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“Mechanisms of Selection on Cancer-Causing Mutations” by Shinde et al. [l advances an ambitious and
thoughtful framework for understanding somatic evolution in cancer through the lens of context-
dependent selection. It presents a wide-ranging set of hypotheses linking pleiotropic effects of driver
mutations to selective advantages that arise only under specific conditions, including altered tissue
microenvironments and lifestyle-associated physiological changes. It is integrative in scope and
explicitly formulates testable hypotheses, emphasizing experimentally tractable evolutionary reasoning.
In particular, it provides creative and stimulating advocacy for the systematic mapping of altered
microenvironmental contexts to classes of driver mutations and calls for timely empirical tests of these
ideas. However, several statements in the Introduction and Discussion do not adequately characterize the
current state of the field or bear significant conceptual revision: correcting these points would
substantially strengthen the manuscript and better position it within contemporary cancer evolutionary

biology.

Selection in cancer is not an “upcoming view,” but a demonstrated reality

The introductory assertion that “an upcoming view attributes a substantial role to selection acting on
potentially cancer-causing mutations” understates the maturity of the field. Far from being an emerging
or speculative idea, the role of selection in shaping cancer genomes has been quantitatively
demonstrated across multiple tumor types and datasets [21B31[4) Thege analyses have quantified selection
intensities of somatic variants across cancers, demonstrating that driver mutations exhibit large, gene-

and variant-specific selective advantages that cannot be explained by mutation rates alone. Not only

major drivers, but the full distributions of selection coefficients have been characterized, including
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neutral variants and small-effect mutations 2. These estimates have been leveraged to quantify the
mutagenic causation of cancer and quantify the distinct contributions of mutagenic causation of cancer
from diverse DNA-damaging environmental exposures [6] Therefore, the claim that “There is one clear
experimental demonstration of selection [10], and a few more are hypothesized [11])” is either deeply
incorrect or inadequately contextualized: selection on somatic mutations has been empirically
demonstrated in numerous studies using population-genetic, comparative, and statistical evolutionary
frameworks applied directly to tumor sequencing data. These results do not merely hypothesize
selection; they estimate its magnitude, in some cases with considerable precision and molecular
biological and clinical utility m Revising the work of Shinde et al Mo acknowledge and incorporate this
extensive knowledge would clarify that the necessary contribution of future research lies not in
establishing the existence of selection, but in proposing biologically grounded hypotheses for how

specific microenvironmental contexts modulate selection strength.

Mutation versus selection is a false dichotomy

The manuscript repeatedly frames cancer evolution as being either “mutation-limited” or “selection-
limited,” culminating in the statement that “cancers are not mutation-limited but are selection-limited.”
This dichotomy between mutation and selection in their relative roles in causing cancer is rhetorically
inviting. However, it is a false dichotomy (8], Mutation and selection are not alternative explanations for
oncogenesis; they are joint components of evolutionary change. Mutation supplies the raw variation
upon which selection acts, varying in rate from gene to gene 2! and from site to site (2} over orders of
magnitude. Selection also varies over orders of magnitude [2), determining which of those same variants
expand, persist, or are eliminated. The outcome of evolution cannot be meaningfully evaluated with
either component in isolation. The rate and likelihood of carcinogenesis depend on both the rates at
which variants arise and the selective advantages they confer in specific contexts '$/'= . In discussing
carcinogens, Shinde et al (1] write that “if the somatic evolution of cancers is not mutation-limited, then
why many mutagenic agents are also carcinogenic is a riddle” However, the “mutation-limited” versus
“selection-limited” dichotomous premise of this riddle is flawed 8l. Mutagenic carcinogens increase
cancer risk precisely because they increase the supply of variants that may later be favored by selection
under permissive microenvironmental conditions. Selection does not negate the role of mutation, it
conditions its consequences. Framing mutation and selection as coupled rather than competing

processes would resolve this apparent paradox and strengthen conceptual coherence.
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Genetic context and selective epistasis deserve explicit consideration

Shinde et al ! provide an extensive and highly laudable treatment of the importance of environmental
and microenvironmental context to selection. For instance, their discussion of angiogenesis as a context-
dependent selective mechanism is compelling. The argument that angiogenic signaling can confer
frequency-dependent advantages aligns well with detailed empirical documentation of angiogenesis
facilitation in specific tumor settings [; alterations in vascularization directly modulate tumor growth
dynamics, providing concrete examples that reinforce the plausibility of proposed mechanisms 2],
However, Shinde et al ! give comparatively little attention to somatic genetic context—specifically, the
growing evidence that selection on one mutation depends critically on the presence or absence of others.
Initial research on this topic focused on empirical measures of co-occurrence and mutual exclusivity 12!
[4]15106]07]. Quantitative analyses have now demonstrated widespread selective epistasis in cancer [Z118],
where the specific fitness effect of a mutation is contingent on the presence or absence of other driver
events. Recent work has shown that oncogenic selection is often conditional on prior mutations,
reshaping both the order and magnitude of selective effects during tumor evolution 0119] These
findings reinforce the authors’ broader argument that selection is context-dependent, but extend
“context” beyond the microenvironment to include the evolving genomic background of the cell
Incorporating this dimension would enrich the framework proposed here and align it with current

evolutionary models of cancer progression.

It must be acknowledged that existing quantitative estimates of driver mutation selection and epistasis
represent average selective effects across heterogeneous microenvironmental and physiological contexts.
This point bears substantial relevance to the conceptual developments advocated for by Shinde et al 0,
no matter how precise these estimates are, they do not contradict presumably substantial selective
effects of microenvironmental context. Rather, these estimates clarify the explanatory challenge: to
decompose observed average selection into contributions from distinct environmental, physiological,

and genetic contexts [1020],

Non-mutagenic carcinogens and future directions

With the caveats above, the Shinde et al ! claim that “whether and how the non-mutagenic carcinogens
shape the selective landscape needs to be investigated in detail” is highly apropos and foresightful. This

area of research is crucial and underexplored, and requires the application of explicitly evolutionary
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frameworks—combining inference of mutation rates and selection strength to yield substantial insights.
Accordingly, the central message of Shinde et al [l__that environmental and microenvironmental context
profoundly shapes the strength and direction of selection on somatic variants—is likely correct and
highly salient to current research directions. Moving forward, the field will benefit not only from the
application of experimental approaches to characterize these contexts but also from the development of
new computational methods to quantify selection on driver mutations conditional on specific
environmental, physiological, and microenvironmental states, and the application of these methods to

increasingly large and increasingly well-annotated tumor sequencing datasets.

Concluding remarks

Shinde et al I} present a biologically rich set of hypotheses that deserve serious consideration. The core
intuition presented—that selection on cancer-causing mutations is context-dependent and deeply
influenced by the tissue microenvironment—is sound and important. Refining their work to accurately
reflect the existing empirical literature on somatic selection, to avoid framing mutation and selection as
opposing explanations, and to integrate genetic context alongside microenvironmental context would
substantially strengthen its message. With these clarifications, it may serve as a valuable conceptual

bridge between evolutionary theory, cancer biology, and experimental investigation.

References

1.3 b ¢ d &£ 8 h isiddni Shinde, Rutuja Mestry, Chinmayee Kulkarni, Samradni Pingale, Ashwini Keskar, et a
L (2025). Mechanisms of Selection on Cancer-Causing Mutations. Qeios. doi:10.32388/6PKD32

2.2 byincent L. Cannataro, Stephen G. Gaffney, Jeffrey P. Townsend. (2018). Effect Sizes of Somatic Mutations i
n Cancer. ] Natl Cancer Inst. 110(11):1171-1177. PubMed PMID: 30365005; PubMed Central PMCID: PMC62356
82

3.9 hIfu'go Martincorena, Keiran M. Raine, Moritz Gerstung, Kevin J. Dawson, Kerstin Haase, et al. (2018). Univ
ersal Patterns of Selection in Cancer and Somatic Tissues. Cell. 173(7):1823. PubMed PMID: 29906452; PubM
ed Central PMCID: PMC6005233

4. Mincent L. Cannataro, Jeffrey P. Townsend. (2019). Wagging the long tail of drivers of prostate cancer. PLoS
Genet. 15(1):e1007820. PubMed PMID: 30653503; PubMed Central PMCID: PMC6336235

5. MVincent L. Cannataro, Jeffrey P. Townsend. (2018). Neutral Theory and the Somatic Evolution of Cancer. M

ol Biol Evol. 35(6):1308—1315. PubMed PMID: 29684198; PubMed Central PMCID: PMC5967571

geios.com doi.org/10.32388/LRRYCD


https://www.qeios.com/
https://doi.org/10.32388/LRRYCD

6. 2Vincent L. Cannataro, Jeffrey D. Mandell, Jeffrey P. Townsend. (2022). Attribution of Cancer Origins to End
ogenous, Exogenous, and Preventable Mutational Processes. Mol Biol Evol. 39(5). doi:10.1093/molbev/msac
084PubMed PMID: 35580068; PubMed Central PMCID: PMC9113445

7.% h]effrey D. Mandell, Vincent L. Cannataro, Jeffrey P. Townsend. (2023). Estimation of Neutral Mutation Rat
es and Quantification of Somatic Variant Selection Using cancereffectsizeR. Cancer Res. 83(4):500—505. Pub
Med PMID: 36469362; PubMed Central PMCID: PM(C9929515

8.2 D Geffrey P Townsend. (2024). Review of: “Somatic Evolution of Cancer: A New Synthesis.” Qeios. doi:10.3
2388/BASYMF

9. 2Ludmil B. Alexandrov, Jaegil Kim, Nicholas J. Haradhvala, Mi Ni Huang, Alvin Wei Tian Ng, et al. (2020). Th
e repertoire of mutational signatures in human cancer. Nature. 578(7793):94—101.

10. 22 Krishna Dasari, Jorge A. Alfaro-Murillo, Jeffrey P. Townsend. Tobacco smoke alters the trajectory of lun
g adenocarcinoma evolution via effects on somatic selection and epistasis. bioRxiv. 2025. doi:10.1101/2024.1
1.27.625765PubMed PMID: 40777438; PubMed Central PMCID: PMC12330751

11. 2Yolla Haibe, Malek Kreidieh, Hiba El Hajj, Ibrahim Khalifeh, Deborah Mukherji, et al. (2020). Resistance M
echanisms to Anti-angiogenic Therapies in Cancer. Front Oncol. 10:479832.

12. 2. Nicholas Fisk, Amandeep R. Mahal, Alex Dornburg, Stephen G. Gaffney, Sanjay Aneja, et al. (2022). Prem
etastatic shifts of endogenous and exogenous mutational processes support consolidative therapy in EGFR-
driven lung adenocarcinoma. Cancer Lett. 526:346—351. PubMed PMID: 34780851, PubMed Central PMCID:
PMC8702484

13. 2Geniver El Tekle, Tiziano Bernasocchi, Arun M. Unni, Francesco Bertoni, Davide Rossi, et al. (2021). Co-occ
urrence and mutual exclusivity: what cross-cancer mutation patterns can tell us. Trends Cancer. 7(9):823—8
36. PubMed PMID: 34031014

14. XSriganesh Srihari, Jitin Singla, Limsoon Wong, Mark A. Ragan. (2015). Inferring synthetic lethal interaction
s from mutual exclusivity of genetic events in cancer. Biol Direct. 10:57. PubMed PMID: 26427375; PubMed C
entral PMCID: PMC4590705

15. 2Mark D. M. Leiserson, Hsin-Ta Wu, Fabio Vandin, Benjamin J. Raphael. (2015). COMEL: a statistical approac
h to identify combinations of mutually exclusive alterations in cancer. Genome Biol. 16(1):160. PubMed PMI
D: 26253137, PubMed Central PMCID: PMC4531541

16. 2Sisheng Liu, Jinpeng Liu, Yangqi Xie, Tingting Zhai, Eugene W, Hinderer, et al. (2021). MEScan: a powerful st
atistical framework for genome-scale mutual exclusivity analysis of cancer mutations. Bioinformatics. 37

(9):1189-1197. PubMed PMID: 33165532; PubMed Central PMCID: PMC8189684

geios.com doi.org/10.32388/LRRYCD


https://www.qeios.com/
https://doi.org/10.32388/LRRYCD

17.2Hua Tan, Xiaobo Zhou. (2018). Detection of Combinatorial Mutational Patterns in Human Cancer Genome
s by Exclusivity Analysis. Cancer Systems Biology. :3—11.

18. YJaime Iranzo, George Gruenhagen, Jorge Calle-Espinosa, Eugene V. Koonin. (2022). Pervasive conditional s
election of driver mutations and modular epistasis networks in cancer. Cell Rep. 40(8):111272. PubMed PMI
D: 36001960

19. %orge A. Alfaro-Murillo, Jeffrey P. Townsend. (2023). Pairwise and higher-order epistatic effects among so
matic cancer mutations across oncogenesis. Math Biosci. 366:109091. PubMed PMID: 37996064, PubMed C
entral PMCID: PMC10847963

20. 2Krishna Dasari, Jason A. Somarelli, Sudhir Kumar, Jeffrey P. Townsend. (2021). The somatic molecular evol
ution of cancer: Mutation, selection, and epistasis. Prog Biophys Mol Biol. 165:56—65. PubMed PMID: 343649

10; PubMed Central PMCID: PMC8819680

Declarations

Potential competing interests: No potential competing interests to declare.

geios.com doi.org/10.32388/LRRYCD


https://www.qeios.com/
https://doi.org/10.32388/LRRYCD

