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First Clinical Implementation of Electromagnetic Transponder-Guided MLC Tracking for Lung Stereotactic Ablative Radiation Therapy
J. Booth1,2, V. Caillet1,2, N. Hardcastle1, C. R. Haddad1, B. Harris1, K. Szymura1, C. Crasta1, R. O'Brien2, T. Eade1, and P. Keall2; 
1Royal North Shore Hospital, Sydney, Australia, 2University of Sydney, Sydney, Australia
Purpose/Objective(s): MLC tracking presents a paradigm shift in radiotherapy allowing the widespread application of real-time adaptation during treatment delivery and promising a new level of dose conformity. The first lung cancer patient has been treated with electromagnetic transponder-guided MLC tracking, as part of a 20 patient clinical trial to demonstrate feasibility (NCT02514512). The purpose of this work is to present the novel clinical processes to ensure safe delivery of this pioneering technique and lessons learned from initial patients. 
Materials/Methods: Full ethics approval through an Australian ethics board (NSLHD HREC) has been received for recruitment of 20 patients with stage 1 lung cancer or metastases in the lung. Patients have three electromagnetic beacons (Calypso) inserted in the lung surrounding the tumor. Radiotherapy simulation is performed using 4DCT and SABR plans are created on the maximum exhale phase. The MLC tracking planning target volume (PTV) is a 5mm expansion on the exhale phase gross tumor volume (GTV). A tracking window is defined to allow the MLCs to track the tumor as it moves within the range of motion in the 4DCT and holds the beam for motion exceeding this. Treatment is delivered using a standard linear accelerator using in-house developed software to continuously adapt the MLC motion based on the Calypso beacons’ movement. A standard SABR plan is generated with PTV expanded 5mm from a 4DCT based ITV. Tumor motion, treated volume and reconstructed delivered dose are compared between MLC tracking 4D-GTV based treatment and standard internal target volume (ITV) based treatment planning. 
Results: Four patients with lung metastases or primary lung cancer have been treated successfully with MLC tracking (17 successful fractions). The MLC tracking PTV for the 4 patients are smaller than with ITV based planning; larger reductions in treated volume are observed for patients with large tumor motion (range 12% to 49% reduction in PTV with MLC tracking). Subsequent reductions in mean lung dose were observed (range up to 31% reduction), with larger reductions observed with increased tumor motion. Tumor motion at treatment was seen to vary in amplitude during treatment, between fractions and from the 4DCT; significantly, larger motion was seen during treatment that exceeded standard ITV boundaries. Dose reconstruction performed on delivered treatments validated accurate delivery of MLC tracking, with 100% prescribed dose delivered to GTV for each of the 17 fractions. 
Conclusion: The first treatments with MLC tracking on a standard linear accelerator have been successfully performed in four patients with lung tumors. Reductions in treated volumes were observed, which translated to reductions in delivered lung dose.

