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TARGET AUDIENCE: Researches working with MRI in breast cancer. 
 
PURPOSE: Response prediction during neoadjuvant chemotherapy (NAC) should have an important role in therapy plan modifications, which would result in 
increase of disease-free survival and conservation surgery rates. Dynamic contrast-enhanced (DCE) MRI has been proposed for NAC response prediction in breast 
cancer 1. The most used DCE marker is tumor size change. A supplementary MRI modality - diffusion weighted imaging (DWI) - is a well-established method for 
breast lesion characterisation. ADC values extracted from DWI images reflect changes in tissue cellularity, which has been proposed as an early response marker 
in NAC therapy 2. In our study we measured breast cancer patients at three time points: before, during and after NAC, using DCE and DWI MRI at 3T to look for 
potentially better response prediction markers. 

 
METHODS: This study was approved by the local ethics committee. 15 patients 
(54±12yo) were measured pre-NAC for baseline (Tp0), during NAC (after 2nd or 
4th cycle, Tp1) and after the completion of NAC (Tp2). All experiments were 
performed at 3T (TIM Trio, Siemens Healthcare, Erlangen, Germany) using a 
dedicated bilateral breast coil with four 1H-channels (3T: In vivo, Orlando, FL, 
USA). For DCE MRI a T1-weighted 3D sequence (time-resolved angiography 
with stochastic trajectories) with temporal resolution of 14sec and spatial isotropic 
resolution of 1.1x1.1x1.1mm3 with fat suppression and with the acquisition time 
of 9min was used. Gadoterate meglumine contrast agent was injected 
intravenously as a bolus (0.2 mL/kg of body weight) after 3 baseline images.  
Bilateral three-scan trace DWI was performed in 3min prior to contrast injection, 
using readout-segmented echo planar imaging (rs-EPI) with fat-suppression and 
with b-values of 0 and 850sec/mm2. The in-plane resolution was 1.4x1.4mm2 with 
5mm slice thickness. NAC was a combination of several drugs (mostly 
anthracycline and/or taxane-based) depending on tumor type and other factors, 
with 6-8 cycles before surgery. Pathological complete response (CR) was defined 
as no residual cancer in histopathology from surgical resection. Partial response 
(PR) was defined as more than 50% enhanced tumor volume reduction on Tp2 
DCE MRI. All ROIs were defined using segmentation with thresholding and 
processed in OsiriX® software. Volume of contrast-enhanced lesions in DCE 
MRI was calculated from three-dimensional ROIs as the sum of all segmented 
voxels multiplied by voxel dimensions. Mean ADC values were calculated from 
two-dimensional ROIs defined by segmentation of enhancement on 
b=850sec/mm2 DWI images and copied into ADC maps. A combined parameter 
from tumor volume and ADC values (vol/ADC) was calculated as the ratio of 
percentual tumor volume change (vol%) to percentual mean ADC value change 

(ADC%). The statistical analysis was performed in IBM SPSS Statistics 22 
(Armonk, NY). Student’s t-test was used for comparison of mean ADC 
values. Comparison between CR and PR groups was done using one-tailed 
Mann-Whitney U-test in the case of changes in different parameters. 
 
RESULTS: 16 malignant lesions were identified: 15 invasive ductal 
carcinomas and one invasive lobular carcinoma.  5 patients had pathological 
CR, 7 had PR and 4 had no response (SD/PD). An example of ROI 
segmentation is shown in Fig.1. No significant difference was found between 
CR and PR group for mean ADC values in Tp0, Tp1 or Tp2 (p=0.105, 
p=0.535, p=0.716). There was significant difference between CR and PR in 
both Tp1 and Tp2 using vol% (p=0.002 and 0.009) or vol/ADC (p=0.002 and 
0.024) and no significant difference for ADC% (Tp1: p=0.074, Tp2: 
p=0.264). The median difference is the most evident for vol/ADC parameter 
at Tp1 as can be seen on the boxplot in Fig.2. The behavior of vol/ADC 
parameter for every tumor during different time points can be seen in Fig.3. 
There is a threshold drawn (black line at 0.145%), differentiating CR from PR 
lesions at Tp1 without any false positive or false negative cases. 
 

CONCLUSION: 
Although similar study was already done at 1.5T 3, it has been different in 
several points: even patients with remaining DCIS were included in the CR 
group; the ADC ROIs were drawn on ADC maps and SD/PD patients were 
pooled together in one group with PR patients. Our results suggest that 
multiparametric data measured during the ongoing NAC correspond better with 
histopathologic outcome than data measured after NAC completion. ROC 
analysis for the comparison of vol% and vol/ADC parameters at Tp1 was not 
possible because of the small number of patients and no false positive or false 
negative cases. Moreover, more data are needed to better understand the benefits 
of integrating mean ADC values as an additional MRI modality for NAC 
monitoring. 
 
 
REFERENCES: 1. Marinovich et al., The Breast. 2012, 2. Sharma et al., NMR 
in Biomed. 2007, 3. Fangberget et al. Eur Radiol. 2011 
 

Figure 3: Vol/ADC parameter changes in tumors in complete (CR), partial 
response (PR) and stable and progressive disease (SD/PD) during the different 
time points: Tp0 before, Tp11 after 2 cycles, Tp12 after 4 cycles and Tp2 after the 
completion of NAC. 

Figure 2: Boxplots representing changes of three different parameters during (Tp1) 
and after (Tp2) the NAC in complete (CR) and partial responders (PR). The first 
plot from the left describe the behavior of combined parameter (vol/ADC) 
calculated as a ratio of tumor volume change to mean ADC value change in percent. 
The second two are the two mentioned parameters in their own separate plots.  

Figure 1: An example of ROIs placement (red color) in 47 years old patient 
with PR to NAC. From left there are DCE, DWI b=850sec/mm2 images and 
ADC maps. Tp0 are images measured before and Tp1 during NAC. 
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