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Breast imaging from 1970s to 2020s:
a never-ending evolution

Mammography → DM → DBT/synth 2D → CEM → CE-DBT 

Stereotaxis → DBT guidance → CEM guidance

US → Real time & Hi-Freq. → Color Doppler → Elastography → ABUS
 

Fine needle → Core biopsy → VAB
→  Image-guided treatment

MRI → CE-MRI → DWI
MRI-guidance

(Dedicated breast CT?)
(Optical, photoacustic BI?)

CAD → AI (ML/DL)



Public calls launched in 2014

https://healthcare-quality.jrc.ec.europa.eu/



https://healthcare-quality.jrc.ec.europa.eu/ecibc/european-breast-cancer-guidelines. June 13, 2023





Elaborazione SIRM su dati EUROSCREEN, 
Cancer Epidemiol Biomarkers Prev 2014

Every 100,000 women who attend biennial screening 

mammography for 20 years we save 800 lives

Every 1,000 women who attend biennial 

screening mammography from 50 to 69 years 

of age, followed up to 79 (30-year 

observation):

8 women survived after a BC diagnosis thanks to the 

screening

Other 47 women survived after a BC diagnosis

4 women had a sovradiagnosed BC

12 women dead for BC

30 women had needle biopsy of benign findings

170 women were recalled and had further imaging 

for benign findings

729 women, never recalled, were reassured on the 

absence of BC

Data from Paci et al, 
Euroscreen WG. Cancer 
Epidemiol Biomarkers 
Prev 2014

ICONOGRAM SHOWING THE FFECTS OF SCREENING MAMMOGRAPHY IN EUROPE
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A… partial CT

DIGITAL BREAST TOMOSYNTESIS (DBT)

http://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCN6X-6yEs8cCFUSzFAodRcsFZA&url=http://www.healthcare.siemens.com/mammography/be-sure/advanced-diagnosis&ei=41rTVZ6aMsTmUsWWl6AG&bvm=bv.99804247,d.bGg&psig=AFQjCNESiAVko-CBKaUDFPG2bNXjPg8RKg&ust=1440000753797108
http://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLD8_NaEs8cCFYu2FAodn7sFmw&url=http://www.medmonitor.hu/meditech/make-a-difference-20111026&ei=O1vTVfDyOIvtUp_3ltgJ&bvm=bv.99804247,d.bGg&psig=AFQjCNESiAVko-CBKaUDFPG2bNXjPg8RKg&ust=1440000753797108
http://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCI2vsuuEs8cCFUm2FAodnxICLw&url=http://posterng.netkey.at/esr/viewing/index.php?module%3Dviewing_poster%26task%3Dviewsection%26pi%3D118206%26ti%3D383817%26searchkey%3D&ei=ZlvTVY3kLcnsUp-liPgC&bvm=bv.99804247,d.bGg&psig=AFQjCNESiAVko-CBKaUDFPG2bNXjPg8RKg&ust=1440000753797108
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DBT: YES

 

MRI: NO

ABUS: NO

HHUS: NO

Aug 3, 2021

Aug 3, 2021



Jan 21, 2022





Neoangiogenesis
Increased: 
- Vascularity (new and larger vessels)
- Microvascular permeability 8
- Interstitial space 3-5 

Gd-enhancement
Sensitivity for invasive cancers  95%Folkman, N Engl J Med 1995

Contrast-
enhanced 

breast MRI



Paget disease, DCIS



The long way to MRI acceptance

1986

2008

2010

2022

2015



• High breast cancer incidence  (>4-5x)

• Data on MRI performance (sens./spec.) with at least 30% 

increase in sensitivity versus mammography/US

• MRI earlier detection of smaller cancers accepted 

as a proxy of patient outcome, translated from 

screening mammography, notwithstanding the 

concomitant ovarian cancer risk

• Large multidisciplinary acceptance (since 2007, ACS)

• Discussion only on risk thresholds (eg, LTR 20% or 30%)

BREAST MRI HIGH-RISK SCREENING



MRI SCREENING OF HIGH-RISK WOMEN

2007



HIGH-RISK SCREENING: HIBCRIT-1
Modality Sensitivity %         Specificity %        PPV2 %         NPV % LR+ LR-

CBE 17.6 99.4 60.0        96.1 30.9 0.83

Mammography      50.0 99.1 73.5        97.6 58.1 0.50

US                      52.0               99.2 76.5        97.7 66.0 0.48

MRI                     91.3*            97.4         61.8       99.6* 35.1 0.09*

Mam + US 62.5 98.4 65.2        98.2 39.0 0.38

MRI + Mammo 93.2 97.0 58.6        99.7 31.5 0.07

MRI + US 93.3 97.1 60.0        99.7 32.0 0.07

Sardanelli F et al. Invest Radiol 2011 

* Stat. significance

Overall Sensitivity

Film-screen             17/31   55%

Digital (CR or FFD)   8/19    42%

Sensitivity for pT1a-b

Mammo & US          10/20   50%

MRI            18/19   95%

MRI 
alone !



Women with extremely dense breasts (ACR category d)
Mammo:MRI randomization = 4:1
Acceptance of MRI = 59%

2-year IC rate Intention-to-treat Per-protocol

MRI-group 2.5 per 1,000 0.8 per 1,000 
Mammo-group 5.0 per 1,000 (-50%) 5.0 per 1,000 (-84%!)
 (p < 0.001)  (p < 0.001)

MRI detection rate 16.5 per 1,000
MRI PPV1 (recall rate) 17%
MRI PPV3 (biopsy) 26%
MRI FP rate 8%
MRI adverse event rate 0.1%

Nov 28, 2019

Dense



EUSOBI GUIDELINES



In theory, there is no difference between theory and practice. 

But in practice, there is.

Manfred Eigen

1967 Nobel Laureate in Chemistry



Competition or cooperation?

CEM

DBT

ABUS

Dedicated
Breast CT

MRI

Optical 
imaging

A long way for CEM too?



Mammography last steps

• Digital breast tomosynthesis (DBT)
Great promises, lesser achievements

– Increased cancer detection !

– Increased reading time

– Reduction of recall rate ?

– Reduction of interval cancer rate ??

– Possible overdiagnosis

• Contrast-enhanced mammography (CEM)
Functional imaging (like MRI, but not dynamic)

– Diagnostic performance similar to MRI 



MRI & CEM
=

Contrast-enhanced 
breast imaging64 protons     94 neutrons

Magnetic field, RF X-ray

Two-compartment biodistribustion 
(vascular   interstitial)

Tumor neoangiongenesis



27

85

69

33
32

2023 projection  160 



CEM versus MRI

CE-MRI CEM

Images Three-dimensional Two-dimensional

Multiparametric technique Yes No

Radiation exposure No Yes

Contraindications Several Very few

Contrast-related health issues Yes Yes

Kinetic contrast analysis Yes No

Ease of interpretation Low High

Accessibility Low Intermediate to High

Cost High Low

Diagnostic performance High High

Patient preference Low High



2022. doi:10.1148/radiol.211412
                   

              
                
                
              
                
              
              
               
              
                
                
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
                
              
              
              
              
               
              
               
              
                
               
              
               
               
                
               
              
               
              
                
              
              
              
              
              
              
               
                
                
              
               
              
                
              
              
               
               
                
               
               
              

             

           
            

          
           

        
           
           

               
                       

          
            

        
             

       
         
          

                    
            
            
            
         
         

           
           
          
         

           
                  
                  

         
           
        

          
          
          
            
           
          

            
          

            
          
        

           
         
       

               
               

         
              
            
             

          
             
             

               
               
           

              
          
           

             
             
              
           
         

            

                            

          

                   

              
              
              
              
              
             
             
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
                
              
              
              
              
              
              
              
              
             
              
              
              
              
              
              
              
              
              
              
              
             
              
              
              
              
              
              
              
               
              
              
              
              
              
              
              
              
              
              
              
              
              

             

           
            

          
           

        
           
           

               
                       

          
            

        
             

       
         
          

                    
            
            
            
         
         

           
           
          
         

           
                  
                  

         
           
        

          
          
          
            
           
          

            
          

            
          
        

           
         
       

               
               

         
              
            
             

          
             
             

               
               
           

              
          
           

             
             
              
           
         

            

                                 

          

60 studies 

(67 study parts)

11 049 CEM 
examinations in 
10 605 patients

Low-energy 

and 

recombined 

images



Back to the future!2008

44 studies

Summary  95% CI 

estimate

Sensitivity  90%           88−92% 

Specifity 72% 67−77%



61-yo recalled woman (asymmetric mass at the left breast): 
invasive carcinoma NST, grade 1. CEM TP



49-yo, no family history; screening, no symptoms

CEM TP



A 58-year-old woman was recalled for a suspicious retroareolar irregular mass in the right breast. 
No enhancement at CEM. US-guided CNB = apocrine metaplasia. CEM TN



A 49-year-old woman was recalled for a suspicious asymmetry in the upper quadrants of the left breast (only on 
the MLO view). No enhancement at rCEM. US-guided CNB = fibrosis. CEM TN



When MRI is better?
To avoid radiation exposure when screening women at 
genetic-familial high risk 

http://it.wikipedia.org/wiki/Immagine:Radioactive.svg


What 
about 
AI?



Artificial 
intelligence 

A.I.

AI

Ai

Signs of the times
Corriere della Sera online, Apr 29, 2023



AI’s promise of epoch-
making transformations

AI is not an industry, let alone a single product. 
It is an enabler of many industries and facets 
of human life: scientific research, education, 
manufacturing, logistics, transportation, 
defense, law enforcement, politics, 
advertising, art, culture, and more. The 
characteristics of AI – including its capacity to 
learn, evolve and surprise – will disrupt and 
transform them all.

From the Preface
The age of AI: and our human future. London: J Murray; 2021. p. 4



Human error

ImageNet website, accessed May 2019Pesapane, Codari, Sardanelli
Eur Radiol Exp 2018



2018

Tang, An, et al. "Canadian Association of Radiologists 
white paper on artificial intelligence in radiology." 
Canadian Association of Radiologists Journal (2018).

Machine Learning (ML) versus Deep Learning (DL)



Predictions for groups 
of subjects/patients

AI versus Statistics

AI is “only” a method for data analysis, but… 

Prediction for each 
individual subject/patient





1. Screening mammography reduces BC 
mortality by 40%

2. To be extended from 45 to 74 years of age
3. MRI screening for women at genetic-

familial high-risk (BRCA, etc.)
4. Women with extremely  dense breast 

should undergo MRI or CEM screening 
every 3-4 years

5. A perspective for AI as one of the two 
screening readers (AI-in-the-loop)

Key messages



Hosny et al. Artificial intelligence in radiology. Nat Rev Cancer. 2018 May 17

Where are we going?



Thanks 
for your attention

francesco.sardanelli@unimi.it
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