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Abstract: While magnetic thermoseeds are often utilized in interstitial magnetic 
thermotherapy (iMT) to enable localized tumor ablation, we propose to extend their use as the 
perturbative source in magnetomotive optical coherence elastography (MM-OCE) so that the 
heat-induced elasticity alterations can be ‘theranostically’ probed. MM-OCE measurements 
were found to agree with indentation results. Tissue stiffening was visualized on iMT-treated 
porcine liver and canine soft tissue sarcoma specimens, where histology confirmed thermal 
damages. Additionally, the elasticity was found to increase exponentially and linearly with 
the conventional thermal dosage metrics and the deposited thermal energy, respectively. 
Collectively, a physiologically-meaningful, MM-OCE-based iMT dosimetry is feasible. 
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1. Introduction 

Magnetic thermotherapy is an emerging cancer treatment that can be performed alone or as an 
adjuvant to chemotherapy and/or radiotherapy. Magnetic thermotherapy utilizes a high 
frequency (50 kHz – 15 MHz) alternating magnetic field (AMF) to induce thermal damage to 
tumor tissues [1]. Among various types of magnetically-induced thermotherapy, interstitial 
magnetic thermotherapy (iMT) offers an opportunity to deliver rapid, localized, and targeted 
treatment at tumor sites while reducing potential collateral damage to the surrounding healthy 
tissues [2–7]. During iMT treatment, a ferromagnetic alloy is implanted at the targeted tissue 
site, where eddy current can be induced by a rapidly oscillating AMF. The concept of 
implantation for iMT is similar to that of brachytherapy, where radiation treatment is 
delivered to the tumor site by placing a small radioactive seed near the tumor. In fact, a 
thermobrachytherapy seed allowing for both iMT and brachytherapy has been proposed 
previously [7]. The heating mechanism of iMT is similar to that of clinically available 
radiofrequency ablation (RFA), which is often performed on hepatic, cerebral, cardiological, 
and bony abnormalities [8]. During RFA, an RF generator is directly connected to a partially 
insulated RF electrode, which is inserted into the tissue site of interest; with a conductive 
grounding pad attached to the body. The generated RF voltage causes a rapidly oscillating 
current to flow through the human body to induce Joule heating [8]. Compared to 
brachytherapy, iMT does not require radioactive protection for the surgeons during the 
implantation of magnetic thermoseeds, as no radioactivity is involved [6]. Compared to RFA 
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3. Results

3.1 Tissue-mimicking phantoms 

OCE maps of both homogeneous and heterogeneous PDMS phantoms are visualized 
in  Fig. 2 , where a higher Young’s modulus ( E ) value was observed on phantoms fabricated 
with a higher curing agent ratio. In addition, obvious mechanical contrast was seen from the 
heterogeneous sample. The average Young’s moduli obtained from the two-dimensional OCE 
maps for each homogeneous phantom were compared to those from mechanical indentation 
testing with a spherical indenter (Ø ~2.5 mm), where each value of E was obtained by fitting 
the force-displacement curve to the Hertzian model. As seen in Fig. 3, the two measurements 
correlated well with each other (Pearson’s r = 0.965, N = 16) and have an almost one-to-one 
correspondence (mean difference = 0.558 kPa), suggesting a comparable performance 
between the two approaches. 

Fig. 2. Representative PDMS phantom results. (a) Space-time plots, (b) reconstructed Young’s 
modulus ( E ) maps, (c) structural OCT images, and (d) shear wave propagation (full video 
shown in Visualization 1 at 120 fps) of the (I) uniformly stiff, (II) uniformly soft, and (III) 
heterogeneous soft-stiff (left-right) samples. 
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	Fig. 1. Schematics and experimental setup of MM-OCE and interstitial magnetic thermotherapy (iMT). (a) Schematics of shear-wave MM-OCE. (b) Illustration of the iMT coil and (c) photograph of the iMT system. (d) (Left) illustration of the placement of ...



