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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  N  

2. Software: Does the part of your protocol being filmed demonstrate software usage?  Y

3. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N

Protocol Length
Number of Steps: 28
 

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Tobias Bäuerle: This protocol facilitates the development of a machine learning algorithm for predicting the development of bone metastases in an experimental model at the stage of early organ colonization [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

REQUIRED: 

1.2. Stephan Ellmann: The main advantage of this technique is that it combines several imaging parameters into a machine learning algorithm that significantly outperforms the predictive ability of each individual parameter [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: 

1.3. Tobias Bäuerle: Though this protocol aims for the early diagnosis of metastasis in bone, it can be adapted to different organs or areas of multimodal and multiparametric imaging research [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Introduction of Demonstrator on Camera

1.4. Tobias Bäuerle: Demonstrating the procedure with Stephan Ellmann will be Lisa Seyler, a Authors: please indicate Lisa Seyler’s job title [1][2].

1.4.1. INTERVIEW: Author saying the above
1.4.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera
1.5. 

Protocol
2. Magnetic Resonance Imaging (MRI) Analysis
2.1. Ten days post-surgery and -injection, in a DICOM (dye-com) viewer with a DCE (D-C-E) plugin [1-TXT], click Import to load the DCE sequence in 4D-mode and select the DICOM folder containing the MR images [2-TXT].
2.1.1. WIDE: Talent opening viewer, with monitor visible in frame TEXT: DCE: dynamic contrast-enhanced; See text for surgery and breast cancer cell injection details
2.1.2. SCREEN: 2.1.2: 00:02-00:12 TEXT: See text for MR imaging details
2.2. Place a circular, 1.5-square-millimeter, two-dimensional region of interest in the proximal tibial shaft bone marrow of the right hind leg within the 4th or 5th MR image and select Relative Enhancement in the Plot Type [1].
2.2.1. SCREEN: 2.2. -2.3.: 00:06-00:28
2.3. Enter the baseline range from time points 1-5 into the respective fields and export the analysis as a .txt file named DCEraw.txt [1].
2.3.1. SCREEN: 2.2. -2.3.: 00:29-00:39
2.4. Open RStudio and load the provided DCE-Script.R file [1].
2.4.1. SCREEN: 2.4.-2.5: 00:01-00:12
2.5. Select Code, Run Region, and Run All to run the entire script and copy the output to the provided ImagingFeatures template file [1].
2.5.1. SCREEN: 2.4. -2.5.: 00:13-00:40 Video Editor: please speed up
2.6. In the DICOM viewer, place a second region of interest within the back muscle of the animal [1] and repeat the DCE measurements as demonstrated [2].
2.6.1. SCREEN: 2.6: 00:00-00:06
2.6.2. SCREEN: 2.6: 00:07-00:21
2.7. In the ImagingFeatures spreadsheet, the respective bone measurements will be automatically divided by the respective muscle measurements for data normalization [1-TXT].
2.7.1. SCREEN: 2.7: 00:00-00:28 Video Editor: please speed up and emphasize Normalized data during last second of video TEXT: Repeat for all animals
3. Positron Emission Tomography/Computed Tomography (PET/CT) Analysis 
3.1. To analyze the PET-CT (pet-C-T) images, open the PET-CT analysis software [1] and import the PET-CT images [2-TXT].
3.1.1. WIDE: Talent opening software, with monitor visible in frame
3.1.2. SCREEN: screenshot_3.1.2-3.4.1: 00:02-00:59 Video Editor: please skip wait period TEXT: See text for PET/CT imaging details
3.2. Click General Analysis and select Region of Interest Quantification, Create, and Create a region of interest from a template [1].
3.2.1. SCREEN: screenshot_3.1.2-3.4.1: 2:10-02:14 Video Editor: please speed up
3.3. Place a 4- x 6-millimeter, two-dimensional region of interest onto the bone marrow of the proximal tibial shaft of the right hind leg and select Regions of Interest Target 1 overlay. Note the mean, minimum, and maximum values in becquerels/milliliter [1].
3.3.1. SCREEN: screenshot_3.1.2-3.4.1: 02:14-02:40 Video Editor: please speed up and indicate mean, minimum, and maximum values when mentioned
3.4. Then divide the maximum value by the injected activity and multiply the result by the animal weight in grams to calculate the maximum standardized uptake value [1].
3.4.1. SCREEN: screenshot_3.5.1: 00:03-00:23 Video Editor: please speed up
4. Tumor-Take Rate Calculation
4.1. To diagnose the tumor growth rate in the injected hind leg, after obtaining MR and PET-CT images on day 30 post injection [1], analyze the images as demonstrated [2] and add a Tumor column to the Imaging Features spreadsheet [3].
4.1.1. WIDE: Talent importing image(s) into DICOM software, with monitor visible in frame
4.1.2. SCREEN: 4: 00:21-00:26 
4.1.3. SCREEN: 4: 00:30-00:36 Video Editor: please emphasize Tumor column
4.2. Then enter a 1 or 0 for animals with metastases or without a visible tumor burden, respectively [1].
4.2.1. SCREEN: 4: 00:37-00:41 
5. Feature Selection
5.1. To determine the most relevant features for the prediction of future tumor growth, import the spreadsheet into an open-source data visualization, machine learning, and data mining toolkit [1].
5.1.1. WIDE: Talent importing spreadsheet
5.2. Drag the File subroutine from the Data menu into the Workspace and double-click the file [1].
5.2.1. SCREEN: 5: 00:04-00:07
5.3. Click the Folder icon to load the spreadsheet and select the ImagingFeatures spreadsheet [1].
5.3.1. SCREEN: 5: 00:08-00:18
5.4. Select the Export worksheet and assign the target-attribute to the variable Tumor. Assign the Target function to the animal number [1].
5.4.1. SCREEN: 5: 00:19-00:32
5.5. Drag the Rank subroutine into the workspace and draw a line to connect the File and Rank subroutines [1].
5.5.1. SCREEN: 5: 00:33-00:41
5.6. Then double-click to open the Rank subroutine and select the Information Gain algorithm [1].
5.6.1. SCREEN: 5: 00:41-00:44 
6. Machine Learning (ML) Analysis, Model-Averaged Neural Network (avNNet) ML Algorithm Training, and ML Algorithm Data Analysis
6.1. For machine learning analysis, open RStudio 3.4.1. [1] and load the provided TrainModel.R-Script [2].
6.1.1. WIDE: Talent opening RStudio, with monitor visible in frame
6.1.2. SCREEN: 6.1-6.3: 00:00-00:09
6.2. Select lines 3-6 within the script to load the required libraries, click Code to run the selected code, and click Run Selected Line(s) to run the selected lines [1]. 
6.2.1. SCREEN: 6.1-6.3: 00:10-00:21 
6.3. To train a model-averaged neural network algorithm, select lines 8-39 from the TrainModel.R-Script and click Code and Run Selected Line(s) [1].
6.3.1. SCREEN: 6.4: 00:00-00:52 Video Editor: please speed up
6.4. Then, to assess the standard parameters of diagnostic accuracy, select lines 41-50 from the TrainModel.R-Script and click Code and Run Selected Line(s) [1].
6.4.1. SCREEN: 6.5: 00:04-00:15




Results
7. Results: Representative Machine Learning Algorithm Rat Bone Metastasis Detection 

7.1. On day 10 after surgery and cancer cell injection, MR- and PET-CT images can be acquired [1].

7.1.1. LAB MEDIA: Figure 1

7.2. DCE analysis [1] allows the measurement of muscle [2] and bone tissue areas of interest [3].

7.2.1. LAB MEDIA: Figures 2A and 2D Video Editor: please emphasize yellow circle in Figure 2A and blue and yellow circles in Figure 2B 

7.3. These values can be normalized [1] by dividing the bone measurements [2] by the muscle measurements [3].

7.3.1. LAB MEDIA: Authors: Please upload the spreadsheet from Figure 2C to your project page without the red arrows or rectangles Video Editor: please emphasize Normalized data columns
7.3.2. LAB MEDIA: Figure 2C Video Editor: please emphasize Bone data columns
7.3.3. LAB MEDIA: Figure 2C Video Editor: please emphasize Measurement data columns

7.4. On day 30 post injection, all of animals are evaluated to determine whether they have developed metastases [1], with a “1” indicating a positive tumor burden [2] and a “0” indicating healthy animals without visible tumors [3].

7.4.1. LAB MEDIA: Figure 2C Video Editor: please emphasize Tumor data column
7.4.2. LAB MEDIA: Figure 2C Video Editor: please emphasize “1” data cells
7.4.3. LAB MEDIA: Figure 2C Video Editor: please emphasize “0” data cells

7.5. Running the TrainModel.R Script allows the optimal hyperparameter combination to be determined [1] and the final model to be calculated using the optimal hyperparameter combination [2].

7.5.1. LAB MEDIA: Figure 4A Video Editor: please emphasize text within rectangle
7.5.2. LAB MEDIA: Figure 4B Video Editor: please emphasize text within rectangle

7.6. These data allow a set of standard diagnostic parameters to be calculated [1] and a receiver operating characteristic curve of the model to be plotted [2].

7.6.1. LAB MEDIA: Figure 4C Video Editor: please emphasize Estimation data line
7.6.2. LAB MEDIAL Figure 4D Video Editor: please emphasize data line

7.7. For example, in this analysis of 28 samples, the model performed significantly better than all of its three constituents [1]. 

7.7.1. LAB MEDIA: Figure 4D Video Editor: please emphasize diagonal AUC line 





Conclusion
8. [bookmark: _30j0zll]Conclusion Interview Statements
8.1. Stephan Ellmann: Several machine learning algorithms tend to perform better when the input data are normalized. In this protocol, normalization is achieved using the BoxCox function [1].
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

8.2. Stephan Ellmann: This protocol uses a model-averaged neural network as a machine learning algorithm. However, the provided framework can easily be adapted to other algorithms, such as random forests or support vector machines [1].
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
8.3. Tobias Bäuerle: Extracting numerical information from image material has become essential. Algorithms such as these may facilitate the integration of large amounts of data to allow patient stratification [1].
8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
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