
Reviewers' comments:  

Reviewer #1 (Remarks to the Author):  

This is a fascinating paper that provides the first application of the analysis of molecular and 
phenotypic functional tradeoffs to the evolution of cancer cells, in any sort of comprehensive and 
empirical way. The study is highly innovative in its integration of evolutionary-ecological theory 
regarding tradeoffs to cancer biology, and its use of the mehod of Pareto task inference in this 
context. The conclusions are notably original in showing evidence of multiway tradeoffs in major 
forms of human cancer, which has important general implications for how cancer is understood 
and how therapies can be applied. The results should be of interest to specialists in cancer biology 
and genetics (who will gain new theoretical as well as empirical perspectives), to researchers in 
evolutionary biology and genetics, and to biologists more broadly.  

A number of points should, however, be addressed to help improve the article:  

(1) The variation among forms of cancer in the results relevant to tradeoffs is quite striking, but it 
is not addressed even to the point of raising plausible hypotheses. Might it be related to variation 
in the extent of de-differentiation of the cancer cells, or to their original cellular sources (eg stem 
cells, or other)? Ages of onset? Numbers of mutations required for conversion to cancer? It is quite 
curious that tradeoffs are so evident for some cancers but not others.  

(2) The authors discuss 'needs' at several points in the article; however there are no needs per se 
in the evolutionary process, just natural selection and other population-genetic processes. 
Rewording is required.  

(3) There are more than five (there are six) 'hallmarks' of cancer as described in Hanahan and 
Weinberg; why are only five evident here?  

(4) Paragraph starting 'To test whether...'. The authors should add a few sentences that provide a 
simpler and more-intuitive explanation of the Pareto method, and how statistical significance is 
tested here.

(5) By 'archetypes' do the authors (also) mean 'specialists'?  

(6) How does the considerable genetic diversity *within* tumors, that is ultimately responsible for 
most mortality, fit with the specialist/tradeoffs framework? Might different subclones of tumors 
specialize for different tasks (depending in part for example on position in the tumor)? (i.e., 
cooperation among cells within tumors, as described originally by Axelrod)?  

(7) How does the time-trajectory of cancers (the order of acquisition of the hallmarks/functions) fit 
with the tradeoff framework?  

(8) The authors should note that the presence and strength of tradeoffs commonly depends on the 
amount of resources available (ie more resources, less tradeoff). This point is well-studied in 
evolutionary ecology and should be acknowledged here, and its potential appication to cancer 
should be noted. At the end of the first Discussion paragraph, the authors say that tradeoffs give 
negative correlations; this need not be true if absolute resources vary to a high extent.  

(9) Discussion paragraph starting 'We considered here total...'. Evolution along lines of genetic 
least resistance refers to patterns of genetic correlation and heritability that define evolutionary 
trajectories for multiple traits, within (and across) species. The parallel/metaphor with regard to 
cancer is not made sufficiently clear by the authors.  

Dr. Bernard Crespi  



Reviewer #2 (Remarks to the Author):  

The manuscript submitted by Alon and colleagues takes an innovative new approach to uncovering 
molecular task optimization as a route to explaining inter-patient variation across multiple cancer 
types. To my knowledge this is the first exposition of multi-task evolutionary theory to formalize 
how tumors navigate task tradeoff as they acquire specialized phenotypes. The authors implement 
Pareto task inference to analyze the TCGA, Metabric and other datasets. The major claims are as 
follows: (i) they identify tradeoffs between five universal tasks shared across cancer types, (ii) 
show that tumors that specialize in a task are differentially sensitive to drugs that disrupt that 
task, and (iii) demonstrate that each driver mutation moves gene expression towards specific 
archetypes and hence towards specialization in specific tasks. Overall, this is an interesting and 
novel approach that has potential to function as a formalism toward drug sensitivity prediction.  

Critique:  

1. In general, the biggest issue this reviewer sees is the lack of consideration of confounding 
factors in the authors’ analysis. These include, for example well-defined molecular subtypes and 
within tumor heterogeneity (comments below).  
2. The major claim made is that tumors specializing in specific tasks are found closer to the 
vertices of the simplex. Unfortunately this is not intuitively or convincingly presented. Figures 2&3 
do not seem to have any points near the vertices. Also in most cases the density of the distribution 
(in particular Fig 2) is not evident due to the manner in which the data is plotted. This needs 
addressing to convince the readership of the central claims of the paper.  
3. Pg 4. There may be multiple gene expression routes to the archetypes. How does the method 
handle this? Would the signal be diluted as the number of routes increases? Could this explain the 
'clouds' in expression space?  
4. Pg 4. How much does tumor purity dictate how sharply the tumor can be resolved as 
archetypes?
5. Pg 5. What is the relationship between clonal diversity at the mutational level and the ability to 
resolve sharply defined archetypes?  
6. Pg 5. how do the archetypes map to known cancer subtypes (iclusters in Metabric or PAM50 in 
TCGA breast cancer)?  
7. Pg 6. 2nd last paragraph. Available single cell data from various cancer types could resolve this 
convincingly.  
8. Pg 8. “Mutations in TP53 in breast cancer…”. This is association and not causation. There could 
easily be confounding effects that yield the association such as known subtypes enriched for 
specific driver mutations. Thus the association may relate to a cell type of origin better able to 
tolerate TP53 mutation. 
9. That the cell lines specializing in specific tasks are more sensitive to the drugs that inhibit these 
tasks is not particularly surprising? It is not clear how this particular analysis is better able to 
resolve this than traditional pathway analysis. Could the authors elaborate?  
10. The paper lacks any benchmarking data. What are the appropriate alternative approaches to 
this type of inference? As the paper has a methodological component, a comparative component to 
complementary methods should be included.  
11. Is the source code for the model and analysis available in a public repository (e.g. github?) 























REVIEWERS' COMMENTS:  

Reviewer #2 (Remarks to the Author):  

The authors have given thoughtful responses to my comments and I have no further concerns.


