
L’imaging di stadiazione

Marco Moschetta
Responsabile 

UOSD Radiodiagnostica ad Indirizzo 
Senologico

Coordinatore Breast Care Unit 
Università degli Studi di Bari



IMAGING
MORPHOLOGICAL TECHNIQUES

Mammography / DBT
US / ABUS

DYNAMIC TECHNIQUES
MR
CEM



IMAGING PREOPERATORIO
STAGING

T SIZE
MULTIFOCALITA’
MULTICENTRICITA’
BILATERALITA’
CDIS – RICERCA CI
CI – VALUTAZIONE ESTENSIONE 
COMPONENTE IN SITU



IMAGING SENZA MDC

DBT
US
ABUS





DBT INDICATIONS
Lesion visibility
Replacement for Traditional Supplemental Imaging
Assessment of Noncalcified Cancers

 Architectural Distortion
 Focal Asymmetry
Masses

Localization of Single-View Findings
Breast Cancer Staging



Tumor Size

Number of Tumor Lesions or Satellite Lesions 

Evaluation of the Contralateral Breast

After MRI 

DBT INDICATIONS













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.







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) 



























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%.



US



US

⮚ 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 più difficoltosa
Piano assiale e sagittale







⮚ 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















INTERVENTIONAL

US-CNB









“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 morbilità
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”



METODICHE DI IMAGING
• US
• RM

• TC 

• PET-TC



RUOLO DELLA DIAGNOSTICA PER 
IMMAGINI 

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-FNAC 

US-CNB 

“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 

DEPOSITI CELLULARI 
SOTTOCAPSULARI

DEPOSITI CELLULARI 
CORTICALI

DEPOSITI CELLULARI 
MIDOLLARI



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



• MORFOLOGIA ROTONDEGGIANTE  

• ECOSTRUTTURA DIFFUSAMENTE 

IPOECOGENA  

• PERDITA IPERECOGENICITA’ ILARE 



MICROCALCIFICAZIONI DELLA 

LESIONE  PRIMITIVA (MX) E NEL 

CONTESTO DI 

LINFOADENOPATIA ASCELLARE 

(US)





POTENZIALITA’ US

⮚ELASTOGRAFIA

⮚DOPPLER

⮚ABUS



MULTIPARAMETRIC US

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. 

“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”



“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.



 POWER DOPPLER IMAGING(PDI)

 COLOR DOPPLER FLOW IMAGING (CDFI)

 SUPERB MICROVASCULAR IMAGING (SMI) 

 CONTRAST-ENHANCEDULTRASOUND (CEUS)

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

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

QUALITATIVE ASSESSMENT (ENHANCEMENT PATTERN)

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






















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
constitutes a global visualization of the lesion
and its surroundings, especially in the coronal
plane (“surgical view”).



































IMAGING CON MDC

RM
CEM



Protocollo di studio RM per la mammella
Survey: immagine guida con sequenze di 
localizzazione T1 pesata
Sequenza assiale STIR (Short TI Inversion
Recovery Turbo Spin Echo) con soppressione 
del segnale del grasso 
 TR/TE/TI = 3,800/60/165 ms, 
 FOV = 250x 450 mm (AP X RL), 
 matrice di acquisizione 168 x 300, 
 50 acquisizioni con spessore di strato 3 

mm, 
 fattore turbo 23
Sequenza assiale T2 pesata TSE 
 TR/TE=6300/130ms,
 FOV=250x450mm (APXRL), 
 matrice di acquisizione 336x600
 50 acquisizioni con spessore di strato 3 

mm senza intervallo, 
 fattore turbo 59

Indagine dinamica: sequenza T1 pesata gradient-
echo volumetrica THRIVE 
 TR/TE=4.4/2.0 ms, 
 FOV=250x450x150 mm (APxRLxFH),
 matrice di acquisizione 168x300, 
 100 acquisizioni con spessore di strato 1,5 

mm,

 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

• ENHANCEMENT 

Focale (diametro inferiore a 5 mm)
mass-like
non mass like

• MORFOLOGIA

• MARGINI 

• CINETICA INTRA-LESIONALE DEL MDC MEDIANTE CURVE IS/T

NATURA  ORMONALE

DCIS



Post - processing delle immagini

Sottrazione dell’immagine

MIP

MPR

Curve di enhancement Is/t



The shape of TICs depends on
contrast material wash-in and
wash-out of breast lesions;
Contrast material wash-in had a
low value of specificity justified by
many benign lesions showing
enhancement rates similar to those
of malignant ones;
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.

TIC ANALYSIS
CE IMAGES





PROTOCOLLO 
ABBREVIATO

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



TEMPI DI ACQUISIZIONE

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



STAGING 



STAGING LOCOREGIONALE

CUTE
MUSCOLO PETTORALE
LN ASCELLARI
LN MAMMARI INTERNI





Pathologic features

single-file pattern

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 
 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.



Multifocal disease, more extensive at MRI







NACT



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



IMAGING
 MX –DBT

 US

 ABUS

 MRI 

 CEM

 PET-CT









RM

SIZE
MULTIFOCAL DISEASE
MULTICENTRIC DISEASE
CONTROLATERAL
PECTORAL
SKIN







FRAGMENTATION



CEM



CEM



















CEM 
STAGING
PROBLEM SOLVING
MEDIO E ALTO RISCHIO
PZ SINTOMATICHE 
VALUTAZIONE RISPOSTA A NAC
FOLLOW UP PZ OPERATE
GESTIONE B3 VALUTAZIONE VAE











RM vs CEM
Staging preoperatorio
Screening alto rischio
NAC
Impianti protesici
CUP Syndrome
Mammella operata
Problem solving
Mammella secernente

Switch from MRI to CEM biopsy



INDICAZIONI RM CEM

ENHANCEMENT CUTANEO VISIBILE NON VISIBILE

LINFONODI MAGGIORE COPERTURA ANATOMICA NON SEMPRE VISIBILI
NO MAMMARIA INTERNA

SPECIFICITA’ MENO SPECIFICA PIU’ SPECIFICA

CONTROINDICAZIONI PACEMAKERS, OBESITA’, ETA’, 
CLAUSTROFOBIA

IMPIANTI PROTESICI, INSUFFICIENZA 
RENALE

DIFFUSION SI NESSUNA INFORMAZIONE

RADIOMICA – AI - PREDIZIONE SI SI

RX NO SI

POST-PROCESSING PIU’ COMPLESSO – MAGGIOR NUMERO DI
DATI

NON NECESSARIO – NESSUNA 
INFORMAZIONE CU CINETICA

ARTEFATTI COMUNI MENO EVITABILI MENO FREQUENTI EVITABILI

SISTEMI DI BIOPSIA SI SI
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