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Introduction



Selective elimination of breast cancer 

surgery in exceptional responders

Patients who respond well to NAC (neoadjuvant
chemotherapy) is often to proceed with the same 
breast and axillary procedures to patients who 
respond less

Current practice after NAC in EBC

Is this idea realistic?



History of organ sparing in oncology area

 Laryngeal ca

 Anal ca

 Cervix ca



Locoregional recurrence

Distant recurrence

(Macedo, Ann Surg Oncol 2016)

AXLN mets with occult breast cancer



AXLN mets with occult breast cancer

(Macedo, Ann Surg Oncol 2016)

OS

Absence of breast tumor on preop imagings
saves mastectomy



pCR non-pCR

cCR A B

non-cCR C D
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A+B
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Terminology to describe test performance



MRI to predict pCR



MRI vs other methods to predict pCR

(Marinovich, BMC Cancer 2015)

IPD meta-analysis (8 studies; N=300)



ACRIN6657/I-SPY Trial: MRI to predict NAC response

OP

AC +/-Taxane

MRI1 MRI2 MRI3 MRI4

(after 
AC#1)

Stage II/III
May 2002~March 2006
N=216

(Hylton, Radiology 2012; 263: 663)

ACRIN: American College of Radiology Imaging Network



AUC for prediction of pCR

Volume measurement shows higher predictability than LD 
measurement. However, it is just around 0.7

Ex) 0.7 indicates: 
TPR(sensitivity) 
is 0.7



Sensitivity (%) 25~100%

Specificity (%) 50~97%

PPV (%) 47~73%

NPV (%) 71~100%

35 eligible studies



Correlation of tumor size on MRI and pathology

Median correlation coefficient 0.698
(Lobbes, Insights Imaging 2013)



Tri-modality imaging may augment accuracy 
for pCR prediction

cCR: Sum of score ≤ 5

(Umphrey, SABCS 2012, abs P3-03-03) 

NPV 0.87

PPV 0.95

Sensitivity 0.87

Specificity 0.93



PET to predict pCR



• Yeh showed palpation, mammo, US, and MRI 
had 19%, 26%, 35%, and 71% accuracy for 
prediction of pCR. 

• Anatomic changes in tumor presentation are 
not reliable predictors of final pathologic state.

• Functional measurement of tumors (CE-MRI, 
MRS, PET) have shown substantial 
improvement over conventional anatomic 
imaging.

(Yeh, Am J Roentgenol 2015; 184:868; Tromberg, Cancer Res 2016)

Functional imaging



FDG-PET results to predict pCR: a review (2013)

(Kostakoglu, Semin Nuc Med 2013)



(Sheikhbahaei, Oncologist 2016: 21:931)



MRI vs FDG-PET to predict pCR

In the intra-NAC setting, PET outperformed MRI in terms of specificity.
In the post-NAC setting, MRI showed higher diagnostic accuracy than PET 
in terms of sensitivity.



Experimental methods 
to predict pCR



All 
(n=116)

Mammo-guide Bx
(n=16)

NPV 71.3% 100%

FNR 49.3% 0%

Prospective study



Phase II trial of image-guided biopsy: 

NRG-BR005

Ongoing



DOSI: Diffuse Optical Spectroscopic Imaging

-High resolution spectroscopy from 650nm-1000nm

-OxyHb, deoxyHb, water, and lipid have prominent    

absorption features

-May differentiate cancer and normal tissues 

-TOI (Tissue Oxygenation Index)=deoxy-Hb X H2O/lipid

(Tromberg, Cancer Res 2016)

Non-invasive 
bed-side imaging



All pts (n=34) Baseline tumor sat ≤median (n=17)

Baseline tumor sat >median (n=17)

AUC=0.83

AUC=0.60 AUC=0.38

ROC curves for pCR using %TOITN

(Tromberg, Cancer Res 2016)



MRFDG and blood flow by pathologic response

With partial vol
correction

Metabolism imaging: 18F-FDG
Blood flow imaging: tracer (15O-H2O) was administered

(J Nucl Med 2003; 44: 1806)

N=34



CTC(≥1) before surgery does not predict pCR

Before 
NAC

Before
surgery

Sensitivity 82.6% 86.1%

Specificity 24.2% 14.8%

PPV 23.5% 24.4%

NPV 83.2% 76.9%

CTC 
before NAC

CTC 
before surgery





List of clinical and imaging 
variables

Clinical
variable

Imaging
variable

T1 T2

DCE MRI

Temporal relationship 
of clinical and 

imaging parameters



Machine learning finds the best predictive model



Why is prediction of pCR so hard?

 Subtype may affect the predictability
-Luminal type: hard to predict pCR d/t low pCR rate

 Regimens may affect
-Antivascular effects of taxane may underestimate 
residual tumor size d/t less enhancement on contrast-
enhanced MRI

 Presence of DCIS

 Responding process may be heterogeneous

(Denis, EJSO 2004; 30 :1069)

Factors affecting on MRI accuracy 



 If we have accurate methods to predict pCR
before surgery, we might omit breast surgery 

However, currently we don’t have a golden 
method 

 DCE-MRI is one of better imagings so far in this 
regard

 I expect that preoperative pCR-predicting method 
will be developed by incorporating new 
functional/metabolic imagings and AI technology

Take Home Messages 



Subtype affects accuracy of prediction of pCR

(Moon, Ann Surg 2013; 257: 133)

Luminal 150

HER2+ 99

TNBC 144

Total 463

Accuracy of MRI in predicting residual tumor extent
→ high in TNBC/HER2+,  low in HR+

All pts Luminal A Luminal B

TNBCHER2

0.644 0.531 0.583

0.740 0.754


