
Reports © 2022 The Reviewers; Decision Letters © 2022 The Reviewers and Editors; 

Responses © 2022 The Reviewers, Editors and Authors. Published by the Royal Society under the 

terms of the Creative Commons Attribution License http://creativecommons.org/licenses/by/4.0/, 

which permits unrestricted use, provided the original author and source are credited  

Review History 

RSOS-210705.R0 (Original submission) 

Review form: Reviewer 1 

Is the manuscript scientifically sound in its present form? 

Yes 

Are the interpretations and conclusions justified by the results? 
Yes 

Is the language acceptable? 
Yes 

Do you have any ethical concerns with this paper? 
No 

Have you any concerns about statistical analyses in this paper? 

No 

Optimal regulation of tumour-associated neutrophils in 

cancer progression 

Aurelio A. de los Reyes V and Yangjin Kim 

Article citation details 
R. Soc. open sci. 9: 210705. 

http://dx.doi.org/10.1098/rsos.210705 

Review timeline 

Original submission: 10 June 2021 
Revised submission: 23 October 2021 
Final acceptance:  19 November 2021 

Note: Reports are unedited and appear as 
submitted by the referee. The review history 
appears in chronological order. 

Note: This manuscript was transferred from another Royal Society journal with peer review.



 

 

2 

Recommendation? 
Accept with minor revision (please list in comments) 
 
Comments to the Author(s) 

Dear Editor, 
 
The article presents a novel model of antitumor and protumor neutrophils, which they call N1 
and N2 neutrophils, respectively.  Then they formulate an optimal control problem in which they 
administer cytokine therapy to shift the balance of neutrophils towards the antitumor N1 state to 
help treat the tumor. 
 
I found the work interesting and well organized.  They present the results of four optimal control 
scenarios systematically and thoroughly.  It is a firm basis for people, including the authors 
themselves, to build on to further study this area. 
 
Minor comments: 
 
In Figure 1, the authors need to define L and S earlier, so that Figure 1 makes sense.  They cannot 
only define L and S long after presenting Figure 1.  In addition to defining these variables int eh 
text, they ought to also define L and S (and G, C, I) in the figure caption for easy referencing. 
 
On p. 4 at model (1), they authors should describe the model thoroughly and explain the terms 
even if the model already explained in reference [54].  The reader should not be required to look 
up [54] to understand the model. 
 
In Figure 2 and elsewhere, make sure all the fonts in the figures re at least 10 point. 
 
On p. 6, in Equations (5) to (8), why did the authors pick these functions to optimize?  The 
authors ought to include an explanation of the reasons? 
 
 
 
 

Review form: Reviewer 2 
 
Is the manuscript scientifically sound in its present form? 
No 
 
Are the interpretations and conclusions justified by the results? 

No 
 
Is the language acceptable? 

Yes 
 
Do you have any ethical concerns with this paper? 
No 
 
Have you any concerns about statistical analyses in this paper? 
No 
 
Recommendation? 
Major revision is needed (please make suggestions in comments) 
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Comments to the Author(s) 
In this manuscript entitled "Optimal regulation of tumor-associated neutrophils in cancer 
progression," based on the report that TAN (tumor-associated neutrophils) status in the tumor 
microenvironment regulates tumor growth, the authors developed a mathematical model that 

TGF-β inhibitor and/or IFN-β administration promotes N2 to N1 polarization of TAN and 
suppresses tumor growth. Then, the authors derived optimal therapeutic strategy for cancer 

using TGF-β inhibitor and/or IFN-β administration using optimal control theory. 
 
The manuscript demonstrates a large amount of simulation data but seems to lack a clear 
interpretation of the findings of this study. The authors should clearly show the significance and 
limitation of this study. Listed below are my specific comments. 
 
1. This manuscript, especially in the Introduction and Conclusion sections, covers a wide range of 
topics with many references. As a result, this reviewer could not clearly understand the 
conclusions of this study and thinks this paper should be more concise and focused only on the 
main point. 
 

2. Since TGF-β inhibitor and IFN-β affect a broader range of cell types in the tumor 

microenvironment other than the TAN, Treg, CD8+, and Th17 cells that considered in the 
mathematical model, the simulations in this study may be focused on the limited effects of TGF-

β inhibitor and IFN-β in the regulation of tumor growth. Of course, it is difficult to take all 
factors into account in a mathematical model. Still, the limitation should be clarified, for example, 

that this mathematical model ignores the effects of TGF-β inhibitor and IFN-βon NK cells, 
tumor-associated fibroblasts, and so on. 
 
3. The half-life of circulating neutrophils is reported to be 19 hours (Lahoz-Beneytez et al., Blood, 
2016). Therefore, this reviewer speculates that all TANs would be replaced in a few days, 
although the tumor microenvironment may prolong the life of TANs as the authors described in 
the Discussion.  

In Figure 5, for example, the N2/N1 ratio is kept around 1.0 under the conditions that IFN-β 
remains at zero concentration for several days after degradation. However, this reviewer 

concerns that the N2/N1 ratio would return to the initial condition during the IFN-β–free period 
due to the turnover of TANs.  
 
4.The differential equations (2) consist of 6 variables (L, G, C, S, I, and T). If this reviewer 
understands correctly, the time-course of L, G, C, S, and I are shown according to the four 
optimal control scenarios (Figures 3, 5, 7, and 10), but “T” does not appear in any figures. 
Therefore, the authors should show the time-course of T, how the tumor size is regulated in 

response to the treatment of TGF-β inhibitor and/or IFN-β. 

 
I have a few additional minor comments, explained below. 
 

5. In the third paragraph of the Introduction, the authors say, “TGF-β inhibitor such as 

gefitinib.” However, gefitinib is an EGFR inhibitor, not a TGF-β inhibitor. 

 

6. The authors assumed that TGF-β inhibitor and IFN-β can be administrated every other day in 

the simulations, but what is the evidence? 
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Review form: Reviewer 3 
 
Is the manuscript scientifically sound in its present form? 

Yes 
 
Are the interpretations and conclusions justified by the results? 
Yes 
 
Is the language acceptable? 
Yes 
 
Do you have any ethical concerns with this paper? 
No 
 
Have you any concerns about statistical analyses in this paper? 

No 
 
Recommendation? 

Accept with minor revision (please list in comments) 
 
Comments to the Author(s) 
In the paper the authors consider a mathematical model of tumor-associated neutrophils in lung 
cancer progression. This model uses a mathematical model to explain the optimal control 

problems of TGFβ and INFβ. The part of the mathematical model has been revised in detail in a 
previous review of another Journal. However, there are some questions about the contents of the 
paper. Below are these comments: 
 
1, The authors define Q1 to Q4 in the Results and Discussion section, but how do you apply them 
to individual cases in the actual clinical settings? How do you measure the level of N1 and N2 
component? Is it by a blood test or histopathological examination such as surgical specimens or 
biopsy specimens? 
 
2, Have you verified the results of this mathematical model in actual clinical cases or in vitro? 
If it can be shown that the results of actual biological research and mathematical models match, I 
think it will be a more meaningful paper in the clinical settings. However, it does not force the 
authors to do biological research when it is difficult to research. 
 
 
 

Decision letter (RSOS-210705.R0) 
 
We hope you are keeping well at this difficult and unusual time. We continue to value your 
support of the journal in these challenging circumstances. If Royal Society Open Science can assist 
you at all, please don't hesitate to let us know at the email address below. 
  
Dear Dr Kim 
  
The Editors assigned to your paper RSOS-210705 "Optimal regulation of tumor-associated 
neutrophils in cancer progression" have now received comments from reviewers and would like 
you to revise the paper in accordance with the reviewer comments and any comments from the 
Editors. Please note this decision does not guarantee eventual acceptance. 
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We invite you to respond to the comments supplied below and revise your manuscript. Below 
the referees’ and Editors’ comments (where applicable) we provide additional requirements. 
Final acceptance of your manuscript is dependent on these requirements being met. We provide 
guidance below to help you prepare your revision. 
  
We do not generally allow multiple rounds of revision so we urge you to make every effort to 
fully address all of the comments at this stage. If deemed necessary by the Editors, your 
manuscript will be sent back to one or more of the original reviewers for assessment. If the 
original reviewers are not available, we may invite new reviewers. 
  
Please submit your revised manuscript and required files (see below) no later than 21 days from 
today's (ie 11-Aug-2021) date. Note: the ScholarOne system will ‘lock’ if submission of the 
revision is attempted 21 or more days after the deadline. If you do not think you will be able to 
meet this deadline please contact the editorial office immediately. 
  
Please note article processing charges apply to papers accepted for publication in Royal Society 
Open Science (https://royalsocietypublishing.org/rsos/charges). Charges will also apply to 
papers transferred to the journal from other Royal Society Publishing journals, as well as papers 
submitted as part of our collaboration with the Royal Society of Chemistry 
(https://royalsocietypublishing.org/rsos/chemistry). Fee waivers are available but must be 
requested when you submit your revision (https://royalsocietypublishing.org/rsos/waivers). 
  
Thank you for submitting your manuscript to Royal Society Open Science and we look forward 
to receiving your revision. If you have any questions at all, please do not hesitate to get in touch. 
  
Kind regards, 
Royal Society Open Science Editorial Office 
Royal Society Open Science 
openscience@royalsociety.org 
  
on behalf of Professor Takashi Suzuki (Associate Editor) and Mark Chaplain (Subject Editor) 
openscience@royalsociety.org 
  
Associate Editor Comments to Author (Professor Takashi Suzuki): 
 
Although the referees are basically positive for publications of your paper, some more efforts are 
necessary. Please take regards their comments  to improve it.   
 
Reviewer comments to Author: 
Reviewer: 1 
Comments to the Author(s) 
Dear Editor, 
 
The article presents a novel model of antitumor and protumor neutrophils, which they call N1 
and N2 neutrophils, respectively.  Then they formulate an optimal control problem in which they 
administer cytokine therapy to shift the balance of neutrophils towards the antitumor N1 state to 
help treat the tumor. 
 
I found the work interesting and well organized.  They present the results of four optimal control 
scenarios systematically and thoroughly.  It is a firm basis for people, including the authors 
themselves, to build on to further study this area. 
 
Minor comments: 
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In Figure 1, the authors need to define L and S earlier, so that Figure 1 makes sense.  They cannot 
only define L and S long after presenting Figure 1.  In addition to defining these variables int eh 
text, they ought to also define L and S (and G, C, I) in the figure caption for easy referencing. 
 
On p. 4 at model (1), they authors should describe the model thoroughly and explain the terms 
even if the model already explained in reference [54].  The reader should not be required to look 
up [54] to understand the model. 
 
In Figure 2 and elsewhere, make sure all the fonts in the figures re at least 10 point. 
 
On p. 6, in Equations (5) to (8), why did the authors pick these functions to optimize?  The 
authors ought to include an explanation of the reasons? 
 
 
Reviewer: 2 
Comments to the Author(s) 
In this manuscript entitled "Optimal regulation of tumor-associated neutrophils in cancer 
progression," based on the report that TAN (tumor-associated neutrophils) status in the tumor 
microenvironment regulates tumor growth, the authors developed a mathematical model that 

TGF-β inhibitor and/or IFN-β administration promotes N2 to N1 polarization of TAN and 
suppresses tumor growth. Then, the authors derived optimal therapeutic strategy for cancer 

using TGF-β inhibitor and/or IFN-β administration using optimal control theory. 
 
The manuscript demonstrates a large amount of simulation data but seems to lack a clear 
interpretation of the findings of this study. The authors should clearly show the significance and 
limitation of this study. Listed below are my specific comments. 
 
1. This manuscript, especially in the Introduction and Conclusion sections, covers a wide range of 
topics with many references. As a result, this reviewer could not clearly understand the 
conclusions of this study and thinks this paper should be more concise and focused only on the 
main point. 
 

2. Since TGF-β inhibitor and IFN-β affect a broader range of cell types in the tumor 

microenvironment other than the TAN, Treg, CD8+, and Th17 cells that considered in the 
mathematical model, the simulations in this study may be focused on the limited effects of TGF-

β inhibitor and IFN-β in the regulation of tumor growth. Of course, it is difficult to take all 
factors into account in a mathematical model. Still, the limitation should be clarified, for example, 

that this mathematical model ignores the effects of TGF-β inhibitor and IFN-βon NK cells, 
tumor-associated fibroblasts, and so on. 
 
3. The half-life of circulating neutrophils is reported to be 19 hours (Lahoz-Beneytez et al., Blood, 
2016). Therefore, this reviewer speculates that all TANs would be replaced in a few days, 
although the tumor microenvironment may prolong the life of TANs as the authors described in 
the Discussion. 

In Figure 5, for example, the N2/N1 ratio is kept around 1.0 under the conditions that IFN-β 
remains at zero concentration for several days after degradation. However, this reviewer 

concerns that the N2/N1 ratio would return to the initial condition during the IFN-β–free period 
due to the turnover of TANs. 
 
4.The differential equations (2) consist of 6 variables (L, G, C, S, I, and T). If this reviewer 
understands correctly, the time-course of L, G, C, S, and I are shown according to the four 
optimal control scenarios (Figures 3, 5, 7, and 10), but “T” does not appear in any figures. 
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Therefore, the authors should show the time-course of T, how the tumor size is regulated in 

response to the treatment of TGF-β inhibitor and/or IFN-β. 

 
I have a few additional minor comments, explained below. 
 

5. In the third paragraph of the Introduction, the authors say, “TGF-β inhibitor such as 

gefitinib.” However, gefitinib is an EGFR inhibitor, not a TGF-β inhibitor. 

 

6. The authors assumed that TGF-β inhibitor and IFN-β can be administrated every other day in 

the simulations, but what is the evidence? 
 
 
Reviewer: 3 
Comments to the Author(s) 
In the paper the authors consider a mathematical model of tumor-associated neutrophils in lung 
cancer progression. This model uses a mathematical model to explain the optimal control 

problems of TGFβ and INFβ. The part of the mathematical model has been revised in detail in a 

previous review of another Journal. However, there are some questions about the contents of the 
paper. Below are these comments: 
 
1, The authors define Q1 to Q4 in the Results and Discussion section, but how do you apply them 
to individual cases in the actual clinical settings? How do you measure the level of N1 and N2 
component? Is it by a blood test or histopathological examination such as surgical specimens or 
biopsy specimens? 
 
2, Have you verified the results of this mathematical model in actual clinical cases or in vitro? 
If it can be shown that the results of actual biological research and mathematical models match, I 
think it will be a more meaningful paper in the clinical settings. However, it does not force the 
authors to do biological research when it is difficult to research. 
  
===PREPARING YOUR MANUSCRIPT=== 
  
Your revised paper should include the changes requested by the referees and Editors of your 
manuscript. You should provide two versions of this manuscript and both versions must be 
provided in an editable format: 
one version identifying all the changes that have been made (for instance, in coloured highlight, 
in bold text, or tracked changes); 
a 'clean' version of the new manuscript that incorporates the changes made, but does not 
highlight them. This version will be used for typesetting if your manuscript is accepted. 
  
Please ensure that any equations included in the paper are editable text and not embedded 
images. 
  
Please ensure that you include an acknowledgements' section before your reference 
list/bibliography. This should acknowledge anyone who assisted with your work, but does not 
qualify as an author per the guidelines at https://royalsociety.org/journals/ethics-
policies/openness/. 
  
While not essential, it will speed up the preparation of your manuscript proof if accepted if you 
format your references/bibliography in Vancouver style (please see 
https://royalsociety.org/journals/authors/author-guidelines/#formatting). You should include 
DOIs for as many of the references as possible. 
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If you have been asked to revise the written English in your submission as a condition of 
publication, you must do so, and you are expected to provide evidence that you have received 
language editing support. The journal would prefer that you use a professional language editing 
service and provide a certificate of editing, but a signed letter from a colleague who is a native 
speaker of English is acceptable. Note the journal has arranged a number of discounts for authors 
using professional language editing services 
(https://royalsociety.org/journals/authors/benefits/language-editing/). 
  
===PREPARING YOUR REVISION IN SCHOLARONE=== 
  
To revise your manuscript, log into https://mc.manuscriptcentral.com/rsos and enter your 
Author Centre - this may be accessed by clicking on "Author" in the dark toolbar at the top of the 
page (just below the journal name). You will find your manuscript listed under "Manuscripts 
with Decisions". Under "Actions", click on "Create a Revision". 
  
Attach your point-by-point response to referees and Editors at Step 1 'View and respond to 
decision letter'. This document should be uploaded in an editable file type (.doc or .docx are 
preferred). This is essential. 
  
Please ensure that you include a summary of your paper at Step 2 'Type, Title, & Abstract'. This 
should be no more than 100 words to explain to a non-scientific audience the key findings of your 
research. This will be included in a weekly highlights email circulated by the Royal Society press 
office to national UK, international, and scientific news outlets to promote your work.  
  
At Step 3 'File upload' you should include the following files: 
-- Your revised manuscript in editable file format (.doc, .docx, or .tex preferred). You should 
upload two versions: 
1) One version identifying all the changes that have been made (for instance, in coloured 
highlight, in bold text, or tracked changes); 
2) A 'clean' version of the new manuscript that incorporates the changes made, but does not 
highlight them. 
-- An individual file of each figure (EPS or print-quality PDF preferred [either format should be 
produced directly from original creation package], or original software format). 
-- An editable file of each table  (.doc, .docx, .xls, .xlsx, or .csv). 
-- An editable file of all figure and table captions. 
Note: you may upload the figure, table, and caption files in a single Zip folder. 
-- Any electronic supplementary material (ESM). 
-- If you are requesting a discretionary waiver for the article processing charge, the waiver form 
must be included at this step. 
-- If you are providing image files for potential cover images, please upload these at this step, and 
inform the editorial office you have done so. You must hold the copyright to any image provided. 
-- A copy of your point-by-point response to referees and Editors. This will expedite the 
preparation of your proof. 
  
At Step 6 'Details & comments', you should review and respond to the queries on the electronic 
submission form. In particular, we would ask that you do the following: 
-- Ensure that your data access statement meets the requirements at 
https://royalsociety.org/journals/authors/author-guidelines/#data. You should ensure that 
you cite the dataset in your reference list. If you have deposited data etc in the Dryad repository, 
please include both the 'For publication' link and 'For review' link at this stage. 
-- If you are requesting an article processing charge waiver, you must select the relevant waiver 
option (if requesting a discretionary waiver, the form should have been uploaded at Step 3 'File 
upload' above). 
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-- If you have uploaded ESM files, please ensure you follow the guidance at 
https://royalsociety.org/journals/authors/author-guidelines/#supplementary-material to 
include a suitable title and informative caption. An example of appropriate titling and captioning 
may be found at https://figshare.com/articles/Table_S2_from_Is_there_a_trade-
off_between_peak_performance_and_performance_breadth_across_temperatures_for_aerobic_sc
ope_in_teleost_fishes_/3843624. 
  
At Step 7 'Review & submit', you must view the PDF proof of the manuscript before you will be 
able to submit the revision. Note: if any parts of the electronic submission form have not been 
completed, these will be noted by red message boxes. 
 
 
 

Author's Response to Decision Letter for (RSOS-210705.R0) 
 
See Appendix A. 
 
 
 

RSOS-210705.R1 (Revision) 
 
Review form: Reviewer 1 
 
Is the manuscript scientifically sound in its present form? 
Yes 
 
Are the interpretations and conclusions justified by the results? 
Yes 
 
Is the language acceptable? 

Yes 
 
Do you have any ethical concerns with this paper? 

No 
 
Have you any concerns about statistical analyses in this paper? 
No 
 
Recommendation? 
Accept as is 
 
Comments to the Author(s) 
Dear Editor, 
 
The authors have satisfactorily addressed my comments. 
 
Some minor comments are 
 
In p. 4 under Equation (1),  should say something like "in the equation for C" rather than "in Eq of 
`C' " and do the same for I, T, and N. 
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Also, the authors should go through the manuscript and fix up the English phrasing and 
grammar. 
 
 

Review form: Reviewer 2 
 
Is the manuscript scientifically sound in its present form? 
Yes 
 
Are the interpretations and conclusions justified by the results? 
Yes 
 
Is the language acceptable? 

Yes 
 
Do you have any ethical concerns with this paper? 

No 
 
Have you any concerns about statistical analyses in this paper? 
No 
 
Recommendation? 
Accept as is 
 
Comments to the Author(s) 

The authors have responded to all the concerns raised by this reviewer. 
 
 
 

Decision letter (RSOS-210705.R1) 
 
We hope you are keeping well at this difficult and unusual time. We continue to value your 
support of the journal in these challenging circumstances. If Royal Society Open Science can assist 
you at all, please don't hesitate to let us know at the email address below. 
 
Dear Dr Kim, 
 
It is a pleasure to accept your manuscript entitled "Optimal regulation of tumor-associated 
neutrophils in cancer progression" in its current form for publication in Royal Society Open 
Science.  The comments of the reviewer(s) who reviewed your manuscript are included at the foot 
of this letter. 
 
If you have not already done so, please ensure that you send to the editorial office an editable 
version of your accepted manuscript, and individual files for each figure and table included in 
your manuscript. You can send these in a zip folder if more convenient. Failure to provide these 
files may delay the processing of your proof.  
 
Please remember to make any data sets or code libraries 'live' prior to publication, and update 
any links as needed when you receive a proof to check - for instance, from a private 'for review' 
URL to a publicly accessible 'for publication' URL. It is good practice to also add data sets, code 
and other digital materials to your reference list.  
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Our payments team will be in touch shortly if you are required to pay a fee for the publication of 
the paper (if you have any queries regarding fees, please see 
https://royalsocietypublishing.org/rsos/charges or contact authorfees@royalsociety.org). 
  
The proof of your paper will be available for review using the Royal Society online proofing 
system and you will receive details of how to access this in the near future from our production 
office (openscience_proofs@royalsociety.org). We aim to maintain rapid times to publication after 
acceptance of your manuscript and we would ask you to please contact both the production office 
and editorial office if you are likely to be away from e-mail contact to minimise delays to 
publication. If you are going to be away, please nominate a co-author (if available) to manage the 
proofing process, and ensure they are copied into your email to the journal.  
 
Please see the Royal Society Publishing guidance on how you may share your accepted author 
manuscript at https://royalsociety.org/journals/ethics-policies/media-embargo/. After 
publication, some additional ways to effectively promote your article can also be found here 
https://royalsociety.org/blog/2020/07/promoting-your-latest-paper-and-tracking-your-
results/. 
 
Thank you for your fine contribution.  On behalf of the Editors of Royal Society Open Science, we 
look forward to your continued contributions to the Journal. 
 
Kind regards, 
Royal Society Open Science Editorial Office 
Royal Society Open Science 
openscience@royalsociety.org 
 
on behalf of Professor Takashi Suzuki (Associate Editor) and Mark Chaplain (Subject Editor) 
openscience@royalsociety.org 
 
Reviewer comments to Author: 
Reviewer: 1 
Comments to the Author(s) 
Dear Editor, 
 
The authors have satisfactorily addressed my comments. 
 
Some minor comments are 
 
In p. 4 under Equation (1),  should say something like "in the equation for C" rather than "in Eq of 
`C' " and do the same for I, T, and N. 
 
Also, the authors should go through the manuscript and fix up the English phrasing and 
grammar. 
 
Reviewer: 2 
Comments to the Author(s) 
The authors have responded to all the concerns raised by this reviewer. 
 
Follow Royal Society Publishing on Twitter: @RSocPublishing 
Follow Royal Society Publishing on Facebook: 
https://www.facebook.com/RoyalSocietyPublishing.FanPage/ 
Read Royal Society Publishing's blog: 
https://royalsociety.org/blog/blogsearchpage/?category=Publishing 



Optimal regulation of tumor-associated neutrophils in
lung cancer progression

Aurelio A. de los Reyes V and Yangjin Kim

RESPONSE TO REVIEWERS’ COMMENTS

October 23, 2021

REFEREE 1:

The article presents a novel model of antitumor and protumor neutrophils, which they call
N1 and N2 neutrophils, respectively. Then they formulate an optimal control problem in
which they administer cytokine therapy to shift the balance of neutrophils towards the an-
titumor N1 state to help treat the tumor.

I found the work interesting and well organized. They present the results of four optimal
control scenarios systematically and thoroughly. It is a firm basis for people, including the
authors themselves, to build on to further study this area.

Minor comments:

• In Figure 1, the authors need to define L and S earlier, so that Figure 1 makes sense.
They cannot only define L and S long after presenting Figure 1. In addition to defining
these variables int eh text, they ought to also define L and S (and G, C, I) in the figure
caption for easy referencing.

(Response) Thank you for careful reading and suggestions. We now defined
the main variables at the end of Introduction Section so that it can natu-
rally appear before Fig 1. So, we added the following phrase :
“In this work, we consider the following variables in a mathematical model:

1

Appendix A



C(t) = density of the N2 complex at time t;

I(t) = density of the N1 complex at time t;

T (t) = tumor volume at time t;

G(t) = concentration of TGF-β at time t;

L(t) = concentration of TGF-β inhibitor at time t;

S(t) = concentration of IFN-β at time t; ”

[page 2, 5th paragraph, lines 1-7, in the (marked) revised manuscript ]

In addition, in order to make it consistent in the main text, we removed
the definition of L, S, G by replacing
“dimensionless form where TGF-β inhibitor and TGF-β are denoted by L
and G, respectively; N1 and N2 complexes are grouped as module C and I,
respectively; and IFN-β is represented by S.”
with
“dimensionless form; N1 and N2 complexes are grouped as module C and
I, respectively.”
[page 6, 1st paragraph, line 7, in the (marked) revised manuscript ]

• On p.4 at model (1), they authors should describe the model thoroughly and explain
the terms even if the model already explained in reference [54]. The reader should not
be required to look up [54] to understand the model.

(Response) Thank you for careful reading and suggestion. In order to assist
the understanding of the model without looking up Kim et al, 2019 [28] as
follows:

dC

dt
= λ︸︷︷︸

source (IL-6)

+ λGG︸︷︷︸
source (TGF-β)

+
k1

k23 + αI2︸ ︷︷ ︸
inhibition from N1

− C︸︷︷︸
decay

,

dI

dt
= λSS︸︷︷︸

source (IFN-β)

+
k2

k24 + βC2︸ ︷︷ ︸
inhibition from N2

− µI︸︷︷︸
decay

,

dT

dt
= r

(
1 +

C

K + γ1I

)
T

(
1− T

T0

)
︸ ︷︷ ︸

growth

− δIT︸︷︷︸
killing

,

(1)

[page 4, Eq (1), in the (marked) revised manuscript ]
In addition, we added the following statements below the equations above

2



in order to explain the model:
“Here, two sources (IL-6, TGF-β) of the N2 complex are represented in
the first and second terms in Eq of ‘C’ while the IFN-β-mediated source of
the N1 complex is provided in the first term in Eq of ‘I’. The third term
in Eq of ‘C’ and second term in Eq of ‘I’ represent the mutual inhibition
between N1 and N2, respectively. Tumor growth and N1-mediated tumor
cell killing are represented in the first and second term in Eq of ‘T ’, respec-
tively. Finally, decay process of the N1 and N2 complexes in the last terms
in Eq of ‘C’ and ‘N ’, respectively. ”
[page 4, lines 1-6 starting from Eq (1), in the (marked) revised manuscript ]

• In Figure 2 and elsewhere, make sure all the fonts in the figures are at least 10 point.

(Response) Thank you for careful reading. We increased all the fonts in all
figures (from Fig 1 to Fig 13). Now, those figures look much better with
the larger fonts.

In addition, we made the following changes (blue) for caption of Fig 2 by
replacing
“Nullclines of model (1) in the C − I phase plane in response to (A) low, G = 0.1, (B)
intermediate, G = 0.4, and (C) high, G = 1 levels of TGF-β showing the correspond-
ing steady states where SS(s) and SS(u) denote stable, respectively, unstable steady
state. Hysteresis diagram with respect to varying signals of (D) TGF-β (G) and (E)
IFN-β (S) promoting N1-N2 on-off switch activation. (E) Codimension 2 bifurcation
for different G and S levels depicting division of bistable and monostable region and a
cusp point (CP).”
with
“(A-C) Nullclines of model (1) in the C − I phase plane in response to (A) low,
G = 0.1, (B) intermediate, G = 0.4, and (C) high, G = 1 levels of TGF-β showing the
corresponding steady states where SS(s) and SS(u) denote stable, respectively, unstable
steady state. *Anti-tumorigenic and tumorigenic regions are marked in blue
and pink boxes in (A-C). (D-E) Hysteresis diagram with respect to varying
signals of TGF-β and IFN-β promoting N1-N2 on-off switch activation. (F)
Codimension 2 bifurcation for different G and S levels depicting division of
bistable and monostable region and a cusp point (CP). ”
[page 5, caption of Fig 2, in the (marked) revised manuscript ]

• On p.6, in Equations (5) to (8), why did the authors pick these functions to optimize?
The authors ought to include an explanation of the reasons?

(Response) Thank you for careful suggestions. Some of reasons are already
mentioned in the text. For instance, in equation 5, it is written: “TGF-β
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inhibitor control only. In this scheme, we want to investigate the anti-tumor
effect of TGF-β inhibitor on tumor growth.” In addition, following the re-
viewer’s suggestion, we now made the following changes:
We replaced “The OCP” with “In particular, we want to minimize the
tumor size (T ) and dose of TGF-β inhibitor while keeping the same IFN-β
supply. Thus, the OCP”
[page 7, 1st paragraph, lines 2-3, in the (marked) revised manuscript ]

We replaced “The problem” with “In particular, we want to minimize the
tumor size (T ) and dose of IFN-β in the absence of IFN-β inhibitor. Thus,
the problem” [page 7, 2nd paragraph, lines 1-3, in the (marked) revised
manuscript ]

We replaced “The OCP ” with “Specifically, we want to minimize the
tumor size (T ) and doses of both TGF-β inhibitor and IFN-β. ”
[page 7, 3rd paragraph, lines 2-3, in the (marked) revised manuscript ]

We replaced “The OCP ” with “Specifically, we want to minimize the tu-
mor size (T ) and doses of both TGF-β inhibitor and IFN-β in an alternating
injection scheme. Thus, the OCP”
[page 7, 4th paragraph, lines 2-4, in the (marked) revised manuscript ]

In addition to these changes, we made the following minor changes in the
(marked) revised manuscript in order to meet the journal requirement (from
editorial staffs)
(i) “Ohio, ” → “OH 43210, ” [page 1, author affiliation ]

REFEREE 2:

In this manuscript entitled ”Optimal regulation of tumor-associated neutrophils in cancer
progression,” based on the report that TAN (tumor-associated neutrophils) status in the
tumor microenvironment regulates tumor growth, the authors developed a mathematical
model that TGF-β inhibitor and/or IFN-β administration promotes N2 to N1 polarization
of TAN and suppresses tumor growth. Then, the authors derived optimal therapeutic strat-
egy for cancer using TGF-β inhibitor and/or IFN-β administration using optimal control
theory.

The manuscript demonstrates a large amount of simulation data but seems to lack a clear
interpretation of the findings of this study. The authors should clearly show the significance
and limitation of this study. Listed below are my specific comments.

1. This manuscript, especially in the Introduction and Conclusion sections, covers a wide
range of topics with many references. As a result, this reviewer could not clearly un-
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derstand the conclusions of this study and thinks this paper should be more concise
and focused only on the main point.

(Response) In order to make it more structured and focused, we now added
the following paragraph in the INTRODUCTION SECTION:
“We found therapeutic regimen at regulating anti- and protumoral neu-
trophil phenotypic states by means of four different administration modal-
ities of a TGF-β inhibitor and IFN-β cytokine in lung cancer. The optimal
control strategy predicts that, depending on pathological states, therapies
may have to be adjusted accordingly to minimize adverse effects of drugs
and its administration cost.”
[INTRODUCTION SECTION, page 2, 6th paragraph (whole), in the (marked)
revised manuscript ]

In the same vein, in order to make Conclusion Section more structured and
focused, we added the following paragraph:
“We identified therapeutic regimen for promoting anti-tumoral TANs and
suppressing protumoral neutrophil phenotypic states through four differ-
ent administration of the TGF-β inhibitor and IFN-β in lung cancer. The
optimal control scheme predicts that, depending on relative states of N1
and N2 phenotypes, therapy schedules may have to be adjusted properly
to minimize adverse effects of these drugs and its administration cost in
addition to maximizing anti-tumor efficacy. ”
[page 17, CONCLUSION SECTION, 1st paragraph, lines 10 - 15, in the
(marked) revised manuscript ]

2. Since TGF-β inhibitor and IFN-β affect a broader range of cell types in the tumor
microenvironment other than the TAN, Treg, CD8+, and Th17 cells that considered
in the mathematical model, the simulations in this study may be focused on the limited
effects of TGF-β inhibitor and IFN-β in the regulation of tumor growth. Of course, it
is difficult to take all factors into account in a mathematical model. Still, the limitation
should be clarified, for example, that this mathematical model ignores the effects of
TGF-β inhibitor and IFN-β on NK cells, tumor-associated fibroblasts, and so on.

(Response) Thank you for careful reading and suggestions. We now orga-
nized limitations in three items with more detailed discussions on limita-
tions of our work. In particular, we included detailed discussions on effect
of TGF-β inhibitor and IFN-β on NK cells and tumor-associated fibroblasts.
So, we replaced
“It has been reported that a more a more realistic clinical situation employs
linear cost functions. These type of problems have been used in several
works devoted to the administration of single and combination therapies
to treat different types of tumors [19, 34, 50, 51, 55]. On the contrary, a
study by Glick and Mastroberardino [15] concluded that quadratic control
yields continuous, low doses of the therapeutic drug producing a better
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outcome in the eradication of the solid tumor. Several researches on opti-
mal control approaches for cancer treatment still favor quadratic controls
[41, 52, 58]. Under certain circumstances, both linear and quadratic con-
trols obtain qualitatively similar results [9, 12, 33]. It is true that profiles
of treatment strategies depend on the landscape of the cost functionals.
These differences show the importance of carefully defining an objective
functional that most accurately reflects the toxicities of a particular drug
along with the objective of the treatment strategy, for instance, decreasing
the tumor mass at the end of the treatment interval, reducing the overall
tumor burden over the treatment interval, and some other clinically rele-
vant criteria [14]. It is therefore suggested that further model iterations
should include exhaustive investigations on linear controls to have a holis-
tic treatment strategies for cancer treatment. Further analysis of models
with other types of objective functionals should also be pursued. Varying
results should then be presented to the medical practitioner for them to
decide which solutions best fit the biological situation and can be used for
practical implementation, if any [33].
The current work does not consider the role of other factors in TME such as
intracellular pathways such as STAT1/STAT3 in response to IFN-β, TGF-β,
and other stimuli [18], neutrophil elastase (NE) in the presence [20] and ab-
sence [43, 16] of LPS, tumor-promoting or -suppressive immune response
of NK cells [32, 1], ECM remodeling [11, 35, 27, 29], angiogenesis from
blood vessels [49, 48, 61], or growth factors such as EGF [59, 40], and
CSF-1 [26, 47]. NK cells were shown to mediate dual roles of neutrophils
in metastatic colonization [38, 60]. For example, neutrophils can enhance
extravasation of circulating tumor cells by suppressing NK cells [60]. De-
pletion or adjuvant therapy of NK cells was shown to increase anti-tumor
efficacy in a combination therapy (OV-bortezomib-NK) relative to control,
showing nonlinear behavior of immune system [32]. These factors may play
major roles in regulation of N1→N2 transition, thus cancer progression.
For example, NE and NET were shown to promote tumor growth and in-
vasion [37] by turning on the multiple signaling pathways including PI3K
in lung cancer cells [24]. In particular, up-regulated NET activities near
tumour sections induce the transformation of B cells [54], contributing to
cancer progression [65]. However, NET was also suggested to suppress tu-
mor growth in colonic adenocarcinoma [2]. These factors and unforeseen
microenvironmental factors may limit bi-lateral switches between N1 and
N2 TANs. In our study, optimal control was applied only to IFN-β and
TGF-β inhibitors. We plan to investigate the specific role and optimization
of these stimuli in TME for better understanding of role of TANs (either
promotion [7, 10, 66, 64] or suppression of tumor progression [2]). A new
optimal control method has to be developed for a possible triple combi-
nation therapy, i.e., TGF-β+TGF-β inhibitor+immune agents [3]. This
work, however, provides a general framework of optimal control approach
for the fundamental transition from N2 and N1 TANs, thus inhibiting tu-
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mor growth, in response to known key players. We plan to develop an
optimal control of the TAN’s plasticity of the possibly continuous spectrum
of the N1→N2 switches, which requires better understanding and experi-
ments of the biological system as well as advanced optimal control theory.”
with
“Our study has four limitations:

• The current work does not consider the role of other factors in TME
such as intracellular pathways, for instance, STAT1/STAT3/JAK [36]
in response to IFN-β, TGF-β, and other stimuli [18], neutrophil elastase
(NE) in the presence [20] and absence [43, 16] of LPS, tumor-promoting
or -suppressive immune response of NK cells [32, 1], tumor-associated
fibroblasts (TAFs) [69, 53, 31, 30], ECM remodeling [11, 35, 27, 29],
angiogenesis from blood vessels [49, 48, 61], or growth factors such as
EGF [59, 40], and CSF-1 [26, 47]. NK cells were shown to mediate
dual roles of neutrophils in metastatic colonization [38, 60]. For exam-
ple, neutrophils can enhance extravasation of circulating tumor cells by
suppressing NK cells [60]. Depletion or adjuvant therapy of NK cells
was shown to increase anti-tumor efficacy in a combination therapy
(OV-bortezomib-NK) relative to control, showing nonlinear behavior
of immune system [32]. These factors may play major roles in regula-
tion of N1→N2 transition, thus cancer progression. In particular, we
focused on the effect of TGF-β inhibitor and IFN-β on TANs in this
study but it would be important to see the effect of those two inhibitors
on NK cells and TAFs in future work. For example, TGF-β and its in-
hibitor [69, 53, 17] and IFNs [4, 17, 39, 6] play an important role in
regulation of tumor-associated fibroblasts in cancer progression. We
plan to include those players in a future optimal-control model.

• NET and NE were shown to promote tumor growth and invasion [37]
by turning on the multiple signaling pathways including PI3K in lung
cancer cells [24]. For example, up-regulated NET activities near tu-
mour sections induce the transformation of B cells [54], contributing
to cancer progression [65]. In particular, mathematical models [37]
and experimental data [45] suggest that NET can mediate the criti-
cal metastatic process [13, 8] to stabilize the circulating tumor cells
in the blood stream and help extravasation of these cancerous cells.
However, NET was also suggested to suppress tumor growth in colonic
adenocarcinoma [2]. In our study, we did not take into account these
critical influence of NETs in a spatial domain. We plan to develop an
optimal control approach in a new framework of the partial differential
equations of NETs in order to improve the therapeutic, anti-invasion
strategies.

• Unforeseen microenvironmental factors may limit bi-lateral switches
between N1 and N2 TANs. In our study, optimal control was applied
only to IFN-β and TGF-β inhibitors. We plan to investigate the specific
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role and optimization of these stimuli in TME for better understand-
ing of role of TANs (either promotion [7, 10, 66, 64] or suppression of
tumor progression [2]). A new optimal control method has to be de-
veloped for a possible triple combination therapy, i.e., TGF-β+TGF-β
inhibitor+immune agents [3]. We plan to develop an optimal control of
the TAN’s plasticity of the possibly continuous spectrum of the N1→N2
switches, which requires better understanding and experiments of the
biological system as well as advanced optimal control theory.

• It has been reported that a more a more realistic clinical situation em-
ploys linear cost functions. These type of problems have been used
in several works devoted to the administration of single and combina-
tion therapies to treat different types of tumors [19, 34, 50, 51, 55].
On the contrary, a study by Glick and Mastroberardino [15] concluded
that quadratic control yields continuous, low doses of the therapeutic
drug producing a better outcome in the eradication of the solid tumor.
Several researches on optimal control approaches for cancer treatment
still favor quadratic controls [41, 52, 58]. Under certain circumstances,
both linear and quadratic controls obtain qualitatively similar results
[9, 12, 33]. It is true that profiles of treatment strategies depend on the
landscape of the cost functionals. These differences show the impor-
tance of carefully defining an objective functional that most accurately
reflects the toxicities of a particular drug along with the objective of
the treatment strategy, for instance, decreasing the tumor mass at the
end of the treatment interval, reducing the overall tumor burden over
the treatment interval, and some other clinically relevant criteria [14].
It is therefore suggested that further model iterations should include
exhaustive investigations on linear controls to have a holistic treatment
strategies for cancer treatment. Further analysis of models with other
types of objective functionals should also be pursued. Varying results
should then be presented to the medical practitioner for them to de-
cide which solutions best fit the biological situation and can be used
for practical implementation, if any [33].

This work, however, provides a general framework of optimal control ap-
proach for the fundamental transition from N2 and N1 TANs, thus inhibit-
ing tumor growth, in response to known key players. ”
[page 17, last paragraph - page 18, 5th paragraph, in the (marked) revised
manuscript ]

3. The half-life of circulating neutrophils is reported to be 19 hours (Lahoz-Beneytez et
al., Blood, 2016). Therefore, this reviewer speculates that all TANs would be replaced
in a few days, although the tumor microenvironment may prolong the life of TANs as
the authors described in the Discussion. In Figure 5, for example, the N2/N1 ratio
is kept around 1.0 under the conditions that IFN-β remains at zero concentration for
several days after degradation. However, this reviewer concerns that the N2/N1 ratio
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would return to the initial condition during the IFN-β free period due to the turnover
of TANs.

(Response) Thank you for pointing out this and thoughtful questions. Yes,
the half-life of TANs is short and TME tends to prolong the half-life. In Fig
5, green bar does not represent IFN-β concentration rather it represents
the rate of injection of IFN-β. The IFN-β concentration is marked in green
curve in Fig 5A. The whole dynamics essentially leads to relatively similar
population of N1 (pink curve in Fig 5A) and N2 (blue curve in Fig 5A)
TANs in response to the fluctuating levels of IFN-β (concentration green
curve in Fig 5A) following governing equations (2). Please note that con-
centrations of N2 and N1 TANs are in the similar ranges in Fig 5A. Please
note that the bifurcation diagrams in Fig 2(D-F) are steady state values
of N2 (variable C) and N1 (variable I) when dC

dt
= dI

dt
= 0, not dynamically

changing values. As one can see in Fig 2, the N2 and N1 level is somewhere
around 1 in Fig 5. And the concentrations (C, I) are on the way to equilib-
rium when IFN-β supply rate is low as you mentioned. However, it takes
time for the system to adapt the stimulus and converge to an equilibrium
point and stimulus such as injections of IFN-β can perturb it. The whole
dynamical system determines the slow or fast transition between N1 and
N2 TANs. Ideally, the very low values of IFN-β (such as zero values in
some intervals) will try to induce N1 TANs if there are no other factors
but there are other factors such as TGF-β which transforms N1 TANs to
N2 TANs. Therefore, we are not in the N1-dominant system in Fig 5. The
N2/N1 ratio essentially is determined by this dynamical system in the de-
terministic system of ordinary differential equations. The half-lives of N1
and N2 TANs are already taken into account in the mathematical model
with an appropriate scaling. With the injection rates that we have in hands
in Fig 5, the N2/N1 ratio stays around 1.

4. The differential equations (2) consist of 6 variables (L, G, C, S, I, and T). If this re-
viewer understands correctly, the time-course of L, G, C, S, and I are shown according
to the four optimal control scenarios (Figures 3, 5, 7, and 10), but “T” does not appear
in any figures. Therefore, the authors should show the time-course of T, how the tumor
size is regulated in response to the treatment of TGF-β inhibitor and/or IFN-β.

(Response) Thank you for careful reading and suggestions. Following the
reviewer’s suggestion, we now added time courses of T in Fig 4, Fig 6, Fig
9. Fig 12, so that readers can understand how the tumor size is regulated
in response to the treatment of TGF-β inhibitor and/or IFN-β. In addition,
we updated the captions for Fig 4, 5, 6, 9, 12 and added statements in the
main text as follows:

New caption of Fig 4: “(A) Proportion of the amount of TGF-β inhibitor
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used for the entire treatment duration, (B) dynamics of the N1-N2 system,
and (C) tumor dynamics under TGF-β inhibitor control starting at differ-
ent initial conditions Q1, Q2, Q3, Q4.”
[page 10, caption of Fig 4, in the (marked) revised manuscript ]

Added texts in main text for Fig 4: “Time courses of tumor volume in
these four cases illustrate the relatively poor anti-tumor efficacy when the
initial condition is in the tumorigenic region Q4 (Figure 4(C)), despite the
highest cost (Figure 4(A)).”
[page 9, 1st paragraph, lines 4-6, in the (marked) revised manuscript ]

Figure 4: (A) Proportion of the amount of TGF-β inhibitor used for the entire treatment
duration, (B) dynamics of the N1-N2 system, and (C) tumor dynamics under TGF-β
inhibitor control starting at different initial conditions Q1, Q2, Q3, Q4.

New caption of Fig 6: “(A) Proportion of the amount of IFN-β used for
the entire treatment duration, (B) dynamics of the N1-N2 system, and (C)
tumor dynamics under IFN-β control starting at different initial conditions
Q1, Q2, Q3, Q4.”
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[page 12, caption of Fig 6, in the (marked) revised manuscript ]

Added texts in main text for Fig 6: “Relatively efficient treatment results
starting from anti-tumorigenic sector Q2 and poor outcomes starting from
tumorigenic status Q4 are reflected in time courses of tumor volumes in
Figure 6(C). ”
[page 11, 2nd paragraph, lines 4-6, in the (marked) revised manuscript ]

Figure 6: (A) Proportion of the amount of IFN-β used for the entire treatment duration, (B)
dynamics of the N1-N2 system, and (C) tumor dynamics under IFN-β control starting
at different initial conditions Q1, Q2, Q3, Q4.

New caption of Fig 9: “Proportion of the amount of TGF-β inhibitor (A)
and IFN-β (B) used for the entire treatment duration, (C) dynamics of
the N1-N2 system, and (D) tumor volume relative to the high-risk state
at the end simulation time under concomitant TGF-β inhibitor and IFN-β
controls starting at different initial conditions Q1, Q2, Q3, Q4.”
[page 14, caption of Fig 9, in the (marked) revised manuscript ]
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Added texts in main text for Fig 9: “Scaled tumor volumes (Q4 bar in
Figure 6(D)) and elongated path from the initial TAN distribution in the
tumorigenic zone Q4 (red dotted curve in Figure 6(C)) also indicate the
relatively worst outcome in decreasing the tumor size in the presence of a
N2-dominant tumor microenvironment. ”
[page 14, 1st paragraph, lines 2-5, in the (marked) revised manuscript ]

Figure 9: Proportion of the amount of TGF-β inhibitor (A) and IFN-β (B) used for the
entire treatment duration, (C) dynamics of the N1-N2 system, and (D) tumor volume
relative to the high-risk state at the end simulation time under concomitant TGF-β
inhibitor and IFN-β controls starting at different initial conditions Q1, Q2, Q3, Q4.

New caption of Fig 12: (A) Proportion of the amount of TGF-β inhibitor,
(B) IFN-β used for the entire treatment duration, (C) dynamics of the N1-
N2 system, and (D) tumor dynamics under alternating TGF-β inhibitor
and IFN-β controls starting at different initial conditions Q1, Q2, Q3, Q4.
[page 16, caption of Fig 12, in the (marked) revised manuscript ]

Added texts in main text for Fig 12: “Time courses of tumor volumes in
four cases (Figure 12(D)) show the worst outcome in decreasing the tumor
size with the initial TAN distribution in the tumorigenic zone Q4, indicating
the critical role of the N1/N2 immune conditions. ”
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[page 16, 1st paragraph, lines 1-3, in the (marked) revised manuscript ]

Figure 12: (A) Proportion of the amount of TGF-β inhibitor, (B) IFN-β used for the entire
treatment duration, (C) dynamics of the N1-N2 system, and (D) tumor dynamics un-
der alternating TGF-β inhibitor and IFN-β controls starting at different initial conditions
Q1, Q2, Q3, Q4.

I have a few additional minor comments, explained below.

5. In the third paragraph of the Introduction, the authors say, TGF-β inhibitor such as
gefitinib. However, gefitinib is an EGFR inhibitor, not a TGF-β inhibitor.

(Response) Thank you for careful reading. Indeed, it is an EGF inhibitor.
We now replaced “gefitinib [56]” with “galunisertib [22, 23, 68, 57, 67] and
LY2109761 [21, 42]” [page 2, 3rd paragraph, line 6, in the (marked) revised
manuscript ]

6. The authors assumed that TGF-β inhibitor and IFN-β can be administrated every
other day in the simulations, but what is the evidence?

(Response) Thank you for careful reading. We added the evidences for
IFN-β (as well as other references for toxicity) by replacing
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“Taking into account that IFN-β is a noxious drug, it can be administered
only every other day in increasing amount.”
with
“Taking into account that IFN-β is a noxious drug [62, 25, 63], it can be
administered only every other day in increasing amount as illustrated in
experimental system [46, 5, 62].”
[page 10, 1st paragraph, lines 2-4, in the (marked) revised manuscript ]

In addition to these changes, we made the following minor changes in the
(marked) revised manuscript in order to meet the journal requirement (from
editorial staffs)
(i) “Ohio, ” → “OH 43210, ” [page 1, author affiliation ]

REFEREE 3:

In the paper the authors consider a mathematical model of tumor-associated neutrophils
in lung cancer progression. This model uses a mathematical model to explain the optimal
control problems of TGF-β and IFN-β. The part of the mathematical model has been revised
in detail in a previous review of another Journal. However, there are some questions about
the contents of the paper. Below are these comments:

1. The authors define Q1 to Q4 in the Results and Discussion section, but how do you
apply them to individual cases in the actual clinical settings? How do you measure the
level of N1 and N2 component? Is it by a blood test or histopathological examination
such as surgical specimens or biopsy specimens?

(Response) As we can see from the analysis of the mathematical model,
there are relatively high and low probabilities of moving toward the N2-
dominant status (high N2 and low N1), i.e, tumorigenic status, depending
on the relative proportion of N1 and N2 populations in the given patient as
in Fig 4. We acknowledge that it is very challenging to measure the level
of N1 and N2 components. The researchers in the field is moving fast for
further experiments and etc. For instance, Ohms et al (2020) [44] could
measure the relative proportion of N1 and N2 populations. However, it
is still challenging to measure and use it in a clinical setting yet. If one
can measure individual levels of N2 and N1 in the blood and TME in each
patient, not N2/N1 ratio, whether it is by a blood test or histopatholog-
ical examination such as surgical specimens or biopsy specimens, one can
determine their locations (Q1, Q2, Q3, Q4) in the N2-N1 phase plane and
apply our strategies for optimal results. As we mentioned in the response
to item 2 below, we are vigorously working with experimentalists (professor
Jinsu Kim for instance) and clinicians at KIRAMs and Korea Institute of
radiological and medical sciences in Seoul, South Korea, in order to develop
this particular method to overcome this technical difficulties.
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2. Have you verified the results of this mathematical model in actual clinical cases or in
vitro? If it can be shown that the results of actual biological research and mathemat-
ical models match, I think it will be a more meaningful paper in the clinical settings.
However, it does not force the authors to do biological research when it is difficult to
research.

(Response) Thank you very much for nice suggestions. It would be great if
we can show that the simulated results from the mathematical model can
be integrated or verified in a series of experiments or in a clinical setting.
Our colleagues at KIRAMs and Korea Institute of radiological and medical
sciences (hospital especially for cancer patients at last stage) are actually
trying very hard to do experiments to verify and optimize the outcomes
of the treatment. However, practically speaking, this type of experiments
requires lots of approval and internal processes and it usually takes much
time to get patients and setup the program in the clinical setting. We also
tried to integrate the simulating tools to the system at the hospital but we
have to overcome a large number of hurdles due to government regulations
and ethical issues etc. We hope to do it in near future. However, our paper
could contribute to better research environment where experimentalists can
actively participate for joint projects so that the system with mathematical
models can function altogether.

In addition to these changes, we made the following minor changes in the
(marked) revised manuscript in order to meet the journal requirement (from
editorial staffs)
(i) “Ohio, ” → “OH 43210, ” [page 1, author affiliation ]
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