
Fig.1 MR images, SWIFT R1 (=1/T1) maps and [Fe] map of tumors 
before or after intratumoral injections of IONPs. The calibration 
data was acquired in IONP phantoms. The targeted average 
concentration over the whole tumor is 1 (mg Fe)/(g of tumor).  

 Fig.2 MR images, SWIFT R1 (=1/T1) maps and [Fe] map of tumors with or without irradiation 
24 hours post intravenous injection of PEG coated or non-PEG coated IONPs. IONPs at the 
concentration of 0.25 (mg Fe)/(g of body wt) were injected. 
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Introduction IONPs for cell-based therapeutic hyperthermia or in drug delivery is receiving increased attention as a cancer treatment. A noninvasive imaging method 
that can provide accurate information about the distribution and level of IONPs is crucial for effective and safe treatment planning. To date, the level of IONPs 
necessary for effective drug delivery or IONP hyperthermia is relatively high [1]. Conventional MR imaging sequences are unable to quantify IONP concentrations in 
this range, due to the ultra-short T2 weighting induced by IONPs. Computed tomography (CT) has only been able to provide quantitative information only when the Fe 
concentration is >10-20 mg Fe/g of tissue [2]. In this study, quantification of IONPs in a murine breast tumor model in the therapeutic range (0.1-2 mg Fe/g of tumor) 
with IONPs delivered IT or IV was done by applying the SWIFT Look-Locker T1 mapping method [3]. The method is sensitive to fast relaxing signal and has the ability 
to provide quantitative distribution information of IONPs at concentrations around 30 times higher than was previously reported by using conventional MRI methods.  
 
Methods and materials In-vivo studies were performed in C3H mice with syngeneic bilateral flank mammary adenocarcinomas. The ferromagnetic IONPs used 
(Micromod Partikeltechnologie GmbH, Germany), had a hydrodynamic diameter of 110 nm and were coated with dextran +/- PEG. SWIFT imaging was performed 4 
hours after IT injection or 24 hours after IV injection. In cases with IV injections, tumors on the right flank were irradiated with 15 Gy 72 hours prior to imaging. MR 
images and SWIFT R1 (=1/T1) maps were acquired on a 9.4 T animal MRI scanner (Agil ent Technologies, USA) using a customized three-loop surface coil, with 
BW=384 kHz, TR=1.2 ms. The SWIFT T1 map was acquired by the SWIFT Look-Locker method [4], with total acquisition time ~7 minutes. GRE images were 
acquired at BW=150 kHz, TR=4.2 ms, TE=2.1 ms.  
 
Results and discussions IT injection: In baseline images (Fig.1), contrast between tumor and surrounding tissue was not apparent due to the similar T1 values. While 
in the post-injection image of SWIFT, at high flip angle, the whole tumor was highlighted with a clear edge separating it from the healthy tissue. Conversely, the tumor 
region appeared as a void in GRE images due to the ultra-short T2* weighting caused by the IONPs. Although the signal void in the GRE image provides qualitative 
information about the localization of IONPs, the positive contrast in SWIFT provides quantitative distribution information up to 1.5 mg Fe/ml in Fig.1. The quantitative 
R1 (=1/T1) map shows the IONPs were mostly concentrated at the center of the tumor where the particles were injected. From phantom study, R1 has a linear dependence 
on the iron concentration, [Fe], as shown in Fig.1. Based on this calibration data, the [Fe] map of the tumor can be calculated. In the ideal case, calibration data should 
be acquired in-vivo. 

 
IV injection: In the intravenous study, SWIFT also provided useful quantitative data. Tumor irradiation increased IONP deposition in the tumors and peritumor tissue 
when compared to non-irradiated tumors (Fig.2). Fig.2 demonstrates IONP/Fe concentration in the irradiated tumor to be: ~0.15 mg Fe/ml (=2.5 mM Fe). PEG coating 
also significantly increased IONP/Fe accumulation in tumors and peri-tumor tissue (Fig.2). GRE images showed signal voids in tissues with high depositions of IONPs. 
However, since GRE is very sensitive to low dose IONPs, it can provide complementary information to the SWIFT T1 map in the low IONP concentration range.   
 
Conclusions SWIFT demonstrated the capability of imaging and quantification of IONP in tumors at concentration not obtainable with previous MRI or CT methods. 
Quantification of IONPs up to 1.5 mg Fe/ml (IT) and 0.15 mg Fe/ml (IV) were demonstrated. Tumor IONP levels, following systemic administration, were enhanced by 
tumor irradiation and PEG coating. SWIFT R1 map can provide both quantitative and qualitative information about the distribution of IONPs at a very large range of 
concentrations, which makes it a promising and essential tool for the effective use of cell-based therapeutic hyperthermia or in drug delivery. The IONPs, which were 
produced under GMP conditions, and SWIFT imaging application, used in this study, are a component of a human breast cancer clinical trial currently under review by 
the FDA. 
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