Reviewer 2:
This paper developed a new implementation of MF. This method was applied for inversing comorbidity association between Alzheimer’s disease (AD) and lung cancer (LC). I have the following concerns:

We thank the Reviewer for his comments. Below we report the point-by-point answer to his/her questions. Additionally, at https://github.com/agreco92/inverse_comorbidity_MF we now provide the code to run our framework on other datasets.

1. The paper does not explain clearly its advantages with respect to the literature: it is not clear what is the novelty and contributions of the proposed work: does it propose a new method? Or does the novelty only consists in the application? therefore these paper should be discussed
·  Molecular evidence for the inverse comorbidity between central nervous system disorders and cancers detected by transcriptomic meta-analyses
· Molecular Evidence for the Inverse Comorbidity between Central Nervous
· Hybrid resampling and multi-feature fusion for automatic recognition of cavity imaging sign in lung CT
· Glioma Segmentation Using a Unified Algorithm in Multimodal MRI Images
The work proposes an adaptation of a pre-existing method to the study of a new biological problem, that is the study of  Disease-Disease (DD) relationships. The work thus contains novelties both on the methodological and biological side. 
Concerning the methodology, in a previous work (Cantini, Laura, et al. "Assessing reproducibility of matrix factorization methods in independent transcriptomes." (2019).) we designed a metric to infer univocal correspondences between the metagenes obtained by an MF algorithm on multiple independent datasets profiled from the same biological condition (e.g. same cancer tissue), and used this metric to design a methodological framework that revealed relevant pathways characteristic of colorectal cancer. In the current work, we extend this previously defined MF framework for the study of  Disease-Disease (DD) relationships. For example, given the existence of positive and negative DD relationships, we adapted the framework to distinguish molecular relationships concordantly and discordantly altered in datasets coming from different diseases. All the methodological novelties introduced to the previous framework are summarized in Figure 1.
On the biological side, we instead summarize all the new information we obtained into the Results section 2.3. 
Concerning then the advantages of our method in respect to the existing literature, we summarized them in the beginning of the fourth paragraph in the introduction. We have now modified the text to make this point more clear (see line 84):“ Recently, transcriptomic meta-analyses revealed sets of significantly up and down regulated genes that are shared across diseases displaying different patterns of direct and inverse comorbidities [25,26]. We hereby propose to use an MF approach to study the molecular bases of DD relationships. In fact previous methods based on differential expression analysis only focuses on the predominant signals present in the data, failing to capture alternative signals and local behaviors [3]. These limitations are overcome by MF that learns metagenes, i.e. ranking of genes, without focusing on single sets of predominant genes. Moreover, contrarily to differential expression analysis, MF jointly provides metagenes and metasamples, i.e. also grouping samples together with their biological characterization. However, applying MF to the study of the molecular bases of DD relationships requires innovative adaptations. We thus propose to methodologically extend our previously defined MF framework for the particular study of DD relationships [12]. Moreover, given the existence of positive and negative DD connections, we also adapt the framework to distinguish molecular relationships concordantly and discordantly altered in datasets coming from different diseases. ”
Concerning the citations that the Reviewer proposed to add, the first one corresponds to a paper that was already cited in our manuscript (see citation 25 ), and we were not able to identify the second one. We carefully checked the two other papers proposed by the Reviewer (Hybrid resampling and multi-feature fusion for automatic recognition of cavity imaging sign in lung CT; Glioma Segmentation Using a Unified Algorithm in Multimodal MRI Images), but did not identify the relationship with our  work, neither from a biological nor methodological point of view. Indeed, they do not make use of Matrix Factorization and they do not concern AD-LC inverse comorbidity or Disease-Disease relations more in general. 
2.  The advantage of the proposed method with respect to other methods in the literature should be clarified.
As mentioned above, such advantages are already mentioned in the fourth paragraph of the introduction: “ Recently, transcriptomic meta-analyses revealed sets of significantly up and down regulated genes that are shared across diseases displaying different patterns of direct and inverse comorbidities [25,26]. However, differential expression analysis only focuses on the predominant signals present in the data, failing to capture alternative signals and local behaviors [3]. These limitations are overcome by MF that learns metagenes, i.e. ranking of genes, without focusing on single sets of predominant genes. Moreover, contrarily to differential expression analysis, MF jointly provides metagenes and metasamples, i.e. also grouping samples together with their biological characterization. We hereby propose to use an MF approach to study the molecular bases of DD relationships. This, however, requires innovative adaptations. ”
The cited methods, represent to our knowledge the only computational works performed to investigate the molecular bases of direct or inverse comorbidities.
3. Quality of figures is so important too. Please provide some high-resolution figures. Some figures have a poor resolution

Thanks for pointing that out, we now upload the Figures in higher quality.

4.  Conclusion should state scope for future work.

We clarified the future perspectives for the use of our framework in the study of other disease-disease relationships and/or in its combined use with multi-omics analysis tools.

5. Results need more explanations. Additional analysis is required at each experiment to show the its main purpose.

We now better explained the steps of our framework and the methodological novelties that we here introduced highlighting their main purpose. A new Figure 2 has now also been provided to better explain the new procedure for the orientation of the metagenes proposed in this work. Additionally we now provide the code to apply the framework to new data. 

6. Need detailed explanation of the preprocessing steps.

[bookmark: _GoBack]Concerning the data of lung cancer and Alzheimer’s disease obtained with microarrays, all of them have been obtained with the same microarray platform, the Affymetrix HG U133Plus2, to reduce bias due to inter-platform differences. Moreover, each study was normalized separately using the frozen Robust Multiarray Analysis (fRMA) (McCall, M. N., Jaffee, H. A., & Irizarry, R. A. (2012). fRMA ST: frozen robust multiarray analysis for Affymetrix Exon and Gene ST arrays. Bioinformatics, 28(23), 3153-3154.). Additionally, the RNA-seq Lung dataset downloaded from the Cancer Genome Atlas (TCGA; https://tcga-data.nci.nih.gov/tcga/) was added to the analysis. In this case RSEM normalized Level 3 data were downloaded from TCGA. Genes having zero values in more than 30% of samples were filtered out and the data were then log2-transformed. We now added these details in methods, section 4.1.


ot g e e o M. i it e st s
e e e 5y s 5
[

e Ry, i g e W oo

0 gt s oty i i et b 0
oy o et 4 e . R e O
oyt s o St atrs e o S s

e ——"
e s e oy v o s
[T
T e
o St s Ui At o L s

Tk g ssptonct v i o s o g
P Fa e iy s e (50 s ok i
e bt o

o o ety i o o Corte Lt A
e o o e et s 310 v
s s b e o ot e g ot by
o e i s et ot 8 e o S 45
i s k) st s e sl et P Ab
e iy et o 9 e
v et W e st Do Do 50 s £
e e e s 03 e oot
oo s e ety sy
e e e A S e e

e vt s e et

s e e i o g s o Wb
s s e o 4 A ey b .
e o s by 5 o 34t st o 0
e e i e s e
sttt el N




