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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  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
NA
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
None
2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://www.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Yes
If Yes, how far apart are the locations? Walking distance

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  24
Number of Shots:  43 

Interviews 
1. Video 1: Author Spotlight: Title (Filled by scriptwriter during script finalization)

Videographer: Obtain headshots for all authors. 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer at least 3 of the questions below. Up to 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 50 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

What is the scope of your research? What questions are you trying to answer? 
1.1. Mark Gorris: With this research we try to characterize the amount, the type and the localization of immune cells within the tumor microenvironment.

What are the most recent developments in your field of research?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.
What technologies are currently used to advance research in your field?
1.3. Mark Sweep: Specifically in IHC, there have been major advances in technology in recent years. Advances in multiplex IHC technology allow for more markers to be reliably studied. More recently, spatial transcriptomics emerged, which enables detection of RNA on a microscopy slide, while maintaining the spatial information. 
What are the current experimental challenges?
1.4. Mark Gorris: The current experimental challenges are to visualize the specific types of immune cells within tumor samples, which has been overcome by using the multiplex IHC procedure. However, accurate automatic analysis of these images is a still a challenge which we are working at.

What significant findings have you established in your field?
1.5. Mark Gorris: So far, we have found that primary tumors and metastatic tumors from the same patient can have really different immune cell landscapes, while different metastatic tumors from the same patient are a lot more similar.

What research gap are you addressing with your protocol?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.

What advantage does your protocol offer compared to other techniques?
1.7. Mark Gorris: Compared to the standard analysis technique, we can more accurately detect immune cells using machine learning algorithms.
How will your findings advance research in your field?
1.8. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.
What new scientific questions have your results paved the way for?
1.9. Mark Sweep: The differences in the immune cell landscape between primary and metastatic tumors generates questions like “What tumor-intrinsic properties drive these differences?” and “What do these differences mean for therapies that target the immune system?”. 
What research questions will your laboratory focus on in the future?
1.10. Mark Sweep: Next to our exploratory work, we will also focus on clinically relevant questions, such as how the immune cell landscape of a tumor is affected by different types of anti-cancer therapies, and whether the immune cell landscape could predict the outcome of a therapy.

Videographer: Obtain headshots for all authors.
Ethics Title Card
1.11. This research has been exempted from medical ethical approval by the local Radboudumc Medical Ethical Committee concurrent with Dutch legislation (file number 2017-3164).







Protocol Videos 
Each video will include a section of your protocol and accompanying results, if applicable. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration. Professional voiceover artists will narrate the video. 
· Red and italics are pronunciation guides (how the word will be spoken). 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product from that step in advance.
Protocol:
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Representative Results: 
· The three-digit numbers (e.g., 2.3.1., 2.3.2.) are the figures/tables from your manuscript. These will not be recorded by the videographer.
· Please review the result section to make sure it logically follows the video.
· Please note that the video cannot include voiceover without an accompanying visual.

Videographer: Please capture multiple reusable shots of talent clicking the icon and scrolling the cursor
2. Video 2: Workflow for Immune Cells Detection using the Machine Learning Algorithm ImmuNet.
Demonstrator: Mark Gorris	Comment by Gorris, Mark: Is it possible to let a part be done by?:
Mark Gorris (or Kiek)
Mark Sweep
Evgenia Martynova
Ethics Title Card
2.1. [bookmark: _Hlk139879965]Procedures involving human subjects have been officially deemed exempt from medical ethical approval by the local Radboudumc Medical Ethical Committee concurrent with Dutch legislation (file number 2017-3164).
Protocol
Spectral Unmixing of the Multiplex IHC Samples
2.2. After performing immunohistochemistry on the FPPE FFPE (F-PF-P-E) tissues, image the sections using the digital pathology imager [1]. 
2.2.1. WIDE: Talent acquiring images.

2.3. Launch the software to perform spectral unmixing of the annotated images [1]. Upload the images into the software by selecting File, then Open Image and choosing the .qptiff (Q-P-Tiff) files [2]. Allow the stamps, marked as inForm Projects (in-Form-Projects), to upload into the project [3].
2.3.1. SCREEN: Software is being launched. 
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/files_upload.php?src=19970838
2.3.2. SCREEN: File is being clicked, open image is being selected, and qptiff' files are being selected.
2.3.3. SCREEN: The inForm Projects are being uploaded into the project.

2.4. Load the .qptiff files prepared for the autofluorescence compensation [1]. Select the autofluorescence on the image tool to draw a line on the image from the unstained slide through autofluorescent structures like erythrocytes and collagen to compensate for autofluorescence [2]. 
2.4.1. SCREEN: The qptiff' files are being loaded.
2.4.2. SCREEN: The autofluorescence on the image tool is being selected. A line is being drawn on the image from the unstained slide.

2.5. Navigate to the Edit Markers and Colors section, assign marker names that match the Opal fluorophore, and adjust the color settings to your preferred option [1].
2.5.1. SCREEN: The Edit Markers and Colors is being selected, marker names are being assigned and color settings are being adjusted.

2.6. Select Prepare All, located in the lower-left corner of the interface, to initiate the unmixing of fluorophores [1]. Examine all images to check the visibility of all signals and the successful completion of the unmixing process. Select the eyeball icon to turn off and on all the markers one by one to check the quality [2-TXT]. 
2.6.1. SCREEN: Prepare all is being selected and the unmixing of fluorophores is being started,
2.6.2. SCREEN: The images are being examined. The eyeball icon is being selected. TXT: Optionally train the algorithms for tissue segmentation and cell phenotyping

2.7. Now, navigate to the Export tab and create a new empty export directory by clicking the Browse button located under the Export Directory [1]. Select Composite Image and Component Images (multi-image TIFF) under the Images to export tab [2].
2.7.1. SCREEN: The export tab is being clicked, Export Directory is being clicked, followed by browse.
2.7.2. SCREEN: 'Images to export' is being clicked followed by Composite Image' and 'Component Images (multi-image TIFF)'

2.8. Then, go to File, select Save, followed by Project to save the algorithm to a preferred location [1]. Navigate to the Batch Analysis tab found vertically on the left for the batch processing of slides and select Create separate directories for each item under the Export Options [2].	Comment by Sweep, Mark: This was not done in the current screen capture
2.8.1. SCREEN: File is being clicked, save is being selected and project is being clicked.	Comment by Sweep, Mark: See comment above
2.8.2. SCREEN: Batch analysis tab is being selected, export is being clicked and Create separate directories for each item is being selected.

2.9. Now, add slides for analysis by selecting .qptiff files under the Add Slides button and load these into the batch analysis. Select Run to commence the batch processing of slides [1].
2.9.1. SCREEN: Add slices button is being clicked, qptiff files are being selected. Run is being clicked.
Tumor ROI and Invasive Margin ROI Drawing Process in QuPath
2.10. Create a new folder containing only the component files from spectral unmixing, ensuring the hierarchical folder structure remains intact [1]. Launch the whole slide viewer software, click Create Project on the left side, and create or select a new empty folder with an appropriate name [2].
2.10.1. SCREEN:  A new folder is being created.
2.10.2. SCREEN: The whole slide viewer software is being launched. Create Project is being clicked, and a new empty folder with an appropriate name is being selected. 

2.11.  Then click Automate and choose Show Script Editor [1]. Copy and paste the existing script and modify the location to direct it toward the folder that contains all the slide component files [2]. Select Run to begin the process of batch stitching slides and then allow it to complete [3]. 
2.11.1. SCREEN: Automate is being clicked, and Show Script Editor is being chosen. 
2.11.2. SCREEN: The script is being copied. The location is being modified.
2.11.3. SCREEN: Run is being clicked.

2.12. Now, move the recently generated .ome.tif (O-M-E-Tif) files into the QuPath (Ku-Path) project and save them as a new project [1]. When a new window appears, select Set image type, followed by Fluorescence, then click the Import button [2]. 
2.12.1. SCREEN: The ome.tif file is being moved to the QuPath project and saved.
2.12.2. SCREEN:  Set image type is being clicked, followed by Fluorescence. The import button is being clicked,

2.13. Navigate to the menu on the left, select a sample from the list, and double-click to open the chosen sample [1]. Adjust the intensity of the channels by clicking the contrast icon to enhance visibility. Select all channels and opt to Reset. Ensure the autofluorescence is toggled off [2]. 
2.13.1. SCREEN: The menu on the left is being clicked, a sample is being selected, and the sample is being opened.
2.13.2. SCREEN: The contrast icon is being clicked. All channels are being selected, and reset is being selected. The autofluorescence is being turned off.

2.14. To draw a region of interest or ROI (R-O-I) for the tumor, click the contrast icon again, then select Show Grayscale [1]. After that, select the tumor marker channel and adjust the intensity for optimal visibility [2].
2.14.1. SCREEN: The contrast icon is being clicked. The option to show grayscale is being selected.
2.14.2. SCREEN: The tumor marker channel is being selected, and the intensity for optimal visibility is being adjusted.

2.15. Click the brush tool to roughly draw an ROI around the tumor [1]. Click the wand tool and adjust the ROI while pressing the alt key to smooth the ROI from the outside. When finished, and merge any separated parts of the tumor into the same ROI [2].
2.15.1. SCREEN: The brush tool is being clicked, and ROI is being drawn around the tumor. 
2.15.2. SCREEN: The wand tool is being selected, and the ROI is being adjusted. The separated parts of the tumor are being merged.


2.16. Right-click the ROI annotation in the list on the left, select Set Properties, and provide a suitable name, for instance, tumor [1]. Expand the ROI for the invasive margin from the tumor region by selecting Objects, then Annotations, followed by Expand Annotations [2].
2.16.1. SCREEN:  The ROI annotation is being clicked, Set Properties is being selected and name is being provided.
2.16.2. SCREEN: Objects, Annotations, and 'Expand Annotations are being clicked.

2.17. Choose the desired size for the expansion radius. Select Remove Interior and Constrain to Parent [1]. Click on the contrast icon, select the autofluorescence channel, and adjust the intensity for optimal visibility [2].
2.17.1. SCREEN: The expansion radius is being adjusted, and the Remove interior and Constrain to parent is being selected.
2.17.2. SCREEN: The contrast icon is being clicked, the autofluorescence channel is being selected, and the intensity is being adjusted.

2.18. Click the wand and adjust the ROI while pressing the alt key to smooth the ROI from the outside and remove any background that should not be part of this ROI [1].
2.18.1. SCREEN: The wand is being clicked, ROI is being adjusted  and the background is being removed.

2.19. Assign a suitable name, such as invasive margin or IM (I-M), to the ROI, by rRight-clicking the annotation in the list on the left. Then, select Set Properties to assign a suitable name, such as invasive margin or IM (I-M), to the ROI.input the name, and Iif desired, change its color to green [1]. 
2.19.1. SCREEN: A name is being assigned to the ROI, , Set properties is being selected.

2.20. To save export the annotations, navigate to the File option, click Export Object data…s, Export as GeoJSON and select Export All objects. Continue with the default selection on Export as FeatureCollection and save it in a preferred location [1].
2.20.1. SCREEN: File is being clicked, Export ObjectsObject data…, and Export All objects is being selected. The default selection on export as feature collection is being checked, and the file is being saved.

Immune Cell Detection	Comment by Sweep, Mark: This part will be hard to show for the public: it relies on some local setups, meaning it won’t be directly applicable to other people (although it is described on github how others can do these things). Considering this and the current length of the videos from the sections before, we think it’s better to skip this part.

2.21. Divide annotations into training and validation sets, as both are used by ImmuNet (Immu-net) for training and inference [1]. When training the model, substitute the example dataset and annotation in the Readme file of the repository with the preferred data [2]. 
2.21.1. SCREEN: the annotations are being divided into training and validation sets.
2.21.2. SCREEN: The example data set is being substituted with the preferred data in the Readme file.

2.22. Enrich the model by providing negative examples like background annotations at venues that should not be identified as cells of interest [1].
2.22.1. SCREEN: The negative examples are being provided to the model.

2.23. Using the provided validation annotations, verify the performance’s satisfaction. Review the error rate per annotation type, which is the ratio of validation annotations that the model failed to identify [1]. Evaluate the performance in terms of false positives by creating several fully annotated ROIs and computing the F-scores [2].
2.23.1. SCREEN: The performance is being reviewed. The error rate per annotation type is being checked.
2.23.2. SCREEN: Fully annotated ROIs are being created, and the F scores are being computed.

2.24. Conduct a visual inspection of the prediction for a qualitative analysis of the model's errors [1]. If the model's performance is deemed inadequate, visualize the prediction for some tiles following the guidelines detailed in the repository. Identify the most error-prone sites, increase annotations for these sites, and re-initiate model training and evaluation [2].
2.24.1. SCREEN: A visual inspection of the prediction for a qualitative analysis of the model's errors is being performed.
2.24.2. SCREEN: The error-prone sites are being identified and the model is being reinitiated.

2.25. Upon achieving the designated performance, begin inferring the dataset outlined in the Inference for the whole dataset section of the repository Readme [1]. Use the acquired comma-separated values, and files containing the model prediction for data analysis input using a Python or R script [2].
2.25.1. SCREEN: the whole dataset is being inferred.
2.25.2. SCREEN: The obtained CSV files are being shown.


Representative Results
2.26. Composite images of cells recognized by ImmuNet with white dots and cells recognized by ImmuNet and marker expression are presented [1].
2.26.1. LAB MEDIA:  Figure 6
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