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Argomenti

▪ Valutare il ruolo della RM nel monitorare la risposta tumorale a NCT;

▪ Illustrare le problematiche aperte;

▪ Valutare il potenziale ruolo della RM come Imaging biomarker;

▪ Illustrare come valutare un esame RM e cosa riportare nel referto quando
l’indicazione e’ il monitoraggio della risposta tumorale (casi clinici).



Indicazione al trattamento neoadiuvante definita da team multidisciplinare;

1. Baseline MRI: large potentially operable breast cancer, prima
dell’inizio della PCT (LoE-1; DoR-A)

2. Post PCT MRI: dopo 2 settimane da ultimo ciclo e entro due
settimane dalla chirurgia (EPO);

-In caso di non risposta clinica o all’Imaging convenzionale la RM non e’ mandatoria

In entrambe le condizioni i tempi di programmazione ed il management
dei risultati della RM (additional lesions) non devono determinare
posticipazioni del trattamento terapeutico.

Protocollo tecnico: T2 e DCE-MRI

Eusoma reccomendations
(EJC, 2010)



44 studies
2,949 patients

Mean pCR rate 16% 
(2.6%-54.9%)

Mean Accuracy 88%

pCR and DCE-MRI

Ruolo della RM nel monitorare la risposta tumorale a NCT✔️



3,119 citations
35 selected papers;
2,359 patients

Extent of residual disease
DCE-MRI vs Pathology
Correlation Coefficient
0.698 (range 0.21–0.982)

Residual disease and DCE-MRI

Ruolo della RM nel monitorare la risposta tumorale a NCT✔️



3,119 citations
35 selected papers;
2,359 patients

Extent of residual disease
DCE-MRI vs Pathology
Correlation Coefficient
0.698 (range 0.21–0.982)

Residual disease and DCE-MRI

Ruolo della RM nel monitorare la risposta tumorale a NCT✔️

In  tutti i soggetti candidabili a PCT secondo i criteri 
appena visti ed indipendentemente dal tipo di 

intervento pianificabile post PCT 

Multicentricita’: Chemo-sensitivity



In  tutti i soggetti candidabili a PCT secondo i criteri appena visti ed 
indipendentemente dal tipo di intervento pianificabile post PCT 

? Multicentricita’ + PCT?



“Variables associated with breast MRI use on performing mastectomy after neoadjuvant chemotherapy 
per histologic subtype"

Performance diagnostica RM e caratteristiche biologiche della neoplasia 



MRI before and after NCT 
Radiologic response determined on RECIST 1.1. criteria

194 patients with HER2-negative breast cancer.
82.5% of the cases were ER-positive

AUC value 
MRI and pCR 0.63 (95% C.I. 0.52-0.74) 

ER-negative 0.75 (95% C.I. 0.57-0.94) 
ER-positive 0.57 (95% C.I. 0.44-0.70) 

Correlation coefficient for the residual tumour size
MRI and pathology 0.46 (P <  0.001)

ER-negative breast tumours 0.76  (P <  0.001)
ER-positive tumours 0.40 (P <  0.001)

Performance diagnostica RM e caratteristiche biologiche della neoplasia 



188 patients
“All HER2-positive tumours were treated with a trastuzumab-based regimen.”

Performance diagnostica RM e caratteristiche biologiche della neoplasia 



Ko ES, Ann Surg Oncol 2013 

Performance diagnostica RM e caratteristiche biologiche della neoplasia 



In  tutti i soggetti candidabili a PCT secondo i criteri appena visti ed 

indipendentemente dal tipo di intervento pianificabile post PCT 

? Multicentricita’ ?

? CLI multicentrici ?

? Neoplasie luminali ?

? Lesioni non mass a distribuzione diffusa?

X

Problematiche aperte



▪ E’ raccomandato in quanto il downstaging chemioindotto potrebbe rendere
non più identificabile la sede della pregressa neoplasia al termine della NAC.

▪ Neoplasia unifocale e multifocale (pCR e BCS probabile post NAC)
▪ Centrolesionale
▪ Clips amagnetiche radiopache/ecovisibili o marcate con tracciante

radioattivo.

Reperimento pre-trattamento

ypT0;N0
No residual invasive cells. 
Grade of response 5/5 (pCR)

✔️



▪ Concomitante valutazione delle variazione dei reperti RM fra pre e post PCT

▪ Anche alla luce dell’Imaging Convenzionale (microcalcificazioni associate)

▪ Nel post PCT, l’enhancement residuo nella sede della pregressa neoplasia
deve essere considerata come segno di rimanenza di malattia.

▪ Misurazione del residuo di malattia dopo PCT, secondo criteri RECIST or
WHO;

▪ Se multifocalita’ o multicentricita’ somma del diametro massimo delle lesioni.

Come valutare e cosa riportare nel referto se l’indicazione della RM e’ monitoraggio PCT 

Eusoma reccomendations
(EJC, 2010)



44 papers; 2,949 patients
pCR mean rate 16% (2.6%-54.9%)

Complete absence of MRI 
enhancement (threshold 1)
Sensitivity 87% (80-92)
Specificity 54% (39-69)

Contrast enhancement equal 
to/less than normal breast tissue 
(threshold 2) 
Sensitivity 83% (69-91)
Specificity 83% (64 -93) 

MRI accuracy differed according to the definition of radiologic Complete Response (P = .01)

Performance diagnostica RM e classificazione della risposta (rCR)…✔️



▪ “Factors in overestimating tumour size might be:

▪ reactive inflammation caused by tumour response and healing,

▪ surrounding sclerosis and necrosis,

▪ multiple scattered lesions and presence of accompanying ductal carcinoma in situ

▪ Underestimation was also observed in the NAC setting. Causes might be:

▪ antivascular effects of docetaxel (resulting in less tumour enhancement),

▪ lack of inflammatory response surrounding the tumour in docetaxel patients,

▪ more extensive ductal carcinoma in situ components

▪ partial volume effects in very small foci of residual disease”

Similar  with 3T equipment
Chen, Radiology, 2011

…pur considerando le implicazioni✔️



Non e’ una problematica sulla pianificazione 
chirugica

se pianificato BCS

ma potrebbe essere un limite ora che si sta iniziando 
a parlare di omissione chirugica nelle pCR

MICROFOCOLAIO RESIDUO (diametro < 0,5 mm) DI
CARCINOMA DUTTALE IN SITU DI ALTO GRADO NUCLEARE
(c.d. DIN3 sec. WHO 2003) IN PARENCHIMA MAMMARIO
CON ESITI DI TERAPIA NEOADIUVANTE (fibrosclerosi,
microcalcificazioni distrofiche, focolai di flogosi cronica).



Omissione chirurgia

pCR= no in situ ed invasive

Rationale
Recent studies have demonstrated that shrinking 
tumours need less surgical treatment. Extrapolating 
this to the extreme, patients with a pCR would 
potentially not require surgery at all.

Prospective
The radiological complete response (cCR= cCR+nearcCR) 
was diagnosed integrating all findings of the imaging 
available by our internal standard operating procedures
(MRI > ultrasound > mammography).

Problematiche aperte



Rationale
Recent studies have demonstrated that shrinking tumours need
less surgical treatment. Extrapolating this to the extreme, patients
with a pCR would potentially not require surgery at all.

Prospective
The radiological complete response (cCR) was diagnosed
integrating all findings of the imaging available by our internal
standard operating procedures (MRI > ultrasound >
mammography).

Problematiche aperte

NPV 76.7% (95% CI 65.0-88.4)
FNR 25.9% (95% CI 13.8-38.0)

A confirmative, multicenter, diagnostic trial to validate 
these results is warranted

Omissione chirurgia

pCR= no in situ ed invasive



Risposta a livello ascellare

Problematiche aperte



Valutazione della risposta ascellare

1240 breast cancer patients 
undergoing NCT

“Demonstrating that the diagnostic performance of axillary ultrasound might be influenced by NST.
Single-center data demonstrates that implementation of further imaging techniques like MRI or PET can improve the accuracy
but data from prospective multi-center trials are not available.
Improving the accuracy in predicting axillary lymph node status will need a more comprehensive approach”.

Problematiche aperte



272 Patients

US, MRI e CT-PET before and after NCT

“Performance characteristics of US, MRI, and PET-CT, while informative, were inadequate 
to preclude surgical axillary staging of in breast cancer patients after NAC”

Problematiche aperte

Valutazione della risposta ascellare



Valutazione della risposta ascella

SLNB 74 pazienti
25 successiva DA

DA in 30 pazienti

Problematiche aperte



Valutazione della risposta ascella

Acta radiologica 2017

157 patients 
both initial and follow-up US and MRI

Ax pCR achieved in 20–42% of patients.

Nodal metastasis at US: 

loss of fatty hilum, 
cortical thickening more than 3 mm,
round or irregular shape,
increased extrahilar vascularity

rCR ascellare =  
normalità in termini di dimensioni e caratteristiche radiologiche.

Nodal metastasis at MRI:

Contrast enhancement,
irregular nodal contour, 
nodal size >5 mm
Absence of fatty hilum

Problematiche aperte



Valutazione della risposta ascella

Acta radiologica 2017

157 patients 
both initial and follow-up US and MRI

Ax pCR achieved in 20–42% of patients.

Problematiche aperte

118 patients pre-NAC positive metastatic lymph nodes on fine-needle aspiration,

POST NAC
75 (64%) had positive lymph nodes 
43 (36%) showed conversion to negative axillary lymph node status on final surgical pathology

ER positivity was related to discordant diagnoses on ultrasonography, MRI, and combined imaging 



402 cN0 patients. Median tumor size was 4cm. 
38% were ER+/HER2-, 30% HER2+, and 32% triple negative. 

All had pre-NAC mammograms, 40% axillary ultrasound, 83% MRI, and 51% PET. 
Abnormal nodes on imaging were seen in 208 patients (52%)
128 had pre-NAC node biopsy, and 75 were positive. 

Overall, 28% (n=111) of patients were ypN+ after NAC 

Valutazione della risposta ascella

Problematiche aperte



527 consecutive patients with TN and HER2+
237 N1 290 N0
251 BCS 276 mastectomy
Final nodal surgery consisted of sentinel node biopsy in 302 patients and axillary lymph node dissection in 225.
(36.6%) achieved a breast pCR

BpCR

No
BpCR

Problematiche aperte

Omissione chirurgia

BpCR= no in situ ed invasive



“Patients without a pCR had a relative risk for positive final nodal pathologic findings of 7.4
(95% CI, 3.7-14.8; P < .001) compared with patients with a pCR”

“The greatest increase in relative risk was seen in patients who presented with N0 disease and 
who did not have a breast pCR (14.0; 95%CI, 0.8-237.0)”

527 consecutive patients with TN and HER2+
237 N1 290 N0
251 BCS 276 mastectomy
Final nodal surgery consisted of sentinel node biopsy in 302 patients and axillary lymph node dissection in 225.
(36.6%) achieved a breast pCR

Omissione chirurgia

BpCR= no in situ ed invasive

Problematiche aperte



Ruolo della RM come Imaging biomarker



Research issues

Value of non-conventional MR techniques such as contrast-enhanced perfusion
studies for kinetic evaluation, diffusion-weighted imaging, and proton MR
spectroscopy (single-voxel or 2D/3D chemical shift imaging).

Pianificazione chirurgica e prediction

Value of CAD systems for automated tumor volume determination.

Usefulness of additional MR examinations during the NAC aimed at evaluating
early and intermediate tumor response.

Clinical value of NAC switching on the basis of MRI data (welcome RCTs)

Eusoma reccomendations
(EJC, 2010)



DWI▪ 70 locally advanced breast cancer in 69 patients

▪ Imaging: before and after PCT

▪ Standard of Reference: pathology (pCR vs size of residual disease)

Sensitivity 97%

Specificity 89%

Accuracy 96%

Sensitivity 93%

Specificity 56%

Accuracy 89%

Woodhams, Radiology 2010

3) Problematiche aperte



Valutazione della risposta ascella

49 Pazienti con metastasi ascellare (FNAB) pre NAC.
RM pre e post
Trattamento Chirurgia mammaria e DA. 

«DWI is not useful in assessing nodal status in advanced breast cancer…An increase of mean ADC which is
close to statistical significance has been observed after neoadjuvant chemotherapy in lymph nodes with 
residual macrometastases». 

3) Problematiche aperte



Research issues

Value of non-conventional MR techniques such as contrast-enhanced perfusion
studies for kinetic evaluation, diffusion-weighted imaging, and proton MR
spectroscopy (single-voxel or 2D/3D chemical shift imaging).

Pianificazione chirurgica e prediction

Value of CAD systems for automated tumor volume determination.

Usefulness of additional MR examinations during the NAC aimed at evaluating
early and intermediate tumor response.

Clinical value of NAC switching on the basis of MRI data (welcome RCTs)

Eusoma reccomendations
(EJC, 2010)



▪9 studi: criterio uni o 
bidimensionale
▪3 studi: 3D volume 
▪4 studi: criteri funzionali 
(Ktrans, kep, contrast uptake)
▪1 studio: patterns di shrinkage

DCE-MRI
Outcome a breve termine: Identificazione precoce della risposta

Marinovich L, The Breast 2013

classificazione della pCR



Hylton N, Radiology 2012Marinovich L, The Breast 2012

Pathologic Complete Response (pCR)
Breast and Axillary Level

Modificazioni durante PCT vs Baseline
1) volume tumorale >65% 

Marinovich L, The Breast 2013

Volume DCE-MRI
Outcome a breve termine: Identificazione precoce della risposta



109 lesioni mass; 27 non mass

Baseline e meta’ trattamento

pCR (24) vs RCB (112) 

Functional tumour volumes (FTVs), automatically derived using vendor software 
Enhancing tumour volumes (ETVs), using a semi-automated thresholding technique

FVT

EVT



Hylton N, Radiology 2012Marinovich L, The Breast 2012

225 pazienti  
DWI pre e post NCT
pCR rate 17.3%

Bufi E, Clinical Breast Cancer 2015

ADC - DWI
Outcome a breve termine: Identificazione precoce della risposta

Ruolo della RM come Imaging biomarker



Hylton N, Radiology 2012Marinovich L, The Breast 2012

242 pazienti
DWI pre, dopo 3 e 12 settimane e post NCT
pCR (yT0is/N0) 80/242

ADC - DWI
Outcome a breve termine: Identificazione precoce della risposta

Ruolo della RM come Imaging biomarker

Maggiore significativita’ statistica per luminali HER2 -



Hylton N, Radiology 2012Marinovich L, The Breast 2012

242 pazienti
DWI pre, dopo 3 e 12 settimane e post NCT
pCR (yT0is/N0) 80/242

ADC - DWI
Outcome a breve termine: Identificazione precoce della risposta

4) ruolo della RM come Imaging biomarker

No Associazione ADC e DCE-MRI

Si’ ADC changes a 12 settimane
Protocollo standardizzato e verificato
mediante utilizzo di fantoccio



Texture
44 pazienti 

pCR+ (Smith’s Grade = 5) vs pCR− (Smith’s Grade < 5); 

pCRN+ (breast and axylla pCR) vs pCRN−. 

“When considering the prediction of pathological response at both breast and axillary level (pCRN+ vs 
pCRN−), four parameters were able to discriminate, before the treatment, between patients achieving
pCRN+ and subjects obtaining pCRN−, and all of them reached high sensitivity, with poor specificity.”

Ruolo della RM come Imaging biomarker



Yi, Radiology 2013

187 Pz;  38 recidive; follow up medio: 47.4 mesi

Smaller tumour volume and contrast uptake reduction → increased recurrence and mortality risk 

Prognosis
Ruolo della RM come Imaging biomarker



Prognosis

219 pazienti

Ruolo della RM come Imaging biomarker



Prognosis

219 patients

“persistence after NAC should be regarded to as a marker of a particularly aggressive tumor profile”.

4) ruolo della RM come Imaging biomarker



Research issues

Value of non-conventional MR techniques such as contrast-enhanced perfusion
studies for kinetic evaluation, diffusion-weighted imaging, and proton MR
spectroscopy (single-voxel or 2D/3D chemical shift imaging).

Pianificazione chirurgica e prediction

Value of CAD systems for automated tumor volume determination.

Usefulness of additional MR examinations during the NAC aimed at evaluating
early and intermediate tumor response.

Clinical value of NAC switching on the basis of MRI data (welcome RCTs)

Eusoma reccomendations
(EJC, 2010)



▪ RM metodica più accurata (in-breast response)

▪ DCI, HER2 type e Triplo Negativi

▪ Localizzazione pre NAC

▪ DWI probabile futuro

▪ Risposta ascellare con RM (e Imaging) subottimale

▪ Presto per parlare di omissione chirugica

▪ Volume tumorale DCE-MRI e’, ad oggi, l’Imaging biomarker
maggiormente affidabile e standardizzato

▪ Altri Biomarkers: Necessità di standardizzazione

Conclusioni



▪ Enhancement residuo nella sede della neoplasia?

Diagnostic work-up: A possible scheme

▪ Quale pattern di shrinkage?

▪ Conspicuita’ dell’enhancement residuo?

▪ Quale dimensione dell’enhancement residuo?



Features relevant to the disease 
(biological biomarkers) that can be 
studied using the available imaging and 
computational techniques (imaging 
biomarkers).

Relationship between biological and 
imaging biomarkers

To do: 
Standardization of image acquisition and analysis

Design of  trials to show the ability of a biomarker to measure the clinical 
endpoints

Evaluation of  influence of potential variations related to patient’s 
characteristics and treatment regimens

Volume changes during PCT


