Editorial comments:
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1. Short Abstract: Please shorten it to no more than 50 words. 
CORRECTED 

2. All methods that involve the use of human or vertebrate subjects and/or tissue sampling must include an ethics statement. Please provide an ethics statement at the beginning of the protocol section indicating that the protocol follows the guidelines of your institution. 
CORRECTED

3. Please define acronyms/abbreviations upon first use in the main text. 
CORRECTED

4. Please list all centrifugation speeds in terms of centrifugal g-force instead of rpm: 100 x g. CORRECTED

5. Please include a space between all numbers and the corresponding unit: 15 mL, 5 g, 7 cm, 37 °C, 60 s, 24 h, etc. 
CORRECTED

6. Please revise the Protocol text to avoid the use of personal pronouns (e.g., I, you, your, we, our) or colloquial phrases. 
CORRECTED

7. 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. You may use the generic term followed by “(Table of Materials)” to draw the readers’ attention to specific commercial names. Examples of commercial sounding language in your manuscript are: OptiMEM, Millipore, VEVO, etc. 
CORRECTED

8. Please add more details to your protocol steps. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol. Please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action. See examples below.1.2.1.: Culture cells under what conditions? Please specify1.2.3: What media? Please specify. 1.2.5: Please describe how flow cytometry is done. 
CORRECTED
 
9. Section 2: Please describe in imperative tense how intratracheal intubation is actually done. CORRECTED

10. 3.1: Please specify the age, gender and strain of mice used here. 
CORRECTED

11. 3.9: Please mention how proper anesthetization is confirmed. 
CORRECTED

12. Please describe how lentivirus was intratracheally injected in the protocol. 
CORRECTED

13. After you have made all the recommended changes to your protocol section (listed above), please highlight in yellow up to 2.75 pages (no less than 1 page) of protocol text (including headers and spacing) to be featured in the video. Bear in mind the goal of the protocol and highlight the critical steps to be filmed. Our scriptwriters will derive the video script directly from the highlighted text. 
CORRECTED

14. Please highlight complete sentences (not parts of sentences). Please ensure that the highlighted steps form a cohesive narrative with a logical flow from one highlighted step to the next. The highlighted text must include at least one action that is written in the imperative voice per step. Notes cannot usually be filmed and should be excluded from the highlighting.
CORRECTED

15. References: Please do not abbreviate journal titles; use full journal name. 
CORRECTED
16. Please upload each Figure individually to your Editorial Manager account as a .png, .tiff, .pdf, .svg, .eps, .psd, or .ai file. 
CORRECTED

17. Table of Materials: Please remove any ™/®/© symbols. Please ensure that it has information on all relevant supplies, reagents, equipment and software used, especially those mentioned in the Protocol. Please sort the materials alphabetically by material name. 
CORRECTED


REVIEWERS’COMMENTS:

REVIEWER #1:
The manuscript by Ghaddar et al describes the method for the use of ultrasound to monitor and quantify the volume of lung tumors that spontaneously arise in the LSL-Kras lung cancer animal model. Ultrasound imaging is a technique that provides fast, easy, and inexpensive monitoring of lung cancer development, however, the manuscript does not clearly describe how accurately the ultrasound imaging can monitor cancer progression as compared with other techniques.When suggesting a technique or analysis that is better than the other known techniques in terms of speed, easiness, and cost to use, it is based on the assumption that the results obtained with the suggested technique are comparable to those using the pre-established techniques. To this end, comparing the number of tumors found by ultrasound with those obtained by other methods such as histological analysis is strongly recommended. 
REPLY: Our protocol does not allow the exact quantification of the number of tumors present in the lungs of the mice, rather, it gives a relative tumor number based on B-line counting in 50 images (each image separated by 10 frames) of acquired Ultrasound film. The main purpose is to provide a method that can compare spontaneous development of lung tumors between different groups of mice, i.e.: Control compared to treatment group, wild-type versus genetically modified, etc. Therefore, the relative tumor number or the relative volume of tumors obtained by our ultrasound technique cannot be compared with other techniques since the quantification will vary greatly. Histological analyses have been incorporated in Fig. 4 to confirm validity of Ultrasound imaging. H&E staining of mouse lungs at 8 weeks post-infection shows various precursor lesions being formed, these are reflected by B-lines in ultrasound. H&E staining at 20 weeks post-infection shows mouse lungs with large tumors, mostly adenocarcinomas. These are reflected by clefts seen in ultrasound.

Histology shows the degree of damage, extension, etc, which cannot be directly told by ultrasound. 
REPLY: Histology requires sacrificing the mice for analysis, whereas in ultrasound imaging, the relative tumor number and volume can be compared between mice groups without having to sacrifice mice. If the study requires comparing degree of damage and extension, histology should be done. But, ultrasound can suffice for comparison of tumor number and tumor volume quantifications in lungs between different groups of mice. 

Also, after longer periods, if tumors merge, the 3D structure can vary immensely and a simple 2D measurement does not seem to reflect real volume. The ultrasound needs to be compared with other technique(s).

REPLY: 2D measurements of tumor volume in this protocol do not reflect real volume of tumors present on lungs, they are rather relative measurements, based on a scale on the ultrasound program, where the scale differs from actual measurements. We are mainly introducing a method that can compare tumor volumes formed in the LSL KRAS mouse model in different groups of mice. 

The more comprehensive study comparing among different imaging techniques including ultrasound, micro CT, and photoacoustic imaging to analyze the presence/development of tumors was published by Raes et al in PLoS One, 2016 as cited in this manuscript as reference 10. In this published study, they used a mouse model of orthotopic transplantation of tumor cells. I understand that a manuscript in JoVE does not have to be novel, but it at least has to show and validate the technique that the authors present is valid and reliable for at least a particular condition to analyze.

REPLY: H&E staining of lung tumor sections have been incorporated in figure 4 to ensure validity of ultrasound imaging in our model.

From this point, this manuscript needs to emphasize the differences from the previously published paper that include the following 2 points; 1) it uses genetically modified mouse model where tumors spontaneously develop, suggesting that the way tumor develops is different from the one published, which can be well monitored by ultrasound technique that the authors present (for details see below), and 2) how to use ultrasound technique to monitor tumors needs to be more precisely described, perhaps with showing the instrument. Protocol described is rather confusing and needs to be rewritten in a clearer way in more details, targeting people who have never seen or used the instrument (this is one of the objectives that the JoVE has; to help newcomers to carry out successful experiments without much problem).

REPLY: Comparison between the LSL-KRAS G12D model and the orthotopic model described in Raes et al. have been included in lines 438-442. An image of the ultrasound workplace has been included in figure 1. 


Important features of tumor analysis in the present case are tumor numbers, tumor merging, ability to attach to the tissue, tumor volume, etc. In order to better understand and show the
technique that works well for them, it would be good to increase the number of analysis performed instead of just 7 and 18 weeks (for instance, 1 ultrasound analysis every 1 or 2 weeks). More frequent analysis and possibly comparison with the histological results, may tell how development of tumor occurs, and if the proposed technique can clearly differentiate different tumor development phases such as small tumor appearance vs. their merge. This comparison would be particularly important for future uses and comparisons amongst different treatments in order to analyzed initial, middle and final aspects of these tumor features.As mentioned, it is not clear why only 7 and 18 weeks were used. Is there any previous data showing that these time points are crucial for tumor development such as many small tumors appear at 7 weeks, which merge and become large tumors at 18 weeks? 

REPLY: A study by Jackson et al. (Genes Dev. 2001 Dec 15;15(24):3243-8) monitored histological changes in lung tumors of the LSL-KRAS G12D mouse model at 2, 6, 12 and 16 weeks post-infection. Tumors at 2 weeks post-infection were formed of 2 types of early lesions: atypical adenomatous hyperplasia (AAH) and epithelial hyperplasia  (EH) whereas at 6 weeks more diverse types of early lesions were formed, ranging from AAH lesions to small adenomas. To us, imaging at 7 weeks was logical in order to include in our tumor number count the various types of precursor lesions formed in the lungs at earlier time-points of infection. In Jackson et al.’s study, 12 weeks post-infection included larger adenomas, whereas 16 weeks post-infection also included adenocarcinomas, which are types of tumors we wanted to include in our volume quantifications. We reasoned that 18 weeks post-infection will include large adenomas and adenocarcinomas, therefore including the various types of tumors formed in this model in volume measurements. 

And why tumor numbers are not shown at 18 weeks? 

REPLY: As shown in the histological images of figure 4, tumors merge at later timepoints of infection, and those are reflected as only one large tumor in ultrasound, which is quantified for volume measurements. Therefore, counting the tumors would be mis-represented, where one tumor at 18 weeks can account for two or three different merged tumors. This is why we fixed the quantification for relative tumor number at 7 weeks and relative tumor volume at 18 weeks. A scatter-plot of lung tumor volume measurements has been included in figure 3F, where the number of tumors analyzed ranged from 5 to 26 tumors per mouse. 

Further, how long the animals survive after intratracheal intubation? If they live longer than 18 weeks, it would be interesting to show and compare the lungs analyzed with ultrasound and other techniques at much later time point.

REPLY: According to our histological analyses, some lungs had an almost full-lung cancer at 20 weeks (Figure 4B), meaning the cancer might have begun to be saturated between different groups. We reasoned that 18 weeks is optimal for comparing tumor volume between different groups of mice, since more than that maybe the cancer will reach full-capacity and will be saturated, leaving no room for variation or comparison between one mouse and another or one group to another. 

The authors showed that B-lines are present only on the pleural surface. How about deeper structures? Close to the trachea, for example and blood vessels? Do they have tumors too? Does the ultrasound can reach these deeper structures? For one analyzing tumor/metastasis development, or even using a different tumor induction technique (tail vein cancer cell injections for example), it is of extreme importance since cancer cells can arrive through blood.

REPLY: B-lines reflect only tumors present on the surface of the lungs. However, when tumors are large enough, they can be visualized in Ultrasound imaging even in deeper structures. The text has been modified to clarify this in lines 343-344. 

When and where a false positive is more likely to occur? Which kind of body structure? What can be done to avoid this?
[bookmark: _Hlk19887014]
REPLY: A false positive occurs near the diaphragm region. It appears as an epileptic shape and might resemble a tumor to the inexperienced eye. False positives cannot be avoided but can be recognized as static objects, therefore, the researcher should overrule such objects as being tumors. 

Minor comments. Please briefly describe the intratracheal intubation even though it is referred. 
REPLY: We have done so.

Figure 2: Please use different symbols for different structures. In the current figure, arrows are used for all of them. Please, distinguish, for example, arrow for structures, arrow heads for b-lines, or use different colors. For Figure 2C, a dashed line can be used to indicate the limits of tumor (circle it with dashed line). The structures need to be clearly shown with no margin of doubt. How the B-lines are counted? By pixels? It should be described in the main text.
REPLY: Figure 3 showing ultrasound images has been modified. B-line counting is now described further in the text in lines 346-350. 

Lines 192 to 194: Did the authors count B-lines in 50 frames of each animal, is that correct? This is not clear. If this is correct, please state that the total number of frames analyzed was 50.This means that each frame has a number. Maybe a graph can be presented as a scatter plot showing the value of each frame in different color for different animals…?

REPLY: Analysis of B-lines is now further described in lines 346-350. Since a scatter plot having 50 images will be too busy, we summed up the B-lines visualized every 10 images in the scatter plot. 

Line 201 (Fig. 2E): Same as above is applicable here. Fig. 2E shows the volume of tumor at 18 weeks, but it does not say how many tumors were used for analysis per animal. Need to describe how many tumors an animal has at each time of analysis and compare with previous validated methods. If all the tumors were analyzed, maybe a scatter plot graph as described above can be provided with different volumes.

REPLY: A scatter plot has been included in figure 3F. The analyzed tumors range from 5 to 26 (lines 366-367). 

REVIEWER #2:
Manuscript Summary: This is a very clear explanation of a quite simple and very potentially useful non-invasive method. Major Concerns: None Minor Concerns: None



REVIEWER #3:

The visualisation of B-lines is possible when the tumor reaches the lung surface, this should be acknowledged in the manuscript. This may imply that tumours developed deeper into the lung will not be identified by the presented method.

REPLY: The text has been edited to include this point (lines 343-344). It is true that B-lines reflect initiating tumors present only on the surface of the lung. Larger tumors at later time-points can be visualized in deeper structure of the lungs. 

Why is a 40 MHz probe the preferred transducer for tumor measurements. Please provide an explanation or a reference.

REPLY: 40 MHz probe is optimal for Ultrasound imaging of mice. The high frequency has a lower focal point (few mm) and is perfect for imaging the small body of the mouse, as opposed to human bodies, where 7-10 MHz probe has a better penetration for deeper tissues (cm) and is sufficient for ultrasound. 


The volume estimation techniques assumes a specific geometry of the tumor, since the measured Width is assumed to hold also in the direction perpendicular to the imaging plane. This assumption and the consequent error should be acknowledged in the manuscript

REPLY: We do assume that the tumor follows an epileptic shape, which is why the Width is considered to be perpendicular to the imaging plane. This has been updated in the text in lines 364-365.
What is the minimum tumor size measurable? At which size is there the transition between simply spotting the presence of the tumor by B-lines and the possibility to perform the measurement?
[bookmark: _Hlk19887738]
[bookmark: _GoBack]REPLY: Measurements for volume are considered when linear measurements are 0.3 mm. This has been updated in the text. (lines 365-366)

[bookmark: _Hlk19834885]The following papers should be included in the reference list as they contain the latest developments in terms of the understanding of B-line artifacts and in terms of dedicated lung ultrasound imaging L. Demi, et al , "Determination of a potential quantitative measure of the state of the lung using lung ultrasound spectroscopy", Scientific Reports, Vol 7, 12746, 2017. K. Mohanty et al, "Characterization of the Lung Parenchyma Using Ultrasound Multiple Scattering", Ultrasound in Medicine and Biology, Vol 43, pp. 993-1003, 2017.
G. Soldati, et al, "On the Physical Basis of Pulmonary Sonographic Interstitial Syndrome", Journal of Ultrasound in Medicine, Vol 35, pp. 2075-2086, 2016.

REPLY: The references are now included.
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