Implantation of fiducial markers
Three days before liver SBRT planning, three gold fiducial markers (Civco Medical Solutions, Kalona, USA) of diameter 0.9 mm and length 3 mm were implanted around the target, except in Patient No. 7. For Patient No. 7, six fiducial markers were implanted to treat two separate lesions (Case No. 7 and 8). Fiducial markers were implanted percutaneously for all patients with an 18-gauge pre-loaded needle under ultrasound guidance.
Immobilization and acquisition of 4-dimensional CT
Patients were immobilized in the stereotactic body frame (Body Pro-LocTM; Civco Medical Solutions, Kalona, USA), which included two-pin indexable positioning and immobilization devices, including Vac-LocTM cushions, head and neck fixation devices, and arm supports. The helical scanning mode of the CT scanner (Brilliance CT Big Bore; Phillips Healthcare, The Netherlands) was used for respiratory correlated imaging. During 4-dimensional computed tomography (4D-CT) scanning, the patients were instructed to breathe normally; 4D-CT images involving 10 respiratory phases were reconstructed from the breathing cycle at 10% intervals, with 0% being full inspiration. Respiratory phases were based on time. The scan slice resolution was 512 × 512 pixels with a 2.5 mm slice thickness.
Treatment planning 
Gross target volume (GTV) was defined as the identified tumor volume, which was enhanced using a contrasting agent. No additional margin for microscopic extensions was used to generate the CTV from GTV. CTVME for the motion-encompassing (ME) approach was prepared as a backup plan in case tracking was impossible. All CTVs were delineated by the same physician to minimize interobserver variations. For ME planning, the CTVME was contoured on each of the 10 respiratory phases of the 4D-CT data set and combined, whereas CTVRTTT for RTTT treatment was contoured based on the 50% phase images. The 50% phase images represent the full expiration phase to minimize systematic errors between the fiducial marker position and target position. The PTV margin was set at 5 mm from the CTV in all directions. The median prescribed dose was 50 Gy (range, 40–50 Gy). All lesions, except Cases 7 and 8, were treated with five fractions for 5 consecutive working days. For Cases 7 and 8, each lesion was irradiated every other day. With the iPlan (ver. 4.5; BrainLab AG, Feldkirchen, Germany) treatment planning software (TPS), a median of 11.5 non-coplanar beams (range 8–17) were used for planning (Fig. 1). The dose was prescribed at the PTV periphery. The planning was normalized to enclose the PTV by the 85–90% isodose lines.
Vero RTTT SBRT delivery
[bookmark: _GoBack]Patients were positioned in a similar manner to how they were positioned at the acquisition of the 4D-CT. At the start of each fraction, the patient’s position was corrected on the basis of bony structures using the ExacTrac system (ver. 3.5; BrainLab AG, Feldkirchen, Germany). After positioning, and before the start of treatment, a 4D correlation model [1] was made using synchronously monitored internal fiducial markers and external infrared (IR) markers on the abdomen. A pair of kV x-ray fluoroscopy within the gimbaled linac system detects the position of internal fiducial markers to determine the internal target position. The positions of the external IR markers were detected by the IR camera of the ExacTrac system simultaneously at 50 Hz [2]. The detected target position is calculated from the positions of the fiducial markers on kV x-ray fluoroscopy images at 1 Hz. The predicted target position was calculated from the correlation model, expressed using a quadratic equation involving two variables (the position and velocity of the IR markers). The position of the external IR markers was predicted linearly from past positions to compensate for a systemic delay of 50 ms. If there were significant differences detected between the target positions and predicted target positions, a new correlation model was built by updating the existing model with data obtained from the acquired monitoring images or by acquiring a new fluoroscopic sequence. Additionally, the Vero RTTT system is equipped with an Auto Beam Off function, in which the beam is automatically turned off, if the position of fiducial marker exceeded the tolerance threshold distance. It was turned on again, if returned to below the tolerance threshold. We set this tolerance threshold at 3 mm.
Assessment of early response and toxicity
During Vero RTTT treatment, physical examination and blood tests were performed at the start and end of treatment. After Vero RTTT treatment, all patients underwent follow-up at 1, 2, and 3 months, and every 3 months thereafter. Either contrast-enhanced dynamic computed tomography (CT) or magnetic resonance imaging (MRI) images were obtained to evaluate the response to treatment. The tumor response after treatment was scored according to the modified Response Evaluation Criteria in Solid Tumors (mRECIST) assessment for HCCs [3]. Treatment-related toxicities were graded using the Common Terminology Criteria for Adverse Events (NCI-CTCAE) Version 4.0.
Statistical analysis
Tracking error data are summarized as mean and SD. Simple linear regression analysis was performed to determine any associations between tracking errors and patient-specific factors. For comparing parameters regarding tracking errors between respiratory phases, a Wilcoxon signed-rank test was used. Paired t-test was used to compare dosimetric parameters of the tracking plans and motion-encompassing method plans. A null hypothesis of no difference was rejected if p-values were less than 0.05. The R statistical language (Version 3.1.3, The R Project) (http://www.R-project.org) was used for all statistical analysis.
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