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Breast radiologists and nuclear medicine specialists updated their previous
recommendation/guidance at the 4th Hungarian Breast Cancer Consensus
Conference in Kecskemét. A recommendation is hereby made that breast tumours
should be screened, diagnosed and treated according to these guidelines. These
professional guidelines include the latest technical developments and research
findings, including the role of imaging methods in therapy and follow-up. It includes
details on domestic development proposals and also addresses related areas (forensic
medicine, media, regulations, reimbursement). The entire material has been agreed with
the related medical disciplines.
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INTRODUCTION

Radiologists and nuclear medicine specialists specializing in the diagnostics of breast diseases
have compiled their opinions on diagnostic imaging and screening for breast cancer. Based on
international evidence, it is hereby recommended that the radiological and nuclear medicine
aspects of breast cancer diagnosis and management are conducted in accordance with these
guidelines. This material was discussed and accepted by the 4th Breast Cancer Consensus
Conference on 28–29 August 2020. It was then submitted to the Radiology Section of the
National Advisory Board, which has approved it. Regular updates of the material are still
recommended.
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PURPOSES OF DIAGNOSTIC IMAGING
METHODS IN BREAST TUMOURS

• Breast tumour screening, detection, confirmation (1).
• Guiding targeted biopsy: preoperative/pre-therapeutic
sampling to establish cytological/histological diagnosis,
whenever requested.

• Assessment of locoregional extent.
• As part of therapeutic planning, staging.
• As part of therapy: preoperative localization of the tumor
bed or tumor site with markers effective neoadjuvant
therapy, confirmation of a tumour in the specimen,
helping with pathological processing, percutaneous
minimally invasive therapy in selected cases.

• Evaluation of therapy effectiveness.
• Follow-up studies.
• Early detection of recurrence.
• Participation in new staging.

The basic principle: No breast therapy may be performed
without imaging studies.

BREAST INVESTIGATION MODALITIES

Mammography
Mammography is mandatory for symptoms or complaints
developing in patients aged over 30–35 years. In justified cases,
it can be carried out in patients aged under 30. Mammography is
the only scientifically proven method for screening asymptomatic
women at average risk with the purpose of reducing breast cancer
mortality (2). Direct digital mammography has been shown to
perform better than conventional analogue techniques (3). As the
screening age for mammography varies from country to country,
the age cut-off for mammography and US scans should be
adjusted accordingly.

Tomosynthesis
Digital breast tomosynthesis (DBT) is a procedure based on
full-field digital mammography (FFDM) in which an X-ray
tube moving in an arc capturing 10–15 overlapping digital
images of the breast in a short time at low radiation doses. Data
are computer- processed, resulting in thin slice images and can
be reconstructed to summation images called “synthetic 2D
images,” which look similar to conventional images. In order
to reduce radiation dose, it is recommended that conventional
2D images be partially or completely replaced with synthetic
2D images, provided that the device has an official certificate
(e.g., FDA approval). 3D tomosynthesis is more sensitive for
the assessment of breast structure, and hidden lesions are
easier to be detected (higher sensitivity). Tomosynthesis is
highly efficient (higher specificity) in assessing overlapping
tissues (summation) that pose diagnostic difficulties during
conventional 2D imaging. By analysing images cut into thin
slices, breast structure can be assessed without the disturbing
effects of overlapping, so that pathological structural
distortions and lesion borders can be evaluated more

accurately, and false-positive results resulting from
summation can be eliminated. As a result, 29%–41% more
tumours can be detected and, if applied during screening,
recall rates are significantly reduced, and unnecessary
biopsies can be avoided. Use of tomosynthesis in breast
screening is particularly advantageous for breast structures
(dense fibrotic, fibroadenotic tissue) for which conventional
mammography has a lower sensitivity (4, 5).

Contrast-Enhanced Spectral
Mammography
One of the latest developments in digital mammography is the
use of intravenous iodinated contrast media for dual-energy
mammography. The subtraction technique allows for analysis of
contrast accumulation in breast lesions, similarly to breast MRI.
According to some studies, CESM may be suitable for the
assessment of abnormalities detected by mammography,
especially for dense breast structures, to evaluate the extent
of the disease. According to some reports, its sensitivity is close
to that of a breast MRI, but this has not yet been clearly
established for DCIS. Radiation exposure is 81% higher than
for a conventional 2D digital mammography, and 48% higher
than for DBT (6–8). Currently, this modality is being researched
and may only be used with serious reservations, and it must
never be a substitute for indications that have long been
supported by evidence (e.g., mammography, breast
MRI) (9, 10).

Ultrasound Scanning of the Breast
Breast ultrasound can be used on its own in patients aged under
30. Over the age of 30–35 years, it can be a complementary
procedure to mammography, when needed (11). It is not suitable
for breast cancer screening, at any age. As for ultrasound scans of
other regions, breast ultrasound scanning should be documented
with images in accordance with professional rules, even in
negative cases. Colour Doppler is optional, but can be used in
addition. Some studies suggest that a significant number of
malignancies can be detected by ultrasound scanning as a
complement for mammography (12), but this has not yet been
routinely introduced due to extra human resource requirements
and a high false positive rate.

Automated Breast Ultrasound
Automated breast ultrasound scan hasn’t become widespread yet
as a complementary investigation modality for dense breast
structures (13, 14). Using a probe covering the breast,
volumetric data are collected about the entire breast, from
which slices can be reconstructed to review the glandular
tissue in the main anatomical planes. This modality provides a
good anatomical overview, as it is reproducible, and it can be
complemented by an automatic image recognition system. Its
disadvantage is that the false positivity rate is high for the biopsies
it indicates, most of which will be benign (15). It should be
emphasized that the resolution and information content of
ultrasound images provided by ABUS is the same as for
manual ultrasound scanning.
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Inmost states of the United States, for high density breasts, it is
mandatory to inform patients about investigations that
complement screening mammography (e.g., ultrasound).
Mammographic breast density, as an independent risk factor,
is still subject to scientific debate; however, the tumour-masking
effect of a higher density, which makes tumour detection difficult,
is an accepted fact (16).

Hybrid—DBT and ABUS
This is a combination of digital breast tomosynthesis and
automated breast ultrasound. This modality is part of a
research project, and it is not yet commercially available.
This device captures tomosynthetic mammography images in
a conventional CC and MLO setup, after which 3D ultrasound
images are recorded by an automatic ultrasound device built
into the compression plate. Studies have shown that the
combination of ultrasound scanning and mammography in
screening may significantly improve the rate of detected
abnormalities. This method utilizes the advantages of both
tomosynthesis and automated ultrasound scanning over the
2D technique (17, 18).

Second-Look (Repeated Targeted)
Ultrasound
If an MRI image suggests malignancy, targeted (second look)
ultrasound scanning is recommended even if the lesion was
hidden on mammography and on the first ultrasound scan. It
is important that this is done by a radiologist experienced in
breast MRI. By doing this, 60%70% of originally occult lesions can
be detected, and ultrasound-guided sampling can be
performed (19).

Elastography
Shearwave sonoelastography is a non-invasive imaging procedure
based on tissue elasticity, measured in kPA. An abnormal process
will modify the elastic properties of the affected tissue (20).
According to studies, ultrasound elastography may help
differentiate BI-RADS 3 and 4a lesions, and may increase the
specificity of ultrasound scanning, thereby reducing the number
of unnecessary breast biopsies (21, 22). The role of elastography
in the monitoring of neoadjuvant treatments, in the differential
diagnosis of suspected axillary lymph nodes, and in the evaluation
of microcalcifications affecting the glandular tissue has been
investigated. This method has also been integrated into the
current BI-RADS lexicon of 2013 (23).

Breast MRI
Indications for Breast MRI

• If a tumour is suspected, but the results of mammography
and ultrasound are insufficient or uncertain (24).

• When searching for an occult primary tumour.
• Preoperative assessment of proven cancers, for the
evaluation of multiplicity, extent, bilaterality, chest wall
involvement—especially if different investigation methods
show a difference in size (difference of more than 1 cm

between mammography and ultrasound, especially in
patients aged under 60).

• Breast MRI has been shown to be of outstanding importance
in assessing the extent of an invasive lobular carcinoma
(preoperativeMRI changes therapy by 28% and significantly
reduces the number of reoperations) (25).

• Preoperative MRI is also a useful method for the assessment
of DCIS/EIC extent.

• If multifocality is suspected on MRI, efforts should be taken
to confirm this histologically; if it cannot be confirmed, the
original breast-conserving surgical plan may be overridden
by mastectomy only by an oncological team decision or by
the patient’s wish.

• To increase sensitivity in the screening of dense breasts.
• To differentiate recurrence/scar/granuloma/fat necrosis
(not always differentiable without biopsy).

• Screening in high-risk patients (26).
• For planning and monitoring the effects of neoadjuvant
treatment (27).

• For planning partial breast irradiation (PBI).
• To examine the integrity of a breast implant, to look for
implant rupture (especially if physical signs are present),
if the result of this examination will influence the
treatment.

Important note: In premenopause, contrast-enhanced breast
MRI should be performed at week 2 or possibly week 3 of the
cycle, otherwise the false positive rate will be very high.

Contraindications for Breast MRI
• General contraindications for MRI (e.g., pacemaker, etc.)
• Nonspecific clinical symptoms (e.g., breast pain) with
negative mammography and ultrasonography results.

• MRI should not be used instead of biopsy for lesions that
can be evaluated only pathologically, e.g., to characterize
microcalcification.

Relative Contraindications for Breast MRI
• Due to a limited evaluability, it is generally not
recommended for 6 months after surgery and within
12–18 months after radiation therapy, except for
special cases (and only after prior consultation with a
radiologist).

• After a core/vacuum-assisted biopsy, there is no need to wait
before MRI scanning, but if possible, it is recommended that
it should be delayed for a couple of weeks: it is advisable to
wait for any haematoma to be absorbed, although this does
not usually interfere with diagnosis.

• Metal clips inserted during surgical or radiological
intervention do not interfere with breast MRI; however,
the filling valve of some expander implants may make
scanning impossible due to their ferromagnetic material.

• Pregnancy (see below).

Important note: By default, MRI is not required for implanted
breasts for either screening or diagnostic purposes.
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Breast MRI Is Not Indicated
• For histological characterization in cases where a targeted
biopsy can be performed (differentiation of scar site
recurrence, for characterizing microcalcifications, nodules
of unknown nature, etc.)

• In the event of uncertain cytological examination with non-
informative (C1) or borderline (C3) results (in such cases a
core biopsy should be performed).

• For the accurate evaluation of axillary lymph nodes.
• Instead of mammography, if the patient has radiophobia.
• For routine follow-up of operated, treated patients instead
of mammography or ultrasound.

Promising Breast MRI Indications Still Under
Investigation

• Examination of discharging breasts and to support
therapeutic decision-making for B3 lesions (24).

• A large multi-centre study (Preoperative Breast MRI in
Clinical Practice: Multicenter International Prospective
Meta-Analysis [MIPA] of Individual Data) is ongoing to
demonstrate that a breast MRI scan would be required
before treating any confirmed tumour. Several studies
have found that preoperative MRI modifies therapy by
15%–25%, but their statistical power is not yet sufficient
to make this recommendation general (25).

• MRI spectroscopy is still in the research phase. This special
procedure may increase the specificity of assays by detecting
a tumour-specific component (e.g., a choline peak).

Ductography (Galactography)
Ductography may be used when an intraductal process is
clinically suspected if this cannot be excluded by other
imaging and intervention methods. It can also be used for
dye marking of affected ducts before surgery. Because of its
low sensitivity and specificity, it is not suitable for excluding
an intraductal process in the event of a negative result. In
some countries (e.g., the United Kingdom) it has been
removed from the list of interventions used in practice.
MRI has started to take over the role of ductography.
Based on a large review study, the sensitivity and
specificity of MRI (92% and 97%, respectively) for
carcinomas are significantly higher than for galactography
in the diagnosis of patients with discharging breasts. In the
event of negative mammography and ultrasound results, MRI
scanning is recommended as a next step of assessment (28).

F-Fluorodeoxyglucose Positron Emission
Tomography/Computed Tomography

• Not suitable for breast screening (29–38).
• If breast cancer is suspected, routine testing is not justified
because of its low sensitivity in the detection of tumours
that are
○ Less than 5 mm in diameter and
○ Those with low FDG avidity (DCIS, LCIS, low-grade
lobular carcinoma, tubular carcinoma)

• PET/CT is less suitable than breast MRI for searching for
occult breast tumour.

• 18F-NaF PET/CT may be chosen as an alternative to
conventional bone scintigraphy (not yet reimbursed in
Hungary).

Positron Emission Mammography
Positron emission mammography alone is not suitable for breast
screening. PEM is a dedicated breast camera with a resolution of
1–2 mm that can be used as a complementary method to
mammography and breast ultrasound. It is primarily
recommended in patients in whom MRI scanning is not
indicated or not feasible for any reason. Its sensitivity and
specificity in the identification of malignant foci within the
breast are nearly identical to those of MRI. It can be used to
determine multiplicity within the breast, to differentiate scar
and tumour in an operated breast, and to measure response to
chemotherapy. Stereotactic sampling systems used in
mammography can also be used for PEM (device dependent).
When using the method, radiation exposure (3.0–3.5 mSv) to
the radiopharmaceutical used (which is not focused to the
breast) should be taken into account (39). Not available in
Hungary.

Positron Emission Tomography/Magnetic
Resonance Imaging
PET/MRI is a promising technique that is still primarily used for
research; its use is recommended in patients for whom PET and
MRI indications coexist and minimization of radiation exposure
is essential (40, 41).

INTERVENTIONAL PROCEDURES

The result of preoperative/pre-therapeutic complex diagnostics
should provide sufficient certainty for the operating surgeon to
plan the surgery accurately and/or for the oncologist to choose
the therapy.

In the event of a positive (malignant) aspiration cytology
(FNA) result, a consensus must be reached between the
pathologist, oncologist, surgeon, radiologist and the patient
when establishing the indication for surgery/therapy, along
with a correlation between the radiological and pathological
results.

Breast screening and diagnostic study sites should provide
the opportunity (or a background in another facility) for guided
sampling for all imaging procedures (mammography,
ultrasonography). (MRI-guided intervention is currently not
available in Hungary.) For an image-guided intervention, it
should be documented through images that the device has
reached the lesion and sampling conditions (target
description, exact location [quadrant/clock face/distance from
nipples/fold], device, targeting, validation, clip position) must
be recorded.

Efforts should be taken to obtain a definitive diagnosis from
the first sampling, and there should in any case be no more than
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two samplings. To do this, an appropriate sampling and guiding
type should be chosen.

Guiding Biopsy
Sampling should always be guided by an imaging technique, for
both palpable and non-palpable lesions.

• Ultrasound-guided sampling of the breast and regional
lymph nodes is recommended if the palpable or non-
palpable lesion is clearly visible on ultrasound.

It is strongly contraindicated that after an ultrasound-guided
sampling with a benign result. Lesions which are not well
identifiable by ultrasound are followed-up only.

• Mammography-guided (stereotactic) sampling is required
for non-palpable, non-ultrasound-identifiable lesions that
are not certainly benign, e.g., microcalcifications. Aiming
can be done in a sitting/lying/or side lying position. Lesions
visible only on tomosynthesis (mostly structural distortions)
may only be aimed at by tomosynthetic stereotaxis (which
cannot be replaced by MRI). The latter method is not
currently funded by the NEAK (National Health
Insurance Fund of Hungary).

• MRI-guided sampling (42) is performed when a uncertain
or suspicious lesion detected by contrast enhanced MRI, not
visualized by mammography or ultrasound, a decision
cannot be made as to whether the lesion is benign or
malignant. Sampling should be performed in a vacuum-
assisted manner, and a marker clip should be inserted after
the procedure.

Biopsy Tools—Aspiration Cytology, Core
Biopsy, Vacuum-Assisted Biopsy
Fine needle aspiration cytology (FNA, FNAB, FNAC), core
biopsy, and VAB are all extremely important in diagnosis and
therapeutic planning. Cytology is a faster, cheaper, but more
inaccurate procedure (more false negatives and non-evaluable
specimens), while core biopsy is more accurate (histological type,
immunohistochemical parameters, definitive confirmation of
benignity), and usually eliminates errors in evaluating fibrotic
lesions and lesions in treated breasts. Because of the low reliability
of FNA, it is contraindicated in some countries for breast
diagnostics—except for evaluation of fluid-containing structures.

In some cases, VAB is the first choice of method according to
current recommendations.

Detailed, state-of-the-art professional recommendations and
possibly local availability should be considered when choosing a
biopsy procedure (device/needle), except for the following cases:

• Vacuum-assisted biopsy (VAB) (43) is the gold standard for
evaluating microcalcifications, but in selected cases (lesions
larger than 10 mm, etc.) a conventional core biopsy may be
sufficient. FNA is not suitable for the diagnosis of
calcifications, partly since the effectiveness of sampling
(presence of calcification in the sample) cannot be validated.

• In order to validate the biopsy of calcifications, specimen
mammography of the tissue cylinder is mandatory; the
presence of calcifications must be stated in the biopsy
report. If calcification cannot be visualized within the
tissue cylinder on specimen mammography, sampling (in
the event of a negative result) cannot be considered
representative, and therefore a therapeutic or follow-up
decision cannot be made based on this.

• If FNAB is performed in an atypical lesion or a lesion
suspected of malignancy (RKU 3, 4, 5, BI-RADS 4, 5), a
negative or benign cytology result cannot be accepted to rule
out malignancy, when a benign lesion diagnosed on FNA
(C2) is not clearly stated or if the radiopathological
correlation is questionable or it is not seen.

• If for any lesion, proper information cannot be obtained for
therapeutic decision-making using repeated, adequate
sampling with a higher-level biopsy method, surgical
excision may be required.

• Core biopsy should be performed in all cases when it is
requested for therapeutic planning or by protocols of other
disciplines (surgery, oncology) (e.g., for neoadjuvant
treatment, mastectomy, axillary dissection).

• Default needle size for core biopsy: 14G. In case of suspected
carcinoma insitu/microcalcifications, the use of a needle
sized 12G is recommended; default needle size for vacuum-
assisted biopsy: 7G–9G.

• None of the sampling procedures is suitable for definitive
diagnosis in papillary lesions, ADH and some other B3/C3
cases, which require surgical or vacuum-assisted excision
and complete histological processing. In the event of an
insitu carcinoma, none of the sampling methods is suitable
to rule out a possible invasion.

• For cytology from a lesion in any tissue type (except lymph
nodes) that fails or has uncertain results, core biopsy is
usually required, and not repeat cytology.

• In the event of a failed core biopsy (for non-technical
reasons), vacuum-assisted sampling should be considered
instead of a repeated core biopsy.

• If the need for sampling has already been stated for a
lesion (i.e., the suspicion of malignancy has arisen with
any probability), follow-up cannot be recommended
without establishing a specific diagnosis (e.g., for a C1
result).

• During preoperative diagnostics, an abnormal radiological
lesion may be completely removed, and in such cases
placement of a marker clip is imperative.

ALGORITHMS FOR ASSESSMENT

Screening for Breast Cancer
Organized public health screening: a nationally organized
invitation-based screening programme for women with a
medium risk aged 45–65, every 2 years in Hungary (other
countries: see Table 1) (1, 2, 44–52). (A public health
programme initiated by the health care system as a provider,
publicly funded or involving population groups considered to be
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at risk, implemented with a professionally justified
frequency.) (53).

Individual (opportunistic) screening: occasional imaging
studies of women over the age of 40 years at average risk, with
no symptoms suggestive of tumour, no history of breast cancer,
for ruling out breast cancer. (Occasional use of methods suitable
for recognizing a hidden target condition, related to othermedical
activities or spontaneously required.)

Assessment methods:

• Physical examination + mammography (medical
technician).

• Evaluation of mammography: double medical reading
(radiologist).

• In case of positive or doubtful results, the patient should be
recalled for a complex diagnostic breast assessment
(additional investigations), which is needed to clarify the
issue: targeted, zoomed, etc. images, ultrasound scanning,
guided sampling, MRI, etc.

Screening of high-risk women (26, 54–59): mutations in the
currently known “breast cancer genes” explain 25%–30% of
familial breast cancers; other predisposing genes are still
unknown. Detection of missing genetic heritability is a
central theme of current research (60, 61). Based on this
knowledge, it is considered important that in cases of
confirmed familial breast or ovarian cancer BRCA1,2
mutation, Li–Fraumeni syndrome,
Bannayan–Riley–Ruvalcaba syndrome, Cowden syndrome,
Peutz–Jeghers syndrome, and a history of chest radiation
administered 10–30 years previously, screening
recommendations should also apply to individuals with a
breast cancer risk above 20%–25% according to validated
mathematical tests. Among mathematical models, the best
known are: BRCAPRO, BOADICEA, modified BOADICEA,
(2008) Gail, Claus, Tyrer-Cuzick, Myriad I/II and COUCH
models. It is advisable to use models that also take into account
an extended family history. It should be noted that the
National Institute of Health and Care Excellence (NICE) in
the UK recommends the use of BOADICEA to decide whether
to carry out MRI screening of high-risk patients (62).

Screening recommendation in Hungary for the high-risk
group: Above the age of 30 years, mammography (2D digital
mammography, or possibly with 3D tomosynthesis and 2D
synthetic software) and ultrasound scanning, complemented
by annual MRI (when possible), is recommended: at least
from the age of 30 years for known BRCA1/2 carriers, and at
least from the age of 20 years for those with TP53 mutations (35).
Omitting use of mammography screening has to be considered at
patients with Li-Fraumeni syndrome, due to the risk of secondary
radio-induced malignancies (63).

Hormonal induction (in vitro fertilization programme):
Most data in the literature do not support an increased risk of
breast cancer after fertility-enhancing hormone treatments,
although there is always a theoretical chance of this
occurring. Based on individual judgement (mainly after
repeated or long-term treatments), annual mammography
screening should be considered in women undergoing such
treatment (64).

Diagnostic (Clinical, Complex) Breast
Assessment
Detailed assessment and individualized screening of patients who
have complaints, and of those revealed by screening. The purpose
is to establish a maximally accurate preoperative/pre-therapeutic
(non-operative) diagnosis (preferably complemented by
cytology/histology sampling) in order to optimize the
malignant/benign ratio for cases undergoing surgery.
According to EU protocol indicators, at least 90% of cases of
confirmed malignancy require a preoperative biopsy at the time
of diagnosis (35, 65, 66).

In terms of workforce, the recommendation is that all steps of
complex breast diagnostics be performed by either one radiologist
or as few radiologists as possible, so the diagnosis, based on
information provided by each modality and interventions will be
as accurate as possible.

Referral to mammography/ultrasonography: since the choice
and feasibility of imaging methods required for an individual
patient depend on several factors (clinical questions, age, breast
size, etc.), it is recommended that the patient be referred for
“complex breast assessment” instead of “mammography” and

TABLE 1 | Timelines of breast-screening programmes with age covered in studied countries by Central and Eastern European Academy of Oncology as reported by panel
members.

Country Implementation of screening
programmes

Age covered

Armenia Pilot 2021–2023 in 3 of 11 regions of the country 50–69
Azerbaijan 2008 30–70
Bulgaria 2012 45–69
Georgia 2008 40–70
Hungary 2001–2002 45–65 (soon will be modified to 40–75)
Kazakhstan 2008 40–70
Poland 2006 50–69
Russian Federation 2006 40–75
Romania 2008 50–69
Serbia 2012/13 50–69
Slovakia 2019 50–69
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“breast ultrasound”, and the investigating physician should
decide what investigations they consider necessary, depending
on the clinical question.

Above the age of 30–35 years (age limit should be determined
on an individual basis and is the competence of the radiologist):

• Physical examination (physician or certified nurse) +
mammography (medical technician).

• Evaluation of mammography: single medical reading
(radiologist).

• Additional ultrasound scanning (evaluation by the
radiologist): palpable, circumscribed lesion, hyperdensity,
discharging, inflammatory, operated, implanted, non-
involutional, dense breasts with a complex
mammographic structure, in cases of high risk, etc. (67).

• Sampling, if necessary.
• It is recommended that a breast MRI be performed if
mammography, ultrasound and sampling did not provide
enough information, but only when confirmation of
diagnosis by MRI can be expected (and only based on a
preliminary radiological consultation).

Under the age of 30–35 years (age limit should be determined
on an individual basis and is the competence of the radiologist):

• Physical examination (physician or certified nurse) and
ultrasound scanning (67).

• Evaluation of ultrasound scan: single medical reading
(radiologist).

• Mammography, if needed (women who have given birth, for
large breasts, in high-risk cases, in individual cases, etc.)
with a single reading (radiologist).

• Sampling, MRI, etc., if needed: see the previous paragraph.

Follow-Up of Lesions
Follow-up over time is sufficient only for lesions with a
radiomorphology showing a probability of malignancy of less
than 2% (BI-RADS category 2 or 3, or stable condition
documented for at least 3 years, for solid lesions). If the
probability is 2% or more and in the absence of a follow-up
history, sampling is mandatory (23). Depending on the type of
lesion, follow-up is usually performed in 6-month cycles, for up to
3 years. For inflammatory processes, follow-up in shorter cycles
may be justified.

ARTIFICIAL INTELLIGENCE IN BREAST
DIAGNOSTICS AND SCREENING

The task of artificial intelligence (AI) is to implement human
intelligence using computational models. The goal is to make
computers capable of performing tasks that can be
accomplished by human intelligence. Artificial intelligence
is a system that displays intelligent behaviour, analyses its
environment, and is able to act with a certain degree of
autonomy to achieve a specific goal (68). Artificial
intelligence is based on machine learning rather than on

conventional computer programming. During this process,
the computer is provided with a set of data and expected
responses, after which the machine will create the rules. Based
on the established rules, the machine itself will provide the
answers based on new data. This also means that during the
learning phase, it is worth using as much data as possible and
that such systems are capable of continuous improvement.
Radiology finds itself in a special situation also because,
owing to digital image archiving systems that became
widespread years ago, a huge database is now available,
constituting a basis for such developments.

The CAD (computer-aided detection) systems used in the
early 2000s were based on conventional programming. After
initially promising results, these systems did not become
widespread in everyday practice. The performance of the film
reader radiologist did not improve, the number of recalls
increased, but the rate of tumour detection did not improve
(69, 70).

Artificial intelligence based on machine learning seems to be a
promising development, with many studies showing encouraging
results in reading mammograms captured on various devices, and
many results show accuracy similar to human performance under
research conditions (71–73).

Assessing breast density is important in many ways
(diagnostic difficulty, medico-legal problems, individual
risk). As a best practice, description of breast density in
radiology reports is increasingly frequent; however,
evaluation of this feature shows significant inter-observer
differences. There are currently multiple breast density
analysis systems on the market that have been approved by
the FDA (74–76).

With the spread of digital tomosynthesis, the amount of
information and time required for reading continues to grow,
which further increases the need to find new solutions.
Evaluation of image material generated during automated
ultrasound scanning is another direction of development.
Breast MRI scans have also attracted the interest of
artificial intelligence development groups and companies
(77). Evaluating the response to neoadjuvant treatment
seems to be a promising area within this. Development of
decision-making algorithms is also expected to receive
a boost.

Currently, only recommendations based on limited evidence
can be formulated. It is difficult to compare different studies, and
a standardized method for comparison of studies and efficacy has
not yet been established. At present, solutions based on artificial
intelligence are not yet applicable in daily routine patient care
(78). Results are expected in the following applications (79, 80):

• Assessment of breast density, individualized risk
assessment.

• A combination of a radiologist and AI instead of a double
reading.

• Highly reliable negative mammography reading by AI
(without human intervention).

• Other imaging techniques and AI.
• Clinical decision support systems.
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ASSESSMENT PROTOCOLS

Assessment of a Discharging Breast
• Physical examination—to be documented: colour, side,
amount of discharge, whether it is spontaneous or
appears on compression, number or possible localization
of discharging ducts, duration (onset, continuous or
intermittent, nature of change), other symptoms (e.g.,
inflammation) and whether the discharge is
pathological (28).

• Non-pathological discharge: unilateral/bilateral discharge
from multiple ducts.
○ Actions: mammography (over 30–35 years) and
ultrasound (under 30–35 years only ultrasound),
discharge (contact) cytology (at onset).

○ If these investigations have negative results, no further
diagnostic actions are needed.

• Pathological discharge: bloody, serous or colourless
discharge from one duct (especially if unilateral), usually
spontaneous and persistent.
○ Actions: mammography (over 30–35 years), ultrasound,
discharge cytology.

○ In 35%–56% of cases, this is caused by papilloma or duct
ectasia, and by DCIS or IDC in 5%–23% of cases. If image
is suggestive of intraductal papillary lesion or DCIS, IDC,
assessment should be continued according to guidelines
for solid structures or malignancy.

• If mammography and ultrasound scanning show negative
results and blood or other signs of epithelial proliferation
are found in the discharge on cytology examination, MRI or
galactography may clarify the cause of the discharge, and
location, multiplicity, and extent of underlying lesion(s). Of
the two modalities, MRI is preferred because of its higher
sensitivity and higher specificity.

• If either method yields positive results, it is recommended
that ultrasound scanning be repeated and mammography
re-evaluated, or possibly that additional images be captured
to reveal the lesion. If a lesion is identified, a core biopsy is
required.

• If the clinical picture and discharge cytology are positive, but
imaging modalities do not identify any cause for the
discharge, surgical retromammillary cone excision may
be performed.

Assessment of Benign Solid Lesions
In K2, U2 (BI-RADS 2–3) cases, patient at normal risk (no
multiple positive family history or confirmed gene mutation),
with a sharp-edged, ovoid lesion not larger than 3 cm, having
homogeneous structure and a longitudinal axis parallel to the skin
surface, containing less than four (macro) lobulations, and
displaying no hyperechoic halo sign (81–84).

• Physical examination
• Ultrasound scanning under the age of 30–35 years,
complemented by mammography, if needed (suspected
malignancy).

• Mammography over the age of 30–35 years, additional
scans, when needed.

• Ultrasound scanning at all ages.
• Sampling: not recommended under the age of 25 years; to be
considered between 25 and 30 years; strongly recommended
over the age of 30 (except for unequivocal lesions such as fat
necrosis, intramammary lymph node, lipoma, hamartoma).

Core biopsy is the preferred method. If, however, for any
reason, cytology is performed and yields a C2 result but the
report does not clearly state a definite diagnosis (e.g.,
fibroadenoma) the result is not acceptable. For a growing
lesion, or if lesion diameter is greater than 3 cm, a core biopsy
is recommended.

• If an increase in diameter of more than 20% is observed
within 6 months, a core biopsy is mandatory and surgical
excision should also be considered, due to the suspicion of a
phyllodes tumour (85).

• For a multifocal process, sampling is recommended from
the largest and/or least regular lesion.

• At any age: if no sampling is performed, follow-up is
recommended every 6 months for at least 1 year; If it
does not grow during this time, there is no need for
follow-up.

• Biopsy is not required for macrocalcification characteristic
of fibroadenoma (popcorn calcification).

• For multifocal lesions, MRI scanning for more accurate
follow-up or for surgical planning is recommended.

• Cryoablation may only be performed when there is a core
biopsy report (86).

Assessment of Solid Lesions (BI-RADS 4–5)
With Malignant (R5, U5), Suspected
Malignant (R4, U4) or Uncertain Appearance
(R3, U3)

• Physical examination (86–88).
• If a strong suspicion of malignancy arises, mammography is
mandatory at all ages (including patients aged under 30) (to
assess the DCIS component, etc.), with additional images, if
needed.

• Ultrasound scanning (breasts + axillae) is mandatory at
all ages.

• Sampling is always mandatory. Core biopsy is the
preferred method and is unavoidable if a suspicion of
malignancy arises on physical examination or
diagnostic imaging. If, however, cytology is
performed with a C1-C2-C3 finding, the result is not
acceptable for excluding malignancy, in which case a
core biopsy is mandatory.

• For an ultrasound-positive axilla, sampling is mandatory
(cytology or core biopsy).

• For a multifocal process, if foci are not in close proximity to
each other, sampling should be performed from the two
furthest foci.
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• For multifocal processes, preoperative MRI scanning is
recommended to assess extent, especially for DCIS-
associated carcinomas and lobular carcinomas.

Assessment of Complicated Cysts
• Physical examination (11).
• Ultrasound scanning in patients under 30–35 years of age.
• Mammography in patients aged over 30–35, with additional
images and ultrasound scanning, if requested.

• Doppler examination of content (growth), possibly
examination of its mobility by changing body position.

• For mobile contents (i.e., clot/dense fluid) no sampling is
requested for diagnostic purposes, if the cyst otherwise has a
regular shape.

• Ultrasound-guided aspiration cytology of cyst fluid, and
cytology or core biopsy of the solid part.

• Assessment of growth mobility with needle during
sampling.

• If cyst is emptied, it is recommended that a marker clip be
placed after sampling, though this is difficult to do, as this
device is not currently reimbursed.

• Note: in patients aged over 30, if only one cystic structure
larger than 10 mm is visible or develops in the breasts, even
if it has a regular morphology, sampling should be
considered due to the possibility of medullary/mucinous
carcinoma/lymphoma/metastasis.

Assessment of Calcifications
• For the analysis of questionable calcifications seen on a
mammographic image, targeted zoomed or open zoomed
images are suitable; there may also be a great need for these
in digital mammography or synthetic 2D images (23,
89, 90).

• No sampling is indicated in cases of non-clustered, saucer-
like microcalcifications with transparent centres located in
the skin or just subcutaneously, or for macrocalcifications.

• WithMRI scanning, the nature of the calcification cannot be
defined with complete certainty; MRI therefore does not
replace biopsy, and it is usually not indicated for
characterization.

• Stereotactic, vacuum-assisted biopsy (VAB) is the preferred
method in most cases (43). Above a diameter of 10 mm, a 12
(14)G core biopsy may also be performed, but its
effectiveness (rate of non-evaluable samples, upgrade rate
in final histology) is lower compared to vacuum-assisted
sampling.

• If mammography of the biopsy specimen (core specimen)
does not confirm any calcification, the biopsy cannot be
considered representative, and a negative result, despite the
calcifications described in the histological report, is not
acceptable. In such cases, no therapeutic decision can be
made, and follow-up alone cannot be recommended.
Sampling should be repeated (mainly by vacuum-assisted
method).

• If stereotaxis is not available or is available only with
considerable delay, or if calcification is associated with a
palpable or solid lesion identifiable on ultrasound scanning,

then an ultrasound-guided core biopsy should be
performed. If on mammography calcification was
confirmed within the sample (core specimen), a
radiopathological correlation is present, and a negative
result is acceptable. In the presence of calcifications, FNA
is not a suitable procedure.

• After sampling, it is recommended that marker clips be
placed to identify the biopsy site and to facilitate any
subsequent preoperative marking.

• For DCIS/EIC, preoperative MRI is recommended to clarify
the extent of the lesion (91).

Assessment of Architectural Distortions
• Physical examination: radial scar/complex sclerosing lesion
is almost never palpable, no skin thickening/retraction
is seen.

• If mammography shows architectural distortion in at least
one view, additional images are required (i.e., several
aspects: targeted compression without zooming, or
targeted zoomed, tomosynthesis, when possible) (23, 90).

• If it can be reliably identified by ultrasound, a core biopsy or
VAB with this kind of guiding, if not identifiable, then
stereotactic guidance is required.

• After sampling, it is recommended that marker clips be
placed to identify the biopsy site and to facilitate any
subsequent preoperative marking.

• The previously used “white/black star” mammographic
morphological markers are unreliable for differentiation
between a tumour and a radial scar, since there are
overlaps in both directions.

• MRI may help with characterization, but it does not
unequivocally establish the nature of the lesion and it,
therefore, cannot replace biopsy.

• If architectural distortion is only visible on tomosynthesis,
conventional (2D) stereotactic guidance is not suitable for
aiming, and only 3D tomosynthesis-driven stereotaxis will
be adequate for this purpose. In such cases, MRI cannot
replace biopsy.

• FNA is not suitable for characterizing these lesions.
• When large distortions are encountered, MRI scanning may
be recommended in all cases with negative histological
results, and to assess the exact extent for cases with
positive histology results.

Assessment of Asymmetric Hyperdensities
• Physical examination, careful medical history (prior
surgery, etc) (23, 90).

• Mammography with multidirectional complementary
images (zoomed, tomosynthesis), if needed, followed by
MRI/stereotaxis if a suspicion still remains.

• Ultrasound scanning.
• If ultrasound gives negative results, an MRI should be
considered, especially if a palpable/clinical abnormality
is found.

• Sampling is recommended (primarily core biopsy) for any
type of circumscribed abnormality found on ultrasound.
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• Sampling (core biopsy or cytology) is recommended
without image-guided aiming if there is a negative
ultrasound but a suspicious palpable abnormality.

Assessment of Nipple and Areolar Wounds
• Physical examination, medical history (92).
• Ultrasound scanning for patients aged under 30–35 years,
but in cases of suspected malignancy, mammography
should also be performed.

• In patients aged over 30–35 years: mammography,
ultrasound scanning.

• Initiation of a dermatological consultation.
• Abrasion cytology sampling, indicating or performing a
surgical biopsy (punch biopsy) of the wound located at
the surface of the nipple/areola.

• If calcification suggestive (even only slightly) of malignancy
is seen in the breast, a stereotactic biopsy is recommended.

• If on ultrasonography, a circumscribed dilated duct or a
solid structure is detected, an ultrasound-guided core biopsy
or possibly cytology is recommended.

• If mammography and ultrasound scanning have negative
results, and nothing abnormal is revealed on dermatological
consultation, but the lesion persists for a long time, MRI
examination should be considered.

• If nipple biopsy is positive for tumour, an MRI scan should
be considered to evaluate the extent.

Assessment of Suspected Inflammatory
Breast Cancer

• Physical examination, medical history.
• Mammography, ultrasonography.
• If pathological axillary lymph nodes are seen, they should be
sampled for cytology or core biopsy.

• In the absence of abnormal lymph nodes and of detectable
masses in the breast, ultrasound-guided puncture of the
dilated lymphatic vessels for cytological examination may
help in establishing a diagnosis.

• An ultrasound-guided core biopsy should be performed
from any suspicious circumscribed area seen on
ultrasound scanning.

• MRI scanning, and targeted biopsy of any detected
circumscribed lesion.

Assessment of Abnormal Axillary Lymph
Nodes

• In cases of multiple axillary adenopathy, number and size
range of lymph nodes showing abnormal morphology
should be stated in the radiology report.

• For a known malignant lesion in the breast, FNA may be
sufficient to confirm axillary metastasis.

• If mammography and ultrasound show nothing abnormal
in the breast, core biopsy of the axillary lesion is preferred.

• If biopsy raises the possibility of breast origin, an MRI scan
is recommended to look for an occult tumour.

Radiological Procedures for Malignancies/
Suspected Malignancies
For Surgery

• Preoperative marking of non-palpable breast lesions: non-
palpable breast tumours are operated after preoperative
localization. The lesion should be marked with
ultrasound, mammography, MRI, wire hook or
radionuclide (liquid or needle [seed]) (radioguided occult
lesion localization, ROLL) (93, 94) guided techniques,
sometimes with dye (e.g., when filling a discharging
duct). The use of MRI control is justified when a lesion
can only be visualized on MRI or when its extent cannot be
unequivocally defined on conventional imaging.

• Combined radionuclide preoperative labelling and sentinel
lymph node labelling (SNOLL) are also increasingly
commonly used techniques.

• For preoperative localization, 2-view intraoperative
specimen mammography or 3D tomosynthesis or
specimen ultrasound is mandatory (95). A radiological
report should be prepared, containing information about
the presence of the abnormal lesion, the marker clip and the
marking wire, and about the radiological involvement of
margins.

• Sentinel lymph node biopsy (SLNB): If no metastatic lymph
node is confirmed in the axilla during preoperative
assessment, the sentinel lymph node should be removed
as part of staging. Sentinel lymph node(s) is/are the “first”
lymph node(s) on the lymphatic drainage pathway of the
tumour where lymphogenous metastasis may initially
develop. It/they can most effectively be identified with a
combination of 99mTc nanocolloid and patent blue. If there
is a palpable abnormality and mastectomy is performed, the
radiopharmaceutical (marker) is administered periareolarly;
the radionuclide is administered by a nuclear medicine
specialist and patent blue by the surgeon. If the sentinel
lymph node is tumour-free, then the other lymph nodes in
the axilla are also likely to be so (96).

• Preoperative localization of extensive microcalcifications
(DCIS) and radial scar is recommended primarily with
hookwire(s); for other lesions the radioactive localization
method is more advantageous (97, 98).

• For non-palpable lesions, radioactive or magnetic labelling
seeds are forward-looking approaches that can be used for
labelling of both the breast and the axilla (99, 100).

For Neoadjuvant/Primary Systemic Treatment
• Effectiveness of neoadjuvant therapy should be monitored
using appropriate imaging studies (mammography,
ultrasound, breast MRI).

• For a dense breast structure, MRI scanning is the
recommended method. Breast MRI shows most
accurately the extent of the residual tumour and
structural and size changes following treatment.

• For a good regression (downstaging) of a breast tumour
(ideally at the start of any neoadjuvant treatment), an MRI-
compatible metal marker should be placed in the breast
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tumour under image guidance, if breast-conserving surgery
is possible. This kind of preoperative localization can also be
performed in cases of full regression. Surgical criterion is an
intact surgical margin, the achievement of which is
supported by an imaging examination—preoperative
breast MRI scanning (101).

• If required, a lymph node that is considered to be metastatic
can be clip marked after sampling; thus, selective removal
(targeted axillary sampling [TAS]) of the lymph node in
question can be performed and pathological assessment of
nodal regression improved.

Image-Guided Minimally Invasive Tumour
Ablation

• A promising technique for breast cancer is focused
ultrasound (FUS, HIFU), a method that can be used with
both ultrasound andMRI guidance. Ablation success ranges
from 20% to 100%, depending on the type of the FUS
system, imaging technique, ablation protocol, and patient
selection (102).

• Cryotherapy is an accepted (FDA approved) method in
benign cases (for histological biopsy diagnosis of
fibroadenoma) (103–105). In Hungary, it is not funded
by the NEAK (National Health Insurance Fund of
Hungary).

• It is also a promising alternative in selected cases of
malignancy and is already a subject of studies (106). A
completed phase II study confirmed successful ablation in
76% of cases (107–109).

• Based on the results so far, radiofrequency ablation can be
used successfully in elderly patients for whom surgery is not
feasible, except for lobular carcinoma. This is not yet a
practice in Hungary (110–112).

• Diagnostic image-guided vacuum-assisted excision of
B3 lesions. Percutaneous, image-guided diagnostic
vacuum-assisted excision has been becoming a
practice in the care of smaller B3 lesions (69). Its
purpose is to remove the entire lesion without
surgery, usually up to a size limit of 20 mm. It is
especially suitable for papillary lesions without atypia,
radial scars, FEA, AEPDT, classical lobular neoplasia

and mucocellular lesions. It may be indicated by the
oncology team. MRI scanning may help to preclude
malignancy (113, 114).

Therapeutic Algorithm for B3 lesions
• Lesions with uncertain malignant potential (B3 lesions)
represent an extremely heterogeneous group with a
9.9–35.1% risk of developing a malignant process
(115–117).

• The current protocol for the treatment of B3 lesions was
discussed at international consensus conferences in Zurich
in 2016 and 2018. The latest recommendation 2020 on
processing B3 lesions states that a multidisciplinary
(oncology) team should provide an opinion on each B3
lesion.

• The recommendations for the treatment of B3 lesions after
histological diagnosis are:
○ follow-up (mammography and/or ultrasound scanning
every 6 months or annually, depending on diagnostic
imaging reports).

○ vacuum-assisted removal.
○ surgical excision.

Table 2 presents the care protocol based on the “Second
International Consensus Conference on lesions of uncertain
malignant potential in the breast (B3 lesions)”. Table 3 shows
proposed treatments for the most common lesions under the
NHS (UK) protocol.

Screening, Diagnostics and Follow-Up of
Breasts That Have Undergone Cosmetic
Surgery
Before cosmetic surgery (implantation, reduction, etc.): an age-
appropriate imaging study should be performed to rule out a
space-occupying process.

After breast augmentation for cosmetic reasons: age-
appropriate screening/diagnostic tests; the same as for the
normal population: mammography (with modified technique
for implants: Eklund views, if technically possible), ultrasound
scanning and, if necessary, guided sampling. MRI is not
required by default for implanted breasts for either screening

TABLE 2 | Care protocol for B3 lesions based on the “Second International Consensus Conference on lesions of uncertain malignant potential in the breast (B3 lesions)”.

If diagnosed by core
biopsy

If diagnosed by
vacuum-assisted biopsy (VAB)

ADH Surgical removal Surgical excision, in some cases follow-up based on the decision of the oncology team
FEA Lesions detectable on diagnostic imaging, VAE recommended Follow-up if the lesion detectable on diagnostic imaging has been completely removed
LN Surgical removal or VAE (removal of a lesion visible on ultrasound

scanning)
Surgical excision or follow-up appropriate for high-risk lesions if the lesion detectable on
diagnostic imaging has been completely removed

PL VAE is recommended Follow-up if the lesion detectable on diagnostic imaging has been completely removed
PT Surgical removal, negative surgical margin is required for borderline

and malignant PT
Follow-up if the lesion detectable on diagnostic imaging has been completely removed for a
benign PT

RS VAE or surgical removal of a lesion detectable on diagnostic imaging Follow-up if the lesion detectable on diagnostic imaging has been completely removed

ADH, temporary diagnosis corresponding to atypical ductal hyperplasia, which can only take into account the dimension seen in the biopsy sample; FEA, flat epithelial atypia; LN, classical
lobular neoplasia; PL, papillary lesion; PT, phyllodes tumour; RS, radial scar; VAE, vacuum-assisted excision.

Pathology & Oncology Research June 2022 | Volume 28 | Article 161038211

Forrai et al. Diagnostic Imaging of Breast Cancer—Guidance for Professionals



or diagnostic purposes. The most accurate method for assessing
implant integrity is breast MRI. MRI scanning is also the most
suitable method when imaging of the space behind the implant
is required, but this is considered only in exceptional
indications. Axillary silicone lymphadenopathy can be
detected reliably by ultrasound, but for the assessment of
other lymphatic regions (internal mammary), MRI is the
suitable method.

Breast Implant-Associated Anaplastic Large Cell
Lymphoma
The association between ALCL and breast implants with a
textured surface was first suspected in 1996, with current
statistics suggesting that it may occur yearly in 0.3–1/1 million
women with breast implants (118). According to the literature, it
is likely that there is a rare association between breast implants
and the development of anaplastic large cell lymphoma, but
further data is needed. BIA-LCL may be suspected 7–10 years
on average after implantation, in the presence of a unilateral,
increasing fluid accumulation. In such cases, cytological,
bacteriological and CD30 testing of the fluid is required, and
when soft tissue lesions are also present, core biopsy and MRI
scanning should be considered.

Assessment of Male Breasts
In the event of symptoms, the male breast assessment algorithm
is the same as for the female breast. If a breast cancer is present,
follow-up after treatment is also the same as for the female
breast. Ultrasound scanning is sufficient for instrumental
examination of pubertal gynaecomastia. When examining
gynaecomastia in adults over the age of 30, mammography
should also be performed, complemented by sampling, in
doubtful cases.

Breast screening is not required in men without symptoms.
Some recommendations suggest regular mammography
screening for men at high risk for breast cancer (e.g., carrying
BRCA gene mutation) (119–121).

Gestational Breast Cancer
Breast cancer revealed during pregnancy or within 1 year after
delivery is called gestational breast cancer.

Breast Assessment in Pregnant Women
Ultrasound is the primary modality for assessing a pregnant
woman’s breast complaint. If necessary (e.g., suspected tumour,
DCIS/EIC component, etc.) mammography can be performed
observing radiation protection guidelines. Breast MRI is more
difficult due to the necessity for contrast medium, as well as the

increased abdominal circumference and prone position during
the scan. Generally, administration of MRI contrast medium
during pregnancy is a relative contraindication, but most of the
contrast media approved for use in Hungary can be applied “if
the clinical status of the woman necessitates it”. There are
significant differences between countries and types of
contrast media, so local pharmaceutical regulations should
always be followed (35).

The assessment algorithm for a lactating breast is the same as
for a non-lactating breast (122).

Coding
• For multidisciplinary cooperation, it is desirable to use the
following codes in radiology reports: R (1–5), K (1–5), U
(1–5). The BI-RADS (0–6) code can also be entered as an
option. It should be clearly indicated whether the coding is
according to RKU or BI-RADS (Table 4, 5). If the two sides
are not identical, the code should be entered separately
(right, left) (23).

• Standardized coding facilitates clear communication
between physicians. Some countries in Europe use the
same system as Hungary, but the BI-RADS (Breast
Imaging Reporting and Data System) scheme is
internationally known and the most widespread.

• The BI-RADS system also provides precise guidance on the
content of radiology reports, providing a uniform
format for:
○ Indication for the investigation (screening, clinical study,
follow-up; history data).

○ Type of breast structure (see Tables 6, 7).
○ Description of abnormalities in the breast (solid structure,
asymmetry, structural disorder, calcification,
abnormalities associated with the pathological process:
skin thickening, nipple retraction).

○ Comparison with previous investigations.
○ Final opinion based on BI-RADS categories 0–6.
○ Therapeutic recommendation.
○ Informing the patient and the referring physician.

TABLE 3 | Management protocol for B3 lesions based on NHS (UK) protocol.

Diagnosis with core biopsy (14G) or VAB Therapeutic recommendation

Radial scar with epithelial atypia VAE recommended, removal of 12 × 7G tissue cylinders
Papillary lesion with epithelial atypia Surgical excision
Mucocele-like lesions with epithelial atypia VAE recommended, removal of 12 × 7G tissue cylinders
Cellular fibroepithelial lesion Surgical excision

VAB, vacuum-assisted biopsy; VAE, vacuum-assisted excision.

TABLE 4 | RKU coding of lesions.

1 Non-pathological (negative)
2 Benign
3 Indeterminate (uncertain benign/malignant)
4 Suspicious of malignancy
5 Clearly malignant

R, radiology = mammography; K, clinical/physical examination; U, ultrasound scanning.

Pathology & Oncology Research June 2022 | Volume 28 | Article 161038212

Forrai et al. Diagnostic Imaging of Breast Cancer—Guidance for Professionals



Interdisciplinary Cooperation
• Sample handling, cooperation between radiology and
pathology.

Aspiration cytology sampling should be performed using a syringe
with a rubber stopper. The radiologist performing the sampling
should consult the evaluating cytopathologist about the method of
smear preparation and fixation, considering that the type of staining
used for smear evaluation determines method of fixation, and
inadequate smearing may lead to a non-evaluable sample.

• The test order attached to biopsy specimens (preferably a
complex radiology report) should include the radiologist’s
opinion, as well as relevant clinical data available to the
radiologist (e.g., any other tumour disease the patientmay have).

• Summary report and breast/oncology team opinion:

After each biopsy, regardless of whether the radiological/
pathological/clinical opinions are consistent or contradictory, a
written diagnostic “Summary Report”must be prepared. This will
be issued by the radiologist performing the biopsy and
summarizing tests (after consulting with the pathologist, in
questionable cases). The purpose of the diagnostic “Summary
Report” is to synthesize the results of different (radiological and
pathological) diagnostic methods to facilitate further action and/
or a therapeutic decision. Based on the results of the assessment,
the breast oncology team gives a therapeutic recommendation,
possibly proposing complementary tests; all these are recorded in
writing in the “Opinion of the Breast Oncology Team”.

INVESTIGATION METHODS FOR STAGING
AND MONITORING OF BREAST
CARCINOMA (OTHER THAN BREAST
TESTS)

Methods for Investigating Regional Lymph
Nodes

• Ultrasound scanning (35, 65, 66).
• Radionuclide lymphoscintigraphy (radionuclide localization
of sentinel lymph nodes) (CT, MRI, PET/CT).

Methods for Investigating Location of
Distant Metastases

• Chest, lungs: chest X-ray, CT.
• Mediastinum: CT, MRI, PET/CT (whole body information).
• Chest wall: CT + US, MRI.
• Abdomen: US CT, MRI, PET/CT (whole body
information).

• Bone: scintigraphy, 18F-NaF PET (-based measurements)
(not yet funded in Hungary), conventional X-ray, MRI,
CT, 18F-FDG PET/CT (whole body information)
(35, 38).

• Central nervous system:
○ brain: MRI, CT.
○ spinal cord: MRI.

• Lymph nodes (non-regional): US, CT, MRI, 18F-FDGPET/
CT (whole body information).

METHODS FOR ASSESSING AND
MONITORING THE PRE- AND
POST-TREATMENT STAGE
The stage of the disease is determined based on tumour size and
certain specific features, regional lymph node involvement, and

TABLE 5 | BI-RADS coding of lesions for mammography and ultrasound (MRI BI-RADS differs from this).

0 Incomplete assessment: additional imaging investigation(s), or comparison with previous ones is/are required
1 Negative
2 Benign
3 Probably benign: short-term (6 months) follow-up or biopsy required (probability of malignancy below 2%)—screening

cannot be coded directly as 3
4 Suspected malignancy: histological diagnosis (core biopsy) required (probability of malignancy between 2% and 95%)
4a Low probability of malignancy (2–10%)
4b Intermediate probability of malignancy (10–50%)
4c High probability of malignancy (50–95%)
5 Most likely malignant (≥95%): histological diagnosis required
6 Malignancy confirmed by biopsy: appropriate management is required

TABLE 6 | BI-RADS classification of breast structure types.

BI-RADS A The breast is almost entirely adipose in structure, the sensitivity of mammography is high
BI-RADS B Scattered glandular areas of fibroglandular structure
BI-RADS C Heterogeneously dense glandular parenchyma, that may mask minor lesions
BI-RADS D Markedly dense glandular parenchyma, the sensitivity of mammography is low

TABLE 7 | Breast structure types according to Tabár.

Glandular T1
Adipose T2
Fibroadipose T3
Adenotic T4
Fibrotic T5
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the absence or presence of distant metastases (35, 36, 38,
123–125).

For In Situ (Stage 0) and Early Invasive
(Stage I, II) Breast Cancers
Staging
Of the regional lymph nodes, assessment of the axilla is a
mandatory part of the ultrasound scanning of breasts,
complemented by guided sampling in the event of any
suspicion. No other imaging tests for staging are required if
the case is detected by screening, is stage T1N0, has a favourable
histology result.

(Note: baseline imaging studies may only have the benefit
of providing a basis for comparison for subsequent
radiological examinations performed for any reason, such
as recording the size and morphology of benign lesions). This
may later spare the patient from technically difficult,
burdensome biopsies and may make follow-up
examinations unnecessary. 18F-FDG PET/CT in the early
stages is only recommended for N2–3. At an early stage (I, II,
operable III), it may be justified if other investigations or
clinical conditions suggest distant metastasis.

For Stage III, IV Breast Cancer and
Biologically Aggressive Tumours
Staging
Regions of the neck, chest, abdomen, lesser pelvis:

• CT scan: With MDCT (multi-detector, multislice CT).
• PET/CT is recommended in all cases (stage IIB–IV) when
the risk of distant metastases is high; it has been shown to
perform better than diagnostic CT staging, and for cases
with uncertain or inconsistent results obtained using other
procedures. Inspiratory chest CT should also be performed
during the PET/CT scanning, if not already performed. If
the result of PET is not conclusive for clarifying liver
lesions, liver MRI is warranted. If FDG-negative
sclerotic bone lesions suggestive of metastases are
visualized on PET/CT, bone scintigraphy with SPECT/
CT measurements is required. Bone scintigraphy can be
replaced by 18F-NaF PET/CT (currently not funded in
Hungary).

Follow-Up of Treated Breast Cancer Patients
• Mammography + ultrasound scanning of the treated breast
every year for 5 years (unless otherwise specified by the
oncology protocol relevant for the patient). After that,
annual mammography is recommended.

• Similar actions are required after reconstructive breast
surgery, if no implant was used for reconstruction.

• For a breast reconstructed with an implant, modified
mammography (Eklund views) + ultrasound should be
performed. By default, MRI is not required for implanted
breasts for either screening or diagnostic purposes.

• A complex assessment of the contralateral breast is
performed annually.

• Even after mastectomy, mammography can almost always
be performed on the remaining tissue.

• Breast MRI is indicated after prior consultation with a
radiologist:
○ in highrisk cases (young patient, dense breast structure,
genetic, familial risk).

○ if recurrence cannot be confirmed by conventional
radiological imaging, though it is suspected based on
the clinical picture.

○ in other difficult and contradictory cases.
○ due to limited evaluability,MRI is generally not recommended
for 6 months after surgery and within 12–18months after
radiation therapy, except for special cases.

• Other imaging tests (e.g., PET/CT) are recommended only if
a clinical suspicion arises, being complemented with image-
guided sampling, if needed.

• In case of confirmed recurrence, core biopsy is definitely
recommended for the assessment of histological parameters.

• Adequate laboratory and imaging tests are recommended to
monitor the side-effects of therapy, according to the
protocol.

• PET/MRI is currently only available in clinical trials and is
currently not funded.

Monitoring of Therapeutic Response Using
Radiological Examinations
If there is known dissemination, the oncologist or the treatment
protocol will determine the time of follow-up. The choice of
imaging method is a joint decision of the attending physician and
the radiologist, taking into account the possibility of visualization,
availability, and reimbursement (9, 126, 127).

Nuclear Medicine Investigation Methods for
Staging
Bone scintigraphy: a nuclear medicine method based on a
radionuclide technique. Planar whole-body scanning is
considered to be the standard procedure. Currently, bone
scintigraphy may be complemented by single-photon emission
tomography (SPECT) or hybrid SPECT/CT measurements, in
order to increase diagnostic accuracy (37, 94).

99mTc phosphonate analogues used for scintigraphy show
good bone binding and are rapidly washed out from soft
tissues. The sensitivity of the test is 90–100% and specificity is
around 50–60%. Increased radiopharmaceutical accumulation can
be seen in abnormal, metastatic areas due to increased osteoblast
activity and enhanced blood perfusion. Bone scintigraphy usually
shows lesions significantly earlier than conventional radiological
methods. Due to the method’s relatively low specificity, 18F-NaF
PET/CT (bone PET) is increasingly used in countries that are well-
equipped with PET systems (35).

PET and SPECT (hybrid forms of PET/CT and SPECT/
CT): The essence of these nuclear medicine techniques is that
they map the temporal and spatial distribution of selected
pharmaceuticals, molecules, drugs, etc. (biomarkers,
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radiopharmaceuticals, radioligands, tracers, etc.) labelled
with PET or SPECT isotopes. Photons emitted from the
patient are detected in three dimensions (3D) and
quantified, or measured semi-quantitatively. Therefore, in
addition to the technical development of these systems, use of
various tracers and biomarkers is one of their theoretically
unlimited strengths. Incorporation of PET and SPECT
cameras and radiological imaging equipment (CT, MRI)
into a single machine (PET/CT, PET/MRI, SPECT/CT) has
significantly decreased examination time (whole body
imaging takes 6–10 min) and amount of radioactivity, as
well as enabling simultaneous data collection, accurate
measurement and localization of quantitative data of
functional molecular maps. As a result, diagnostic accuracy
and reliability have significantly improved. As well as
increasing the high sensitivity, specificity, and positive and
negative predictive value (PPV and NPV) of PET and SPECT
tests, the use of hybrid techniques also proved to save time
and money and allowed the use of significantly lower
activities.

Whole-body-18F-FDG PET/CT: provides whole-body
information in a single session at a lower radiation exposure
than standard contrast-enhanced CT scan(s), identifies distant
metastases with the highest sensitivity, and may help to detect
possible second primary tumour(s). During evaluation of post-
therapeutic lesions and identification of recurrences, as well as
being a highly sensitive method, the extent of the disease and
possible progression can be visualized using a lower radiation
exposure and in a time-saving manner.

18F-NaF-PET/CT: also called “bone PET” may be chosen as
an alternative to bone scintigraphy (29–35). In M-staging, a
combined use of 18F-FDG and 18F-NaF tracers provides the
highest sensitivity, specificity and diagnostic accuracy.

PET/Magnetic Resonance Imaging (PET/MRI): currently this
is primarily used in research (37, 40, 41).

Use of Whole-Body Bone Scintigraphy,
Complemented With SPECT/(CT), If Needed
Whole-body bone scintigraphy is recommended at an early
stage, where the clinical risk of bone metastasis is high at the
time of diagnosis and in patients with stage III or IV breast
cancer at the time of diagnosis, even in asymptomatic and
complaint-free patients (31, 32). Examination is also justified
if there is clinical, laboratory or radiological suspicion of
bone metastases, during follow-up and long-term care of
patients.

For lesions that are unequivocal on bone scintigraphy, it is
recommended to complement the scintigraphy with a SPECT,
preferably SPECT/CT test to improve diagnostic reliability of
bone scintigraphy. SPECT/CT is also recommended for solitary
metastases, e.g. when vertebral metastases are suspected, in order
to differentiate degenerative and metastatic processes.

Use of 18F-FDG PET/CT
This method is an important step in staging and re-staging
assessments, in the event of suspected recurrence, and in all
cases where an issue cannot be judged properly using

conventional imaging studies or if clinical and imaging
data are contradictory or uncertain. The main indication
for PET/CT is the assessment of equivocal or suspicious
lesions in cases at high risk for metastasis or of already
known metastatic disease (35). In view of the whole-body
information provided by 18F-FDG PET/CT, this test may be
more beneficial than routinely used conventional staging
methods in terms of reduced time, costs, and radiation
exposure.

For in situ and low-risk early (stage I-II) breast cancers, 18F-
FDG PET/CT is not recommended as a routine method since:

• It cannot replace sentinel lymph node biopsy.
• In the detection of small metastatic lesions, below the
resolution limit of the equipment (typically <5 mm in
diameter), the sensitivity of PET/CT is low.

The use of 18F-FDG PET/CT is recommended for:

• Breast cancers that are early stage (I, II) according to
conventional staging, but are at high risk for metastases.

• Stage III and IV patients.
• The assessment of recurrences to evaluate the extent of the
process, especially for distant metastases (35, 38).

• Differential diagnosis of brachial plexopathy, differentiation
between a viable tumour and necrosis/scar tissue, when this
is of crucial importance.

• The evaluation of parasternal or mediastinal lymph node
metastases—with adequate FDG avidity (IDC-NST, Ki67 >
20%), when PET/CT performs better than other imaging
methods.

The Role of PET/CT in the Detection of Bone
Metastases

• Bone scintigraphy is more sensitive for osteoplastic
metastases, while 18F-FDG PET/CT is more sensitive for
lytic and mixed metastases. The two methods do well to
complement each other (29–35, 65, 66, 94).

• For screening of bone metastases, bone scintigraphy
continues to be the method of choice, complemented by
SPECT or SPECT/CT, if needed.

• If bone scintigraphy is negative or uncertain and if there is a
strong clinical suspicion of bone metastasis, 18F-FDG PET/
CT scanning is recommended (for the assessment of lytic
and mixed metastases).

• If 18F-FDG PET/CT has been performed in a patient for any
reason and bone metastases have been confirmed
(consistently in PET and CT modalities), bone
scintigraphy is not required (35).

• If the patient has had FDG PET/CT and on CT scan a
sclerotic lesion suggestive of metastasis has been
visualized, which though FDG-negative may be a
viable bone metastasis, bone scintigraphy with SPECT
or SPECT/CT measurements is recommended to
confirm this.

• 18F-NaF PET/CT is a method used as an alternative to bone
scintigraphy (a procedure that is not yet reimbursed in
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Hungary). Also known as “bone PET”, it detects skeletal
changes with the highest sensitivity (35).

REPORT TEMPLATES AND
COMMUNICATION

• Standard report coding and the use of common templates
make written reporting (which represents a significant part
of radiology work) more accurate and easier, facilitating a
closer relationship between radiologist and clinician,
effective communication between disciplines and the
development of a common language. For development of
a common reporting nomenclature, the introduction and
consistent use of BI-RADS atlas terms in breast testing is
extremely important (23, 128, 129). However, the
development of a specific report format is the prerogative
of each institution. The standard basic report templates are,
on the one hand, recommendations for the format of
negative reports (mammography, ultrasound, breast
MRI), and, on the other hand, special morphological
descriptions of certain pathological lesions. Based on
templates, selecting the appropriate option, custom
reports may be created, including any specific content
when needed.

• The first step in the timely detection of cancers is to provide
accurate and comprehensible information to patients about
the radiological examinations that are recommended
according to patient age, device availability and indications.
In addition, efforts should also be made to familiarize patients
as much as possible with the predisposing factors for breast
cancer, prevention options and risk factors, and the
importance of breast density should also be emphasized.
Fortunately, there are increasing numbers of more effective
campaigns, and more non-profit organizations are
undertaking awareness-raising activities. The internet and
various social media platforms are also good opportunities
for providing information.

• In everyday practice, in addition to the importance of detailed
information prior to examinations (informed consent forms),
the focus should also be on proper (in-person) communication
of investigation results (histological reports, plans for further
action, etc.). Trust and collaboration are not only cornerstones
of effective doctor-patient communication, but in some cases
are also the cornerstones of healing. Breast diagnostics is an
area of radiology in which this is of crucial importance.

• With the introduction of the EESZT (Electronic Health
Service Space), patients also have access to interim results
from pending assessments. This may lead to
misunderstandings of diagnoses, inappropriate, self-
initiated modification of patient pathways, and overload
of the health care system.

In situations where a decision (e.g., therapy or ending the
assessment process) is made based on a common end result of
related reports, it is appropriate to make a definite reference to
this at the end of each report. For example: “We will offer a

“summary opinion” based on the pathology report of the targeted
sampling performed today together with the radiology report. We
ask the patient’s attending physician to wait for the ‘summary
report’ when deciding on the therapy, since its content will not
necessarily be the same as the content of the two separate
reports!”.

COMPETENCES, LEGAL AND
VERIFICATION ISSUES

Professional Staff
• According to the professional recommendations of the
Breast Diagnostic Section of the Hungarian Society of
Radiologists, breast imaging tests and image-guided
breast interventions may only be performed by a
radiologist who has passed the “Complex Radiological
Breast Diagnostics” licensure exam (130), with the
required minimum technical conditions.

• According to the current requirements of the Minimum
Conditions Act (131): at least one licensed specialist must
work in a workplace.

• MRI scanning of the breast is also subject to the provisions
of licensure exams for breast diagnostics, so breast MRI
reports must be produced by a radiologist with such a
qualification (or jointly with a licensed radiologist).

• Mammography may be performed by a medical technician
with a specific qualification (X-ray technician, radiographer,
diagnostic and interventional imaging technician, diagnostic
imaging technician).

• The competences of a sonographer do not include the
evaluation of breast ultrasound at any age or indication.

• Nuclear medicine investigations: nuclear medicine
specialist, specially trained technician.

• Reports of hybrid examinations (PET/CT or PET/MRI) should
be compiled jointly by a nuclear medicine specialist and
radiology specialist with appropriate experience.

Issues Regarding Forensic Experts
Disputed Radiological Services
In the event of a dispute (e.g., an action for damages), it is up to an
expert with proven experience in mammography screening and
diagnostics to consider whether the service was provided based on
the principle of utmost care. The opinion of a non-radiologist, a
general radiology specialist, or a radiologist working occasionally in a
low-throughput mammography workplace may not be accepted as
an expert opinion. Only the opinion of a radiologist who has passed a
complex radiological breast diagnostic licensure test and who has
proven to be highly experienced in the given area (e.g., screening,
breast MRI) may be decisive.

In order to give an opinion, the expert should simulate a real-life
situation; they should not analyse the appropriateness of
preoperative diagnosis and therapeutic decision retrospectively,
with the benefit of detailed results of all investigations and surgical
and histological reports, but it is recommended that they form an
opinion only on the basis of the information that was available at
the time of the decision(s) contested in the lawsuit.
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Disputed Complex Care
Since decision-making about breast diagnostics and therapy
requires the synthesis of many aspects (according to the
protocol, it is a multidisciplinary (team) activity), it is
recommended that forensic expert opinion be reached in a
similar way, by a team with appropriate experience, as is the
practice in some developed countries. It is not acceptable for a
complex process to be evaluated by the representative of only one
of the disciplines.

Penalties
• Since the inadequate performance of screening or diagnostic
units may jeopardize the lives of many women, greater
emphasis should be placed on licensing, quality assurance,
and regular supervision of licensees.

• Regular inspections of workplaces performing breast
screening and diagnostics are essential, looking at
operating conditions, minimum professional (personal and
material) conditions and radiation protection.

• The content of the contract signed when opening a
screening centre should be verified, and if any errors are
revealed, the screening centre may be excluded or replaced
with other suitable centres.

• In the event of improper functioning, it is recommended for
both screening and diagnostic centres that a warning and an
appropriate deadline for correction be given, and that if this
deadline is not met, the licence of the centre should be
revoked. In the event of a serious fault or deficiency,
operation must be discontinued immediately.

Interval Cancers
Mammography screening is an effective but not perfect method:
among the group of people receiving a negative result,
development of some new cases of cancer in the subsequent
screening interval is inevitable. However, the incidence of interval
cancers should be kept to a minimum, and their number should
be recorded centrally and closely monitored (132).

The history of interval cancers should be systematically traced
(in a well-functioning, accessible, searchable national registry).

RECOMMENDATIONS FOR FURTHER
DEVELOPMENT OF HUNGARIAN BREAST
CANCER SCREENING AND DIAGNOSTICS
Screening of high-risk women (133): Within and in parallel with
public health screening, high-risk groups should be identified and
separated, and these groups should be screened according to a
separate protocol, their data should be collected separately, and
separate informationmaterials should be compiled for them. This
necessarily requires the expansion of breast MRI andMRI-guided
sampling capacity and extensive training of professionals, as well
as the collaboration and training of geneticists.

Screening for the 40–44 age group: The known lower
performance of mammography for young people is explained
by lower parenchyma density, and, due to a lower incidence of

breast cancer, decrease in mortality is also lower. At this age,
however, tumours may be significantly more aggressive (50).

Recommendation: the professional and financial implications
of screening in the 40–44 age group should be examined, and the
screening age should be extended accordingly.

Screening of older women: It is recommended that screening
be continued over the age of 65 if there is no other serious illness
that worsens life expectancy (expected to result in death within
3–5 years). Carcinomas in women aged 65 years or over account
for 45% of all new breast cancers, and 45% of deaths from breast
cancer also occur in this age group.

Recommendation: professional and financial implications of
screening in the 66–75 age group should be examined, and the
upper age limit for screening should be extended, in accordance
with European practice. When the upper age limit for organized
screening is reached, it is recommended that everyone is
automatically sent an information letter with an offer to
continue screening individually.

Partial increase of screening frequency: According to several
international resolutions proposed over recent years, the
recommended screening interval for all ages is 1 year. This is
due to a lower sojourn time at a younger age, resulting in a
significantly higher rate of interval cancers. We also refer here to
the practice of Sweden (18 months between age 40–45 and
24 months between age 45–75) and of the United States
(12 months), which have the longest screening experience. As
the incidence of interval cancer is higher, especially at a younger
age, introduction of a screening interval of 18 months is
recommended, especially in the of 40–54 age group (50, 132).

Recommendation: examine the professional and financial
implications of more frequent screening in this age group and
introduce it accordingly.

Digital mammography: In Hungary, the analogue-to-digital
switchover has taken place for the majority of mammography
devices, at all official screening stations, and this needs to be
completed. Since the primary goal of breast screening is to reduce
mortality due to breast cancer, this goal can be achieved when the
tumour is diagnosed in its initial stage or in a precancer state,
which requires optimal technical conditions. Analogue (X-ray
film) technology has been excluded from breast diagnostics
worldwide and has been replaced by direct digital technology,
since direct digital technology has a significantly higher sensitivity
for the detection of early breast cancer and DCIS than analogue
X-ray film technology. According to the literature, the direct
digital technique has revealed twice the number of DCISs,
including 8% more high-grade DCISs, than conventional
X-ray film mammography (134). For dense breasts, difference
between the sensitivity of these two techniques is particularly
great in favour of digital technology, and this is of importance
primarily for pre- and perimenopausal women and for those
under the age of 50. Another important aspect is that direct digital
technology uses a lower radiation dose for the patient. Other
advantages include fast imaging, possibility of post-processing,
easier image storage and reproducibility, and the possibility of
telemedicine. When direct digital mammography is used,
compliance with technical requirements and quality control
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are prerequisites for the applicability of the method in breast
screening (3, 135–141).

The use of phosphor storage plate digital technology (CR) in
breast screening and diagnosis is strongly contraindicated, since
its spatial resolution is lower than that of mammography film and
direct digital technology, it requires a higher radiation dose, and
some microcalcifications (low-density “powder” calcifications)
may remain undetected (142).

Tomosynthesis (3D mammography with 2D synthetic
software) is not yet a definite recommendation in
international screening protocols, but its use is already
clearly recommended in screening and diagnostic
algorithms for certain cases (e.g., high-risk women).
Research is ongoing into use of this method for screening
women at normal risk, with promising results. Reducing the
number of interval carcinomas is the issue currently being
studied, before the method may be introduced more widely.
This method may already be used in individual screening, and
it is not contraindicated in organized screening. We
recommend unconditional support for tomosynthesis and
purchasing new mammography units equipped with this
option.

Artificial intelligence: it is recommended that this topic
be closely monitored. Gradual introduction in screening
should be considered if scientific evidence emerges. At
present, none of the dual-reading radiologists can in any
way be replaced by AI, since the scientific evidence is not yet
sufficient.

Stereotaxis and vacuum-assisted biopsy: These methods
have been the gold standard in international practice for
many years for the diagnosis of lesions (primarily
microcalcifications) that can only be seen on mammography
(47). Recommendation: We recommend promoting wider use
of these methods in Hungary by settling reimbursement,
removing the reimbursement constraint (EFI), and
allocating much larger capacity, i.e., a higher number of
eligible investigation sites.

BI-RADS: A switch to the more widely used BI-RADS
radiology coding of the American College of Radiology
(ACR) is recommended, since this is more appropriate than
the RKU coding currently in use and also more in line with
pathological coding. This system has been continuously updated
since 1993, and is optimized to support diagnostic and
therapeutic strategy, quality assurance, audit, and better data
collection (23).

Renewal of radiation protection regulations and inspection
procedures to reduce radiation exposure among the population.
Development and integration of quality assurance in digital
mammography (125, 143).

Limiting the scope of the license exam to persons: It is
proposed to amend the Minimum Conditions Act to make the
licensing examination mandatory for each radiologist performing
breast examinations, individually. According to the present
regulation one single person with such a qualification is
sufficient in a workplace, which is not safe enough. More
inspections are recommended, and authorizations should be
revoked if necessary.

Reimbursement: Reimbursement of breast screening and
diagnostics has not changed for more than 15 years or it is not
reimbursed, despite the spread of advanced techniques (e.g.,
digital mammography, tomosynthesis, marker clip, 18F-Na-F
PET/CT, tomo-guided stereotaxis, etc.). Some procedure codes
are completely missing from the list of activities that are publicly
funded (by the National Health Insurance Fund of Hungary,
NEAK) or are unduly restricted (e.g., individual funding for
vacuum biopsy, performance-volume limit for diagnostic/
therapeutic care of those recalled from screening, one FNA/
core biopsy limit for one appearance, etc.). All the above
hinder performance and development, and ultimately the
entire modern patient care, and they should be reviewed. It is
recommended that the Secretary of State for Health take steps to
arrange for adequate funding for screening and diagnostic
procedures and to review this automatically at least every 2 years.

Organizational Proposals for Screening
Objective: to update the Hungarian screening model in every
direction, to meet European standards and to maximize efficiency
(144, 145).

Interdisciplinary National Screening Working Committee:
in 2001, the task of the Interdisciplinary Working
Committee, set up by the National Chief Medical Officer,
was to give an opinion on the reports of screening centres, to
participate in the periodic on-site inspection of centres and in
inspections prior to licensing. The procedures of the Working
Committee need to be renewed, it needs to operate
continuously, and it needs to be granted stronger rights.
Otherwise, the existence of personal and financial
conditions of screening can be assessed only to a limited
extent, its effectiveness can only be estimated, without
statistical evidence, and the effectiveness of screening may
diminish.

We recommend a reasonable adaptation of screening centres
(a reduction in numbers, strict quality control), compliance with
technical and radiation protection requirements, and support at
organization level (regular condition and stability tests,
dosimetry).

It is considered necessary to systematically monitorize the
collection of statistical data (e.g., registration of prevalence/
incidence screening cycles), to assess the effects of screening
based on state-of-the-art breast cancer mortality statistics, to
ensure follow-up of patients who have been recommended for
surgery but who are lost to follow-up (approx. 34%) by
possible merger of the EESZT (Electronic Health Service
Space) system.

It is considered important to develop a strategy that is effective
at increasing participation (reducing the disadvantages of
selection bias), maintaining and verifying regular appearance,
with the involvement of trained screening statisticians. This is
based on rationally designed screening plans (coordinated
activity of the screening centre and entity organizing the
screening), specification of call lists, monitoring and correction
of professional updates and changes.

Rationalization of calls to the same location and time
(individual attendance at the same time of the screening
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interval ±1 month). Consideration of territorial characteristics,
seasons, seasonal occupancy aspects, consultation with the
creators of lists.

Arranging door-to-door transport via screening coordinators,
using funded services of the local bus company. Expected benefit:
more comfortable, cheaper travel, better attendance rate.

For conditions and expected results, see EU breast screening
indicators and the earlier Hungarian screening-diagnostic
protocol (1, 2, 90, 146–148). These previous materials are only
partially up to date, and require constant updating by the
Interdisciplinary Working Committee.

BREAST SELF-EXAMINATION IS NOT A
SCREENING TEST

There is evidence that self-examination does not reduce
mortality, therefore it should not be suggested that by carrying
out self-examination women are substantially benefiting their
health or acting against breast cancer (IARC 2015, ACS 2015
recommendations). It should be also noted that medical physical
examination does not improve mortality rates either. The state-
of-the-art message is: “Women of screening age should have
regular mammography screening!” (149).

MEDIA COMMUNICATION AND
PROTECTION AGAINST ATTACKS ON
BREAST SCREENING MAMMOGRAPHY,
AND PUBLIC ADVERTISING AND USE OF
NON-EVIDENCE-BASED METHODS

Attacks on breast screening mammography, which has a 40-year
history and is backed by strong evidence, and public advertising and
use of non-evidence-based, pseudo-scientificmethods: these endanger
women and decrease the trust in the medical profession and in our
achievements so far. These new trends, which lack any foundation,
irresponsibly offer “more effective” diagnostic (and therapeutic)
methods in the place of the methods and tools used in academic
medicine for cancer screening, with an overemphasis on the
disadvantages of these methods (e.g., radiation exposure, breast
compression). Although these so-called “alternative” test methods
detect hardly any (or only a very limited number of) possible lesions in
the breast, women still opt for them because they promise to be
simpler and offer less discomfort. They are not aware that this
deception, which is lacking in any scientific basis, may cost them
their lives.

We are observing with great concern how these “testing
methods”, which do not meet the criteria of evidence-based
medicine, have not been evaluated in appropriate clinical
trials and do not comply with professional rules of medicine or
internationally accepted principles, are advertised without any
hindrance by their service providers, and even though these
providers are not licensed for such activities, the authorities have
not taken effective actions against them. The Radiology Section of
the National Advisory Board, the Breast Diagnostics Section of the

Hungarian Society of Radiologists and theHungarianCancer League
have already acted against these “diagnostic methods” and against
the advertisement of medical diagnostic methods, but so far with no
result.

As physicians, it is our moral duty to raise our voices very
strongly to protect women. Therefore, we hereby repeatedly and
strongly urge the competent ministry to be partners in eradicating
this unsustainable situation.

Our recommendations:

• The Secretary of State for Health should: take a stand on the
issue and communicate this to professional organizations.

• Enable the public to be informed about the serious dangers of
these activities in the public service media through awareness-
raising public service advertisements, similar to traffic safety ads.

• Employ a press and advertising professional to develop a
strategy, working with physicians, to eradicate once and for
all this phenomenon which threatens women’s lives.

• Submit a bill to parliament making it illegal to conduct or
promote pseudo-scientific medical activities.

This is part 2 of a series of 6 publications on the 1st Central-
Eastern European Professional Consensus Statements on
Breast Cancer covering imaging diagnosis and screening (present
paper), pathological diagnosis (150), surgical treatment (151),
systemic treatment (152), radiotherapy (153) of the disease and
related follow-up, rehabilitation and psycho-oncological issues (154).

AUTHOR’S NOTE

The consensus document contains product placement without the
intention of advertising. Each complex molecular test is unique, and
although these can be described without indicating their name (for
example with the number of genes tested), not everyone will
necessarily understand what this refers to. For this reason, and
adopting the practice used in some of the source works, the tests
are listed under their trade name.
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46. Döbrőssy L. Daganatok Szűrése Minos̋égbiztosítási Kéziko€nyv És Módszertani
Útmutató. Budapest: Országos Tisztifo ̋orvosi Hivatal (2013). [Tumour
Screening-Quality Assurance Manual and Methodological Guide.
Budapest: Office of the Chief Medical Officer].

47. Forrai G, Pémtek Z, Ormándi K. A Mammográfiás Emlőszűrés És a Korai
Emlőrák Diagnosztikájára És Terápiájára Vonatkozó Protokollok
Gyűjteménye. 02. verzió. Budapest: OTH Mammográfiás Emlőszűrési
Albizottság (2004). [Collection of Protocols for Mammographic Breast
Screening and for the Diagnosis and Therapy of Early Breast Cancer
(OTH Breast Screening Mammography Subcommittee 2004, Version 02)].

48. Smith RA, Cokkinides V, Brawley OW. Cancer Screening in the
United States, 2009: a Review of Current American Cancer Society
Guidelines and Issues in Cancer Screening. CA Cancer J Clin (2009) 59:
27–41. doi:10.3322/caac.20008

49. Saslow D, Boetes C, Burke W, Harms S, Leach MO, Lehman CD, et al.
American Cancer Society Guidelines for Breast Screening with MRI as an
Adjunct to Mammography. CA Cancer J Clin (2007) 57:75–89. doi:10.3322/
canjclin.57.2.75

50. Sauven P, Bishop H, Patnick J, Walton J, Wheeler E, Lawrence G. The
National Health Service Breast Screening Programme and British Association

of Surgical Oncology Audit of Quality Assurance in Breast Screening 1996-
2001. Br J Surg (2003) 90:82–7. doi:10.1002/bjs.4013

51. Moss SM, Wale C, Smith R, Evans A, Cuckle H, Duffy SW. Effect of
Mammographic Screening from Age 40 Years on Breast Cancer Mortality
in the UK Age Trial at 17 years’ Follow-Up: a Randomised Controlled Trial.
Lancet Oncol (2015) 16:1123–32. doi:10.1016/s1470-2045(15)00128-x

52. Sardanelli F, Fallenberg EM, Fallenberg EM, Clauser P, Trimboli RM, Camps-
Herrero J, et al. Mammography: An Update of the EUSOBI
Recommendations on Information for Women. Insights Imaging (2017) 8:
11–8. doi:10.1007/s13244-016-0531-4

53. Ádány R. Megelőző Orvostan És Népegészségtan. Budapest: Debreceni
Egyetem (2011). [Preventive Medicine and Public Health, University of
Debrecen].

54. Schneerg T, Mitchell G, Taylor D, Saunders C. MRI Screening for Breast
Cancer in Women at High Risk; Is the Australian Breast MRI Screening
Access Program Addressing the Needs of Women at High Risk of Breast
Cancer? J Med Radiat (2015) 62:212–25. doi:10.1002/jmrs.116

55. Liort G, Chirivella I, Morales R, Serrano R, Sanchez AB, Teulé A, et al. SEOM
Clinical Guidelines in Hereditary Breast and Ovarian Cancer. On Behalf of
the Hereditary Cancer Working Group. Clin Transl Oncol (2015) 17:956–61.
doi:10.1007/s12094-015-1435-3

56. Podo F, Sardanelli F, Canese R, D’Agnolo G, Natali PG, Crecco M, et al. The
Italian Multi-centre Project on Evaluation of MRI and Other Imaging
Modalities in Early Detection of Breast Cancer in Subjects at High
Genetic Risk. J Exp Clin Cancer Res (2002) 21:115–24.

57. Lech MO, Eeles RA, Turnbull LW, Dixon AK, Brown J, Hoff RJ, et al. The UK
National Study of Magnetic Resonance Imaging as a Method of Screening for
Breast Cancer (MARIBS). J Exp Clin Cancer Res (2002) 21:107–14.

58. NICE. CG41 Familial Breast Cancer Guideline (NICE) (2006). Available at:
http://www.nice.org.uk/guidance/cg164.

59. Sardanelli F, Podo F, D’Agnolo G, Verdecchia A, Santaquilani M,
Musumeci R, et al. Multicenter Comparative Multimodality
Surveillance of Women at Genetic-Familial High Risk for Breast
Cancer (HIBCRIT Study): Interim Results. Radiology (2007) 242:
698–715. doi:10.1148/radiol.2423051965

60. Oláh E. Herediter Emlő- És Petefészekrák-Szindróma, a Gyanútól a
Rizikócsökkentésig. In: Z Mátrai, G Gulyás, M Kásler, editors. Az Emlőrák
Korszerű Sebészete. Budapest: Medicina Kiadó (2015). p. 389–409. [Oláh E.
Hereditary Breast and Ovarian Cancer Syndrome, from Suspicion to Risk
Reduction. In: Mátrai Z, Gulyás G, Kásler M, editors. Modern Surgery of
Breast Cancer. Budapest: Medicina Publisher (2015). p. 389–409].

61. Oláh E. Molekuláris Onkogenetika. In: M Kásler, editor. Az Onkológia
Alapjai. Budapest: Medicina Kiadó (2011). p. 49–69. [Oláh E. Molecular
Oncogenetics. In: Kásler M, editor. Basic Oncology. Budapest: Medicina
Publisher (2011). p. 49–69].

62. Antoniou AC, Cunningham AP, Peto J, Evans DG, Lalloo F, Narod SA, et al.
The BOADICEA Model of Genetic Susceptibility to Breast and Ovarian
Cancers: Updates and Extensions. Br J Cancer (2008) 98:1457–66. doi:10.
1038/sj.bjc.6604305

63. Paulch-Shimon S, Cardoso F, Partidge AH, Abulkhair O, Azim HA, Bianchi-
Micheli G, et al. ESO–ESMO 4th International Consensus Guidelines for
Breast Cancer in Young Women (BCY4). Ann Oncol (2020) 31(6):674–96.
doi:10.1016/j.annonc.2020.03.284

64. Momenimovahed Z, Taheri TA. Do the Fertility Drugs Increase the Risk of
Cancer? A Review Study. Front Endocrinol (2019) 1–13.

65. Senkus E, Kyriakides S, Ohno S, Penault-Llorca F, Poortmans P, Rutgers E,
et al. Primary Breast Cancer: ESMO Clinical Practice Guidelines for
Diagnosis, Treatment and Follow-Up. Ann Oncol (2015) 26(Suppl. 5):
v8–30. doi:10.1093/annonc/mdv298

66. Cardoso F, Kyriakides S, Ohno S, Penault-Llorca F, Poortmans P, Rubio IT,
et al. Early Breast Cancer: ESMO Clinical Practice Guidelines for Diagnosis,
Treatment and Follow-Up. Ann Oncol (2019) 30:1194–220. doi:10.1093/
annonc/mdz173

67. Slanetz PJ, Freer PE, Birdwell RL. Breast-Density Legislation - Practical
Considerations. N Engl J Med (2015) 372:593–5. doi:10.1056/nejmp1413728

68. EUR-Lex.Artificial Intelligence for Europe a Bizottság Ko€zleménye Az Európai
Parlamentnek, a Tanácsnak, Az Európai Gazdasági És Szociális Bizottságnak
És a Régiók Bizottságának. [Artificial Intelligence for Europe –

Pathology & Oncology Research June 2022 | Volume 28 | Article 161038221

Forrai et al. Diagnostic Imaging of Breast Cancer—Guidance for Professionals

https://doi.org/10.1016/j.ejrad.2008.07.039
https://doi.org/10.1016/j.ejrad.2009.03.051
https://www2.tri-kobe.org/nccn/guideline/archive/breast2019/english/breast_v3.pdf
https://www2.tri-kobe.org/nccn/guideline/archive/breast2019/english/breast_v3.pdf
https://doi.org/10.1056/nejmoa1701830
https://doi.org/10.1080/08998280.2013.11928996
https://doi.org/10.1080/08998280.2013.11928996
https://doi.org/10.37549/ar2218
https://doi.org/10.1186/bcr470
https://doi.org/10.3322/caac.20008
https://doi.org/10.3322/canjclin.57.2.75
https://doi.org/10.3322/canjclin.57.2.75
https://doi.org/10.1002/bjs.4013
https://doi.org/10.1016/s1470-2045(15)00128-x
https://doi.org/10.1007/s13244-016-0531-4
https://doi.org/10.1002/jmrs.116
https://doi.org/10.1007/s12094-015-1435-3
http://www.nice.org.uk/guidance/cg164
https://doi.org/10.1148/radiol.2423051965
https://doi.org/10.1038/sj.bjc.6604305
https://doi.org/10.1038/sj.bjc.6604305
https://doi.org/10.1016/j.annonc.2020.03.284
https://doi.org/10.1093/annonc/mdv298
https://doi.org/10.1093/annonc/mdz173
https://doi.org/10.1093/annonc/mdz173
https://doi.org/10.1056/nejmp1413728


Communication from the Commission to the European Parliament, the
Council, the European Economic and Social Committee and the Committee
of the Regions] (2018). Available at: https://eur-lex.europa.eu/legal-content/
HU/TXT/PDF/?uri=CELEX:52018DC0237&from=EN.

69. Lehman CD, Wellman RD, Buist DSM, Kerlikowske K, Tosteson ANA,
Miglioretti DL. Diagnostic Accuracy of Digital Screening Mammography
with and without Computer-Aided Detection. JAMA Intern Med (2015) 175:
1828–37. doi:10.1001/jamainternmed.2015.5231

70. Gilbert FJ, Astley SM, Gillan MGC, Agbaje OF, Wallis MG, James J, et al.
Single reading with Computer-Aided Detection for Screening
Mammography. N Engl J Med (2008) 359:1675–84. doi:10.1056/
nejmoa0803545

71. Kim E-K, Kim H-E, Han K, Kang BJ, Sohn Y-M, Woo OH, et al. Applying
Data-Driven Imaging Biomarker in Mammography for Breast Cancer
Screening: Preliminary Study. Sci Rep (2018) 8:2762. doi:10.1038/s41598-
018-21215-1

72. Chougrad H, Zouaki H, Alheyane O. Deep Convolutional Neural Networks
for Breast Cancer Screening. Comp Methods Programs Biomed (2018) 157:
19–30. doi:10.1016/j.cmpb.2018.01.011

73. Dhungel N, Carneiro G, Bradley AP. A Deep Learning Approach for the
Analysis of Masses in Mammograms with Minimal User Intervention. Med
Image Anal (2017) 37:114–28. doi:10.1016/j.media.2017.01.009

74. Lee HN, Sohn Y-M, Han KH. Comparison of Mammographic Density
Estimation by Volpara Software with Radiologists’ Visual Assessment:
Analysis of Clinical-Radiologic Factors Affecting Discrepancy between
Them. Acta Radiol (2015) 56:1061–8. doi:10.1177/0284185114554674

75. U.S. Food & Drug Administration. Available at: https://www.accessdata.fda.
gov/cdrh_docs/pdf16/K163623.pdf.

76. U.S. Food & Drug Administration. Available at: https://www.accessdata.fda.
gov/cdrh_docs/pdf16/K170540.pdf.

77. Teesside University. Artificial Intelligence to Improve Breast Cancer Screening
(2018). Available at: https://www.tees.ac.uk/sections/news/pressreleases_
story.cfm?story_id=6784.

78. Mendelson EB. Artificial Intelligence in Breast Imaging: Potentials and
Limitations. AJR Am J Roentgenol (2018) 212:293–9. doi:10.2214/AJR.18.
20532

79. Le EPV, Wang Y, Huang Y, Hickman S, Gilbert FJ. Artificial Intelligence in
Breast Imaging. Clin Radiol (2019) 74:357–66. doi:10.1016/j.crad.2019.
02.006

80. Bahl M, Barzilay R, Yedidia AB, Locascio NJ, Yu L, Lehman CD. High-risk
Breast Lesions: aMachine LearningModel to Predict Pathologic Upgrade and
Reduce Unnecessary Surgical Excision. Radiology (2018) 286:810–8. doi:10.
1148/radiol.2017170549

81. Sanders LM, Sharma P, El Madany M, King AB, Goodman KS, Sanders AE.
Clinical Breast Concerns in Low-Risk Pediatric Patients: Practice Review with
Proposed Recommendations. Pediatr Radiol (2018) 48:186–95. doi:10.1007/
s00247-017-4007-6

82. National Institute for Health and Clinical Excellence. Image-guided Vacuum-
Assisted Excision Biopsy of Benign Breast Lesions (2006). Available at: http://
www.nice.org.uk/nicemedia/pdf/ip/IPG156guidance.pdf.

83. Smith GEC, Burrows P. Ultrasound Diagnosis of Fibroadenoma - Is Biopsy
Always Necessary? Clin Radiol (2008) 63:511–5. doi:10.1016/j.crad.2007.
10.015

84. Taylor K, Lowes S, Stanley E, Hamilton P, Redman A, Leaver A, et al.
Evidence for Avoiding the Biopsy of Typical Fibroadenomas in Women
Aged 25-29 Years. Clin Radiol (2019) 74:676–81. doi:10.1016/j.crad.2019.
02.019

85. NICE (2017). Available at: https://www.nice.org.uk/guidance/ipg592.
86. Zhang BN, Cao XC, Chen JY, Chen J, Fu L, Hu XC, et al. Guidelines on the

Diagnosis and Treatment of Breast Cancer (2011 Edition). Gland Surg (2012)
1:39–61. doi:10.3978/j.issn.2227-684X.2012.04.07

87. British Columbia. BCGuidelines.ca (2013). Available at: https://www2.gov.bc.
ca/assets/gov/health/practitioner-pro/bc-guidelines/brdisease.pdf.

88. University Hospitals Birmingham NHS. Guideline for the Imaging of Patients
Presenting with Breast Symptoms Incorporating the Guideline for the Use of
MRI in Breast Cancer Online (2013). Available at: https://www.uhb.nhs.uk/
Downloads/pdf/CancerPbImagingBreastCancer.pdf.

89. Evans A, Pinder S, Wilson R. Breast Calcification-A Diagnostic Manual.
London: Greenwich Medical Media (2002).

90. Forrai G, Tóth ZsSebő É, et al. Emlődiagnosztikai Asszisztensek Elméleti És
Gyakorlati Kézikönyve. [Theoretical and Practical Handbook on Breast
Diagnostics for Medical Technicians]. Budapest: Saxum (2019). OKI 2017.

91. Lehman CD. Magnetic Resonance Imaging in the Evaluation of Ductal
Carcinoma In Situ. JNCI Monogr (2010) 2010:150–1. doi:10.1093/
jncimonographs/lgq030

92. Lim HS, Jeong SJ, Lee JS, Park MH, Kim JW, Shin SS, et al. Paget Disease of
the Breast: Mammographic, US, and MR Imaging Findings with Pathologic
Correlation. RadioGraphics (2011) 31:1973–87. doi:10.1148/rg.317115070

93. Van der Ploeg IMC, Hobbelink M, van den Bosch MAAJ, Mali WPTM,
Rinkes IHMB, van Hillegersberg R. ’Radioguided Occult Lesion Localisation’
(ROLL) for Non-palpable Breast Lesions: A Review of the Relevant Literature.
Eur J Surg Oncol (EJSO) (2008) 34:1–5. doi:10.1016/j.ejso.2007.03.002

94. Borbély K, Sinkovics I, Madaras B, et al. Az Emlőrák Korszerű Képalkotó
Diagnosztikája: Nukleáris Medicina Technikák. [Advanced Imaging
Diagnostics of Breast Cancer: Nuclear Medicine Techniques]. Orv Hetil
(2012) 153:15–22.

95. McCormick JT, Tikhomirov VB, Budway RJ, Caushaj PF. Analysis of the Use
of Specimen Mammography in Breast Conservation Therapy. Am J Surg
(2004) 188:433–6. doi:10.1016/j.amjsurg.2004.06.030

96. Kim T, Giuliano AE, Lyman GH. Lymphatic Mapping and sentinel Lymph
Node Biopsy in Early-Stage Breast Carcinoma. Cancer (2006) 106:4–16.
doi:10.1002/cncr.21568

97. Postma EL, Verkooijen HM, Verkooijen HM, van Esser S, Hobbelink MG,
van der Schelling GP, et al. Efficacy of ’radioguided Occult Lesion
Localisation’ (ROLL) versus ’wire-Guided Localisation’ (WGL) in Breast
Conserving Surgery for Non-palpable Breast Cancer: A Randomised
Controlled Multicentre Trial. Breast Cancer Res Treat (2012) 136:469–78.
doi:10.1007/s10549-012-2225-z

98. Takács T, Paszt A, Simonka Z, Ábrahám S, Borda B, Ottlakán A, et al.
Radioguided Occult Lesion Localisation versus Wire-Guided Lumpectomy in
the Treatment of Non-palpable Breast Lesions. Pathol Oncol Res (2013) 19:
267–73. doi:10.1007/s12253-012-9578-9

99. Harvey JR, Lim Y, Murphy J, Howe M, Morris J, Goyal A, et al. Safety and
Feasibility of Breast Lesion Localization Using Magnetic Seeds (Magseed): A
multi-centre, Open-Label Cohort Study. Breast Cancer Res Treat (2018) 169:
531–6. doi:10.1007/s10549-018-4709-y

100. Kapoor MM, Patel MM, Scoggins ME. The Wire and beyond: Recent
Advances in Breast Imaging Preoperative Needle Localization.
RadioGraphics (2019) 39:1886–906. doi:10.1148/rg.2019190041

101. McGuire KP, Toro-Burguete J, Dang H, Young J, Soran A, ZuleyM, et al. MRI
Staging after Neoadjuvant Chemotherapy for Breast Cancer: Does Tumor
Biology Affect Accuracy? Ann Surg Oncol (2011) 18:3149–54. doi:10.1245/
s10434-011-1912-z

102. Schmitz AC, Gianfelice D, Daniel BL, Mali WPTM, van den Bosch MAAJ.
Image-guided Focused Ultrasound Ablation of Breast Cancer: Current Status,
Challenges, and Future Directions. Eur Radiol (2008) 18:1431–41. doi:10.
1007/s00330-008-0906-0

103. Littrup PJ, Freeman-Gibb L, Andea A, White M, Amerikia KC, Bouwman D,
et al. Cryotherapy for Breast Fibroadenomas. Radiology (2005) 234:63–72.
doi:10.1148/radiol.2341030931

104. Edwards MJ, Broadwater R, Tafra L, Jarowenki D, Mabry C, Beitsch P, et al.
Progressive Adoption of Cryoablative Therapy for Breast Fibroadenoma in
Community Practice. Am J Surg (2004) 188:221–4. doi:10.1016/j.amjsurg.
2004.07.002

105. Kaufman CS, Littrup PJ, Freeman-Gibb LA, Smith JS, Francescatti D,
Simmons R, et al. Office-based Cryoablation of Breast Fibroadenomas
with Long-Term Follow-Up. Breast J (2005) 11:344–50. doi:10.1111/j.
1075-122x.2005.21700.x

106. Lakoma A, Kim ES. Minimally Invasive Surgical Management of Benign
Breast Lesions. Gland Surg (2014) 3:142–8. doi:10.3978/j.issn.2227-684X.
2014.04.01

107. ClinicalTrials.gov. Cryoablation Therapy in Treating Patients with Invasive
Ductal Breast Cancer (2017). Available at: https://clinicaltrials.gov/ct2/show/
NCT00723294?term=z1072&rank=1.

Pathology & Oncology Research June 2022 | Volume 28 | Article 161038222

Forrai et al. Diagnostic Imaging of Breast Cancer—Guidance for Professionals

https://eur-lex.europa.eu/legal-content/HU/TXT/PDF/?uri=CELEX:52018DC0237&from=EN
https://eur-lex.europa.eu/legal-content/HU/TXT/PDF/?uri=CELEX:52018DC0237&from=EN
https://doi.org/10.1001/jamainternmed.2015.5231
https://doi.org/10.1056/nejmoa0803545
https://doi.org/10.1056/nejmoa0803545
https://doi.org/10.1038/s41598-018-21215-1
https://doi.org/10.1038/s41598-018-21215-1
https://doi.org/10.1016/j.cmpb.2018.01.011
https://doi.org/10.1016/j.media.2017.01.009
https://doi.org/10.1177/0284185114554674
https://www.accessdata.fda.gov/cdrh_docs/pdf16/K163623.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf16/K163623.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf16/K170540.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf16/K170540.pdf
https://www.tees.ac.uk/sections/news/pressreleases_story.cfm?story_id=6784
https://www.tees.ac.uk/sections/news/pressreleases_story.cfm?story_id=6784
https://doi.org/10.2214/AJR.18.20532
https://doi.org/10.2214/AJR.18.20532
https://doi.org/10.1016/j.crad.2019.02.006
https://doi.org/10.1016/j.crad.2019.02.006
https://doi.org/10.1148/radiol.2017170549
https://doi.org/10.1148/radiol.2017170549
https://doi.org/10.1007/s00247-017-4007-6
https://doi.org/10.1007/s00247-017-4007-6
http://www.nice.org.uk/nicemedia/pdf/ip/IPG156guidance.pdf
http://www.nice.org.uk/nicemedia/pdf/ip/IPG156guidance.pdf
https://doi.org/10.1016/j.crad.2007.10.015
https://doi.org/10.1016/j.crad.2007.10.015
https://doi.org/10.1016/j.crad.2019.02.019
https://doi.org/10.1016/j.crad.2019.02.019
https://www.nice.org.uk/guidance/ipg592
https://doi.org/10.3978/j.issn.2227-684X.2012.04.07
https://www2.gov.bc.ca/assets/gov/health/practitioner-pro/bc-guidelines/brdisease.pdf
https://www2.gov.bc.ca/assets/gov/health/practitioner-pro/bc-guidelines/brdisease.pdf
https://www.uhb.nhs.uk/Downloads/pdf/CancerPbImagingBreastCancer.pdf
https://www.uhb.nhs.uk/Downloads/pdf/CancerPbImagingBreastCancer.pdf
https://doi.org/10.1093/jncimonographs/lgq030
https://doi.org/10.1093/jncimonographs/lgq030
https://doi.org/10.1148/rg.317115070
https://doi.org/10.1016/j.ejso.2007.03.002
https://doi.org/10.1016/j.amjsurg.2004.06.030
https://doi.org/10.1002/cncr.21568
https://doi.org/10.1007/s10549-012-2225-z
https://doi.org/10.1007/s12253-012-9578-9
https://doi.org/10.1007/s10549-018-4709-y
https://doi.org/10.1148/rg.2019190041
https://doi.org/10.1245/s10434-011-1912-z
https://doi.org/10.1245/s10434-011-1912-z
https://doi.org/10.1007/s00330-008-0906-0
https://doi.org/10.1007/s00330-008-0906-0
https://doi.org/10.1148/radiol.2341030931
https://doi.org/10.1016/j.amjsurg.2004.07.002
https://doi.org/10.1016/j.amjsurg.2004.07.002
https://doi.org/10.1111/j.1075-122x.2005.21700.x
https://doi.org/10.1111/j.1075-122x.2005.21700.x
https://doi.org/10.3978/j.issn.2227-684X.2014.04.01
https://doi.org/10.3978/j.issn.2227-684X.2014.04.01
https://clinicaltrials.gov/ct2/show/NCT00723294?term=z1072&rank=1
https://clinicaltrials.gov/ct2/show/NCT00723294?term=z1072&rank=1


108. Littrup PJ, Jallad B, Chandiwala-Mody P, D’Agostini M, Adam BA,
Bouwman D. Cryotherapy for Breast Cancer: a Feasibility Study without
Excision. J Vasc Interv Radiol (2009) 20:1329–41. doi:10.1016/j.jvir.2009.
06.029

109. Manenti G, Perretta T, Gaspari E, Pistolese CA, Scarano L, Cossu E,
et al. Percutaneous Local Ablation of Unifocal Subclinical Breast
Cancer: Clinical Experience and Preliminary Results of
Cryotherapy. Eur Radiol (2011) 21:2344–53. doi:10.1007/s00330-
011-2179-2

110. Manenti G, Bolacchi F, Perretta T, Cossu E, Pistolese CA, Buonomo OC, et al.
Small Breast Cancers: In Vivo Percutaneous US-Guided Radiofrequency
Ablation with Dedicated Cool-Tip Radiofrequency System. Radiology
(2009) 251:339–46. doi:10.1148/radiol.2512080905

111. Palussière J, Henriques C, Mauriac L, Asad-Syed M, Valentin F, Brouste
V, et al. Radiofrequency Ablation as a Substitute for Surgery in
Elderly Patients with Nonresected Breast Cancer: Pilot Study with
Long-Term Outcomes. Radiology (2012) 264:597–605. doi:10.1148/
radiol.12111303

112. Nguyen T, Hattery E, Khatri VP. Radiofrequency Ablation and Breast Cancer:
A Review. Gland Surg (2014) 3:128–35. doi:10.3978/j.issn.2227-684X.2014.
03.05

113. Linda A, Zuiani C, Furlan A, Lorenzon M, Londero V, Girometti R, et al.
Nonsurgical Management of High-Risk Lesions Diagnosed at
Core Needle Biopsy: Can Malignancy Be Ruled Out Safely with
Breast MRI? AJR Am J Roentgenol (2012) 198:272–80. doi:10.2214/
AJR.11.7040

114. Pediconi F, Padula S, Dominelli V, Luciani M, Telesca M, Casali V, et al. Role
of Breast MR Imaging for Predicting Malignancy of Histologically Borderline
Lesions Diagnosed at Core Needle Biopsy: Prospective Evaluation. Radiology
(2010) 257:653–61. doi:10.1148/radiol.10100732

115. Rageth CJ, O’Flynn EA, Comstock C, Kurtz C, Kubik R, Madjar H, et al. First
International Consensus Conference on Lesions of Uncertain Malignant
Potential in the Breast (B3 Lesions). Breast Cancer Res Treat (2016) 159:
203–13. doi:10.1007/s10549-016-3935-4

116. Rageth CJ, O’Flynn EAM, Pinker K, Kubik-Huch RA, Mundinger A, Decker
T, et al. Second International Consensus Conference on Lesions of Uncertain
Malignant Potential in the Breast (B3 Lesions). Breast Cancer Res Treat
(2019) 174:279–96. doi:10.1007/s10549-018-05071-1

117. Association of Breast Surgery. NHS Breast Screening Programme Clinical
Guidance for Breast Cancer Screening Assessment (2016). Available at: https://
associationofbreastsurgery.org.uk/media/1414/nhs-bsp-clinical-guidance-
for-breast-cancer-screening-assessment.pdf.

118. ClemensMW, Jacobsen ED, Horwitz SM. 2019 NCCNConsensus Guidelines
on the Diagnosis and Treatment of Breast Implant-Associated Anaplastic
Large Cell Lymphoma (BIA-ALCL). Aesthet Surg J (2019) 39(S1):S3–S13.
doi:10.1093/asj/sjy331

119. Johansen Taber KA, Morisy LR, Osbahr AJ, Dickinson BD. Male Breast
Cancer: Risk Factors, Diagnosis, and Management (Review). Oncol Rep
(2010) 24:1115–20. doi:10.3892/or_00000962

120. Gao Y, Goldberg JE, Young TK, Babb JS, Moy L, Heller SL. Breast Cancer
Screening in High-Risk Men: A 12-year Longitudinal Observational Study of
Male Breast Imaging Utilization and Outcomes. Radiology (2019) 293:
282–91. doi:10.1148/radiol.2019190971

121. Marino MA, Gucalp A, Leithner D, Keating D, Avendano D, Bernard-Davila
B, et al. Mammographic Screening in Male Patients at High Risk for Breast
Cancer: Is it worth it? Breast Cancer Res Treat (2019) 177:705–11. doi:10.
1007/s10549-019-05338-1

122. Mitchell KB, Johnson HM, Eglash A, Young M, Noble L, Reece-Stremtan S,
et al. ABM Clinical Protocol #30: Breast Masses, Breast Complaints, and
Diagnostic Breast Imaging in the Lactating Woman. Breastfeed Med (2019)
14:208–14. doi:10.1089/bfm.2019.29124.kjm

123. National Pathology Advisory Board. Az Egészségügyi Minisztérium Szakmai
Protokollja a Mammográfiás Emlőszűrésről És a Korai Emlőrák
Diagnosztikájáról. [Professional Protocol of the Ministry of Health on
Mammography Breast Screening and Early Breast Cancer Diagnostics.
Hungarian Health Bulletin]. Egészségügyi Közlöny (2008) 10:2990–3012.

124. Brierley JD, Gospodarowicz MK, Wittekind C, et al. A Rosszindulatú
Daganatok TNM-Klasszifikációja És Stádiumbesorolása. [TNM

Classification and Staging of Malignancies]. Oriold és Társai Kiadó Kft.
(2017).

125. Kásler M. Ajánlás Az Emlőrák Korszerű Diagnosztikájára, Kezelésére És
Gondozására. Első Magyar Nemzeti Emlőrák Konszenzus Konferencia
Irányelvei. [Recommendation for State-Of-The-Art Diagnostics, Treatment
and Care of Breast Cancer. Guidelines of the First Hungarian National Breast
Cancer Consensus Conference]. Magy Onkol (2000) 44:11–38.

126. Coates AS, Winer EP, Goldhirsch A, Gelber RD, Gnant M, Piccart-Gebhart
M, et al. Tailoring Therapies-Iimproving the Management of Early Breast
Cancer: St Gallen International Expert Consensus on the Primary Therapy of
Early Breast Cancer 2015. Ann Oncol (2015) 26:1533–46. doi:10.1093/
annonc/mdv221

127. Cardoso F, Costa A, Norton L, Senkus E, AaproM, André F, et al. ESO-ESMO
2nd International Consensus Guidelines for Advanced Breast Cancer
(ABC2). Ann Oncol (2014) 25:1871–88. doi:10.1093/annonc/mdu385

128. Tasnádi T, Forrai G. Emlő-MR-vizsgálatok Leletezési Protokollja a BIRADS
Lexikon Alapján I. A Leletezés Elvei És Alapfogalmai. Magy Radiol (2017)
8(2):1–16. [Tasnádi T, Forrai G. Reporting protocol for breast MRI scans
based on BIRADS lexicon I. Principles and basic concepts of reporting.
Hungarian Radiology journal (2017) 8(2):1–16].

129. Tasnádi T, Forrai G. Emlő-MR-vizsgálatok Leletezési Protokollja a BIRADS
Lexikon Alapján II. Leletsablonok.Magy Radiol (2017) 8(3):1–6. [Tasnádi T,
Forrai G. Reporting Protocol for Breast MRI Scans based on BIRADS Lexicon
II. Reporting templates. Hungarian Radiology Journal (2017) 8(3):1–6].

130. EMMI. Decree 23/2012 (IX. 14.) EMMI of the Minister of Human Capacities.
131. ESzCsM.Decree 60/2003 (X. 20.) ESzCsM of the Minister of Health, Social and

Family Affairs.
132. Bordás P, Jonsson H, Nyström L, Lenner P. Interval Cancer Incidence and

Episode Sensitivity in the Norrbotten Mammography Screening Programme,
Sweden. J Med Screen (2009) 16:39–45. doi:10.1258/jms.2009.008098

133. Oeffinger KC, Fontham ETH, Etzioni R, Herzig A, Michaelson JS, Shih Y-CT,
et al. Breast Cancer Screening for Women at Average Risk. JAMA (2015) 314:
1599–614. doi:10.1001/jama.2015.12783

134. Bluekens AMJ, Holland R, Karssemeijer N, Broeders MJM, den Heeten GJ.
Comparison of Digital Screening Mammography and Screen-Film
Mammography in the Early Detection of Clinically Relevant Cancers: a
Multicenter Study. Radiology (2012) 265:707–14. doi:10.1148/radiol.
12111461

135. Séradour B, Heid P, Estève J. Comparison of Direct Digital Mammography,
Computed Radiography, and Film-Screen in the French National Breast
Cancer Screening Program. Am J Roentgenol (2014) 202:229–36. doi:10.2214/
AJR.12.10419

136. Pinker K, Perry N, Vinnicombe S, Shiel S, Weber M. Conspicuity of
Breast Cancer According to Histopathological Type and Breast Density
when Imaged by Full-Field Digital Mammography Compared with
Screen-Film Mammography. Eur Radiol (2011) 21:18–25. doi:10.
1007/s00330-010-1906-4

137. Yamada T, Ishibashi T, Sato A, Saito M, Saito H, Matsuhashi T, et al.
Comparison of Screen-Film and Full-Field Digital Mammography: Image
Contrast and Lesion Characterization. Radiat Med (2003) 21:166–71.

138. Fischer U, Baum F, Obenauer S, Luftner-Nagel S, vonHeyden D, Vosshenrich
R, et al. Comparative Study in Patients with Microcalcifications: Full-Field
Digital Mammography vs Screen-FilmMammography. Eur Radiol (2002) 12:
2679–83. doi:10.1007/s00330-002-1354-x

139. Pisano ED, Hendrick RE, Yaffe MJ, Baum JK, Acharyya S, Cormack JB, et al.
Diagnostic Accuracy of Digital versus Film Mammography: Exploratory
Analysis of Selected Population Subgroups in DMIST. Radiology (2008)
246:376–83. doi:10.1148/radiol.2461070200

140. Juel I-M, Skaane P, Hoff SR, Johannessen G, Hofvind S. Screen-film
Mammography versus Full-Field Digital Mammography in a Population-
Based Screening Program: The Sogn and Fjordane Study. Acta Radiol (2010)
51:962–8. doi:10.3109/02841851.2010.504969

141. Ranger NT, Lo JY, Samei E. A Technique Optimization Protocol and the
Potential for Dose Reduction in Digital Mammography.Med Phys (2010) 37:
962–9. doi:10.1118/1.3276732

142. Schueller G, Riedl CC, Mallek R, Eibenberger K, Langenberger H, Kaindl E,
et al. Image Quality, Lesion Detection, and Diagnostic Efficacy in Digital
Mammography: Full-Field Digital Mammography versus Computed

Pathology & Oncology Research June 2022 | Volume 28 | Article 161038223

Forrai et al. Diagnostic Imaging of Breast Cancer—Guidance for Professionals

https://doi.org/10.1016/j.jvir.2009.06.029
https://doi.org/10.1016/j.jvir.2009.06.029
https://doi.org/10.1007/s00330-011-2179-2
https://doi.org/10.1007/s00330-011-2179-2
https://doi.org/10.1148/radiol.2512080905
https://doi.org/10.1148/radiol.12111303
https://doi.org/10.1148/radiol.12111303
https://doi.org/10.3978/j.issn.2227-684X.2014.03.05
https://doi.org/10.3978/j.issn.2227-684X.2014.03.05
https://doi.org/10.2214/AJR.11.7040
https://doi.org/10.2214/AJR.11.7040
https://doi.org/10.1148/radiol.10100732
https://doi.org/10.1007/s10549-016-3935-4
https://doi.org/10.1007/s10549-018-05071-1
https://associationofbreastsurgery.org.uk/media/1414/nhs-bsp-clinical-guidance-for-breast-cancer-screening-assessment.pdf
https://associationofbreastsurgery.org.uk/media/1414/nhs-bsp-clinical-guidance-for-breast-cancer-screening-assessment.pdf
https://associationofbreastsurgery.org.uk/media/1414/nhs-bsp-clinical-guidance-for-breast-cancer-screening-assessment.pdf
https://doi.org/10.1093/asj/sjy331
https://doi.org/10.3892/or_00000962
https://doi.org/10.1148/radiol.2019190971
https://doi.org/10.1007/s10549-019-05338-1
https://doi.org/10.1007/s10549-019-05338-1
https://doi.org/10.1089/bfm.2019.29124.kjm
https://doi.org/10.1093/annonc/mdv221
https://doi.org/10.1093/annonc/mdv221
https://doi.org/10.1093/annonc/mdu385
https://doi.org/10.1258/jms.2009.008098
https://doi.org/10.1001/jama.2015.12783
https://doi.org/10.1148/radiol.12111461
https://doi.org/10.1148/radiol.12111461
https://doi.org/10.2214/AJR.12.10419
https://doi.org/10.2214/AJR.12.10419
https://doi.org/10.1007/s00330-010-1906-4
https://doi.org/10.1007/s00330-010-1906-4
https://doi.org/10.1007/s00330-002-1354-x
https://doi.org/10.1148/radiol.2461070200
https://doi.org/10.3109/02841851.2010.504969
https://doi.org/10.1118/1.3276732


Radiography-Based Mammography Using Digital Storage Phosphor Plates.
Eur J Radiol (2008) 67:487–96. doi:10.1016/j.ejrad.2007.08.016

143. Kásler M. A Komplex Onkodiagnosztika És Onkoterápia Irányelvei.
Semmelweis Kiadó. [Principles of Complex Oncological Diagnostics and
Oncotherapy]. Budapest: Semmelweis (2008). p. 329–68.

144. Tabár L, Dean PB, Chen TH, Yen AM, Chen SL, Fann JC, et al. The Incidence
of Fatal Breast Cancer Measures the Increased Effectiveness of Therapy in
Women Participating in Mammography Screening. Cancer (2019) 125:
515–23. doi:10.1002/cncr.31840
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