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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes, all done

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? 

☒ Interview Statements are read by JoVE’s voiceover talent. 

4. Filming location: Will the filming need to take place in multiple locations?   No 


Current Protocol Length

Number of Steps:  21
Number of Shots:  48 

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. The protocol describes an optimized work-flow for preclinical PET based radiotherapy in a rat glioblastoma model using in house developed algorithms.
1.1.1. 2.1.2

1.2. The optimized approach favors automation and is less time consuming when compared to the previously developed work-flow.
1.2.1. 5.2.1

Introduction of Demonstrator on Camera

1.3. Demonstrating the procedure will be Christian Vanhove, head of the INFINITY lab and Jeroen Verhoeven, a postdoctoral scientist in Dr. Goethals research group.   
1.3.1. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

Ethics Title Card
1.4. Procedures involving animal subjects have been approved by the local ethics committee for animal experiments at Ghent University.

Protocol
2. Multimodality Imaging of Target Volume Selection
2.1. After anesthetizing an F98 (F-ninety-eight) glioblastoma rat harboring a 7 to 8-millimeter-diameter tumor [1-TXT], inject 10 to 12 Megabecquerel of [18F]-FET (fluorine eighteen F-E-T) dissolved in 200 microliters of saline in the lateral tail vein 1 hour before PET (pet) acquisition [2-TXT]. 
2.1.1. WIDE: Establishing shot of talent confirming anesthesia by checking the limb withdrawal reflex. TEXT: See text for full rat preparation details
2.1.2. Talent injecting [18F]-FET in the tail vein. TEXT: FET: fluoro-ethyl-L-tyrosine

2.2. Let the animal regain consciousness while the tracer gets distributed throughout the body [1]. Then, anesthetize the animal again and place it on a multimodality bed [2]. Secure the animal using hook-and-loop fasteners to maintain a fixed position during the imaging and micro-irradiation [3].
2.2.1. Shot of animal regaining consciousness.
2.2.2. Talent placing the anesthetized animal on a multimodality bed.
2.2.3. Talent securing the animal using hook-and-loop fasteners.

2.3. Fix a capillary filled with the MRI/PET (M-R-I-pet) agent for easier co-registration [1]. Then, wrap the animal in bubble wrap to preserve its body temperature during the multimodality imaging and therapy [2].
2.3.1. Talent fixing a capillary filled with the MRI/PET agent.
2.3.2. Talent wrapping the animal in bubble wrap.

2.4. One hour after the injection of the PET tracer, perform a PET scan [1]. Reconstruct the PET scan into a 3D volume with a 0.4-millimeter voxel size using 30 iterations of the Maximum-Likelihood Expectation-Maximization-algorithm [2].
2.4.1. Talent initiating the PET scan.
2.4.2. SCREEN: 62560_screenshot_01. 0:00-0:17.

2.5. Next, inject an MRI contrast agent into the tail vein [1], then place the rat, still fixed on the multimodality bed, in the animal holder of the MRI scanner [2]. Perform a localizer scan followed by a contrast-enhanced T1-weighted (T-one-weighted) spin-echo sequence [3].
2.5.1. Talent injecting the MRI contrast agent into the tail vein. TEXT: Use 0.4 mL/kg
2.5.2. Talent placing the rat in the animal holder of the MRI scanner.
2.5.3. Talent initiating the MRI scan.

2.6. Then, place the animal, still fixed on the multimodality bed, on a plastic holder secured onto the four-axis robotic positioning table on the micro-irradiator [1]. 
2.6.1. Talent placing the animal onto the four-axis robotic positioning table.

2.7. Perform a high-resolution treatment-planning cone-beam CT (C-T), acquiring a total of 360 projections over 360 degrees [1]. Reconstruct the CT images with an isotropic voxel size of 0.275 millimeters [2].
2.7.1. Talent initiating the CT scan. TEXT: See text for CT details.
2.7.2. SCREEN: 62560_screenshot_02. 0:11-0:25, then skip to 0:32-0:44. Video Editor: Speed up, as necessary
3. Image Co-registration
3.1. For image co-registration [1], place the three image modalities into one folder [2], then import the converted images into MATLAB (mat-lab) [3].
3.1.1. WIDE: Talent sitting at the computer, monitor visible in frame. Videographer: Obtain a few shots of talent clicking the mouse and typing on the keyboard to use as b-roll throughout the video
3.1.2. SCREEN: 62560_screenshot_03. 0:20-0:45. Video Editor: Speed up, as necessary
3.1.3. SCREEN: 62560_screenshot_04. 0:08-0:18. 

3.2. Next, run the DosePainting-Coregistration MATLAB script [1], which converts the DICOM (die-com) images to the NIfTI (nifty) format [2], filters the PET image with a 1-millimeter Full-Width Half-Max Gaussian filter, crops the PET image and moves the image centers close to each other [3], and performs the actual rigid-body co-registration using Statistical Parametric Mapping [4].
3.2.1. SCREEN: 62560_screenshot_05. 0:00-0:04.
3.2.2. SCREEN: 62560_screenshot_05. 0:05-0:06.
3.2.3. SCREEN: 62560_screenshot_05. 0:07-0:09.
3.2.4. SCREEN: 62560_screenshot_05. 0:09-0:20.

3.3. Evaluate the result of the automatic coregistration before proceeding to treatment planning [1].
3.3.1. SCREEN: 62560_screenshot_05. 0:20-0:23.

4. Radiation Treatment Planning: Method 1 
4.1. To apply method 1 [1], run the DosePainting-RadiationPlanning MATLAB script [2] and load the three different imaging modalities into the MATLAB app [3]. 
4.1.1. WIDE: Talent at the computer, opening the software, monitor in frame. Videographer: Obtain multiple usable takes because this will be reused in 5.1.1.
4.1.2. SCREEN: 62560_screenshot_06. 0:01-0:10. 
4.1.3. SCREEN: 62560_screenshot_06. 0:16-0:40. Video Editor: Speed up, as necessary

4.2. Next, place a generous bounding box around the contrast enhancement on the transverse, sagittal, and frontal views of the T1-weighted (T-one-weighted) MRI scan [1]. Save the location of the bounding box [2], then finalize the box [3].
4.2.1. SCREEN: 62560_screenshot_07. 0:01-0:21. 
4.2.2. SCREEN: 62560_screenshot_07. 0:22-0:29. 
4.2.3. SCREEN: 62560_screenshot_07. 0:29-0:36. 

4.3. Determine the contrast-enhanced volume using a threshold [1]. If multiple regions have been selected, select only the largest volume, the center of which is considered as the first isocenter to deliver a prescribed dose for radiation therapy [2].
4.3.1. SCREEN: 62560_screenshot_08. 0:01-0:07.
4.3.2. SCREEN: 62560_screenshot_08. 0:07-0:23. 

4.4. Expand the previously determined MRI contrast enhancement by 10 pixels in each direction. If multiple regions are detected, retain only the largest PET volume, the center of which is considered the second isocenter to deliver a prescribed dose for radiation therapy [1].
4.4.1. SCREEN: 62560_screenshot_09. 0:01-0:26, then skip to 0:32-0:36.

4.5. For the first isocenter [1], deliver a prescribed dose of 2000 centi-gray [2] using 3 non-coplanar arcs at couch positions 0, negative 45, and negative 90 degrees with a gantry rotation of 120, 120, and 60 degrees, respectively. Use a fixed collimator size of 10 x 10 millimeters; however, for smaller tumors, use an appropriate size, such as 5 x 5 millimeters [3].
4.5.1. SCREEN: 62560_screenshot_10. 0:00-0:17. Video Editor: Speed up, as necessary
4.5.2. SCREEN: 62560_screenshot_10. 0:17-0:20.
4.5.3. SCREEN: 62560_screenshot_10. 0:21-0:53.

4.6. For the second isocenter [1], deliver a prescribed dose of 800 centi-gray [2] using 3 non-coplanar arcs at couch positions 0, negative 45, and negative 90 degrees with a gantry rotation of 120, 120, and 60 degrees, respectively. Use a fixed collimator size of 3 x 3 millimeters [3].
4.6.1. SCREEN: 62560_screenshot_11. 0:01-0:15. Video Editor: Speed up, as necessary
4.6.2. SCREEN: 62560_screenshot_11. 0:16-0:20.
4.6.3. SCREEN: 62560_screenshot_11. 0:20-0:56.

4.7. Calculate the dose distribution within the animal and the beam delivery parameters [1].
4.7.1. SCREEN: 62560_screenshot_12. 0:01-0:10, then skip to 0:22-0:25.

5. Radiation Treatment Planning: Method 2
5.1. To apply method 1 [1], load the three different imaging modalities into the MATLAB app as demonstrated earlier [2], then place a generous bounding box around the contrast-enhancement on the transverse, sagittal, and frontal views of the [18F]FET PET image [3] and save the locations of the bounding box [4].
5.1.1. Use 4.4.1 Talent at the computer, opening the software, monitor in frame
5.1.2. SCREEN: 62560_screenshot_13. 0:00-0:27. Video Editor: Since this step has already been demonstrated, show only up to 0:10 or 0:18, as necessary
5.1.3. SCREEN: 62560_screenshot_13. 0:39-0:57. 
5.1.4. SCREEN: 62560_screenshot_13. 0:57-1:04.

5.2. After finalizing the bounding box, use the appropriate MATLAB script to determine V50 (V-fifty), V60, V70, V80, and V90, and the isocenters and the jaw dimensions for each beam required to guide the motorized variable collimator [1].
5.2.1. SCREEN: 62560_screenshot_14. 0:00-0:17. 

5.3. To deliver a prescribed dose of 2000 centi-gray distributed over 16 beams for V50 and a dose of 800 centi-gray distributed over 40 beams for V60 to V90, select the output file generated by the MATLAB script [1] and import the 56 beams into the treatment planning software [2]. 
5.3.1. SCREEN: 62560_screenshot_15: 0:00-0:11. 
5.3.2. SCREEN: 62560_screenshot_15: 0:11-0:14, then skip to 0:23-0:27. 

5.4. After verifying that all 56 beams have been imported correctly [1], calculate the dose distribution within the animal and the beam delivery parameters [2].
5.4.1. SCREEN: 62560_screenshot_16. 0:01-0:19
5.4.2. SCREEN: 62560_screenshot_16. 0:19-0:21, then skip to 0:33-0:40.



Results
6. Results: A Comparison between the Two Methods for PET-based Dose Painting Radiation Therapy
6.1. Both methods of PET-based dose painting radiation therapy were applied to three different cases [1]. Case 1 has a spherical homogeneous PET uptake [2], while Cases 2 and 3 have a ring-shaped uptake where the reduced PET-uptake is most likely necrotic tissue [3].
6.1.1. LAB MEDIA: Figure 7.
6.1.2. [bookmark: _Hlk68693034][bookmark: _Hlk68098449]LAB MEDIA: Figure 7. Video Editor: Emphasize the top-row of panels (Case 1)
6.1.3. LAB MEDIA: Figure 7. Video Editor: Emphasize the middle and bottom rows (Cases 2 and 3), also emphasize the rings seen in the ‘coronal’ column for cases 2 and 3.

6.2. The dose-volume histograms for Method 2 [1] are systematically closer to the ideal dose distribution [2] than those for Method 1 [3]. A substantial tumor volume receives insufficient irradiation in Cases 2 and 3 when treated with Method 1 [4]. The D90 (D-ninety) and D50 (D-fifty) values are considerably lower for Method 1 [5] than for Method 2 [6].
6.2.1. LAB MEDIA: Figure 9. Video Editor: Emphasize the yellow curves in all three graphs
6.2.2. LAB MEDIA: Figure 9. Video Editor: Emphasize the blue curves in all three graphs
6.2.3. LAB MEDIA: Figure 9. Video Editor: Emphasize the orange curves in all three graphs
6.2.4. LAB MEDIA: Table 3. Video Editor: Emphasize the Method 1 rows for case 2  and case 3.
6.2.5. LAB MEDIA: Table 3. Video Editor: Emphasize D90 and D50 values for Method 1 for case 2 (1894.93, 2127.86) and case 3 (1874.58, 2103.78)
6.2.6. LAB MEDIA: Table 3. Video Editor: Emphasize D90 and D50 values for Method 2 for case 2 (2322.11, 2597.31) and case 3 (2354.03, 2602.64)

6.3. Ideally, Q-volume histograms make a sharp drop at a Q-value equal to one [1]. Method 2 always results in dose distributions [2] that are closer to the dose objective [3] than Method 1 [4]. Furthermore, the overall Q-factors [5] for Method 2 were superior [6] to those for Method 1 [7].
6.3.1. LAB MEDIA: Figure 10.
6.3.2. LAB MEDIA: Figure 10. Video Editor: Emphasize the yellow curves in all three graphs
6.3.3. LAB MEDIA: Figure 10. Video Editor: Emphasize the blue curves in all three graphs
6.3.4. LAB MEDIA: Figure 10. Video Editor: Emphasize the orange curves in all three graphs
6.3.5. LAB MEDIA: Table 4. 
6.3.6. LAB MEDIA: Table 4. Video Editor: Emphasize the Method 2 values (0.0572, 0.057, 0.0778)
6.3.7. LAB MEDIA: Table 4. Video Editor: Emphasize the Method 1 values (0.0898, 0.1573, 0.1773)








Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

7.1. This methodology is a crucial step towards inverse planning, which is generally used in clinical routine, and further narrows the gap between preclinical radiation research and the clinic.

7.1.1. 5.4.1, 5.4.2
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