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Introduction 

Diagnosis of breast cancer occurs for a woman either 
during a surveillance imaging programme (breast cancer 
screening) when there are no symptoms present or in a 
diagnostic setting when the cancer causes clinical problems. 
Imaging plays a central role in detection, staging and follow-
up. The methods of breast imaging are evolving and their 
strengths and weaknesses are re-evaluated constantly to 

formulate recommendations and guidelines beneficial for 
clinical practice. In this review we summarize the data from 
current literature, guidelines and emerging research and 
discuss advantages as well as possible pitfalls of the imaging 
methods and future prospects. This text should also help 
to understand image interpretation and the use of each 
of the methods and their combinations in various clinical 
situations as described in the final section of exemplary cases. 
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We present the following article in accordance with the 
Narrative Review reporting checklist (available at https://
abs.amegroups.com/article/view/10.21037/abs-21-22/rc).

Literature search and selection of sources

A bibliographical search was performed in PubMed using 
combinations of key words relating to “breast cancer”, 
“breast imaging”, “mammography”, “digital breast 
tomosynthesis”, “breast cancer screening”, “breast MRI”, 
“breast ultrasound”. The eligible criteria included studies 
in English language published between 2010 and 2021. 
We included studies referring to breast cancer imaging 
modalities and their use, breast cancer screening, treatment 
and survival related to imaging, and guidelines of special 
focus groups, medical societies and healthcare authorities. 
In particular, we focused on available meta-analyses and 
systematic reviews, large epidemiological studies, cohorts 
and case-control studies and randomized control trials. 
Reference lists from selected articles were also manually 
checked to identify additional relevant report. 

Preventive versus diagnostic imaging

Mammography screening programmes have been running 
in many countries and detect on average 5 cancers per 
1,000 screens (1). Attendance of mammographic screening 
has proven effective by randomized control trials in 
reducing the mortality of breast cancer by approximately 
30% (2). Even in the era of modern therapy, detection 
of breast cancer in the early stages is the key to a better 
chance of survival (3). The greatest benefit achieved by 
screening mammography has been demonstrated for 
women between 50 and 69 years of age with up to a 40% 
reduction of mortality for women attending the screening 
programme (4). For the population between 40 and 49 years 
of age, the value of preventive mammography surveillance 
is still being discussed, but the evidence of the benefits for 
this age group has been increasing (5,6). The recommended 
screening interval is 2 years for the age category of  
50–69 years and 1 year for women of 40–49 years of age, 
due to a higher mammographic density and greater 
aggressiveness of tumours in younger women (7).

Mammography screening programmes have been 
thoroughly scrutinized to evaluate potential adverse 
outcomes; mainly false positivity and overdiagnosis. The 
programme efficacy varies slightly in different countries, 
but in general the benefits outweigh the harms (8,9). The 

false positivity of mammographic screening is relatively low, 
reaching a maximum of 20% per 20 years of surveillance (10 
screen rounds), and most of the findings are solved without 
any need for an interventional procedure; less than 1% of 
false positive findings require a core biopsy per screening 
round (4). Overdiagnosis (i.e., the rate of screen-diagnosed 
cancer which would otherwise go unnoticed during the 
patient’s lifetime), is estimated to additional 6.5% of cancers 
on average (ranging from 1% to 10%) (10).

Intensive preventive programmes in shorter time 
intervals (annual or even more frequent) are recommended 
for women with risk factors, especially a family history of 
breast/ovarian cancer and for genetic mutation carriers (11) 
with impact on improved survival (12,13). The protocols for 
women with an elevated or high risk of breast cancer involve 
multiple imaging modalities combining mammography with 
ultrasound and/or MRI which help detect more cancers in 
the earlier stages (14).

Diagnostic assessment is carried out on women of 
any age with clinical symptoms. These usually include 
a palpable lump in the breast or axilla, nipple discharge 
(especially when serous or bloody), skin changes or nipple 
or skin retraction. Clinically manifesting cancers typically 
comprise cancers in women of ages outside the screening 
period, women who do not attend preventive surveillance 
and interval cancers. Tumours manifesting clinically are 
usually larger and more advanced than tumours diagnosed 
in screening, with a higher risk of lymph node involvement, 
resulting in poorer prognosis (15).

Mammography

The basic imaging modality of the breast is mammography. 
This method uses low doses of ionizing radiation, therefore 
radiation exposure is minimal, ranging from 1.5 to 4 mGy, 
varying across countries and device manufacturers (16). 
Two views from each breast are obtained—one in cranio-
caudal view, one in medio-lateral oblique view, which also 
enables evaluation of part of the axilla. Compression of the 
breast is necessary to reduce superposition of structures and 
decrease radiation dose (17). Additional views including 
magnification views, spot compression, rolled or extended 
views can be used to more clearly depict abnormalities.

Tumours are seen in mammography as mass lesions 
of higher density, with irregular or spiculated margins 
(Figure 1). Sometimes cancers can manifest as asymmetrical 
densities, distortions of breast parenchyma or smoothly 
contoured masses (which are otherwise more typical for 
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Figure 1 Mammography of the left breast in medio-lateral oblique 
(A) and cranio-caudal (B) view. A mass with irregular margins 
can be seen, located in 12 o’clock position representing a cancer 
(arrows).

benign processes such as cysts or fibroadenomas). The 
presence of microcalcifications, especially if these are 
clustered, follow ductal anatomy, are new or progress in 
time can also indicate malignancy. These typically represent 
ductal carcinoma in situ (DCIS) (18).

The performance of mammography is dependent on 

the breast density, which is determined by the proportion 
of glandular parenchyma and fat. The density is scored by 
the BI-RADS system from A (fatty) to D (dense) (Figure 2)  
and the sensitivity of mammography varies accordingly. In 
fatty breasts almost no cancer goes undetected, while in 
dense breasts the sensitivity can drop down to 50% (19). 
High breast density is an independent risk factor for breast  
cancer (20) and is also associated with higher proportion 
of interval cancers as smaller cancers can be masked by the 
dense parenchyma during screening (21). The density tends 
to change during life, decreasing with age. Mammography 
is therefore used and is more efficient in women over  
40 years of age (22).

Technical innovations

Digital breast tomosynthesis (DBT) is a novel approach in 
mammography that has the potential to overcome the limits 
of conventional mammography. It acquires several low-
dose images of the breast, and reconstructs a synthetic 2D 
image with enhanced parenchymal distortion features and 
multiple slabs/slices of the breast, to enable exploration of 
3D anatomy of the breast tissue (Figure 3). DBT detects 
approx. 15–30% more cancers, which would otherwise 
be hidden in the breast parenchyma in conventional 
mammography, and also helps to reduce the false positivity 
caused by superposition of normal structures mimicking 
pathology by 15–20% (23). Although very promising, DBT 

A B C D

Figure 2 Breast density categories. (A) Almost entirely fatty, (B) scattered areas of fibroglandular density, (C) heterogeneously dense, (D) 
extremely dense. 
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Figure 3 Difference between mammography (A) and DBT (B), 
arrow showing a cancer (arrows) which is more clearly visible in 
DBT. DBT, digital breast tomosynthesis.

A B

is still used mainly within clinical trials and its broader 
use as a screening method is still not routinely adopted. 
In comparison with mammography, DBT requires longer 
reading time, the radiation dose can be slightly higher 
and achievement of the main goal—reduction of interval 
cancers—has not yet been confidently demonstrated (24). 

As a diagnostic tool DBT provides improved diagnostic 
accuracy compared with mammography and helps better 
localization of the lesions, distinguishing between benign 
and malignant features or detecting multifocality.

Staging with mammography

In staging, mammography is mainly important for 
evaluation of microcalcifications, as these may not be seen 
in other modalities and can represent a DCIS component. 

Digital breast tomosynthesis can be useful for assessment 
of lesion size and identification of additional lesions in 
multifocal processes (25).

Breast ultrasound

Breast ultrasound has improved significantly during the 
last decades due to the advances in the technology and 
resolution of the devices. This method uses reflection of 
acoustic waves in the tissue and is a safe and well tolerated 
method for every patient. The main disadvantage is 
that a hand-held ultrasound is an operator dependent 
method, therefore the results of the examination may vary. 

Automated breast ultrasound systems (ABUS) might bring 
more reproducible and objective results (26). 

Ultrasound should not be used as a standalone screening 
method (27) but is a valuable adjunct and diagnostic tool. In 
combination with mammography, ultrasound helps detect 
more cancers especially in the population of women with 
dense breasts where up to 4 additional cancers per 1,000 
screened women can be found (28). Therefore, ultrasound 
can be recommended as a supplemental method to the 
mammography in women with breast density category D 
(very dense) and category C (heterogeneously dense) (29) 
and also in women with elevated risk (14). However, 
the data also consistently suggests that the addition of 
ultrasound brings increased false positivity and necessity 
for additional procedures or check-ups. Its routine role in 
the screening systems is therefore still being evaluated, as 
additional costs and the capacity of ultrasound centres must 
also be taken into account (30). 

For evaluation of young, pregnant and breastfeeding 
patients with clinical symptoms breast ultrasound is used as 
the first (and usually sufficient) method. In this population, 
ultrasound reliably differentiates benign findings from those 
requiring a biopsy (31).

Breast ultrasound is also very helpful for evaluation 
of abnormities detected by mammography or MRI and 
navigation interventional methods such as biopsies and 
needle aspirations (32).

Breast  cancer usual ly appears  in ultrasound as 
hypoechoic (dark) mass with irregular margins, with vertical 
orientations and/or accompanied by posterior, acoustic 
shadowing. Some tumours can have an infiltrative pattern of 
growth appearing as non-circumscribed areas of decreased 
echogenicity (darker than normal parenchyma) (Figure 4). 
Ultrasound reliably differentiates between cystic and solid 
lesions. 

Staging of breast cancer with ultrasound

Breast cancer frequently occurs as multiple lesions 
in one quadrant (multifocal) or multiple quadrants  
(multicentric) (33). In evaluation of patients with breast 
cancer ultrasound is a useful method for assessment of the 
extent of the disease and detection of additional lesions. 
Most additional lesions occur in the same quadrant, 
however detection of more distant additional lesions or 
even contralateral pathology is not rare and may alter the 
planning of the treatment.
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Ultrasound of the axilla (axillary ultrasound) is mandatory 
for staging of the disease. Various features of lymph nodes 
are considered suspicious of metastatic involvement: cortical 
thickening of more than 3mm, irregular cortex width, 
displacement or absence of the fatty hilum or round shape 
of the lymph node (Figure 5). Ultrasound is also the method 
used to navigate the fine needle aspiration biopsy (FNA/
FNAB) to confirm the status of the lymph node (34), with 
high sensitivity (79.6%), specificity (98.3%) and PPV 97.1% 

for identification of axillary involvement. With decreasing 
radicality of axillary surgery, the main advantage of axillary 
ultrasound is its ability to reliably identify or exclude a 
major axillary tumour burden (35).

Breast magnetic resonance imaging (MRI)

Breast MRI is an established valuable method that helps 
detect lesions that are not visible for other modalities. The 
sensitivity of dynamic contrast-enhanced MRI (DCE-
MRI), 93%, is very high for every type of breast (including 
dense breasts) with relatively good specificity of 71% (36). 
The examination requires the application of a gadolinium-
based contrast agent intravenously, and there are several 
contraindications as this method uses a high-intensity 
magnetic field. 

The clinical indications for the use of breast MRI include 
high-risk screening, staging of breast cancer, evaluation 
of the effect of neoadjuvant chemotherapy, detection of 
occult breast cancer, evaluation of implants, evaluation of 
nipple discharge and assessment of equivocal lesions in 
conventional imaging methods (37).

In gene mutation carriers and in women with a high risk 
(>20%) of breast cancer, MRI is superior to all other breast 
imaging methods for the early detection of cancer and is 
recommended for surveillance of this population (38,39) 
(Figure 6).

MRI also detects more early cancers than mammography 
in women with a family history of breast cancer but without 
proven genetic mutation (40) and in women with extra dense 
breast tissue. In the DENSE trial (41) with MRI used as a 

Figure 4 Breast cancer in ultrasound. A hypoechoic mass with 
irregular margins and posterior shadowing (arrow).

Figure 5 Infiltrated lymph node. Oval hypoechoic shaped node 
with displaced and compressed hilum.

A

Figure 6 Breast MRI in high-risk patient (BRCA 1 gene carrier). 
A small lesion with marked enhancement and irregular margins is 
seen in the right breast (arrow). MRI, magnetic resonance imaging.

P
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supplemental method to mammography, the ultimate goal 
of significantly reducing interval cancers (2.5/1,000 with 
MRI versus 5/1,000 for mammography only) was reached. 
Interestingly, MRI also achieves a high cancer detection 
rate in the average risk population of variable densities (42). 
The additional detection rate of 15.5 per 1,000 is much 
higher than that of any other imaging methods. Most of 
these studies however also suggest a higher proportion of 
false positive results than with mammography, which need 
further evaluation including interventions under MRI 
guidance. 

The availability, price and duration of the examination 
and the interpretation time have always been raised as issues 
which have prevented wider use. Abbreviated protocol, 
shortening both image acquisition and study evaluation 
time while maintaining the same diagnostic accuracy, could 
help solve these issues and make MRI available to more 
patients (43) (Figure 7).

In MRI, cancer typically appears as a mass with irregular 
shape, lobulated or spiculated margins and inhomogeneous 
structure, or as non-mass-like areas with ductal or segmental 
distribution, both with marked and/or early enhancement 
in dynamic post-contrast sequence which decreases in later 
phases. The dynamic contrast-enhanced sequence is the 
most important sequence for detection of malignant lesions, 
the additional MRI sequences [T2-weighted sequences, 

diffusion-weighted imaging (DWI), spectroscopy] can 
further characterize the pathology and help differentiate 
malignant lesions from benign processes. The combined use 
of multiple parameters of MRI further increases specificity 
of the method to up to 75–89% (44).

Staging with MRI

In staging of a biopsy-proven breast cancer, MRI is 
often used for the assessment of the extent of the disease 
and detection of additional lesions in the same or in the 
contralateral breast, which potentially influence the patient´s 
subsequent management. Due to its high sensitivity MRI is 
superior to mammography and ultrasound in identification 
of a DCIS component or multifocality. MRI is frequently 
used in lobular histology of the cancer, in patients with 
dense breasts, younger in age, in case of discrepancy of the 
lesion size in mammography, ultrasound or clinical findings 
and in uncertainty of the extent or suspected multifocal/
multicentric disease detected with mammography and 
ultrasound. 

While the value of MRI has been questioned in the 
past as increased mastectomy rate was observed and the 
benefits affecting reexcision and survival rates had not been 
demonstrated previously (45), recent studies support the use 
of MRI in various scenarios with a proven reduction in the 
breast reoperation rate from 15% to 5% (46). 

Biopsy techniques

Each lesion found in imaging where malignancy cannot 
be ruled out must be biopsied. Various procedures under 
imaging guidance are available (47). The FNA/FNAB 
obtains clusters of cells, enables differentiation of malignant 
from benign findings and evaluates metastatic involvement 
of axillary lymph nodes. The core biopsy (12–16G with 
standard 14G) retrieves pieces of compact tissue, thus 
enabling the additional assessment of the biological and 
prognostic markers of the tumour, which possibly have 
an impact on the treatment choices. The vacuum-assisted 
biopsy (VAB) uses larger-gauge needles, providing samples 
with a larger amount of tissue. 

Imaging is used for precise navigation of the procedure. 
The modality where the lesion is most visible is always used 
for guidance. The easiest way to target a biopsy needle 

Figure 7 Abbreviated MRI protocol with MIP image showing 
both whole breasts at once. Small cancer in the right breast (arrow). 
MRI, magnetic resonance imaging; MIP, maximum intensity 
projection.
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is under ultrasound guidance, which enables real-time 
navigation (Figure 8). The VAB is frequently navigated by 
mammography for a biopsy of microcalcifications that are 
not visible by ultrasound. The VAB can also be used under 
MRI guidance for lesions visible only by MRI. 

The multimodality approach for staging and 
management

No modality stands alone in the evaluation and staging 
of breast cancer. Clinical information about the patient, 
clinical findings, imaging studies and patient’s preferences 
must all be combined in planning strategy. 

In many patients the combination of mammography and 
ultrasound provide sufficient information about the breast 
and the axilla for planning of the strategy. In some cases, 
MRI is necessary to help detect additional lesions or to 
evaluate the extent of the disease (see examples of clinical 
scenarios below). Each lesion that is found in additional 
imaging and which would alter the treatment plan must 
undergo further evaluation and a biopsy. Lesions detected 
by MRI must be evaluated with special caution, as a 
potentially false positive finding, due to the high sensitivity 
of this method, may result in unnecessarily radical surgery.

Clinical practice has shown that patients benefit from 
therapeutic management based on a multidisciplinary 
approach, which involves multiple specialties and a patient´s 
perspective. The multidisciplinary team (MDT) includes 
the radiologist, pathologist, surgeon, oncologist, radiation 

oncologist and the breast nurse/psychologist. Regular 
MDT meetings where each breast cancer case is discussed 
help review all the information from imaging, relevant 
clinical patient data and patients’ preferences and help to 
plan how to proceed. The complexity of the combined 
multidisciplinary approach, which does not bring merely a 
summary of findings, translates into an 18% increase in the 
survival rate, as shown by a United Kingdom study (48). 

Preoperative marking

Preoperative or pretreatment marking of non-palpable 
tumour lesions, and possibly also axillary involvement, are 
vital for transferring information from imaging to surgery. 
The method of marking is dependent on the centre’s 
preferences and is discussed in a multidisciplinary team 
meeting. A variety of localization wires, clips visible by 
ultrasound, detectable by magnetic or scintillation probe 
are available, supplemented by skin or carbon markings. 
For larger lesions, marking with multiple wires/clips/marks 
(“bracketing”) is necessary to ensure proper localization 
and delineation of the extent of the pathological finding. 
Protocols and standard practices with close cooperation 
of the radiologist and the surgeon are used to ensure the 
best outcomes. Each lesion is marked under guidance of 
the method where both the localization and whole extent 
is most visible. Ultrasound is the easiest method for any 
intervention, however in cases of microcalcifications which 
are not visible by ultrasound, mammography (stereotactic) 
guidance might be necessary. For MRI-only detected lesions, 
biopsy and localization might be more challenging, but it is 
necessary in order to ensure an optimal outcome (49).

If neoadjuvant chemotherapy is planned for the patient, 
with a subsequent scheduled attempt at breast conserving 
surgery, early marking is mandatory for all the lesions, as 
these may disappear during the treatment. The same applies 
for the affected lymph nodes if a targeted lymph node 
dissection is to be attempted (50).

Examples of clinical scenarios

(I) Screening, a patient of 50 years in age, no clinical 
finding, mammography with fat predominance 
(density A), new dense nodule with spiculated margins 
and microcalcifications is present on the left side. 

Figure 8 A lesion (star) is biopsied by a core needle (arrow) 
visualized directly by ultrasound.
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The lesion is biopsied under ultrasound guidance 

with result of low grade carcinoma, lymph nodes 

negative. No further assessment necessary, the patient 

is scheduled for breast conserving surgery with a 

sentinel node biopsy (Figure 9).

(II) Screening, an asymptomatic woman of 65 years old, in 

mammography an architectural distortion is detected 
in the lateral part of the left breast. The ultrasound 
findings are subtle with suggested areas of decreased 
echogenicity. The biopsy under ultrasound guidance 
reveals DCIS grade 2. The extent of the disease 
however is not certain. MRI is indicated. MRI shows 
an extensive process in the lateral part of the left 
breast resulting in the need of mastectomy (Figure 10).

(III) Diagnostic assessment, a patient of 45 years of 
age with a palpable lump on the right side for  
2 months. In mammography with higher proportion 
of fibroglandular tissue (category C) several areas 
of increased density with irregular margins and 
architectural distortions are visible. Ultrasound 
confirms more than one lesion. MRI demonstrates a 
large area of enhancement up to 7 cm (Figure 11).

(IV) A patient of 50 years of age evaluated for enlarged 
lymph nodes in the axilla. Mammography and 
ultrasound show enlarged pathological lymph nodes 
in the axilla, otherwise no pathological finding 
in the breast on initial evaluation despite the low 
mammographic density. The largest lymph node is 
biopsied proving metastatic invasive carcinoma NST 
of breast origin. MRI is indicated to search for an 
occult lesion in the breast. MRI shows the enlarged 

Figure 9 Mammography of the left breast in medio-lateral oblique 
(A) and cranio-caudal (B) view. Small cancer is detected in upper 
outer quadrant (arrows).

Figure 10 Mammography of the left breast in cranio-caudal view (A) with architectural distortion (arrow). The distortion is more visible in DBT 
(B) (arrow). Ultrasound (C) reveals subtle finding of irregular area of decreased echogenicity (arrow). MRI (D) shows extensive area of non-mass-
like enhancement in the whole lateral part of the breast (arrow). DBT, digital breast tomosynthesis; MRI, magnetic resonance imaging.

A B

A B C

D



Annals of Breast Surgery, 2022 Page 9 of 13

© Annals of Breast Surgery. All rights reserved. Ann Breast Surg 2022;6:25 | https://dx.doi.org/10.21037/abs-21-22

Figure 11 Mammography of the right breast in medio-lateral-oblique (A) and cranio-caudal view (B) with multiple densities with irregular 
margins and architectural distortions (arrows). Ultrasound (C) shows more than two hypoechoic lesions of suspicious features. In MRI (D) 
an extensive area of tumour involvement is revealed. MRI, magnetic resonance imaging.

P

A B

C

Figure 12 Enlarged lymph node in the right axilla is seen in mammography (A). In MRI (B) enlarged lymph nodes (star) are confirmed and 
a small mass with early intense enhancement in the upper outer quadrant (arrow). In ultrasound (C) the lesion is very subtle (arrow). MRI, 
magnetic resonance imaging.

A

B

A B C

D

lymph nodes and a small lesion in the right breast 
in upper outer quadrant. A second-look, targeted 
ultrasound with the knowledge of the location of the 

lesion is performed to reveal a small suspicious lesion, 
which is subsequently verified as the primary tumour 
in the breast (Figure 12).



Annals of Breast Surgery, 2022Page 10 of 13

© Annals of Breast Surgery. All rights reserved. Ann Breast Surg 2022;6:25 | https://dx.doi.org/10.21037/abs-21-22

(V) Preoperative marking. Microcalcification with ductal 
distribution biopsied by vacuum—assisted biopsy under 
mammography guidance as DCIS grade 2; the extent 
of the calcifications is approximately 30 mm. Marking 
by two wires is performed to delineate the extent of 
the disease. A specimen mammography of the resected 
tissue shows both wires with microcalcifications between 
them that do not reach the margins (Figure 13).

Summary

Breast imaging is complex and still evolving. Preventive 
programmes are seeking more effective ways of detecting 
more cancers in the earlier stages. For staging purposes, a 
multimodality approach using a combination of multiple 
imaging methods is necessary for proper planning of the 
patient’s subsequent management. Preoperative marking 
ensures transfer of the information from imaging to surgery.
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