on mammography.
Screening mammography is performed in asymptomatic patients. Diagnostic
mammography is performed in symptomatic patients or for further evaluation after a
recent abnormal (BI-RADS 0: incomplete (  table 1)) screening mammogram.
Diagnostic mammography is associated with higher abnormal interpretation rate and
higher cancer detection rate than screening mammography. (See 'Mammography and
digital breast tomosynthesis' above.)

* Ultrasonography - US examination of the breast and axilla can differentiate between
solid and cystic masses, assess axillary lymph nodes, and provide guidance for
interventional procedures. (See 'Breast ultrasound' above.)

* Breast MRI - For most patients, breast MRI is not a routine component of the
diagnostic evaluation of breast cancer. Breast MRI may be used in the evaluation of
patients with newly diagnosed breast cancer in special circumstances (see 'Indications
for preoperative breast MRI' above and "MRI of the breast and emerging
technologies"):

Breast MRI is more sensitive than mammography, ultrasound, or physical examination
and thus can identify additional ipsilateral disease and/or contralateral disease.
However, use of preoperative breast MRI has not improved survival outcomes, breast
conservation rates, or locoregional recurrence rates. Additionally, preoperative MRI
may increase mastectomy rate and cause delay in treatment. (See 'Impact of
preoperative breast MRI' above.)

* Breast biopsy - In the patient with a suspicious mammographic abnormality or a
palpable breast mass, the obligatory diagnostic technique is biopsy. Surgical biopsy
should not be utilized as a diagnostic tool unless percutaneous palpation-guided or
image-guided biopsy is not feasible; imaging should precede biopsy whenever possible.
(See "Breast biopsy".)
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GRAPHICS

BI-RADS assessment categories

Assessment Management Likelihood of cancer

Category 0: Incomplete - Need | Recall for additional imaging N/A
additional imaging evaluation | and/or comparison with prior
and/or prior mammograms for | examination(s)

comparison
Category 1: Negative Routine mammography Essentially 0% likelihood of
screening malignancy
Category 2: Benign Routine mammography Essentially 0% likelihood of
screening malignancy
Category 3: Probably benign Short-interval (6-month) >0 but <2% likelihood of
follow-up or continued malignancy
surveillance mammography
Category 4: Suspicious Tissue diagnosis* >2 but <95% likelihood of
malignancy
Category 4A: Low suspicion >2 to <10% likelihood of
for malignancy malignancy
Category 4B: Moderate >10 to <50% likelihood of
suspicion for malignancy malignancy
Category 4C: High suspicion >50 to <95% likelihood of
for malignancy malignancy
Category 5: Highly suggestive | Tissue diagnosis* >95% likelihood of malignancy
of malignancy
Category 6: Known biopsy- Surgical excision when N/A

proven malignancy clinically appropriate

BI-RADS: Breast Imaging-Reporting and Data System.

* Practice guidelines recommend biopsy for all BI-RADS 4 and 5 lesions. If there are clinical
factors (eg, age, comorbidities, etc) for which the patient, in consultation with the clinician,
chooses to defer biopsy, the reasoning should be documented in the medical record.

Reprinted with permission of the American College of Radiology (ACR). No other representation of this material is
authorized without expressed, written permission from the ACR. Refer to the ACR website at www.acr.org/Quality-
Safety/Resources/BIRADS for the most current and complete version of the BI-RADS® Atlas.
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Management algorithm for patients with abnormal mammograms

| Abnormal screening mammogram |

v

Perform diagnostic mammogram
with or without breast US

v v ¥

BI-RADS 1 or 2 BI-RADS 3 Suia}?u_ﬁf;fi;hiv
Normal or benign Probably benign cunaistive of mishgrancy®
Return to annual Fepeat diagnostic 2
- ; ] 5 # Percutaneous biopsy

screening mammogram mammaogram in & months
|
[ I I
Benign and concordant AtypiaTl or discordant Malignant

Return to annual

E Excision Appropriate treatment
sCreening mammaogram

US: ultrasound; BI-RADS: Breast Imaging-Reporting and Data System.

* BI-RADS 4C and 5 lesions require surgical evaluation prior to percutaneous biopsy. The
presence and size of a mass may influence the choice of biopsy method.

€ Not all high-risk benign lesions require surgical excision; practices also vary between
excision and observation for lesions with atypia. Refer to UpToDate topic on atypia and lobular
carcinoma in situ for details.
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Diagnostic algorithm for palpable breast abnormalities in women less than:

age
Palpable breast
mass in patients
under 30
Breast US*
Lo nok Cystic lesion Solid lesion
visualized
! : : !
Perform Asymptomatic Symptomatic Mot simple cyst
mammagram if simple cyst simple cyst [complex cyst or
not already done (BI-RADS 2) (BI-RADS 2) partially cystic mass)
[
: I v Y
Lesion Lesion not
visualized on visualized on Clinical Therapeutic BI-RADS BI-RADS BI-RADS
mammegram mammogram follow-up aspiration 3 4 or 51 3
Palpation-guided biopsy Follow-up with Follow-up with
Follow or repeat US avery repaat US aver,
abnormal Repeat dinical examination & to 12 months US-guided & to 12 months
mammogram every 3 to & months +/- US for 2 years; FMA or CNB for 2 years;
algorithm for 1 to 2 years: excisional biopsy if biopsy if
biopsy if enlargement enlargement enlargement
[
[ I ]
Banign and Atypiad or Malignant
concordant discordant l
Follow up in Appropriate
6 to 12 months Excision tI:P pent
with repeat US

US: ultrasound; BI-RADS: Breast Imaging-Reporting and Data System; FNA: fine needle aspiration; CNB: ¢
needle biopsy.

* Palpable lesions may also undergo needle sampling. However, the US-first approach illustrated here is

€ BI-RADS 4C and 5 lesions require surgical evaluation prior to percutaneous biopsy. The presence and s
mass may influence the choice of biopsy method.

A Not all high-risk benign lesions require excision; practices also vary between excision and observation |
with atypia. Refer to UpToDate topic on atypia and lobular carcinoma in situ for details.
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Diagnostic algorithm for palpable breast abnormalities in patients aged 40y

Palpable breast
mass in patients
40 ar over
Diagnostic
MAMmogram
v v v v
Mo lesion Benign lesion bel::::E:ELLn Suspicious lesion
- = 2 *
(BI-RADS 1) (BI-RADS 2} (BL-RADS 3) (BI-RADS 4 or 5)
Darform Return o Perform breast US Perform breast US
breast US annual screening Is the lesion seen Is the lesion seen
mismmegrem on US? on US?
[ I
T 1 T
Yes MNo Yes
Follow algorithm Repeat US every Repeat mammogram
for palpable breast & to 12 months for every 6 to 12 months US-guided
abnormalities in 2 to 3 years: biopsy for 2 to 3 years: biocpsy CNE
patients under 30 if enlargement if enlargement
[
[ I ]
Benign and Atypia T or Malignant Benign and
concordant discordant l cencordant
Hepeat _ . Appropriate Hepest B
mammaogram in Excision B mammaodgram in
& to 12 months & to 12 months

BI-RADS: Breast Imaging-Reporting and Data System; US: ultrasound; CNB: core needle biopsy.

* BI-RADS 4C and 5 lesions require surgical evaluation prior to percutaneous biopsy. The presence and s
influence the choice of biopsy method.

9 Not all high-risk benign lesions require surgical excision; practices also vary between excision and obs¢
with atypia. Refer to UpToDate topic on atypia and lobular carcinoma in situ for details.
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Medial lateral oblique mammographic view

These images illustrate the benefits of spot compression and
magnification. In the left panel (A), a medial lateral oblique (MLO)
mammographic image, there is a mass at the posterior edge of the film
(arrows), which is incompletely characterized. The borders of the lesion
can be better characterized with regional spot compression and
magnification. The spot magnification MLO view (B) shows that the
lesion has irregular borders (dashed arrows) and spiculation. In
addition, associated microcalcifications are seen. The lesion can now be
characterized as suspicious, BI-RADS 4C, requiring biopsy. Pathology
revealed infiltrating duct cell carcinoma with papillary features.

BI-RADS: Breast Imaging-Reporting and Data System.
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Mammogram of early breast cancer

Digital spot compression views of the left breast demonstrate a small
spiculated nodule (circle) in the lower inner quadrant.

Courtesy of Pierre | Sasson, MD.
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Mammogram spiculated mass

) .

Spot magnification view of a mammogram showing 2 small adjacent
interconnected spiculated masses (red arrows). Pathology revealed
tubular carcinoma. Tubular carcinoma characteristically appears
spiculated on mammogram and is often associated with satellite
lesions.

Courtesy of Lisa E Esserman, MD.
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Comedo ductal carcinoma in situ

Light microscopic specimen of comedo ductal carcinoma in situ
shows a large central area of necrosis that is focally calcified. The
nuclei are poorly differentiated (high grade).

Courtesy of Stuart Schnitt, MD.
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Mammogram grouped calcifications A

Spot compression view of a mammogram showing a high-density
spiculated mass (arrow) with heterogeneous linear clacifications in a
ductal distribution (arrowheads). These "casting" calcifications are
characteristic of high-grade ductal carcinoma in situ (DCIS).
Pathology revealed infiltrating duct cell carcinoma with DCIS,
comedo type.

Courtesy of Lisa E Esserman, MD.
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Mammogram grouped calcifications B

Magnified craniocaudal mammogram showing linear branching
calcifications in a segmental distribution (red arrow). Grouped
microcalcifications such as these are highly suggestive of carcinoma,
and the linear branching is suggestive of a ductal lesion. Biopsy
confirmed a high-grade ductal carcinoma in situ (DCIS).

Courtesy of Lisa E Esserman, MD.
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Mammographic calcifications

Medial lateral oblique view mammogram demonstrates a classic
benign, partially calcified fibroadenoma with typical coarse,
popcorn-like calcifications. These findings are not suspicious and do
not require biopsy.

Courtesy of Lisa Esserman, MD.
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Round mammographic calcifications

R

Magnified medial lateral oblique mammogram showing scattered,
well-defined, round calcifications (arrows) that can be characterized
as benign. These findings are benign and would be described as BI-
RADS 2.

BI-RADS: Breast Imaging Reporting and Data System.

Courtesy of Lisa E Esserman, MD.
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MRI of early breast cancer

Left breast MRI demonstrates a mass with lobulated margins (arrow)
and heterogeneous enhancement. There was rapid wash-in of
intravenous gadolinium with a rapid washout on the delayed phase
(suspicious enhancement curve).

MRI: magnetic resonance imaging.

Courtesy of Pierre | Sasson, MD.
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Preoperative MRI and positive margin rates

Intervention Positive margin rate Re-excision rate
Study
Arm n Percent p value Percent p value

COMICEM MRI 816 13%* NS 16 0.77
No MRI 807 15% 19

MONET( MRI 74 NS NS 45" 0.069
No MRI 75 NS 281
SocC 116 34 21

MRI: magnetic resonance imaging; NS: not specified; SOC: standard of care.

* Positive margins stated are for invasive disease only.

€ Re-excision rates stated are for re-excision (breast-conserving surgery) and conversion to

mastectomy after initial surgery.
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