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Target audience:  Clinical oncologists, clinical scientists, biomedical scientists, physiologists, pathologists, and vasculature MRI scientists.  
Purpose:   Small molecule VEGFR inhibitors (VEGFR-I) have failed to improve outcome in combination with chemotherapy in most solid tumors. 
Continuous administration of a potent VEGFR-I may destroy vasculature and impede drug delivery. In contrast, low-dose, short-course VEGFR-I 
before chemotherapy may normalize tumor vasculature and enhance drug delivery. To monitor whether low-dose intermittent Sunitinib pre-treatment 
will increase the  chemotherapy effectiveness in breast cancer patients at an early stage through its normalization effect on tumor vasculature, 
noninvasive DTI & DCE-MRI methods were concomitantly used at early times. 
Methods: This IRB approved clinical trial includes 35 advanced breast cancer patients, randomly divided into Arm A (n=18) and Arm B (n=17). 
Arm A only received 1 cycle chemotherapy (14 days), consisted of Doxorubicin (60 mg/m2) and Cyclophosphamide (600 mg/m2) (AC). Arm B 
received oral Sunitinib (Su) at 12.5 mg/d for 7 days, then proceeded to receive the same chemotherapy as in Arm A. All patients underwent DTI and 
DCE-MRI scans prior to treatment (pre-Tx) and after 1 cycle of chemotherapy (post-AC or post-(Su+AC)), while Arm B patients had one additional 
scan after Su treatment (post-Su), on a 3T whole-body scanner (Magnetom Trio Tim, Siemens AG, Germany) using a seven-channel breast receiver 
coil. Apparent diffusion coefficient (ADC) and fractional anisotropy (FA) values were acquired from DTI images. Tumor volume, extracellular 
extravascular space volume fraction (ve), plasma volume fraction (vp), forward leakage rate of the contrast medium (Ktrans), vascular permeability 
(PS), and flow (F) were acquired from DCE-MRI images, where modified Tofts (mTm) model and Distributed Parameter (DP) model are used for 
the calculation. 
Results: Figure 1 shows representative parametric maps derived from DCE-MRI images. The tumor volume shrinkage after the combined treatment 
of Su and chemotherapy are obvious. All the parameters derived from serial DTI and DCE-MRI images are summarized in Table 1. It indicates that 
there was more significant increase in ADC values after combined Su and AC treatment in ArmB patients and tumor vol reduced more than 50% at 
21d post (Su+AC) compared to ArmA treated with AC alone. While FA values didn’t show significant changes in all groups. There were no 
significant changes in all DCE-MRI parameters in ArmA patients. For ArmB patients, there was significant reduction in tumor volume post the 
combined treatment of Su and AC when compared with pre-Tx or post-Su. mTm model showed that pre-Tx vp or ve values increased significantly 
after sole Su treatment or combined Su and AC treatment, post-Su, ve values also increased significantly after combined Su and AC treatment, pre-
Tx, Ktrans values increased significantly after combined Su and AC treatment. DP model showed that pre-Tx vp values increased significantly after 
sole Su treatment, pre-Tx ve values increased significantly after sole Su treatment or combined Su and AC treatment, post-Su E values increased 
significantly after combined Su and AC treatment, there was significant increase in PS and Ktrans values post the combined treatment of Su and AC 
when compared with pre-Tx or post-Su. 

Discussion and Conclusion: The results imply that low-dose intermittent anti-
angiogenic Sunitinib pre-treatment may have enhanced the chemotherapy 
effectiveness at an early stage, probably by normalizing the tumor vasculature and 
increase the delivery of chemotherapy agents. DTI in combination with DCE-MRI 
could be used as a non-invasive tool to monitor the vasculature, perfusion and 
permeability changes of tumor cells in response to treatments at an early stage and 
thus could be used as a surrogate index for the setup of treatment regimes. 
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Fig. 1 Representative parametric maps derived from DCE-
MRI images of one ArmB patient at different stages of 
treatment: vp maps obtained from DP model; vp and Ktrans 
maps obtained from mTm model. 

1.26 ± 0.04 1.26 ± 0.05 1.38 ± 0.04 a, b 1.17 ± 0.05 1.30 ± 0.04 a
0.42 ± 0.02 0.42 ± 0.03 0.40 ± 0.02 0.45 ± 0.02 0.44 ± 0.02

vp (%) 9.7 ± 1.4 13.3 ± 2.1 a 12.1 ± 1.5 a 12.2 ± 1.4 14.8 ± 3.2

ve (%) 41.9 ± 3.1 48.3 ± 2.9 a 55.6 ± 3.2 a, b 49.3 ± 3.9 53.4 ± 4.4

Ktrans (ml/100g/min) 26.9 ± 4.0 29.5 ± 3.9 32.3 ± 4.1 a 34.9 ± 5.2 30.0 ± 2.8
F (ml/100g/min) 96.4 ± 13.3 112.2 ± 15.8 111.2 ± 13.4 112.7 ± 11.7 105.2 ± 9.2

E (%) 25.7 ± 2.0 23.8 ± 1.5 27.9 ± 2.4 b 24.9 ± 1.7 26.2 ± 1.7

vp (%) 7.7 ± 1.0 10.1 ± 1.5 a 9.4 ± 1.1 9.7 ± 1.0 9.7 ± 1.2

ve (%) 20.2 ± 1.6 24.3 ± 1.7 a 28.5 ± 2.5 a 23.5 ± 2.0 28.2 ± 3.7

PS (ml/100g/min) 15.3 ± 2.5 15.7 ± 1.8 21.3 ± 3.7 a, b 20.3 ± 3.1 19.1 ± 2.8

Ktrans (ml/100g/min) 12.8 ± 2.0 13.7 ± 1.6 17.1 ± 2.4 a, b 16.9 ± 2.4 15.9 ± 2.2

26.1 ± 5.5 22.0 ± 4.3 14.5 ± 3.2 a, b 36.0 ± 11.3 32.8 ± 12.4
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Table 1 All parameters acquired from DTI and DCE-MRI images from all patients at different stages of treatment. 
Values are expressed as mean ± SE. a, significantly different from pre-Tx; b, significantly different from post-Su. Proc. Intl. Soc. Mag. Reson. Med. 23 (2015)    0605.


