Dear editor
Dear reviewer

Thank you for giving feedback and constructive criticism on our manuscript, JoVE62560 “PET-based dose painting radiation therapy strategy in a glioblastoma rat model using the Small Animal Radiation Research Platform”. We addressed your comment in the document below. 

Kind regards

Sam Donche

Answer Revision: PET-based dose painting radiation therapy strategy in a glioblastoma rat model using the Small Animal Radiation Research Platform (JoVE62560)
Editorial comments
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
The manuscript has been proofread by the co-authors.
2. Please revise the following lines to avoid previously published work: 52-55, 59-61, 82-89, 94-107, 116-120, 122-124, 130-133, 139-148, 157-158, 178-179, 185-187, 193-196, 197-198.
Small changes have been made to lines 52-55, 59-61, 82-89, 94-107.
3. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
The manuscript has been revised for personal pronouns.
4. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials. For example: Prohance, etc.
Company names have been removed from the manuscript.
5. Line 136-137: Please include the size of the suture used.
Suture specifications are now added to the manuscript (see lines 199-201):
“Withdraw the syringe slowly and close the hole in the skull with bone wax. Suture the skin (polyamide 6, thickness 4-0) and inject meloxicam subcutaneously (1 mg/kg, 2 mg/mL).”
6. Line 139-148: Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.” However, notes should be concise and used sparingly. Please include all safety procedures and use of hoods, etc.
Small changes have been made throughout the manuscript. 
7. Line 288/ 293: Please number the subheading (e.g., 6.1 Dose- Volume histogram) and renumber the following steps (e.g., 6.1.1., 6.1.2, etc.).
The subheading and following steps have been renumbered. 
8. Please include a one-line space between each protocol step and highlight up to 3 pages of the Protocol (including headings and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol. Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will still be available to the reader.
A one-line space in now included between each protocol step. 
9. Lines 347-378: Please use the same font as the manuscript text. Remove the italics.
The font has been adjusted and the italics have been removed. 
10. Please include modifications/ troubleshooting of the technique and the limitations of the technique.
A section with study limitations has been added to the Discussion (lines 561-566): “This study also has some limitations. For the experiments described in this manuscript, the most commonly used amino acid PET tracer [18F]FET was used. When using other PET tracers to guide radiation treatment, the semi-automatic workflow should be properly examined because coregistration might be less accurate. Also, the impact of using a different voxel size for PET and/or MRI on treatment planning and dose delivery should be further investigated.” 
11. Please do not use the &-sign or the word “and” when listing authors in the reference section. Authors should be listed as last name author 1, initials author 1, last name author 2, initials author 2, etc. Title case and italicize journal titles and book titles. Do not use any abbreviations. Article titles should start with a capital letter and end with a period and should appear exactly as they were published in the original work, without any abbreviations or truncations.
This has been modified in the Reference section. 
12. Please sort the Table of Materials in alphabetical order.
The order has been adjusted. 




Answer Revision: PET-based dose painting radiation therapy strategy in a glioblastoma rat model using the Small Animal Radiation Research Platform (JoVE62560)
Reviewers' comments
Reviewer #1
Major concerns
They use two different methods but do not describe the rational of using two methods in the introduction section.
In this paper, an in silico study is presented to compare two methodologies for [18F]-fluoro-ethyl-L-tyrosine ([18F]FET) PET-based dose painting in a GB rat model20–22 using a small animal radiation research platform: (1) sub-volume boosting using predefined beam sizes and (2) dose painting using a motorised variable collimator where jaw dimensions are modified based on the PET tracer uptake in the tumour volume.
This is now added to the Introduction of the manuscript (lines: 108-112).
Method 1 is very similar to the previously published methodology (see reference 20-22) with a few adjustments (see Table 2). However, in contrast to the previously published methodology, most of the process is automated using an in-house developed MATLAB code. Rational behind these adjustments: 
· The tumours were bigger because we wanted more tumour heterogeneity to be visible on PET and MR imaging. This results in a bigger challenge for dose painting. 
· Our PET system was upgraded from a resolution of 1.2 mm to 0.85 mm. This will also result in more observed tumour heterogeneity.  
· The size of the collimator for both base irradiation and boosting had to be increased due to the increased tumour size. Also, an extra margin was incorporated to account for the extra microscopic tumour infiltration. 
· Arcs were defined at couch positions 0°, -45° and -90° instead of -45, 0°, 45° because the tumour is located in the right hemisphere. This way less normal tissue will be irradiated. 
Method 2 consists of a more sophisticated method where a series of isocentres and jaw dimension for the motorised variable collimator will be determined based on the [18F]FET uptake (see Figure 5). 
For V50, 16 beams were defined along the arcs at couch positions 0°, -45° and -90°. A base radiation dose of 20 Gy was divided over these 16 beams, resulting in 125 cGy per beam. 
For V60-V90, 40 beams were defined along the arcs at couch positions 0°, -45° and -90°. The boost dose of 8 Gy was divided over these 40 beams, resulting in 20 cGy per beam. 
Also, for the PET tracer used, I don't see why FET was chosen. Please provide some explanation for using this specific radiotracer. Authors already used other tracers like FAZA for hypoxia. Do they believe that the news methods described here are well suited to any other "metabolic" imaging.
[18F]-fluoro-ethyl-L-tyrosine ([18F]FET) is a PET tracer often used in neuro-oncology because of its ability to detect brain tumours (https://doi.org/10.1093/neuonc/nos300). FET is an artificial amino acid that is internalised in tumoral cells but not incorporated into cell proteins. [18F]FET uptake corresponds with cell proliferation rate, tumour cell density and angiogenesis (https://doi.org/10.1007/s11060-008-9551-3). As this is the most used oncologic brain PET tracer in our institute, this radiotracer was chosen to evaluate our new workflow. 
This is now added to the manuscript at the end of the Introduction (lines: 112-116).
The workflow has not been tested with other PET tracers yet. This will be further evaluated in the future.  Therefore, the following sentence has also been added to the manuscript (lines: 561-565): “This study also has some limitations. For the experiments described in this manuscript, the most commonly used amino acid PET tracer [18F]FET was used. When using other PET tracers to guide radiation treatment, the semi-automatic workflow should be properly examined because coregistration might be less accurate.” 
The duration for each method is not discussed. Line 410, they mention "about 80min". Is the duration similar for the two methods? if motorized variable collimator has to be used, does it take time?
This was indeed not so clear in the manuscript.
While conventional (i.e. completely manual) preclinical treatment planning, including multimodal imaging, can require up to 180 minutes, this time could be reduced to about 80 minutes with both semi-automatic methods presented in this manuscript. 
This has now been modified in the manuscript (lines: 539-541).
We assume that dose delivery might be slightly slower when using a motorised variable collimator to switch between beam positions and to adjust the jaw dimensions for each individual beam.  
This has also added to the manuscript (lines: 552-554).
For the methodology, on line255: "a 10*10collimator is used". It is well suited since tumor diameter equal of around 8mm were chosen. How should user manage if smaller tumor volumes are desired? or tumor volume greater than 8mm?
The SARRP comes with multiple fixed collimators: 1 mm diameter, 3 mm x 3 mm, 5 mm x 5 mm and 10 mm x 10 mm. So, when smaller tumour sizes have to be irradiated, the appropriate (fixed-sized) collimator should be selected. Our research group likes to incorporate an extra margin around the tumour to account for microscopic tumour infiltration. The animal’s welfare must be considered when using tumour volumes larger than 10 mm.  
The following sentence was added to the manuscript (line 354-356): 
“When smaller tumour sizes need to be irradiated, appropriate collimators should be applied (e.g. a 5 x 5 mm collimator). The animal’s welfare must be considered when using tumour volumes larger than 10 mm.“
I would also need more information to link the supplementary dose in the boost with the biology of the tumor. Here a 2.8 Gy dose is used in the most FET avid region. How was chosen a 0.8 Gy boost?
In this experiment, we chose to dose paint between a dose of 20 Gy and 28 Gy within the tumour target. The clinical used dose is 30 x 2 Gy. As carrying out 30 fractions would be impossible to perform, the radiation therapists at our hospital proposed to deliver one dose of 20 Gy based on the biologically effective dose and biological equivalent dose. In a similar manner, the boost of 8 Gy was chosen to have enough tumour control probability and keep the risk of normal tissue complications low (normal tissue complications probability).  
For DHV data, they compare to an ideal dose map. How was calculated this "ideal" dose?
The ideal dose was calculated using Equation 1. This equation is a linear interpolation between minimum dose and maximum dose, proportional varying between the minimum PET intensity and maximum PET intensity within the target volume.  
This has now been clarified in the manuscript (lines: 405-408).
For radiation treatment planning, did they studied the impact of using other image resolution (from MRI or PET) on the ultimate tumor and sub-volume automatic segmentation.
The impact of using other image resolutions on the ultimate tumour and sub-volume automatic segmentation was not evaluated. This could indeed be studied in further research. 
The following sentence was added to the discussion (lines: 562-563):
“This study also has some limitations, the impact of using other image resolutions for PET and/or MRI on treatment planning and dose delivery should be further investigated.”
In the discussion, they mention that a lower dose deposition could be achieved using MVC. I believe that more quantitative data would make the conclusion more evident.
We agree with the reviewer that more quantitative data would make the conclusion more evident. However, we believe that our data shows that the use of the motorized variable collimator results in a more accurate dose delivery in the tumour by using the quantitative Q-factor and less dose on the normal tissue, which is illustrated in Figure 7 and Table 4.
Minor concerns
line61: ref 6 does not seem to be appropriate.
Ref 6 was replaced by two different references. 
Von Neubeck, C., Seidlitz, A., Kitzler, H. H., Beuthien-Baumann, B., Krause, M. Glioblastoma multiforme: Emerging treatments and stratification markers beyond new drugs. Br. J. Radiol. 88, (2015).
Mann, J., Ramakrishna, R., Magge, R., Wernicke, A. G. Advances in radiotherapy for glioblastoma. Front. Neurol. 8, 1–11 (2018).
line 164: non-isotropic voxels are obtained. Authors could have rather applied a lower in plane resolution but decreased the slice thickness.
We indeed used our default MRI protocol for T1- and T2-weighted imaging, where we prefer a higher in-plane resolution with a larger slices thickness to obtain a sufficient signal-to-noise ratio (with acceptable acquisition times). However, we fully agree with the reviewer that a reduced slice thickness could be used when compensated by a lower in-plane resolution to obtain the same signal-to-noise ratio. 
As already mentioned above, we didn’t evaluate the impact of using other image resolutions on treatment planning outcome and therefore the following sentence was added to the discussion (lines: 561-565): “This study also has some limitations. For the experiments described in this manuscript, the most commonly used amino acid PET tracer [18F]FET was used. When using other PET tracers to guide radiation treatment, the semi-automatic workflow should be properly examined because coregistration might be less accurate. Also, the impact of using a different voxel size for PET and/or MRI on treatment planning and dose delivery should be further investigated.” 
line 191: a 0.4mm reco is used. I don't understand why, it is below the actual resolution of 18F compounds. It will then be reprocessed to reach a final resolution of 0.275mm
PET imaging was done on a Molecubes B-Cube system. This system has a sub-mm spatial resolution and using the manufacturer’s reconstruction software, the images can be reconstructed with a voxels size of 0.4 mm or 0.8 mm. For this study, we selected the higher spatial resolution of 0.4 mm.
line165; 191 and 204: use the same unit (either mm or µm).
This was adapted in the manuscript.
line 214. " of 1.54 mm. And can be calculated by". A word is missing ?
As a result of a comment of another reviewers, this section (4.2) has been modified. 























Answer Revision: PET-based dose painting radiation therapy strategy in a glioblastoma rat model using the Small Animal Radiation Research Platform (JoVE62560)
Reviewers' comments
Reviewer #2
Minor Comments
1.2.7 Although this will be site specific, rats involved in similar tumour surgeries at our site receive another injection of Metacam subcutaneously after recovery from surgery to reduce inflammation and pain on days 1 and 2, post-operatively. We are also required to maintain a daily health status log with similar endpoints (20% weight loss and/or deterioration of normal behaviour).
An injection of Metacam was at our institute indeed only given post-operatively on the day of the surgery. The addition of two extra injections on day 1 and day 2 post-inoculation could indeed be considered for future experiments. 
During our experiments a daily health status log was also kept (see 1.2.7.). This has been better clarified in section 1.2.7.
2.3/2.4 Define acronyms: TR, TE, TA. Is the T1-weighted sequence also a spin-echo sequence (FSE/RARE)? How many slices are acquired for each sequence?
The acronyms TR, TE and TA are now defined in the manuscript. Both T1 and T2-weighted images are spin-echo sequences and are composed of 30 slices. This information has also been added to the manuscript in section 2.3 (lines: 228-231). 
2.6 How often do you monitor tumor growth (every 2-3 days)? If done carefully, tumour growth can be quite predictable. Do you have an estimate for number of days post-inoculation you have a 7-8 mm tumour?
As stated by the reviewer, tumour growth can be quite predictable. Using MR imaging, the tumour usually reaches a size of approximately 5 mm, nine days post inoculation. Then, MR imaging was indeed performed every 2-3 days until the required tumour size is reached. For our experiments, a size of 7-8 mm was desired. This was generally obtained around 12 days post inoculation. 
Section 2.6 has been slightly modified to include this information: “When the tumour reaches a diameter of 7 to 8 mm, usually observed 12 days after inoculation, the animal is selected for therapy.”
3.2 Define [18F]FET and what it measures.
[18F]-fluoro-ethyl-L-tyrosine ([18F]FET) is a PET tracer often used in neuro-oncology because of it’s ability to detect brain tumours1. FET is an artificial amino acid that is internalised in tumoral cells but not incorporated into cell proteins. [18F]FET uptake corresponds with cell proliferation rate, tumour cell density and angiogenesis2.  
The following sentences were added to the introduction of the manuscript (lines: 112-115)
“[18F]FET is a PET tracer often used in neuro-oncology because of it’s ability to detect brain tumours1. [18F]FET is an artificial amino acid that is internalised in tumoral cells but not incorporated into cell proteins. [18F]FET uptake corresponds with cell proliferation rate, tumour cell density and angiogenesis2.”
1.	Hutterer, M. et al. FET PET: a valuable diagnostic tool in neuro-oncology, but not all that glitters is glioma. Neuro. Oncol. 15, 341–351 (2013).
2.	Stockhammer, F., Plotkin, M., Amthauer, H., Landeghem, F. K. H. & Woiciechowsky, C. Correlation of F-18-fluoro-ethyl-tyrosin uptake with vascular and cell density in non-contrast-enhancing gliomas. J. Neurooncol. 88, 205–210 (2008).

3.3 What is used for the MRI/PET agent? [18F]FET and Prohance?
The tumour is indeed visualised using two agents. [18F]FET and a gadolinium-containing contrast agent (Prohance) are used to visualize the tumour on PET and MRI, respectively.
3.3 Is there a reason you can't use the heated blanket used for the MRI tumor checks?
A heated blanket can be used and was used during MR imaging to monitor tumour growth. However, it could not be used during the multimodal imaging session for treatment planning due to the design of the in-house made multimodality bed, which was used for this purpose. This multimodality bed was made to move the animal smoothly from one imaging device to another, while minimizing animal motion. To maintain body temperature, the animal was wrapped in bubble wrap and to further avoid animal motion the heated blanket was not placed on the animal during MRI.
3.4 Optimal PET reconstruction would be system-dependent. Describe PET system used in this experiment.
The PET system in this article is a Beta-cube (Molecubes, https://www.molecubes.com/b-cube/). This system has a field of view (FOV) of 130 mm x 72 mm and a spatial resolution of 0.85 mm. 
More details related to the PET-system are now added to section 3.4 of the manuscript: “Note, that a dedicated PET scanner for laboratory animal imaging was used with an axial field of view of 130 mm and a bore diameter of 72 mm. This system provides sub-mm (0.85 mm) spatial resolution.”
3.5 Define MRI contrast agent (Prohance?)
Prohance (Bracco Imaging, 279.3 mg/mL) is a gadolinium-based MRI contrast agent. The ‘active’ molecule is gadoteridol. To meet the requirements of the journal, the commercial product name ‘Prohance’ had to be deleted and replaced by (lines 223-224):
“Inject a gadolinium-containing contrast agent (0.4 mL/kg) through an intravenously placed tubing in the lateral tail vein.”
4.2 I don't understand the origin of this equation. Why is FWHM = 1 mm and pixel dimension 0.275 mm? Please cite and/or explain.
To increase readability, we modified section 4.2 of the manuscript to: “Import the converted images into MATLAB and filter the PET image with a Gaussian filter using a Full Width Half Max (FWHM) of 1 mm.“
The origin of the equation in section 4.2 comes from the MATLAB function imgaussfilter3 that is used to perform Gaussian filtering. This function requires as input the standard deviation of the Gaussian curve instead of the more commonly used Full Width Half Maximum value.
In our previously published workflow, the images were filtered with a Gaussian filter with a FWHM-value of 1 mm. We didn’t want the PET filtration step to vary between the previously described method. This FWHM-value also matches more or less with the spatial resolution of our PET imaging system. 
4.6 What type of transformation does SPM perform? Rigid? Affine? Will mutual information suffice for other PET tracers?
The coregistration within SPM consists of rigid-body transformations. This has now been clarified into the manuscript in section 4.5.
The two described methods have only been validated using [18F]FET. Brain tumour uptake of [18F]FET is quite specific, so we believe that mutual information might also work other PET tracers. However, this has not been investigated yet. Therefore, the following sentence was added to the manuscript (lines 553-555):
“For these experiments the most commonly used amino acid PET tracer [18F]FET was used. When using other PET tracers, the workflow should be properly examined.”
5. Can you describe the rationale behind the two radiation treatment planning methods?
In this paper, an in silico study is presented to compare two methodologies for [18F]-fluoro-ethyl-L-tyrosine ([18F]FET) PET-based dose painting in a GB rat model20–22 using a small animal radiation research platform: (1) sub-volume boosting using predefined beam sizes and (2) dose painting using a motorised variable collimator where jaw dimensions are modified based on the PET tracer uptake in the tumour volume.
This is now added to the Introduction of the manuscript (lines: 108-112).
Method 1 is very similar to the previously published methodology (see reference 20-22) with a few adjustments (see Table 2). However, in contrast to the previously published methodology, most of the process is automated using an in-house developed MATLAB code. Rational behind these adjustments: 
· The tumours were bigger because we wanted more tumour heterogeneity to be visible on PET and MR imaging. This results in a bigger challenge for dose painting. 
· Our PET system was upgraded from a resolution of 1.2 mm to 0.85 mm. This will also result in more tumour heterogeneity.  
· The size of the collimator for both base irradiation and boosting had to be increased due to the increased tumour size. Also, an extra margin was incorporated to account for the extra microscopic tumour infiltration. 
· Arcs were defined at couch positions 0°, -45° and -90° instead of -45, 0°, 45° because the tumour is located in the right hemisphere. This way less normal tissue will be irradiated. 
Method 2 consists of a more sophisticated method where a series of isocentres and jaw dimension for the motorised variable collimator will be determined based on the [18F]FET uptake (see Figure 5). 
For V50, 16 beams were defined along the arcs at couch positions 0°, -45° and -90°. A base radiation dose of 20 Gy was divided over these 16 beams, resulting in 125 cGy per beam. 
For V60-V90, 40 beams were defined along the arcs at couch positions 0°, -45° and -90°. The boost dose of 8 Gy was divided over these 40 beams, resulting in 20 cGy per beam. 
5.6 Can you show a figure with the isocontours for V50, V60, V70, V80, and V90?
An image is added (Figure 10) to the manuscript that show the V50, V60, V70, V80 and V90 contours.
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