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Introduction: Over the years, breast cancer therapy has become less 
invasive and more individualized. However, concern of overtreatment 
remains. More information of tumors is needed at the time of diagnosis. 
Discordant tumor characterization is seen between preoperative core 
needle biopsy and the resection specimen (the golden standard). In 
particular, tumor grade is discordant in up to 40% of the patients¹. Magnetic 
resonance imaging (MRI) may provide additional information to select the 
proper therapy. Dynamic contrast-enhanced (DCE)-MRI indirectly visualizes 
tumor angiogenesis, while tumor proliferation may be reflected by 
diffusion-weighted imaging (DWI)² and phosphorus spectroscopy (31P-
MRS)³. Nonetheless, clinical 1.5 tesla (T) and 3T MRI scanners lack the 
sensitivity to provide sufficient information under clinical conditions. 
Potential of high-field 7T breast MRI has been demonstrated⁴, but detailed 
correlation is currently missing. The aim of this explorative study is to 
compare characteristics of tumor proliferation using multi-protocol 7T 
breast MRI with those derived from histopathology in an unselected series 
of patients with early breast cancer. 
Methods: A 7T breast MRI multi-protocol was developed including DCE-
MRI, DWI and 31P-MRS. Women with invasive breast carcinoma were 
preoperatively scanned. On DCE-MRI, tumor size was assessed. From DWI, 
apparent diffusion coefficients (ADCs) were calculated and hypo intense 
tumor areas scored. Localized 31P-MR spectra were scored on degree of 
tumor proliferation using a newly developed lexicon based on levels of 
phosphomonoesters (PME) and phosphodiesters (PDE): Score 1 for 
PME<PDE; score 2 for PME=PDE; score 3 for PME>PDE. Tumor size and 
characteristics of tumor proliferation on pathology (tumor grade and 
mitotic count) were assessed from the resection specimens and correlated 
with the MRI characteristics using Pearson’s correlation coefficient. 
Results: Fifteen women (age 46-70 years) were included with 17 malignant 
lesions visible on DCE-MRI. Tumor size on pathology (mean 20 mm; range 6 
mm - 37 mm) showed strong correlation with tumor size on DCE-MRI (mean 
24 mm; range 7 – 55): R²=0,865; mean deviation: 4 mm. Lower ADC showed 
a trend with higher tumor grade (N=12; p=0,083). High mitotic count was 
significantly correlated with high ³¹P-MRS score (N=11; p=0,02). 
Discussion: Histologic tumor grade is considered to be one of the most 
important indicators of tumor aggressiveness. In our study lower ADC 
showed a trend with higher grade, which gives confidence on the use of 
DWI at 7T breast MRI to assess tumor grade prior to surgery. The number 
of mitosis in invasive breast cancers was found to be an important prognostic factor of increased tumor proliferation and has been directly 
correlated with a poor prognosis. In our study, a significant correlation was seen between the 31P-MRS score and the mitotic count prior to surgery.  
Conclusion: First explorations of multi-protocol 7T breast MRI in an unselected series of early breast cancer patients, shows potential of DWI and 
31P-MRS to visualize proliferative tumor biomarkers. References: ¹Schmitz, PLoS 2014; ²Razek, NBM 2010; ³Klomp, NBM 2011; ⁴Korteweg, IR 2011. 

Figure 3. (A) Tumor spectrum showing a high degree  
of proliferation on ³¹P-MRS imaging (grade 3) 
characterized by a relatively high signal of 
phosphomonoesters (PE & PC). (B) Low degree of 
tumor proliferation on 31P-MRS (grade 1) 
characterized by relatively high signal of 
phosphodiesters (PDE). (C) An association was found 
between ³¹P-MRS score and mitotic count (N=11; 
p=0,02), with higher mitotic counts seen at higher  
³¹P-MRS scores. 

Figure 2. (A) DCE-MR 
image in the transverse 
plane showing an 
invasive ductal carcinoma 
in the right breast. The 
line represents the 
location of (B), which is 
the corresponding ADC-
map in the coronal plane, 
where the carcinoma is 
visible as a hypo-intense 
area.                                  
(C) A trend (N=12; 
p=0,083) was seen in the 
association between ADC 
and tumor grade. 

Figure 1. Sagittal 
views of a       
grade-1 (A),     
grade-2 (B), and a 
grade-3 (C) tumor. 
(D) Strong 
correlation 
(R²=0,865) was 
seen between 
tumor size from 
DCE-MRI and from 
the resection 
specimen.            
(E) No significant 
association 
(p=0,146) was 
found between 
tumor size on  
DCE-MRI and 
tumor grade.
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