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Bl Digital Breast Tomosynthesis in
the Diagnostic Setting: Indications
and Clinical Applications'

Heather R. P d, MDD . . ] . :
Bf;n;} Niiiiz;n;’m D Dyigital breast tomosynthesis (IDBT) is an emerging technology

Carrie M. Rochman, MD used in diagnostic breast imaging to evaluate potential abnormali-
Fudith K. Merchant, MD ties. In DBT, the compressed breast tissue is imaged in a quasi—
Ray C. Maye ITT, MD three-dimensional manner by performing a series of low-dose
Fennifer A. Harwvey, MD radiographic exposures and using the resultant projection image
dataset to reconstruct cross-sectional in-plane images in standard
Abbreviations: BI-RADS = Breast Imaging mammeographic views. Improved visualization of breast detail at di-
Efeiiiﬂléilz:vi Lﬁi:: IS:E“:‘“; 11_:; E;ir e défr"fé agnostic DBT allows improved characterization of findings, includ-
Administration, FEDM — full-field digital mam- ing normal structures and breast cancer. This technology reduces
mography, MLO = mediolateral oblique, 3D = the summation of overlapping breast tissue, which can mimic breast
three-dimensional, 2D = two-dimensional cancer, and provides improved detail of noncalcified mammograph-

ic findings seen in breast cancer. It also assists in lesion localization
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DBT INDICATIONS

1 Lesion visibility

1 Replacement for Traditional Supplemental Imaging
1 Assessment of Noncalcified Cancers

3 Architectural Distortion

a Focal Asymmetry

d Masses

1 Localization of Single-View Findings

1 Breast Cancer Staging



DBT INDICATIONS

i Tumor Size
8 Number of Tumor Lesions or Satellite Lesions
1 Evaluation of the Contralateral Breast

1 After MRI
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Digital breast tomosynthesis (DBT): recommendations from the
Italian College of Breast Radiologists (ICBR) by the Italian
Society of Medical Radiology (SIRM) and the Italian Group

for Mammography Screening (GISMa)
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Local Tumor Staging of Breast Cancer: Digital

Mammography versus Digital Mammography Plus
Tomosynthesis
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Combined digital mammography (DM} and digital brease tomosymchesis (DBT) (hereafter, DM plus DBET) has in-
creased cancer detection rates when compared with those achieved with DM-only screening. However, there is limited livcrature on
DBET as an adjunct to mammaography in the staging of known brease cancers.

To compare the diagnostic accuracy of DM alone with thar of DM plus DBT in the identification of addirional ipsilateral
and conrralareral lesions in women wirh newly diagnosed breast cancer.

Moteriols and Methods: This prospective study (Aegpsfelinicalerials. gov, NCTO1881880) included 166 women with breast cancer
(mean age, 59.5 years = 11; age range, 4087 years) and used che aforementioned rechniques, with brease MRI and parthologic
verification of all suspecred lesions as the reference standards. Four r: l.d:olc]p_:;m independently reviewed the DM and DM pllﬁ T)“'T
images using the A can (_,u'llr.g«. ul Rddl('\lul_.:r' Brt.d_“t | r

and presence of add

for DM and DM plus D'ITT' were cﬂlnparm’l by using rhc M.:N.:nmr rest.

Resolts: Twenty-four women (14%) exhibited multifocal lesions: 200 (1 296), multicentric lesions: 39 (23%), additional ipsilareral
lesions; and 18 (11%), bilateral lesions. The sensitivities were higher for DM plus DBT than for DM in the diagnosis of muli-
centric (51% [41 of 80] vs 37% [30 of 80]. P = .002) and additional ipsilareral (52% [81 of 156] vs 44% [69 of 156]). P = .007)
lesions. The ALNC was larger for DM plus DBT than for DM (074 vs 0L67, P = .02} in the diagnosis of bilareral breasr cancer. No
significant differences in specificity were noted. The added diagnostic walue of DBT was limited to the group of women with non-
dense breases: For diagnosis of ipsilareral lesions, AUC of DM plus DBT versus DM was 0,74 versus U700 (P = 04). For diagnosis
of conrralareral lesions, ALNC of DM plus DBET verus DM was (.76 versus 0.68 (7 = .02).

Condusfon:  The co inari i digiral ma wogrraphy with digital breast tomasynthesis improves diagnostic accuracy for addi-
rional ipsilateral and contralateral brease ca in women wirh nondense breasrs.

EHSNA, 2019




nance of BT pl

DM was preaver than

Digital mammography (DM) plus digital breast
tomosynthesis had higher sensitivity than DM for
breast cancer staging regarding the diagnosis of
multifocal or multicentric lesions and higher area
under the receiver operating characteristic curve
regarding the presence of bilateral lesions,
without any change in specificity. This advantage
was restricted to women with nondense breasts.
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Preoperative breast cancer staging with multi-modality imaging and surgical
outcomes
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ARTICLE INFO ABSTRACT

Keywonts: Purpose: To compare the rates of mastectomy and re-operation after breast-conserving surgery (BCS) among

Masteciomy rales patients who had different pre-operative multi-modality imaging, hence identifying significant predictors of

Re-operation res mastectomy and re-operations within each group.

Preoperative breast MR Method: Retrospective study of consecutive patients with primary breast cancer treated January 2010 —

J';’g’ﬁ‘f::"::;‘_’““]“"'“""""' maging December 2016, divided in 3 groups, undergoing pre-operative local staging respectively with conventional
imaging modalities only (2D mammography, ultrasound (US)), conventional imaging and tomosynthesis (DBET)
and/or MRIL The primary outcome was identification of significant predictors of surgical outcomes, within each
group. Study variables examined in univariate analysis werne age, lesion dimension, breast density, multifocality,
tumor size, histology, and if associated with oulcomes they were included in binary logistic regression analysis.
Respls: Amongst 1547 patients, patient and tumor charmcteristics  differed across  the three groups, as did
mastectomy rates which were 18 % (102/562) for 2D + US, 36 % (154/428) for 20 + DBET + US, 45 % (2507
657) for 2D+ S-DBET + US - MRI(p -= 0.001) Wariables strongly associated with mastectomy were larger le-
sions and multifocality (as was multi-modality group). Re-operation r howed an opposite trend: 122 0 (56
4549) for 2D + US, 8 % (22/272) for 2D + DET Us, 6.5 % (200°306) for 200+ ADET + IS + MRI. Re-opera 1
rate for 2D+ /DBT + US + MRI was lower than for 2D + US (p 001} but similar o 2D + DET + US
p .58). Patents who had 2D + US and re-operations had significantly larger lesions, more underestimation,
higher proportion of invasive carcinoma with in-situ component than those who did not require re-operation.
Conciusions: Patients who had larger tonmors and multifocal dizease were more frequently staged by adding DRT
andSor MRI to conventional imaging (mammography and U5) which was associated with more extensive sur-
gical treatment but lower reoperation rates.




Breast MRI has been proposed for BC staging and treatment plan

ning [5] on the premise that it might improve surgical care. &
have demonstrated its superior sensitivity in assessing tumor si
'*Ph‘ﬂ dn.-d ultrs ography r estab : initiz : detecting multifoce: 1d multicentric disease [9-11],
nd hence also i ative i ) CWES S tivity for detection of index lesions ranging between 93¢

ng controw e itive magne ) - pared with 83%-86% for mammography and 71%-75% for Liill’ -.uund
wing (MRI) i 5 ! disease extent in newly « L (12)

. MRI is also more accurate in detecting invasive lobular carcinoma
tients [1]. This issue is now

[13]. Howewver, despite MRI's detection capability in the preope
setting, there is less clarity on whether it improves initial surg
outcomes in BC and whether it reduces unnecessary re-operations:
Low local rect - an . vement of this parameter meta-analysis [1] reported consistent evidence that MRI
ower time can be ' nany JLJL]udlnp c Fual nificantly associated with increased odds of receiving mastectomy [OR
g sl ade 5, radic 1.39 (95 9CI1 1.23, 1.57], while there was no statistical evidence that
ystemic the . MRI had an effect on the odds of re-excision, or the odds of positive
rins in those who received BCS. Another gap in evidence is
whether DBT influences surgical outcomes when integrated into the
pre-operative assessment of BC patients. Because of its relatively recent
clinical application, little is known about DBT's contribution in BC

staging, and how il stands relative to 2D 4+ US or MRI [14-17].
[&].

The multivariate analysis evidenced significative differences on surgical outcomes in
patients affected by larger tumors or multifocal disease, invasive cancer with in-situ
component, staged with addiction of DBT and/or MRI to conventional digital
mammography combined with ultrasound.

This leaded by one hand to more extensive surgery (higher rates of mastectomy) and
on the other hand to significantly lower reoperation margins.



DBT in addition to mammography can significantly improve preoperative local staging of
breast cancer, especially in patients with dense breasts.

DBT is superior to mammography in the detection of the primary lesion and detects
significantly more additional tumor sites in dense breasts.

This may aid in determining optimal treatment in these patients, i.e.a more appropriate
selection of patients better served with mastectomy rather than a breast-conserving
therapy approach.

Applying DBT in addition to mammography as part of the preoperative work-up of breast
cancer in patients with dense breasts may be a cost- and time-effective alternative,
especially if preoperative breast MRI is not available or patients have contraindications for
MRI.

However, the sensitivity cannot exceed that of breast MRI and limitations have to be
expected in the case of invasive lobular carcinoma.

Krammer J et al. ANTICANCER RESEARCH
37: 5255-5261 (2017)
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Preoperative assessment of breast cancer: Multireader comparison of
contrast-enhanced MRI versus the combination of unenhanced MRI
and digital breast tomosynthesis
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ABSTRACT

Keywords:

Breast neoplasms

Meoplasm sraging
Sensitivity

Digital breast tomosyniiesis
Magnelic resonance imaging

Purpose: To compare the sensitivity for breast cancer (BC) and BC size estimation of preoperative
contrast-enhanced magnetic resonance imaging (CEMRI) versus combined unenhanced magnetic resm
nance imaging (UMRI) and digital breast tomosynthesis (DBET)L
Patients and methods; We retrospectively included 56 women who underwent DBT and preoperative
L5 T CEMRI between January 20016—February 2007 Three readers with 2—10 years of experience in
CEMRI and DBT, blinded to pathology, independently reviewed CEMRT (diffusion-weighted imaging
|DAWT], T2-weighted imaging, pre- and post-contrast Tl-weighted imaging) and a combination of UMRI
(DWW and pre-contrast Tl-weighted imaging) and DET. We calculated per-lesion sensitivity of CEMERI and
UMRI  DBT, and the agreement between CEMRI, UMERI and DBET wersus pathology in assessing canoer
size (Bland-Altman analysis). Logistic regression was performed to assess features predictive of canoer
missing.
Resulis: 'We included 70 lesions (64% invasive BC, 36% ductal carcinoma in situ or invasive BC with in situ
component). UMEL + DBET showed lower sensitivity {86—89%) than CEMRI (94— 100 ), with a significant
difference for the most experienced reader only (p — 0.008 ). False-positives were fewer with UMERL + DBET
{4—5) than with CEMREI (18—25), regardless of the reader (p 0001 —00005). For lesion size, UMERI
showed closer limits of agreement with pathology than CEMRI or DET. Cancer size <1 om was the only
independent predictor for cancer missing for oth imaging strategies (Odds ratio 862 for CEMRI and
1916 for UMRI -+ DBET).
Conclusions: UMRI + DBT showed comparable semsitivity and less false-positives than CEMRI in the
preagperative assessment of BC, UMRI was the most accurate tool to assess Cancer Size,
@ 2009 Published by Elsevier Ltd. This is an open access article under the COC BY-MNC-ND license (hit |
creativecom ns orEflicenses/by-nc-md)
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A performance comparison between shallow and deeper
neural networks supervised classification of tomosynthesis
breast lesions images
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Absiract

Computer Ailded Decision (CAD) systems, based on 3D tomosynthesis imagng, could support radiologists in classifying different
kinds of breast lesions and then improve the diagnosis of breast cancer ( BC) with a lower X-ray dose than in Computer Tomography
(CT) systems.

In previous work, several Convolutional NMeural Network (CNM) architectures were evaluated to discriminate four different classes of
lkesions considering high-resolution images automatically segmented: (a) irregular opacity kesions, (b) regular opacity lesions, (c) stellar
opacity lesions and (d) no-lesions. In this paper, instead, we use the same previously extracted relevant Regions of Interest (R OIs) con-

ning the lesions, but we propose and evaluate two different approaches to better discriminate among the four classes.

In this work, we evaluate and compare the performance of two different frameworks both considering supervised classifiers topolo-
gies. The first framework is feature-based, and consider morphological and textural hand-crafted features, extracted from each ROI, as
mput to optimised Artificial Meural Network (AMN) classifiers. The second framework, instead, considers non-neural classifiers based on
automatically computed features evaluating the classification performance extracting several sets of features using different Convolu-
tional NMeural Metwork models.

Final results show that the second framework, based on features computed automatically by CNMN architectures performs better than
the first approach, in terms of accuracy, specificity, and sensitivity.
© 2018 Elsevier B.W. All rnights reserved
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Abstrack Computer-aided diagno:
tasks including classification and staging of the various diseases. The 317 tomosynthesis imaging
technique adds value to the CAD systems in diagnosis and dassification of the breast lesions. Several
conw olutional neural network (CINM) architectures have been proposed to classify the lesion shapes
to the respective classes using a similar imaging method. However, not only is the black box natune of
these CNMN models questionable in the healthcare domain, but so is the morphological-based cancer

(CADD) systems can help radiologists in numercus medical

classification, concerning the clinicians. As a result, this study proposes both a mathematically and
visually explainable deep-learning-driven multiclass shape-based classification framew ork for the
tomosynthesis breast lesion images. In this study, authors exploit eight pretrained CNM architectures
for the classification task on the previously extracted regions of interests images containing the
kesions. Additionally, the study also unleashes the black box nature of the deep keaming models
using two well-known pereptive explainable artificial intelligence (X Al) algorithms including Grad-
CAM and LIME. Moreower, two mathematical-structure-based inerpretability techniques, ie., t5SMNE
and UMATP, are employed to investigate the pretrained models” behavior towards multiclass feature
clustering. The experimental results of the classification task validate the applicability of the proposed
framework by yielding the mean area under the curve of 98.2%. The explanability study validates
the applicability of all employed methods, mainly emphasizing the pros and cons of both Grad-CAM
and LIME methods that can provide useful insights tow ards explainable CATY systemns.

Keywonds: breast cancer; deep learning: explainable AL Grad-CAM; LIME; t-SNE; UMAP; tomosynthesis;
mammaography; DBET; CNM; shape classification
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The experimental results of the classification task validate the
applicability of the proposed framework by yielding the mean
area under the curve of 98.2%.

Appl. Sci. 2022, 12, 6230. https:/ /

doiorg,/10.3390/appl12126230
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> REPERTO US PRIVO DI CORRISPETTIVO MX-DBT

> RICERCA CORRISPETTIVO DI AD MX-DBT

> SECOND LOOK DOPO RM — NON MASSA



US STAGING

Utile In seni densi

Spesso sottostima la reale estensione tumorale (circa
17%) (parte ipoecogena ed anche iperecogena periferica
della lesione)

Molte neoplasie sono lesioni “verticali”, con prevalenza
dell'altezza sulla larghezza

Presenza di cono d’ombra posteriore che oscura Il
margine profondo della lesione, rendendo pertanto la
misurazione sull’asse maggiore piu difficoltosa

Piano assiale e sagittale
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Ultrasound evaluation of ductal carcinoma in situ of the breast
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Abstract

Purpose To assess the role of ultrasound (LIS} in detecting and characterizing ductal carcinoma in situ (DCIS) of the breast
and Lo investigate the correlation between ultrasonographic and biological features of DC

Methods In total, 171 patients {mean age 44 range 39-62) with 178 lesions were retrospectively evaluated by two independ
ent radiclogists searching for US mass or non-mass lesions. Immunohistochemistry analysis was performed to determine
estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2Z) expression.

The US detection rate and pattern distribution among the lesion types were evaluated. The 3 test was used o evaluate the

correlation between the US findings and the biological factors. Statistical significance was indicated by p values < (0,05
Inter-observer agreement was calculated by Kohen's & test.

Results US detected 35% (63/1T8) of all lesions. Fifty-two (83%) lesions were classified as mass lesions, and 11 (17%) as
non-mass lesions (p < 0.0001). Among the mass lesions, the most common shape was irregular (79%:; p < 0.0001), with 45
(87%) lesions having indistinct margins. Hypoechogenicity was the most common echo pattern (49 cases, 94%; p < 0.0001).
Microcalcifications were found in 23 cases (37%; p=0,004) and were associated with mass lesions in 15 cases (659%) and
with non-mass lesions in 8 cases (35%) (p=0.21). An almost perfect inter-observer agreement (k=(0.87) was obtained
between the two radiologists. A significant ER expression was found in mass lesions (83%; p < 0.0001 ), with no significant
FE (p =089 or HER2 expression (p=0581). Among the lesions with microcalcifications, only 7 out of 23 cases {30%) were
positive for HER2 (p = 0.09).

Conclusion DCIS represents a heterogeneous pathological process with variable US appearance {mass-like, non-mass-like,
or occult). The most common US finding is represented by mass-type, hypoechogenic lesions with indistinct margins, A
significant ER expression exists among mass-type lesions, while microcalcifications seem not to be associated with HER2
cxpression.

Keywords Breast cancer - DCIS - US - Ultrasound




Table 1 Ultrasonographic features of ductal carcinoma in situ {DCIS)

lesions

raphic features MNumber
of lesic

Lesion patterns

Occult e (115F178)
MNon-occult 35% (63/178)
Mass 3% (5263)
Mon-mass lesions

Microcalcifications

Mass hke

MNon-mass like 2% (8/11)




Breast Cancer (201 2) 19:205-301
DOT 101007 1228201 2-03064 -z

REVIEW ARTICLE

Non-mass-like lesions on breast ultrasonography: a systematic
review

Takavoshi Uematsu

High-resolution US allows for identification of small, clinically
occult non-mass-like US findings.

Ductal carcinoma in situ and invasive lobular carcinoma usually
manifest as a non-mass-like lesion on US.

It is useful to classify non-mass-like lesions on US in a similar
manner to the classification of non-mass-like enhancement on
MRI.












ILC

> On MRI, non-mass-like enhancement Is also a
common finding of ILC

> It can often also manifest as non-mass-like US
findings

> |ILC Is composed of noncohesive cells individually
dispersed or arranged in a single-file linear pattern
within a fibrous stroma

> The histopathological characteristics can be
reflected in the nonmass- like lesions on US and
MRI
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“La presenza di metastasi linfonodali ascellari rappresenta un fattore
prognostico fondamentale nella valutazione clinica di pazienti affette da cancro
mammario e condiziona l'iter terapeutico delle stesse”

Kleer CG, Sabel MS. Prognostic and predictive factors in breast cancer.

In: , Kuerer HM, ed. Kuerer’s breast surgical oncology. New York, NY: McGraw-
Hill, 2010; 244

“La biopsia del linfonodo sentinella ha sostituito la dissezione ascellare come
approccio strumentale alla valutazione dell’ascella nei casi di cancro
mammario precoce avendo un tasso significativamente inferiore di morbilita
rispetto alla dissezione ascellare ed un basso tasso di falsi negativi”

Lyman GH, Giuliano AE, Somerfield MR, et al.. American Society of Clinical Oncology
guideline recommendations for sentinel lymph node biopsy in early-stage breast
cancer. J Clin Oncol 2005;23(30): 7703—7720.



RUOLO DELLA DIAGNOSTICA PER
IMMAGINI

“ identificare metastasi linfonodali ascellari con un valore predittivo

positivo sufficientemente elevato da indurre il chirurgo a procedere

direttamente con la dissezione linfonodale ascellare”

Axillary Staging of Breast

Cancer: What the Radiologist
Should Know!

Facob 5. Ecanoww, MD = Hirovaki Abe, MDD » Gillian NM. Newsread, MDD
Daeid B. Ecanowe, MDY = Fan M. Feske, MDD




METODICHE DI IMAGING

e PET-TC



RUOLO DELLA DIAGNOSTICA PER
IMMAGINI

T1 or T2 Breast Cancer

Palpable Axillary
Nodes

No Palpable Nodes

+/- Ultrasound

FNA by palpation
or US CNB

Negative Positive

INDIVIDUAZIONE DI REPERTI SOSPETTI DA SOTTOPORRE A
US-FNAC O US-CNB



US

% METODICA DI IMAGING DI I LIVELLO CARATTERIZZATA DA ELEVATA SPECIFICITA’
» GUIDA DI PROCEDURE INTERVENTISTICHE
US-ENAC

US-CNB

OPEN & ACCESS Freely available online '-?_}J"PLOS | one : =

Efficiency of a Preoperative Axillary Ultrasound and
Fine-Needle Aspiration Cytology to Detect Patients
with Extensive Axillary Lymph Node Involvement

Isabella Castellano'*, Cristina Deambrogio’, Francesca Muscara’, Luigi Chiusa', Giovanna Mariscotti?,
Riccardo Bussone?®, Guglielmo Gazzetta®, Luigia Macri', Paola Cassoni’, Anna Sapino’

Ty of rir, T kstituto di Radiclogia Di L% Inieersiny of Turin, Citta della Salute e della
aas - dta

SCenEa Howpita t, Cima della Salute & dell

“Positive US-guided FNA cytology performed on a single lymph node could
be a marker for the possible involvement of >1 axillary lymph nodes,
particularly in large tumours, and thus reliably leads to onestep ALND”



REPERTI PATOLOGICI
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Effarent lymph
LI 3




REPERTI ECOGRAFICI

CRITERI MORFOLOGICI

» ISPESSIMENTO DIFFUSO (> 3 MM) DELLA CORTICALE LINFONODALE

» |ISPESSIMENTO FOCALE DELLA CORTICALE CON ASSOCIATO FLUSSO EMATICO
CORTICALE NON ILARE (NHBF)

» LINFONODO A MORFOLOGIA ROTONDEGGIANTE ED ECOSTRUTTURA
DIFFUSAMENTE IPOECOGENA CON PERDITA DEL TESSUTO ADIPOSO ILARE E
CON ASSOCIATO FLUSSO EMATICO CORTICALE NON ILARE (NHBF)

» FORMAZIONE NODULARE DISOMOGENEA ED A MARGINI IRREGOLARI CON
NHBF NEL CONTESTO DEL LINFONODO

CRITERIO DIMENSIONALE

» COME SINGOLO REPERTO PRESENTA BASSA ACCURATEZZA



IPOECOGENA

PERDITA IPERECOGENICITA’ ILARE




MICROCALCIFICAZIONI DELLA
LESIONE PRIMITIVA (MX) E NEL
CONTESTO DI
LINFOADENOPATIA ASCELLARE
(US)






POTENZIALITA" US

> ELASTOGRAFIA
> DOPPLER

> ABUS



MULTIPARAMETRIC US

“Apart from morphologic imaging with standard B-mode, several functional US-based

modalities have been assessed, including elastography, Doppler, and contrast-enhanced

US (CEUS). These sonographic modalities provide not only functional information about

breast tumors, but also offer a multitude of quantitative parameters that can be used as
imaging biomarkers.

Several studies have shown promising results for each US parameter in providing

valuable diagnostic, prognostic, and predictive imaging biomarkers”

% Saracco A, Szabo BK, Aspelin P, et al. Differentiation between benign and malignant breast tumors
using kinetic features of real-time harmonic contrast-enhanced ultrasound. Acta Radiol.
2012;53:382-8.



B “Neovascularization and microvessel density are closely related to

the degree of malignancy, invasiveness, recurrence, metastasis and

the prognosis of tumor patients”

Lugano R et al. Tumor angiogenesis: causes, consequences,
challenges and opportunities. Cell Mol Life Sci. 2020;77:1745-70.
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POWER DOPPLER IMAGING(PDI)
COLOR DOPPLER FLOW IMAGING (CDFI)
SUPERB MICROVASCULAR IMAGING (SMI)

CONTRAST-ENHANCEDULTRASOUND (CEUS)

BI-RADS(4b)



Relatore
Note di presentazione
Doppler imaging can be adjunctive to B-mode US in differentiating between malignant and benign breast tumors by detecting malignant Doppler signs, such as hypervascularity, central vascularity, and penetrating vessels . However, because of the limitations in evaluating microvessels, there is a significant overlap in Doppler features between benign and malignant tumors (8). The loss of Doppler signals from microvessels explains the inconsistent correlations between Doppler signals and MVD 
Smi e ceus consentono di vedere i vasi a basso flusso che riflettono la microfascolarizzazione della lesione quella che differisce tra lesioni benigne e maligne


CEUS
CONTRAST ENHANCED US

1 Contrast-enhanced ultrasound (CEUS) imaging with
contrast agents has created a significant opportunity for
visualization of lesion microcirculation

1 QUALITATIVE ASSESSMENT (ENHANCEMENT PATTERN)

1 QUANTITATIVE ANALYSIS (TIME-INTENSITY CURVES)


Relatore
Note di presentazione
For CnTI, 3.6 mL of
.
Continuous scanning was performed immediately after injection ofthe contrast agent and lasted for 6 min. 
After a waiting period of 8 min (to avoid any cumulative effect of the contrast agent), 1.2 mL of CMI was administrated in a bolus fashion for MFI. 
For MFI,
when the lesions began to show enhancement, the patient was
requested to hold their breath for 8–10 s



Additional diagnostic value of shear-wave elastography

and color Doppler US for evaluation of breast
non-mass lesions detected at B-mode US

Ji So0 Choi® - Boo-Kyung Han'. E

n Young Ko'-
Eun Sook Ko' « Jung Hee Shin' -

7a Ram Kim'

epted: 30 December 2015




P arameter Sensimvity Specificity

mode LS M0 (74/T4) 3.8 (1042)

mode TS and SWE# T3 (T T4) Q0. 5 (38/42) =M 1
mode UUS and Doppler USY DE.G (T3 T4) 71.4 (30/42) =i 1
mode LIS, SWE and Doppler U5} M) TASTA) Q.0 (29/42) =000 1

l'able 2 IMagnostic performances of B-mode US, SWE and Doppler US for differentiating beni pn and mali gnant non-mass lesions

Parameter ALC Sensitivity Specificity Accumacy PPV

B-mode US

BI-R.ADS category = 4a 1 B4C 100 (7474) 23.8 (10/42) T2.4 (8411 6) 698 (T4106) 100 (105100
SWE

E e =85.1 kPa* ) TE.4 (58/T74) Q5.2 (A0i42) B4 5 (9R/116) Q6. T (SRG0) T1.4 (40/56)

B =92 5 kPa* ) TE4 (S8/T4) Q20 (39/42) B3 6(97/116) 95.1 (S8 TO.9(3W55)

Suff colour ) T03 (52/74) 052 (40F42)y T3 (9211 6) QG 3 (525 645 (4062)
Doppler US

High vascularity 73.0 (547 TO. 7 (8211 6) T4 (54468 SE.3(384E)
Combination of SWE and Doppler US

Eean 85,1 kPa or high vascularity ) Q5.9 (T1/7: 4.3 (27742 24 5 (9R116) LO(2T30)
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Eur Radiol (2018) 28:592-601 @ CrossMark
DOI 10.1007/500330-017-5011-9

BREAST

The performance of 3D ABUS versus HHUS in the visualisation
and BI-RADS characterisation of breast lesions in a large cohort
of 1.886 women

Athina Vourtsis” « Aspasia Kachulis '

Conclusions ABUS could be successiully used 1n the visual-
1sation and chamctensation of breast lesions. ABUS seemed

to outpertorm HHUS 1n the detection of architectural distor-
tion on the coronal plane and can supplement mammography
n the detection of non-calcified carcinomas 1 women with
dense breasts.
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Automated Breast Ultrasonography
(ABUS) in the Screening and
Diagnostic Setting:

Indications and Practical Use

Rossella Rella, MD, Paolo Belli, MD, Michela Giuliani, MD, Enida Bufi, MD, Giorgio Carlino, MD,
Pierluigi Rinaldi, MD, Riccardo Manfredi, MD

Abbreviations and
Acronyms

HHUS

handhald ulirasound

DM

digital mammography
ABUS

automated breast
ultrasonography

CAD

computer-aided detection
MAI

magnetic resonancs imaging
3D

three-dimansional

Automated breast ulirasonography (ABUS) is a new imaging technology for automatic breast scan-
ning throwagh ultrasound. It was first developed to overcome the limitation of oparator dependeancy
and lack of standardization and reproducibility of handheld ultrascund. ABUS provides a three-
dimeansional represantation of breast tissue and allows images reformatting in three planes, and the
generaled coronal plane has been suggested to improve diagnostic accuracy.

This technique has beaen first used in the screening satting to improve breast cancer detaction, as-
pecially in mammographically dense braasts. In recant years, numerous studies also evaluated its usa
in the diagnostic setting: they showed its suitability for breast cancer staging, evaluation of tumor re-
sponse to necadjuvant chamotherapy, and sacond-look ultrasound after magnatic resonance imaging.

The purpose of this articlke is to provide a comprehensive review of the current body of literabure
about the clinical parformance of ABUS, summarize available evidence, and identify gaps in knowl-
adge for fulure research.

Key Words: Automated breast ulirasound; breast cancer; ultrasonography; coronal view; 30
scanning.

D 2018 The Association of University Radiclogists. Publishad by Elssviar Inc. All rights resanvad.






TABLE 1. Diagnostic Performance of ABUS

Study author

Patients
({Lesions, BC)

Mean age
y {range)

sP
(%)

Reference standard

Comparative
accuracy to HHUS

Additional relevant findings

Chang (24)

Chang (25)

Chen (14)

Golatta (27)
Golatta (28)

Jeh (29)

Lin (32)
Kotsianos-
Hermle (33)
Shin (34)
Wang (35)

Wang (36)

Wojcinski (37)
Wojcinski (38)

‘Schmachtanberg

=9

N.A. (105, 24)

61 (82, 14)

175 (219, 67)

141 (150, 60)

42 (N.R., 20)

983 (N.R., 118)

173 (206, 46)

87 (106. 52

38 (88, 50)

MN.R. (35, 15)

97 (107, 39)

55 (145, 28)

213 (239, 85)

155 (165, 103)

50 (50, 14)
100 (100, 18)
28 (39, 15)

47214 (20-79)

41.7 (16-71)

46 (25-71)

51 (33-83)
55.7 (19-92)

48 (20-80)

40.7 (16-78)
52.4 (21-78)

48 (29-69)

43.0x12.5 (11-81)

43.1:21.2 (23-65)

52 (32-72) 100
52 (19-86) 83.3
44.6 (26-786) 93.3

63

T0.07

68.0
85.0

76.251"

52.8
781
83.3

Histology or imaging FUP
(mean 11.1=10.4
months, range 0-31
muonths)

Histology or imaging FUP
{mean 15 months, range
15-26 months)

Histology or FUP (not
specified)

Histology or imaging FUP
(mean 20 months, range
12-26 months)

Histology
Combination of HHUS,
mammography and

histology
Histology

Histology or imaging FUP
(mean 489 months, range
24-128)

Histology

Histology
Histology

Combination of HHUS,
mammeography and
histology

Histology

Histology

HHUS

HHUS

HHUS, MAI and histology
(if available)

MN.A.

N.S. HHUS: SE 88.1%,
SP B7.5%, FPR
12.5%, FNR 11.8%,
PPV 75.6%, NPV
84.3%

N.S. HHUS: SE 86.7%,
SP 64.4%

M. R.
N.R.

HHUS: SE 95.7% (P >
J05), SP 49.4 (P <
.0001)

N.S. HHUS: SE 98.7%.
SP BD.1%

MN.S.HHUS: SE 98.0
SP 62.5%

N.S. HHUS: SE
100.0%, SP 85.0%
MN.S.HHUS: SE 97.5%,

SP 88.5%
MN.S.HHUS: SE
100.0%, SP 93.0%

MN.S.HHUS: SE 90.6%,
SP B2.5%

MN.S.HHUS: SE 93.2%,
SP 88.7%

MN.S.HHUS: SE
100.0%, SP 83.3%

Mean diameter of the lesion, surrounding tissue
changes and shape of the mass were the final
most important factors associated with lesion
detectability.

The mean time to interpret the 3D ABUS data per
breast was 4.5 minutes (range 3.5—

7.5 minutes) for reader 1, 4.0 minutes (range 3.0-
7.0 minutes) for reader 2, and 5.5 minutes (range
3.5-9.5 minutes) for reader 3.

There were significant differences between
malignant and benign masses with respect to the
retraction phenomenon and hyperechoic rim.

Interobserver agreements between the four
radiclogists for final assessment of solid breast
masses were similar for 2D and 3D US
images (P > .05).

Fair agreement (k = 0.25-0.31) of ABUS with HHUS
and mammaography but total agreement rates for
dichotomized (benign versus malignant) lesions

Smaller lesions and lesions with lower final-
assessment category were less frequently
detected on ABUS (P < .011 and P <.0001,
respectively).

Final assessment of solid breast masses showed
substantial to almost perfect agreement between
HHUS and ABUS (k= 0.773+0.104)

Overall agreement for mass size, shape, posterior
features, orientation and BI-RADS category was
moderate while the overall agreement for
margins was fair (x = 0.25)

Perfect agreement between ABUS and pathological
diagnosis (k=0.942)

Correlation was good between ABUS and HHUS for
the BIRADS criterion “margins” (k=0.88)

Lesion detection was reliable (92%) only when
mean lesion diameter was=1.2 cm

The stellate margin had a high
specificity (98.4%) but a low sensitivity (57.5%),
with an accuracy to determine malignant and
benign lesions of 73.9%

BC, Breast cancer; FMNR, false negative rate; FPR, false positive rate; FUP, follow-up; HHUS, hand-held ultrasound; N.R., not reported; N.S., not significant P > .05); NPV, negative predictive wvalue; PPV, positive predictive value; SE,
sensitivity; SP, specificity.

* Combined evaluations of three readers (data for readers are, espectively, Sensitivity 78.6, 78.6 and 57.1%; Specificity 79.2, 87.5 and 21.7%).

T Combined evaluations of four readers (data for readers are, respectively, Sensitivity 100, 100, 88 and 93%; Specificity 58, 51, 83 and 86%).

# Mean value of two readers (data for readers are, respectively, Sensitivity 95.7 and 80.4%:; Specificity 70.6 and 81.9%).

§ Mean value of five readers (data for readers are, respectively, Sensitivity 100, 90, 100, 93 and 97%; Speclficity 92, 91, 86, 96 and 94%).




Staging is mandatory in the planning of breast
. conserving surgery. Magnetic resonance
~| imaging (MRI) is the most used modality for this
purpose, but ABUS can be proposed as a
~ valuable tool for operative planning, since it
o constitutes a global visualization of the lesion
_ | and its surroundings, especially in the coronal
‘ plane (“surgical view").
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Research article
Breast cancer staging: Combined digital breast tomosynthesis and
automated breast ultrasound versus magnetic resonance imaging

Rossano Girometti, Ludmila Tomkova®, Lorenzo Cereser, Chiara Zuiani

Fmstiture of Rodiclogy, Department of Medicine, [aiversity af Uidioe, Uiniversilye Heospital, 5. Mara defla Missricordio, pole 5. Moo dello Miserioordia m. 1.5, 33100, Lidine,
L, Tuly

ARTICLE ITNFO ABSTRACT

K eywoards: Purpose: To dnwestigate whether combined Digital beeast tomosynthesis and Automated breast volume scanmer

Ereast cancer (DBET-ABWVS) are comparable 1o Magnetic resonance imaging (MRI) in staging breast cancer.

Drigital breast Methods: We retrospectively included seventy-three patients with histologically proven breast cancer who wn-

Tomosynthesis derwent presperative AT, ABVS amd 1.5 T MRI in the period July 20015 - July 20016, Twa radiclogists in oon

Automated breast volume scanmer sensas recorded the number, gsite and Breast imaging-reporting amd data system (BI-RAIS) category of breast

Magmetic resonance imaging findings during itwo independent reading strategies, ie. DET-ABVE vs. MRI. Using histology or 1-year follow up
as the standard of reference, we caloulated the acouracy for cancer of both imaging strategics. Bland-Altman
amalysis wias used o evaluate the agresment betwesn MRID s, DET or ABVS in cancer size assessmenl.
Resulis: Patients showed a cotal of 160 lesions (108 malignant and 52 bendgn). Malignam lesions weers anifocal,
myultifoecal, multicentric and biltateral in 53, 15, 4 and 1 cases, respectively. Diagnostic accuracy of DET-ABVS
vs. MRI was comparable for all cancers (9000% [95%C.01 84.3-94.2] vs. 93.8% [95%C.0. B8.8-97.0], respec-
tively), DET-ABVS showed lower sensitivity amd  positive proedictive wvalaes for additional  disesse (76.5%
[95%42. 1. SRE.B-HU.E] v 91.7% [958 0 B6-96.1], and 7ERM [95%C L 61.0-91.00) wvs 93 4% [95%0C 1L
B6 997 3], respectively). Compared to MEIL ABVS 4+ DET missed & lesions, incdoeding two invasive cancers amnd
one cxtensive intravasoular invasion associated o doctal carcinoma in sito. Bland-Aliman analysis showed ABWVS
o agree with MRI s a higher extent than DBET in assessing cancer size,
Concluions: Though less performdng . DET-ABVS showed acceplable diagnostic accuracy in staging
breast cancer. This strategy might be uged i i= bl or unfeasible,
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IMAGING CON MDC

1RM
1CEM



Protocollo di studio RM per la mammella

Survey: immagine guida con sequenze di
localizzazione T1 pesata

Sequenza assiale (Short TI Inversion
Recovery Turbo Spin Echo) con soppressione
del segnale del grasso

Q TR/TE/TI = 3,800/60/165 ms,

a FOV = 250x 450 mm (AP X RL),

Q matrice di acquisizione 168 x 300,

Q 50 acquisizioni con spessore di strato 3
mm,

a fattore turbo 23

Sequenza assiale
a TR/TE=6300/130ms,
a FOV=250x450mm (APXRL),
Q matrice di acquisizione 336x600
Q 50 acquisizioni con spessore di strato 3
mm senza intervallo,

a fattore turbo 59

1 Indagine dinamica: sequenza T1 pesata gradient-
echo volumetrica

U TR/TE=4.4/2.0 ms,

U FOV=250x450x150 mm (APXRLXFH),
U matrice di acquisizione 168x300,
a

100 acquisizioni con spessore di strato 1,5
mm,

O fattore turbo 50

Acquisizione basale seguita da cinque
acquisizioni dinamiche della durata
ciascuna di 1.30 minuti per una durata
complessiva di 7 minuti circa previa
somministrazione endovenosa di
gadolinio



Caratterizzione RM dinamica

%j\IATURA ORMONALE
mass-like e

« ENHANCEMENT non mass like

« MORFOLOGIA : o

L)

* MARGINI o o ——

 CINETICA INTRA-LESIONALE DEL MDC MEDIANTE CURVE IS/T



Post - processing delle immagini

1 Sottrazione dellimmagine
1 MIP
1 MPR

1 Curve di enhancement Is/t




TIC ANALYSIS
CE IMAGES

1 The shape of TICs depends on
contrast material wash-in and
wash-out of breast lesions;

1 Contrast material wash-in had a Areria
low value of specificity justified by
many benign lesions showing
enhancement rates similar to those - —=
of malignant ones;

1 Contrast material wash-out
represents a very specific but a not
very sensitive sign of malignancy.
In fact, wash-out phenomenon is
found only in 57% of breast cancers.
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Abbreviated Combined MR Protocol: A New
Faster Strategy for Characrerizing Breast Lesions

Abstract

The use of an abbreviated magnetc resonance protocol consisting of 1 pre- and post-contrast T1 weighted
saequence has been proposed in order to screen for breast cancer. We propose an abbreviated magnetic
resonance protocol combining short Tl inversion recovery, turbo spin echo-T2 sequences, a pre-contrast fat
saturation T1 weighted, and a single intermediate post-contrast fat saturation T1 weighted seguence with the
cormasponding subtracted saries. It represents a time-saving tool with the same diagnostic potental as the
standard protocol for characterizing breast lesions.

STIA, turb = [ ] ' E: E: ngla intamediate 3
tinjaction) poe C [ = : Materials and Methods:
undearwveant braa

with the M E: st » > d or the MR imag
datactad 185

] e = and of ., B19%, - : = gnificant
. Thea meaan o e g and interpratat d 6 = 32 minute
wdard protocol and 1 = 1.2 minutes and 2 = 1.2 minutas f
ant differancea J0). Conclusion: An »mibined MR
s and patients with the samea diagnostic potantial as the stanc
MR for raaning, problam sobdi O pracparative 4
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Moschetta M et al. Clinical Breast Cancer 2016; DOI 10.1016/j.clbc.2016.02.008



TEMPI DI ACQUISIZIONE

Abbreviated combined MR protocol Standard MR protocol

STIR — Acquisition time 4 minutes STIR — Acquisition time 4 minutes
TSE T2 — Acquisition time 3 minutes TSET2 —Acquisition time 3 minutes
Pre-contrast THRIVE — Acquisition time 1.3 minutes Pre-contrast THRIVE — Acquisition time 1.3 minutes
1 Post- contrast THRIVE — Acquisition time 1.3 minutes 5 Post-contrast THRIVE sequences —Acquisition time

_ _ 7.3 minutes
(2 minutes after gadolinium injection)

Total acquisition time ({10 minutes) Total acquisition time {16 minutes)

Moschetta M et al. Clinical Breast Cancer 2016; DOI
10.1016/j.clbc.2016.02.008
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STAGING LOCOREGIONALE

1 CUTE

1 MUSCOLO PETTORALE
1 LN ASCELLARI

1 LN MAMMARI'INTERNI
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MRI as a biomarker for breast cancer diagnosis
and proghnosis

'FRANCESCA GALATI, MD PhD, 'VERONICA RIZZO, MD, ?RUBINA MANUELA TRIMBOLI, MD, PhD, 'ENDI KRIPA, MD,
'ROBERTO MARONCELLI, MD and 'FEDERICA PEDICONI, MD

~f Radiole

CONCLUSIONS

Breast MRI may act as a diagnostic and prognostic tool to
improve BC management through the extraction of a plenty of
functional cancer parameters serving as imaging biomarkers.
The intrinsic multiparametric nature of MRI provides speci
information to visualize and quantify the functional proce

of cancer development and progression, in order to improve
detection and characterization of breast lesions, monitoring and
prediction of response to therapy, and differentiation of biolog-
ical BC subtypes. Moreover MRI images, due to their complex
information content, are a fertile ground for AT applications.
These may improve the integration of imaging biomarkers in
clinical decision-making through the building of accessible
predictive integrated models aiming at individualized medicine.
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Relatore
Note di presentazione
ILC consists of small uniform cells that infiltrate circumferentially around ducts and lobules and are arranged in a classic single-file pattern.
Although generally of a good prognostic phenotype, being low histologic grade, estrogen and progesterone receptor (ER/PR) positive, and HER2 negative, ILC can be highly metastatic.
The low density of tumor cells and lack of desmoplastic stromal reaction account for difficult clinical or mammographic detection.



MRI SENSITIVITY: 93%-95%

SUPERIOR TO MX AND US FOR
LOCAL STAGING (MULTIFOCALITY,

MULTICENTRICITY, TUMOR SIZE)

AFFECT CLINICAL TREATMENT IN
50% OF PATIENTS WITH ILC,
LEADING TO CHANGES IN
SURGICAL TREATMENT IN 28% OF
CASES.

FUNDAMENTALS




Multifocal disease, more extensive at MRI




Supraclawvicular

High axillas
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Parker et al. (2002) L inal A HER2-enriched Basal-like MNormal-like

Prat and Perou
(2a11)

Molecular classification

HERZ2-enriched

Lefimann et al.
(2016}

Cancers 2022, 14, 3876. https://doi.org/10.3390/cancers14163876
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> US
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> MRI

» CEM

» PET-CT
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< frontiers | Frontiers in Oncology

Advances in Imaging in Evaluating
the Efficacy of Neoadjuvant
Chemotherapy for Breast Cancer

Xianshu Kong ", Qian Zhang'", Xuemei Wu ', Tianning Zou’, Jiajun Duan’, Shujie Song?=,
Jianyun Nie?, Chu Tao’, Mi Tang?2, Maohua Wang?, Jieya Zou’, Yu Xie?, Zhenhui Li*"
and Zhen Li"™




Study Number of patients

Research type

Examination

Sensitivity (%)

Specificity (%o)

SRR IV

W= oM

Keune et al. (B) 192
Skarping et al. (15) 202
lotti et al. (22) 46
Patel et al. (23) BS
Barra et al. (24) 33
ElSaid et al. (25) 21
Xing et al. (26)

Amioka et al. (31) B3
Huang et al. (34)

Wang et al. (38)

Fernandes et al. (43)

Katyan et al. (£4)

Jing et al. (45)

Lee et al. (46)

Maier et al. (48)

Sannachi et al. (49)

Yu et al. (52)

Altoe et al. (54)

Tran et al. (55)

Bouzon et al. (58)

Cheng et al. (66)

Zheng et al. (70)
Fukuda et al. (72)

Zhu et al. (78)

Richard et al. (79)

Liu et al. (81)

Che et al. (B7)
Jagannathan et al. (103)
Tozaki et al. (104)
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Magnetic resonance imaging in breast cancer management in the context of
neo-adjuvant chemotherapy
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ARTICLE INFO ABSTRACT

Keywaornds: This review discusses the clinical applications of magnetic Tesonance imaging (MR for the assessment of neo-

MRI adjuvant chemotherapy (MAC) indication, axillary lymph node status, preNAC cancer prognosis, early and in-

Nec-adjuvant chemotherapy termediate response to NAC, and post-MNAC residual disease in patdents with breast cancer. Contrast-enhanced

Breaet cances MEI with anal y=isof the tumor morphological features and gualitative enhancement kinetics must be conside red
as the standard method for pre-MAC breast cancer staging and post-MAC residual disease assessment. Diffusion-
weighted imaging (DWI) is casy to perform and may increase the specificity of breast MRI for tumor staging, and
also for the assessment of wmor multifomlity and multicentricity and lymph node statos, It also provides anm
ancillary added value in the early and post-NAC response eval uation. Changes in the fomctional tomor volume
are the main criterion for the ecarly response smalysis. Other MBI methods, such as quantiatwve perfusion ana-
lysis, MR spectroscopy and texture analysis, are still under study.
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q
Contrast enhanced mammography: ity

focus on frequently encountered benign
and malignant diagnoses

Mindy L. Yang'?, Chandni Bhimani'?, Robyn Roth' and Pauline Germaine'”

Table 1 Current Indications for CEM

High-risk screening (not an FDA approved indication but under investigation)

Supplementation to screening mammodgraphy in heterogeneously dense and extremely dense breast parenchyma in accordance with local state
regulations, usually in the setting of dense breast clinic

Further assessment of inconclusive findings on diagnostic workup
Assessment of palpable abnormality with negative prior workup
Staging of known breast cancer, particularly in patients with contraindications to MRI

Assessment of response to chemotherapy, especially in patients with contraindications to MRI
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Contrast-enhanced mammography-guided biopsy: technical
feasibility and first outcomes
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Abstract

Objectives Toevaluate the feasibi bt of contrast-enhanced mammography (CEM -ruded bropsy at Hospital del Mar, a Spamish

university hospital.

Methods We retrospectively meviewed all consecutive women with a suspicious enhancimg fimding ehigible for CEM-muoded
Sepiember

202 1) CEM-puided biopsy is a stersotactic-based procedure that, by using mitmvenous iodimat ad contrast media adminis tmiion

and dual-enerry acguisiton, provides locahsation of enhaneimy lesions. All the bopsies were peformmed usim e a vacurm-assi sted

device. We collected proceduml] chamctenstios (patient position and tvpe of approach), and histopatholomeal results. Feasibility

cndpomts meluded success (visuahisation of the enhmemyg kswon, postprocedum] bopsy changes and chip placement), proce-

dural time, number of scout acqusitions and comphications,

Results A tolal of 66 susprcrous enhanang leswons (18056 foer, 44050 mass, 38 0% non-mas s enhancements median size 8.5 mm)

m 64 patients (meadian ape 59 vears, mosthy mimimal [48.4%)] or muld [32 8%)] bwkeround parenchymal enhanceament) wene

refemad for CEM-zuded biopsy in the study perod. The success rate was 6366 (95 4%, Amon st successful procedurss, patients

were most fresquenty seated (52063, 82.5%) and the prefemed approach was horcontal (48463, 76.2%). Madian total time per

procedurs was 15 min. Median number of acqusitions nesded before tarpaimg was 2 (range |4 Complimtions consisted of

hamatoma (1 763, 27%) md vasovagl reacton (2063, 3.29). At histology, the malignamey rake was 2563 (39.79%).

Condusion In this first patient series, CEM-puided breast biopsy was feasible, with suceess and complication rates similar to

those previously reported for mametic resonance gudance.
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