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This paper addresses a very important and often undermined challenge in deriving new biomarkers for
disease using machine learning techniques. Very often, new methods are limited to validation
experiments with cross-validation or using training and testing datasets with similar characteristics. Also,
datasets used in validations are often affected by selection bias. Thus, these experiments may not
provide a realistic evaluation of application to new individuals, e.g. in a clinical setting. The paper
describes possible biases in data used for training and testing, describes the effects of "dataset shift" on
the accuracy of final biomarkers, and presents techniques to deal with dataset shift.

The paper is well written in general. | enjoyed reading it as a tutorial that briefly presents the basic
concepts and then incrementally introduces the main problem. The illustration of the dataset shift
problem using toy examples and visualizations is very useful. After a very clear introduction and problem
description, the paper presents a generic tool to address this problem. The proposed solution,
importance weighting, is not novel. However, presenting it in this context was informative. Section 6.1
(covariate shift) nicely links to importance weighting technique. However, | found that section 6.2 was
disconnected, so maybe it would require a more clear description and a careful discussion.

A few major comments:

- The paper reads well as a concept paper; however, it does not include any examples with real data. Toy
examples for illustrations are very informative. However, examples on real datasets with quantitative
evaluations would be necessary to show the effects of dataset shift in real problems, and to show how
the

proposed approach actually works. | think that this is the major missing part in the paper. Addition of
results using real datasets would significantly increase the value of the paper, particularly if they can be
selected in a way that will illustrate the problems mentioned in the paper.

- A major challenge in deriving imaging biomarkers is to handle heterogeneity of imaging data and
clinical labels due to various factors, such as scan parameters/protocols and variability of measuring
protocols used. The paper did not discuss how to handle data heterogeneity, which is another major
source for dataset shift. Only in section 3 there is a suggestion to use heterogeneous sets for training
(which | agree), but it's not clear how to derive robust biomarkers in the presence of heterogeneous
datasets (e.g. there is no mention of data harmonization). | think this is a limitation for the paper.

One minor comment that may help to improve the paper:

- In section 3, after reading the first sentence, | had the impression that the listed items in italic were
the "misconceptions", so they are showing what is wrong/incorrect. | had to go back and read them
again after | noticed that it was the opposite. | would suggest the authors to edit this part in a way that
will remove the ambiguity.
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