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June 17th, 2019
Dr. Xiaoyan Cao, Ph.D
Review Editor
JoVE


Dear Dr. Cao,

“Integrating augmented reality tools in breast cancer related lymphedema prognostication and diagnosis” by Invernizzi et al. Manuscript ID: JoVE60093.

Thank you for your email from May 3rd. We are delighted that the Editor and Reviewers have provided constructive criticisms that have improved our manuscript substantially. Below please find a point-by-point response to the comments from the Editor and Peer-Reviewers. As recommended, we have highlighted all changes in the revised Manuscript file.

Editorial comments:

Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version.
Authors: The revised manuscript has been proofread thoroughly to ensure that no spelling or grammar errors are present.

JoVE policy states that the video narrative is objective and not biased towards a particular product featured in the video. The goal of this policy is to focus on the science rather than to present a technique as an advertisement for a specific item. To this end, we ask that you please reduce the number of instances of " Rodin4D © CAD-CAM" within your text. The term may be introduced but please use it infrequently and when directly relevant. Otherwise, please refer to the term using generic language.
Authors: According to the Editor recommendation, we have deleted all terms related to the specific software. It now appears only in the Materials Excel file.

Please revise the Protocol text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.). 
Please revise the Protocol to contain only action items that direct the reader to do something (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.”
Please apply single line spacing throughout the manuscript, and include single-line spaces between all paragraphs, headings, steps, etc.
Authors: We have revised the entire manuscript to make it compliant with these important recommendations.

6. Please combine some of the shorter Protocol steps so that individual steps contain 2-3 actions and maximum of 4 sentences per step.
Authors: As recommended, we have combined shorter steps. Please see: 1.8, 1.10, 1.18, 1.19, 1.20, 1.22, 1.25, 1.26, 1.33, 1.34.

7. Figure 3: Please include a title for this figure in the figure legend.
Authors: We now provide the title for Figure 3.


8. Please upload each Table individually to your Editorial Manager account as an .xlsx file.
Authors: All tables now come as xlsx files.

9. Table of Materials: Please ensure that it has information on all relevant supplies, reagents, equipment and software used, especially those mentioned in the Protocol.
Authors: We have doublechecked: the Table of Materials is adequate.

10. References: Please do not abbreviate journal titles.
Authors: The References have been made using the JoVE style for EndNote. According to the Instruction for Authors, the ens file has been downloaded from the link:
https://www.jove.com/files/JoVE.ens

Reviewer #1

Manuscript Summary: The authors proposed that a 3D laser scanner (3DLS) and a tablet computer was a considerable tool for assessment of breast cancer related lymphedema (BCRL) because the device could provide a precise, reproducible, reliable, and cheap diagnosis. They recruited 30 healthy subjects and 30 BCRL patients for this study. Arm volume in the both groups were measured by circumferential method (CM) and three dimensional laser scanner (3DLS). Intra and inter-rater and intra-rater reliability were compared between two operators.
Authors: We would like to thank the Reviewer for the accurate summary of our study.

Major drawbacks of this study were lack of information about methods and aims of the study. 
Authors: The Reviewer is right. Hence, we focused mainly on the protocol rather than on the methods details. As recommended, we have expanded information about methods and aims in this new version of the manuscript. Please see lines 82-85: “The aim of this study was to assess the reliability of 3DLS in comparison to the circumferential method for BCRL diagnosis and quantification. Here, it is detailed a protocol for the accurate real-time measurements of the upper limb volume by means of 3DLS in breast cancer patients at increased risk for BCRL.”

Protocol described how to use the software but there was no information about how this device worked and how to calculate arm volume. 
Authors: We agree with the Reviewer and now provide more details on how 3DLS works. Please see lines 211-215: “The purpose of a 3D scanner is to create a point cloud of geometric shapes on the surface of the subject, which represent the 3D model. In particular, the 3DLS technology employs a triangulation mechanism projecting a laser dot into an object (in this case, the upper limb), then the sensor measures the distance to the surface of the object.”

Abstract described that 3DLS helped diagnosis of subclinical lymphedema but definition of subclinical lymphedema is no visible change in limbs. Volume changes in BCRL considered not sensitive enough to identify subclinical lymphedema. 
Authors: We apologize for this naïve statement in the abstract. This statement has now been revised as follows: “To date, no widely employed guidelines for the early diagnosis of BCRL are available.”   (lines 49-50) 

The draft did not mention about who were BCRL patients but the flow chart described that inclusion criteria of the patients were lymphedema II-III. They were acquired lymphedema patients with moderate or severe stage instead of high-risk lymphedema patients. The authors should design their study more carefully if clinical component is included.
Authors: We are grateful to the Reviewer for this wise comment that allowed us to expand the details about the study design. Furthermore, it is true that the patients of this pilot study were at intermediate and high risk. We have provided all details on the study design at lines 148-161: “This was a pilot single-blind, randomized controlled study involving adult individuals. Inclusion criteria were the following: a) young adults (aged >18 and <45 years; b) normal weight (body mass index, BMI, >18 and <25 kg/m2; c) absence of any kind of skin lesion at upper limb level; d) absence of trauma and/or any kind of condition able to modify arm structure and volume. The exclusion criteria: a) cardiovascular comorbidities; b) vascular diseases involving the upper limb; c) pathological conditions at thyroid and renal level; d) presence of lymphedema; e) previous or active oncological conditions. Moreover, an additional group of women affected by BCRL (stage II-III) referred to the Oncological Rehabilitation unit of the Physical and Rehabilitative Medicine Department of the University Hospital in Novara has been enrolled for a preliminary analysis. Participants were properly informed about the aims of the research, testing procedures, personal data treatment, and the possibility of withdrawal at any time. Written informed consent was obtained from each subject before taking part in the experiment and all the procedures were conducted according to the principles of the Declaration of Helsinki.”


Reviewer #2

Manuscript Summary: The authors describe a novel method to quantify the volume of a limb using a 3D laser scanner and propose its utility in tracking treatment changes and as part of a diagnostic assessment in patients with lymphedema. The study compared the 3D laser study with conventional circumference measures of the limb in 30 patients with breast-cancer related lymphedema and 30 healthy, but not matched, controls. The acquisition protocol is described in clear steps in order to obtain the images used for volume estimation of the arms. The inter-rater reliability was assessed. The authors discuss the ease at which image acquisition was obtained for the 3D laser measurements. While the technology is novel and may be of benefit in some circumstances, the article lacks detail to accurately reproduce it and many of the authors' methodology and discussion lack explanation and justification. The article should be significantly re-written if it is to be accepted for publication.
Authors: We profusely thank the Reviewer for the accurate summary of our study and for providing constructive criticisms that allowed us to substantially improve the quality of our manuscript.

The technology involved is an interesting concept and the utility of it with patients with lymphedema is obvious in some cases (initial stages of upper limb swelling); however I believe that the authors need to also consider the limitations of such. Many patients with lymphedema unfortunately arrive at a treatment center with significant levels of swelling and often with comorbid conditions such as obesity. While the authors claim that the 3D scanner could be used for other purposes, such as head and neck or genitourinary-related swelling, it is difficult to imagine how it could be easily used in lower limb cases or obesity. Already measuring the upper limb requires the patient to maintain the limb at a 90-degree angle perpendicular to the trunk for several minutes. Perhaps seated, one could attempt a lower limb in a slim subject but otherwise it does not seem to be feasible. The authors should attempt to convey the generalizability of their findings and its limitations.
And
The authors note the utility of the 3D scanner also in settings other than healthcare in the discussion setting. However, details are lacking as to where the measurements were taken in the current study. If this was not performed outside of a lymphedema clinic or other health setting then the results cannot be generalized to include other settings. If they were taken in another setting, this should be specified in the method section.
Authors: We agree with the Reviewer that a passage on the limitations of this method was lacking in the previous version of the manuscript. Furthermore, we acknowledge that its generalizability is not free of issues. We have addressed these points at lines 236-240: “It is important to note, however, that this protocol provide substantial improvements in the workup of BCRL for selected groups of BCRL patients, particularly in the setting of an initial assessment. Hence, many patients with lymphedema unfortunately arrive at a treatment Center with significant levels of swelling and often with comorbid conditions such as obesity..”

In addition, the authors note that the 3D scanner is easy to use and the image acquisition is quick; however, the discussion notes an acquisition time of approx. 30 seconds but the results section reports an average of 202 seconds. 
[bookmark: _Hlk11668345]Authors: The Reviewer is right, as it was not clear that the 202 seconds of average measurement included both the acquisition times and the image processing from the software. We now clarify this point at lines 182,183: “Lastly, 3DLS was significantly quicker than CM, with a total time of 202±27 s (including acquisition and digital processing) versus 293±17 s (p<0.0001).”






It must also be noted that the study flowchart shows that the 3D scanning was always performed after the circumferential measurements. The difference in acquisition time may reflect simply a learning curve, especially if the measurements were taken by someone inexperienced in patients with lymphedema. The authors should acknowledge this possibility and should also provide details about who did the volume measurements, their level of experience, and whether the same people took both the circumferential and the 3D scanner measurements.
Authors: We thank the Reviewer for this important comment. We included this wise observation in the Discussion section, at lines 240-244: “Furthermore, it must also be noted that the 3D scanning was always performed after the CM. The difference in acquisition time may reflect a learning curve. Another limitation of this study is represented by the randomization of the control group, where no matching for the age of the patients was made. On the other hand, this pilot study should be considered a proof-of-principle.”

Details about the timing of the volume measurements are also missing. Were they obtained once per patient or twice as shown in the flow chart protocol? The method section intimates that the patients with breast cancer related lymphedema were also measured after decongestive therapy but no details are offered and this is not mentioned in the discussion section.
Authors: According to this important criticism, all details on volume measurement are now provided at lines 166-171: “After enrollment, all patients were randomly evaluated by one of the two lynphotherapists with more than 20 years of experience in lymphedema disorder treatments who performed all the experiments. Arm volume measurements were performed using both CM and LS3D methods (Figure 2). Each examiner performed both CM and LS3D upper limb measurement twice for a total of four measurements for each subject (the mean value of the two CM and LS3D evaluations was used).”

Why were the healthy control participants included if no effort was made to match them for age or gender? Either of these factors might account for differences between the groups. 
Authors: The concern raised by the Reviewer is now discussed in the limitations section, at lines 242-244: “Another limitation of this study is represented by the randomization of the control group, where no matching for the age of the patients was made. On the other hand, this pilot study should be considered a proof-of-principle.”

While demographic information is important to include, it must be relevant information. If smoking or alcohol consumption history is relevant to the use of the 3D scanner, then the authors must state why this is. Otherwise the information is not necessary.
Authors: As recommended by the Reviewer, information on smoking status and alcohol consumption have been removed from Table 1.

Furthermore, the authors repeatedly state that the 3D scanner can be used for diagnosis. I believe that it could be useful in an initial assessment of swelling in a patient with breast cancer. However, the guidelines for assessment and treatment of lymphedema state that lymphedema is due to slowed or absent lymph fluid flow in the lymphatic vessels and this is what is needed for diagnosis. Currently lymphoscintigraphy is the gold standard instrument to detect changes in lymphatic flow in the affected limb. Limb swelling from lymphatic causes must be able to be differentiated from that of a venous or lipedemic or other cause in order to reach a diagnosis of lymphedema. This kind of differentiation is not possible with the 3D scanner and this distinction should be amended in the text.
[bookmark: _GoBack]Authors: The Reviewer is right; we have now softened this concept in the revised version of our manuscript and clearly state that this protocol can be used for the initial assessment of BCRL rather that for the early diagnosis. Please see lines 236-238: “It is important to note, however, that this protocol provide substantial improvements in the workup of BCRL only for selected groups of BCRL patients, particularly in the setting of an initial assessment.”

In the introduction, the authors state that breast-cancer related lymphedema occurs in approximately 20% of patients with axillary surgery +/- radiation. However, this incidence can vary considerably depending on whether lymphadenectomy or only sentinel lymph node testing occurs. It can be as high as almost 80% of cases if axillary lymph node clearing occurs.
For example: - Noguchi M, Yokoi M, Nakano Y, Ohno Y, Kosaka T. Axillary reverse mapping in breast cancer. In: Singh N, ed. Radioisotopes - Applications in Bio-Medical Science. Rijeka, Croatia: InTech Publisher; 2011 - Wilke LG, McCall LM, Posther KE, et al. Surgical complications associated with sentinel lymph node biopsy: results from a prospective international cooperative group trial. Ann Surg Oncol 2006;13(4):491-500
This should be amended in the text.
Authors: The data on BCRL incidence have been amended, as suggested by the Reviewer (line 59) and the two references have been added.

While it is interesting to read about the implication that metastasis beyond the lymph node capsule and lymphovascular invasion may be involved in the pathogenesis of secondary lymphedema, it is not clear why this is relevant for the use of a 3D scanner. In my mind there seems to be only a tenuous link between any factor that may be related to lymphedema development and a specific tool for measuring limb volume. It is assumed that one does not need to screen for metastasis in order to use the scanner. The authors should explain more clearly the relevance or remove reference to it, especially in the first paragraph of the discussion section, where this mention does not add anything to the paragraph.
Authors: We agree with the Reviewer and removed these two pathological features from the results and discussion sections.

In the results section, details of the Likert scale (with the endpoints) should be provided so that it is clear what is being measured and the significance of a 4.5 and 4.6 score.
Authors: Tee Reviewers is absolutely right, we have now clarified the passage on the Likert scale (lines 185,186: “…the Global perceived effect (GPE)15 of the 3DLS technique rated on an ordinal 4-point Likert scale showed very good results..”) and provided a new reference on the Likert scale (reference 15).



Reviewer #3

Manuscript Summary: Overall this is an interesting paper offering clinicians and researchers a potentially quick, cost-effective, reproducible and reliable method of calculating upper limb volume. The step by step protocol and the figures are clear and add to the reader's understanding.
Authors: We are grateful to the Reviewer for the summary and positive assessment of our study.

It is incorrect to state in the abstract that "To date, no guidelines for the diagnosis of subclinical (i.e. early) BCRL in highrisk individual have been proposed" . Guidelines based on volume (measured by Perometer) were outlined in this paper: Stout Gergich, N. L., Pfalzer, L. A., McGarvey, C., Springer, B., Gerber, L. H., & Soballe, P. (2008). Preoperative assessment enables the early diagnosis and successful treatment of lymphedema. Cancer, 112(12) and guidelines for detection of subclinical lymphoedema based on bioimpedance spectroscopy measures have been proposed in various papers including: Kaufman, D. I., Shah, C., Vicini, F. A., & Rizzi, M. (2017). Utilization of bioimpedance spectroscopy in the prevention of chronic breast cancer-related lymphedema. Breast Cancer Res Treat, 166(3), 809-815. This statement in the abstract doesn't really add to your paper, which is about an innovative method of measuring arm volume to allow diagnosis of BCRL rather than a diagnostic criteria to determine whether sub-clinical lymphoedema is present. I would suggest removing or rewording the sentence.
Authors: We thank the Reviewer for this wise suggestion: the sentence has been reworded to soften this statement. Please see lines 49,50: “To date, no widely employed guidelines for the early diagnosis of BCRL are available.”

Manufacturer and version details are provided in the protocol for computer applications and software but not for the 3D Laser Scanner device. you mention "3DLS Structure Sensor" in the discussion- is this the specifications of the device? I suggest adding details to the protocol
Authors: As per the Journal’s Guidelines, the name of the device is provided separately, in the Materials file. 

Is eye protection required for the patient or operator during use of 3D laser scanning? Especially for the suggested application to the head and neck in the last paragraph..
Authors: This is a very important comment. 3DLS is a Class 1 laser, as it is safe and painless. We added this information in the Discussion section at line 209.


We hope we have satisfactorily addressed all comments.

All authors have read and approved the final version of the manuscript, and have no conflicts of interest to declare. This manuscript has not been submitted to and is not under consideration by any other journal. The authors have no conflicts of interest to declare.

We look forward to hearing from you in due course.

Yours sincerely,	

Nicola Fusco, MD

Division of Pathology
Fondazione IRCCS Ca’ Granda – Ospedale Maggiore Policlinico 
Milano, 20122
ITALY

	Padiglione Bosisio
Via Francesco Sforza 35
20122 Milano, Italy
	Phone: +39(338)5472641 
Fax: +39(02)5503-2860
e-mail: nicola.fusco@unimi.it
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