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Cancer is a ubiquitous disease of metazoans, predicted to disproportionately a!ect 
larger, long-lived organisms owing to their greater number of cell divisions, and thus 
increased probability of somatic mutations1,2. While elevated cancer risk with larger 
body size and/or longevity has been documented within species3–5, Peto’s paradox 
indicates the apparent lack of such an association among taxa6. Yet, unequivocal 
empirical evidence for Peto’s paradox is lacking, stemming from the di"culty of 
estimating cancer risk in non-model species. Here we build and analyse a database on 
cancer-related mortality using data on adult zoo mammals (110,148 individuals,  
191 species) and map age-controlled cancer mortality to the mammalian tree of life. 
We demonstrate the universality and high frequency of oncogenic phenomena in 
mammals and reveal substantial di!erences in cancer mortality across major 
mammalian orders. We show that the phylogenetic distribution of cancer mortality is 
associated with diet, with carnivorous mammals (especially mammal-consuming 
ones) facing the highest cancer-related mortality. Moreover, we provide unequivocal 
evidence for the body size and longevity components of Peto’s paradox by showing 
that cancer mortality risk is largely independent of both body mass and adult life 
expectancy across species. These results highlight the key role of life-history 
evolution in shaping cancer resistance and provide major advancements in the quest 
for natural anticancer defences.

Complex multicellular organisms are built of millions to quadrillions 
of cells, ultimately all being derived from a single cell, the zygote.  
During the course of the organisms’ lifetime and owing to various muta-
tional processes, cell lineages tend to accumulate mutations7,8. While 
the majority of mutations are harmless, some enable cells to escape 
cell cycle control, to grow and proliferate uncontrollably, resulting 
in cancer9,10. Cancer is a multistage process, where a set of mutations 
is required for both initiation and malignant progression. Given that 
every cell division carries a risk of generating mutations, organisms with 
large bodies (composed of more cells) and extended longevities (with a 
longer time to accumulate mutations) should be more likely to develop 
cancer1,6,11,12. Indeed, within humans3,11 and dogs4, larger individuals are 
more likely to develop cancer than smaller ones. Similarly, increasing 
age is one of the most potent carcinogenic factors in species in which 
cancer aetiology is well studied. Yet, while current evidence suggests 
that large body size and extended longevity result in increased cancer 
risk within species, this relationship may not hold across taxa13.

Limited data available so far indicate that vertebrates do not face 
clear size-dependent cancer risks despite their size and longevity 
varying by orders of magnitude. This poses a logical challenge, first 

formulated by Sir Richard Peto6,14. He noted that although mice have 
approximately 1,000 times fewer cells and >30 times shorter lifespans 
than humans, their risk of carcinogenesis is not markedly different 
(coined as Peto’s paradox)5. Peto’s paradox is an evolutionary conun-
drum that has puzzled the scientific community and has led to lively 
debate regarding the evolution of anticancer mechanisms. It is often 
postulated that natural selection on large size or extended longevity 
is inherently inseparable from the evolution of anticancer defences. 
Knowledge gained from investigating Peto’s paradox might thus largely 
contribute to our knowledge on natural anticancer mechanisms that 
could potentially be harnessed for medical use. Further, understand-
ing cross-species variation of cancer vulnerability is an important 
next step in animal health and welfare. While a few studies aimed to 
establish cross-species variation in cancer risk15,16, most estimates and 
analyses have considerable limitations. These include small cross- or 
within-species sample sizes1,6,17, lacking information on the age distri-
bution of cancer15–17, data heterogeneity (for example, biases due to 
domestication17 or combining data from multiple taxa17,18) or lack of 
control for phylogenetic relatedness among species17. Moreover, the 
effect of longevity was generally tested using the much-debated metric 
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energy is either invested into reproduction when young
or into longevity
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Saying that you either invest more into reproduction 
(live fast, produce many offspring at a time) or more 
into maintenance (live slower, produce less offspring 
at a time but over a longer period) …

… is like saying that if you want to have more meat 
on your chicken, you have to feed it more food for a 
longer period of time

ignoring the possibility that someone might 
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Saying that you either invest more into reproduction 
(live fast, produce many offspring at a time) or more 
into maintenance (live slower, produce less offspring 
at a time but over a longer period) …

The trade-off fallacy



Saying that you either invest more into reproduction 
(live fast, produce many offspring at a time) or more 
into maintenance (live slower, produce less offspring 
at a time but over a longer period) …

… is ignoring the possibility that individuals (and taxa) 
might evolve that achieve a higher reproductive 
output with the same level of resources due to a 
higher efficiency.

The trade-off fallacy





Saying that you either invest more into reproduction 
(live fast, produce many offspring at a time) or more 
into maintenance (live slower, produce less offspring 
at a time but over a longer period) …

The trade-off fallacy



Saying that you either invest more into reproduction 
(live fast, produce many offspring at a time) or more 
into maintenance (live slower, produce less offspring 
at a time but over a longer period) …

… is like saying you do not believe that evolution can 
find new solutions.

The trade-off fallacy
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Theories why we age

Lidsky & Andino (2022)

This theory explains some observations that traditional trade-off 
scenarios cannot explain, e.g. why longevity increases with restricted 
resources, or why flying birds have higher longevity (in spite of higher 
metabolic rates).
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Cancer as a consequence of the adaptation for aging

Cancer occurs if the body does not prevent it.

Reducing cancer prevention could be an adaptation to achieve aging.
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Cancer 202

to get cancer, you have to get old
(and to get old, you must not die of other stuff) 
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Is it a paradox ?
The cells of an elephant do not have the same metabolism as 

that of a mouse – why should they have the same mutation rate?
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Cancer is a ubiquitous disease of metazoans, predicted to disproportionately a!ect 
larger, long-lived organisms owing to their greater number of cell divisions, and thus 
increased probability of somatic mutations1,2. While elevated cancer risk with larger 
body size and/or longevity has been documented within species3–5, Peto’s paradox 
indicates the apparent lack of such an association among taxa6. Yet, unequivocal 
empirical evidence for Peto’s paradox is lacking, stemming from the di"culty of 
estimating cancer risk in non-model species. Here we build and analyse a database on 
cancer-related mortality using data on adult zoo mammals (110,148 individuals,  
191 species) and map age-controlled cancer mortality to the mammalian tree of life. 
We demonstrate the universality and high frequency of oncogenic phenomena in 
mammals and reveal substantial di!erences in cancer mortality across major 
mammalian orders. We show that the phylogenetic distribution of cancer mortality is 
associated with diet, with carnivorous mammals (especially mammal-consuming 
ones) facing the highest cancer-related mortality. Moreover, we provide unequivocal 
evidence for the body size and longevity components of Peto’s paradox by showing 
that cancer mortality risk is largely independent of both body mass and adult life 
expectancy across species. These results highlight the key role of life-history 
evolution in shaping cancer resistance and provide major advancements in the quest 
for natural anticancer defences.

Complex multicellular organisms are built of millions to quadrillions 
of cells, ultimately all being derived from a single cell, the zygote.  
During the course of the organisms’ lifetime and owing to various muta-
tional processes, cell lineages tend to accumulate mutations7,8. While 
the majority of mutations are harmless, some enable cells to escape 
cell cycle control, to grow and proliferate uncontrollably, resulting 
in cancer9,10. Cancer is a multistage process, where a set of mutations 
is required for both initiation and malignant progression. Given that 
every cell division carries a risk of generating mutations, organisms with 
large bodies (composed of more cells) and extended longevities (with a 
longer time to accumulate mutations) should be more likely to develop 
cancer1,6,11,12. Indeed, within humans3,11 and dogs4, larger individuals are 
more likely to develop cancer than smaller ones. Similarly, increasing 
age is one of the most potent carcinogenic factors in species in which 
cancer aetiology is well studied. Yet, while current evidence suggests 
that large body size and extended longevity result in increased cancer 
risk within species, this relationship may not hold across taxa13.

Limited data available so far indicate that vertebrates do not face 
clear size-dependent cancer risks despite their size and longevity 
varying by orders of magnitude. This poses a logical challenge, first 

formulated by Sir Richard Peto6,14. He noted that although mice have 
approximately 1,000 times fewer cells and >30 times shorter lifespans 
than humans, their risk of carcinogenesis is not markedly different 
(coined as Peto’s paradox)5. Peto’s paradox is an evolutionary conun-
drum that has puzzled the scientific community and has led to lively 
debate regarding the evolution of anticancer mechanisms. It is often 
postulated that natural selection on large size or extended longevity 
is inherently inseparable from the evolution of anticancer defences. 
Knowledge gained from investigating Peto’s paradox might thus largely 
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could potentially be harnessed for medical use. Further, understand-
ing cross-species variation of cancer vulnerability is an important 
next step in animal health and welfare. While a few studies aimed to 
establish cross-species variation in cancer risk15,16, most estimates and 
analyses have considerable limitations. These include small cross- or 
within-species sample sizes1,6,17, lacking information on the age distri-
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body size and/or longevity has been documented within species3–5, Peto’s paradox 
indicates the apparent lack of such an association among taxa6. Yet, unequivocal 
empirical evidence for Peto’s paradox is lacking, stemming from the di"culty of 
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longer time to accumulate mutations) should be more likely to develop 
cancer1,6,11,12. Indeed, within humans3,11 and dogs4, larger individuals are 
more likely to develop cancer than smaller ones. Similarly, increasing 
age is one of the most potent carcinogenic factors in species in which 
cancer aetiology is well studied. Yet, while current evidence suggests 
that large body size and extended longevity result in increased cancer 
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Knowledge gained from investigating Peto’s paradox might thus largely 
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could potentially be harnessed for medical use. Further, understand-
ing cross-species variation of cancer vulnerability is an important 
next step in animal health and welfare. While a few studies aimed to 
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more likely to develop cancer than smaller ones. Similarly, increasing 
age is one of the most potent carcinogenic factors in species in which 
cancer aetiology is well studied. Yet, while current evidence suggests 
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Knowledge gained from investigating Peto’s paradox might thus largely 
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could potentially be harnessed for medical use. Further, understand-
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next step in animal health and welfare. While a few studies aimed to 
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the majority of mutations are harmless, some enable cells to escape 
cell cycle control, to grow and proliferate uncontrollably, resulting 
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is required for both initiation and malignant progression. Given that 
every cell division carries a risk of generating mutations, organisms with 
large bodies (composed of more cells) and extended longevities (with a 
longer time to accumulate mutations) should be more likely to develop 
cancer1,6,11,12. Indeed, within humans3,11 and dogs4, larger individuals are 
more likely to develop cancer than smaller ones. Similarly, increasing 
age is one of the most potent carcinogenic factors in species in which 
cancer aetiology is well studied. Yet, while current evidence suggests 
that large body size and extended longevity result in increased cancer 
risk within species, this relationship may not hold across taxa13.

Limited data available so far indicate that vertebrates do not face 
clear size-dependent cancer risks despite their size and longevity 
varying by orders of magnitude. This poses a logical challenge, first 
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approximately 1,000 times fewer cells and >30 times shorter lifespans 
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drum that has puzzled the scientific community and has led to lively 
debate regarding the evolution of anticancer mechanisms. It is often 
postulated that natural selection on large size or extended longevity 
is inherently inseparable from the evolution of anticancer defences. 
Knowledge gained from investigating Peto’s paradox might thus largely 
contribute to our knowledge on natural anticancer mechanisms that 
could potentially be harnessed for medical use. Further, understand-
ing cross-species variation of cancer vulnerability is an important 
next step in animal health and welfare. While a few studies aimed to 
establish cross-species variation in cancer risk15,16, most estimates and 
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cancer aetiology is well studied. Yet, while current evidence suggests 
that large body size and extended longevity result in increased cancer 
risk within species, this relationship may not hold across taxa13.

Limited data available so far indicate that vertebrates do not face 
clear size-dependent cancer risks despite their size and longevity 
varying by orders of magnitude. This poses a logical challenge, first 

formulated by Sir Richard Peto6,14. He noted that although mice have 
approximately 1,000 times fewer cells and >30 times shorter lifespans 
than humans, their risk of carcinogenesis is not markedly different 
(coined as Peto’s paradox)5. Peto’s paradox is an evolutionary conun-
drum that has puzzled the scientific community and has led to lively 
debate regarding the evolution of anticancer mechanisms. It is often 
postulated that natural selection on large size or extended longevity 
is inherently inseparable from the evolution of anticancer defences. 
Knowledge gained from investigating Peto’s paradox might thus largely 
contribute to our knowledge on natural anticancer mechanisms that 
could potentially be harnessed for medical use. Further, understand-
ing cross-species variation of cancer vulnerability is an important 
next step in animal health and welfare. While a few studies aimed to 
establish cross-species variation in cancer risk15,16, most estimates and 
analyses have considerable limitations. These include small cross- or 
within-species sample sizes1,6,17, lacking information on the age distri-
bution of cancer15–17, data heterogeneity (for example, biases due to 
domestication17 or combining data from multiple taxa17,18) or lack of 
control for phylogenetic relatedness among species17. Moreover, the 
effect of longevity was generally tested using the much-debated metric 

https://doi.org/10.1038/s41586-021-04224-5

Received: 26 April 2021

Accepted: 9 November 2021

Published online: xx xx xxxx

Open access

 Check for updates

1CREEC/CANECEV, MIVEGEC (CREES), University of Montpellier, CNRS, IRD, Montpellier, France. 2Littoral, Environnement et Sociétés (LIENSs), UMR 7266 CNRS-La Rochelle Université, La 
Rochelle, France. 3Institute of Aquatic Ecology, Centre for Ecological Research, Debrecen, Hungary. 4Evolutionary Ecology Group, Hungarian Department of Biology and Ecology, Babeş-Bolyai 
University, Cluj-Napoca, Romania. 5Department of Mathematics and Computer Science, University of Southern Denmark, Odense, Denmark. 6Interdisciplinary Centre on Population Dynamics, 
University of Southern Denmark, Odense, Denmark. 7Species360 Conservation Science Alliance, Bloomington, MN, USA. 8Laboratoire de Biométrie et Biologie Evolutive, Université de Lyon, 
Université Lyon 1; CNRS,UMR5558, Villeurbanne, France. 9Department of Biology, University of Southern Denmark, Odense, Denmark. 10Eco-Anthropologie (EA), Muséum National d’Histoire 
Naturelle, CNRS, Université de Paris, Musée de l’Homme, Paris, France. 11Instituto de Ecologia, UNAM, Mexico City, Mexico. 12Milner Centre for Evolution, Department of Biology and 
Biochemistry, University of Bath, Bath, UK. 13Centre for Integrative Ecology, School of Life and Environmental Sciences, Deakin University, Geelong, Victoria, Australia. 14Department of 
Anthropology, University of California Santa Barbara, Santa Barbara, CA, USA. 15Arizona Cancer Evolution Center, Biodesign Institute and School of Life Sciences, Arizona State University, 
Tempe, AZ, USA. ✉e-mail: vincze.orsolya@ecolres.hu

Content courtesy of Springer Nature, terms of use apply. Rights reserved

Nature | www.nature.com | 1

Article

Cancer risk across mammals

Orsolya Vincze1,2,3,4 ✉, Fernando Colchero5,6,7, Jean-Francois Lemaître8, Dalia A. Conde6,7,9, 
Samuel Pavard10, Margaux Bieuville10, Araxi O. Urrutia11,12, Beata Ujvari13, Amy M. Boddy14, 
Carlo C. Maley15, Frédéric Thomas1 & Mathieu Giraudeau1,2

Cancer is a ubiquitous disease of metazoans, predicted to disproportionately a!ect 
larger, long-lived organisms owing to their greater number of cell divisions, and thus 
increased probability of somatic mutations1,2. While elevated cancer risk with larger 
body size and/or longevity has been documented within species3–5, Peto’s paradox 
indicates the apparent lack of such an association among taxa6. Yet, unequivocal 
empirical evidence for Peto’s paradox is lacking, stemming from the di"culty of 
estimating cancer risk in non-model species. Here we build and analyse a database on 
cancer-related mortality using data on adult zoo mammals (110,148 individuals,  
191 species) and map age-controlled cancer mortality to the mammalian tree of life. 
We demonstrate the universality and high frequency of oncogenic phenomena in 
mammals and reveal substantial di!erences in cancer mortality across major 
mammalian orders. We show that the phylogenetic distribution of cancer mortality is 
associated with diet, with carnivorous mammals (especially mammal-consuming 
ones) facing the highest cancer-related mortality. Moreover, we provide unequivocal 
evidence for the body size and longevity components of Peto’s paradox by showing 
that cancer mortality risk is largely independent of both body mass and adult life 
expectancy across species. These results highlight the key role of life-history 
evolution in shaping cancer resistance and provide major advancements in the quest 
for natural anticancer defences.

Complex multicellular organisms are built of millions to quadrillions 
of cells, ultimately all being derived from a single cell, the zygote.  
During the course of the organisms’ lifetime and owing to various muta-
tional processes, cell lineages tend to accumulate mutations7,8. While 
the majority of mutations are harmless, some enable cells to escape 
cell cycle control, to grow and proliferate uncontrollably, resulting 
in cancer9,10. Cancer is a multistage process, where a set of mutations 
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risk within species, this relationship may not hold across taxa13.
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varying by orders of magnitude. This poses a logical challenge, first 
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than humans, their risk of carcinogenesis is not markedly different 
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Cancer risk across mammals
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Samuel Pavard10, Margaux Bieuville10, Araxi O. Urrutia11,12, Beata Ujvari13, Amy M. Boddy14, 
Carlo C. Maley15, Frédéric Thomas1 & Mathieu Giraudeau1,2

Cancer is a ubiquitous disease of metazoans, predicted to disproportionately a!ect 
larger, long-lived organisms owing to their greater number of cell divisions, and thus 
increased probability of somatic mutations1,2. While elevated cancer risk with larger 
body size and/or longevity has been documented within species3–5, Peto’s paradox 
indicates the apparent lack of such an association among taxa6. Yet, unequivocal 
empirical evidence for Peto’s paradox is lacking, stemming from the di"culty of 
estimating cancer risk in non-model species. Here we build and analyse a database on 
cancer-related mortality using data on adult zoo mammals (110,148 individuals,  
191 species) and map age-controlled cancer mortality to the mammalian tree of life. 
We demonstrate the universality and high frequency of oncogenic phenomena in 
mammals and reveal substantial di!erences in cancer mortality across major 
mammalian orders. We show that the phylogenetic distribution of cancer mortality is 
associated with diet, with carnivorous mammals (especially mammal-consuming 
ones) facing the highest cancer-related mortality. Moreover, we provide unequivocal 
evidence for the body size and longevity components of Peto’s paradox by showing 
that cancer mortality risk is largely independent of both body mass and adult life 
expectancy across species. These results highlight the key role of life-history 
evolution in shaping cancer resistance and provide major advancements in the quest 
for natural anticancer defences.

Complex multicellular organisms are built of millions to quadrillions 
of cells, ultimately all being derived from a single cell, the zygote.  
During the course of the organisms’ lifetime and owing to various muta-
tional processes, cell lineages tend to accumulate mutations7,8. While 
the majority of mutations are harmless, some enable cells to escape 
cell cycle control, to grow and proliferate uncontrollably, resulting 
in cancer9,10. Cancer is a multistage process, where a set of mutations 
is required for both initiation and malignant progression. Given that 
every cell division carries a risk of generating mutations, organisms with 
large bodies (composed of more cells) and extended longevities (with a 
longer time to accumulate mutations) should be more likely to develop 
cancer1,6,11,12. Indeed, within humans3,11 and dogs4, larger individuals are 
more likely to develop cancer than smaller ones. Similarly, increasing 
age is one of the most potent carcinogenic factors in species in which 
cancer aetiology is well studied. Yet, while current evidence suggests 
that large body size and extended longevity result in increased cancer 
risk within species, this relationship may not hold across taxa13.

Limited data available so far indicate that vertebrates do not face 
clear size-dependent cancer risks despite their size and longevity 
varying by orders of magnitude. This poses a logical challenge, first 

formulated by Sir Richard Peto6,14. He noted that although mice have 
approximately 1,000 times fewer cells and >30 times shorter lifespans 
than humans, their risk of carcinogenesis is not markedly different 
(coined as Peto’s paradox)5. Peto’s paradox is an evolutionary conun-
drum that has puzzled the scientific community and has led to lively 
debate regarding the evolution of anticancer mechanisms. It is often 
postulated that natural selection on large size or extended longevity 
is inherently inseparable from the evolution of anticancer defences. 
Knowledge gained from investigating Peto’s paradox might thus largely 
contribute to our knowledge on natural anticancer mechanisms that 
could potentially be harnessed for medical use. Further, understand-
ing cross-species variation of cancer vulnerability is an important 
next step in animal health and welfare. While a few studies aimed to 
establish cross-species variation in cancer risk15,16, most estimates and 
analyses have considerable limitations. These include small cross- or 
within-species sample sizes1,6,17, lacking information on the age distri-
bution of cancer15–17, data heterogeneity (for example, biases due to 
domestication17 or combining data from multiple taxa17,18) or lack of 
control for phylogenetic relatedness among species17. Moreover, the 
effect of longevity was generally tested using the much-debated metric 
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tional processes, cell lineages tend to accumulate mutations7,8. While 
the majority of mutations are harmless, some enable cells to escape 
cell cycle control, to grow and proliferate uncontrollably, resulting 
in cancer9,10. Cancer is a multistage process, where a set of mutations 
is required for both initiation and malignant progression. Given that 
every cell division carries a risk of generating mutations, organisms with 
large bodies (composed of more cells) and extended longevities (with a 
longer time to accumulate mutations) should be more likely to develop 
cancer1,6,11,12. Indeed, within humans3,11 and dogs4, larger individuals are 
more likely to develop cancer than smaller ones. Similarly, increasing 
age is one of the most potent carcinogenic factors in species in which 
cancer aetiology is well studied. Yet, while current evidence suggests 
that large body size and extended longevity result in increased cancer 
risk within species, this relationship may not hold across taxa13.

Limited data available so far indicate that vertebrates do not face 
clear size-dependent cancer risks despite their size and longevity 
varying by orders of magnitude. This poses a logical challenge, first 
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is inherently inseparable from the evolution of anticancer defences. 
Knowledge gained from investigating Peto’s paradox might thus largely 
contribute to our knowledge on natural anticancer mechanisms that 
could potentially be harnessed for medical use. Further, understand-
ing cross-species variation of cancer vulnerability is an important 
next step in animal health and welfare. While a few studies aimed to 
establish cross-species variation in cancer risk15,16, most estimates and 
analyses have considerable limitations. These include small cross- or 
within-species sample sizes1,6,17, lacking information on the age distri-
bution of cancer15–17, data heterogeneity (for example, biases due to 
domestication17 or combining data from multiple taxa17,18) or lack of 
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body size and/or longevity has been documented within species3–5, Peto’s paradox 
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empirical evidence for Peto’s paradox is lacking, stemming from the di"culty of 
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tional processes, cell lineages tend to accumulate mutations7,8. While 
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in cancer9,10. Cancer is a multistage process, where a set of mutations 
is required for both initiation and malignant progression. Given that 
every cell division carries a risk of generating mutations, organisms with 
large bodies (composed of more cells) and extended longevities (with a 
longer time to accumulate mutations) should be more likely to develop 
cancer1,6,11,12. Indeed, within humans3,11 and dogs4, larger individuals are 
more likely to develop cancer than smaller ones. Similarly, increasing 
age is one of the most potent carcinogenic factors in species in which 
cancer aetiology is well studied. Yet, while current evidence suggests 
that large body size and extended longevity result in increased cancer 
risk within species, this relationship may not hold across taxa13.

Limited data available so far indicate that vertebrates do not face 
clear size-dependent cancer risks despite their size and longevity 
varying by orders of magnitude. This poses a logical challenge, first 

formulated by Sir Richard Peto6,14. He noted that although mice have 
approximately 1,000 times fewer cells and >30 times shorter lifespans 
than humans, their risk of carcinogenesis is not markedly different 
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debate regarding the evolution of anticancer mechanisms. It is often 
postulated that natural selection on large size or extended longevity 
is inherently inseparable from the evolution of anticancer defences. 
Knowledge gained from investigating Peto’s paradox might thus largely 
contribute to our knowledge on natural anticancer mechanisms that 
could potentially be harnessed for medical use. Further, understand-
ing cross-species variation of cancer vulnerability is an important 
next step in animal health and welfare. While a few studies aimed to 
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analyses have considerable limitations. These include small cross- or 
within-species sample sizes1,6,17, lacking information on the age distri-
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body size and/or longevity has been documented within species3–5, Peto’s paradox 
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associated with diet, with carnivorous mammals (especially mammal-consuming 
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evidence for the body size and longevity components of Peto’s paradox by showing 
that cancer mortality risk is largely independent of both body mass and adult life 
expectancy across species. These results highlight the key role of life-history 
evolution in shaping cancer resistance and provide major advancements in the quest 
for natural anticancer defences.
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of cells, ultimately all being derived from a single cell, the zygote.  
During the course of the organisms’ lifetime and owing to various muta-
tional processes, cell lineages tend to accumulate mutations7,8. While 
the majority of mutations are harmless, some enable cells to escape 
cell cycle control, to grow and proliferate uncontrollably, resulting 
in cancer9,10. Cancer is a multistage process, where a set of mutations 
is required for both initiation and malignant progression. Given that 
every cell division carries a risk of generating mutations, organisms with 
large bodies (composed of more cells) and extended longevities (with a 
longer time to accumulate mutations) should be more likely to develop 
cancer1,6,11,12. Indeed, within humans3,11 and dogs4, larger individuals are 
more likely to develop cancer than smaller ones. Similarly, increasing 
age is one of the most potent carcinogenic factors in species in which 
cancer aetiology is well studied. Yet, while current evidence suggests 
that large body size and extended longevity result in increased cancer 
risk within species, this relationship may not hold across taxa13.

Limited data available so far indicate that vertebrates do not face 
clear size-dependent cancer risks despite their size and longevity 
varying by orders of magnitude. This poses a logical challenge, first 

formulated by Sir Richard Peto6,14. He noted that although mice have 
approximately 1,000 times fewer cells and >30 times shorter lifespans 
than humans, their risk of carcinogenesis is not markedly different 
(coined as Peto’s paradox)5. Peto’s paradox is an evolutionary conun-
drum that has puzzled the scientific community and has led to lively 
debate regarding the evolution of anticancer mechanisms. It is often 
postulated that natural selection on large size or extended longevity 
is inherently inseparable from the evolution of anticancer defences. 
Knowledge gained from investigating Peto’s paradox might thus largely 
contribute to our knowledge on natural anticancer mechanisms that 
could potentially be harnessed for medical use. Further, understand-
ing cross-species variation of cancer vulnerability is an important 
next step in animal health and welfare. While a few studies aimed to 
establish cross-species variation in cancer risk15,16, most estimates and 
analyses have considerable limitations. These include small cross- or 
within-species sample sizes1,6,17, lacking information on the age distri-
bution of cancer15–17, data heterogeneity (for example, biases due to 
domestication17 or combining data from multiple taxa17,18) or lack of 
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expectancy across species. These results highlight the key role of life-history 
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every cell division carries a risk of generating mutations, organisms with 
large bodies (composed of more cells) and extended longevities (with a 
longer time to accumulate mutations) should be more likely to develop 
cancer1,6,11,12. Indeed, within humans3,11 and dogs4, larger individuals are 
more likely to develop cancer than smaller ones. Similarly, increasing 
age is one of the most potent carcinogenic factors in species in which 
cancer aetiology is well studied. Yet, while current evidence suggests 
that large body size and extended longevity result in increased cancer 
risk within species, this relationship may not hold across taxa13.

Limited data available so far indicate that vertebrates do not face 
clear size-dependent cancer risks despite their size and longevity 
varying by orders of magnitude. This poses a logical challenge, first 
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approximately 1,000 times fewer cells and >30 times shorter lifespans 
than humans, their risk of carcinogenesis is not markedly different 
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debate regarding the evolution of anticancer mechanisms. It is often 
postulated that natural selection on large size or extended longevity 
is inherently inseparable from the evolution of anticancer defences. 
Knowledge gained from investigating Peto’s paradox might thus largely 
contribute to our knowledge on natural anticancer mechanisms that 
could potentially be harnessed for medical use. Further, understand-
ing cross-species variation of cancer vulnerability is an important 
next step in animal health and welfare. While a few studies aimed to 
establish cross-species variation in cancer risk15,16, most estimates and 
analyses have considerable limitations. These include small cross- or 
within-species sample sizes1,6,17, lacking information on the age distri-
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Cancer is a ubiquitous disease of metazoans, predicted to disproportionately a!ect 
larger, long-lived organisms owing to their greater number of cell divisions, and thus 
increased probability of somatic mutations1,2. While elevated cancer risk with larger 
body size and/or longevity has been documented within species3–5, Peto’s paradox 
indicates the apparent lack of such an association among taxa6. Yet, unequivocal 
empirical evidence for Peto’s paradox is lacking, stemming from the di"culty of 
estimating cancer risk in non-model species. Here we build and analyse a database on 
cancer-related mortality using data on adult zoo mammals (110,148 individuals,  
191 species) and map age-controlled cancer mortality to the mammalian tree of life. 
We demonstrate the universality and high frequency of oncogenic phenomena in 
mammals and reveal substantial di!erences in cancer mortality across major 
mammalian orders. We show that the phylogenetic distribution of cancer mortality is 
associated with diet, with carnivorous mammals (especially mammal-consuming 
ones) facing the highest cancer-related mortality. Moreover, we provide unequivocal 
evidence for the body size and longevity components of Peto’s paradox by showing 
that cancer mortality risk is largely independent of both body mass and adult life 
expectancy across species. These results highlight the key role of life-history 
evolution in shaping cancer resistance and provide major advancements in the quest 
for natural anticancer defences.

Complex multicellular organisms are built of millions to quadrillions 
of cells, ultimately all being derived from a single cell, the zygote.  
During the course of the organisms’ lifetime and owing to various muta-
tional processes, cell lineages tend to accumulate mutations7,8. While 
the majority of mutations are harmless, some enable cells to escape 
cell cycle control, to grow and proliferate uncontrollably, resulting 
in cancer9,10. Cancer is a multistage process, where a set of mutations 
is required for both initiation and malignant progression. Given that 
every cell division carries a risk of generating mutations, organisms with 
large bodies (composed of more cells) and extended longevities (with a 
longer time to accumulate mutations) should be more likely to develop 
cancer1,6,11,12. Indeed, within humans3,11 and dogs4, larger individuals are 
more likely to develop cancer than smaller ones. Similarly, increasing 
age is one of the most potent carcinogenic factors in species in which 
cancer aetiology is well studied. Yet, while current evidence suggests 
that large body size and extended longevity result in increased cancer 
risk within species, this relationship may not hold across taxa13.

Limited data available so far indicate that vertebrates do not face 
clear size-dependent cancer risks despite their size and longevity 
varying by orders of magnitude. This poses a logical challenge, first 

formulated by Sir Richard Peto6,14. He noted that although mice have 
approximately 1,000 times fewer cells and >30 times shorter lifespans 
than humans, their risk of carcinogenesis is not markedly different 
(coined as Peto’s paradox)5. Peto’s paradox is an evolutionary conun-
drum that has puzzled the scientific community and has led to lively 
debate regarding the evolution of anticancer mechanisms. It is often 
postulated that natural selection on large size or extended longevity 
is inherently inseparable from the evolution of anticancer defences. 
Knowledge gained from investigating Peto’s paradox might thus largely 
contribute to our knowledge on natural anticancer mechanisms that 
could potentially be harnessed for medical use. Further, understand-
ing cross-species variation of cancer vulnerability is an important 
next step in animal health and welfare. While a few studies aimed to 
establish cross-species variation in cancer risk15,16, most estimates and 
analyses have considerable limitations. These include small cross- or 
within-species sample sizes1,6,17, lacking information on the age distri-
bution of cancer15–17, data heterogeneity (for example, biases due to 
domestication17 or combining data from multiple taxa17,18) or lack of 
control for phylogenetic relatedness among species17. Moreover, the 
effect of longevity was generally tested using the much-debated metric 
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that cancer mortality risk is largely independent of both body mass and adult life 
expectancy across species. These results highlight the key role of life-history 
evolution in shaping cancer resistance and provide major advancements in the quest 
for natural anticancer defences.

Complex multicellular organisms are built of millions to quadrillions 
of cells, ultimately all being derived from a single cell, the zygote.  
During the course of the organisms’ lifetime and owing to various muta-
tional processes, cell lineages tend to accumulate mutations7,8. While 
the majority of mutations are harmless, some enable cells to escape 
cell cycle control, to grow and proliferate uncontrollably, resulting 
in cancer9,10. Cancer is a multistage process, where a set of mutations 
is required for both initiation and malignant progression. Given that 
every cell division carries a risk of generating mutations, organisms with 
large bodies (composed of more cells) and extended longevities (with a 
longer time to accumulate mutations) should be more likely to develop 
cancer1,6,11,12. Indeed, within humans3,11 and dogs4, larger individuals are 
more likely to develop cancer than smaller ones. Similarly, increasing 
age is one of the most potent carcinogenic factors in species in which 
cancer aetiology is well studied. Yet, while current evidence suggests 
that large body size and extended longevity result in increased cancer 
risk within species, this relationship may not hold across taxa13.

Limited data available so far indicate that vertebrates do not face 
clear size-dependent cancer risks despite their size and longevity 
varying by orders of magnitude. This poses a logical challenge, first 

formulated by Sir Richard Peto6,14. He noted that although mice have 
approximately 1,000 times fewer cells and >30 times shorter lifespans 
than humans, their risk of carcinogenesis is not markedly different 
(coined as Peto’s paradox)5. Peto’s paradox is an evolutionary conun-
drum that has puzzled the scientific community and has led to lively 
debate regarding the evolution of anticancer mechanisms. It is often 
postulated that natural selection on large size or extended longevity 
is inherently inseparable from the evolution of anticancer defences. 
Knowledge gained from investigating Peto’s paradox might thus largely 
contribute to our knowledge on natural anticancer mechanisms that 
could potentially be harnessed for medical use. Further, understand-
ing cross-species variation of cancer vulnerability is an important 
next step in animal health and welfare. While a few studies aimed to 
establish cross-species variation in cancer risk15,16, most estimates and 
analyses have considerable limitations. These include small cross- or 
within-species sample sizes1,6,17, lacking information on the age distri-
bution of cancer15–17, data heterogeneity (for example, biases due to 
domestication17 or combining data from multiple taxa17,18) or lack of 
control for phylogenetic relatedness among species17. Moreover, the 
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empirical evidence for Peto’s paradox is lacking, stemming from the di"culty of 
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expectancy across species. These results highlight the key role of life-history 
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cell cycle control, to grow and proliferate uncontrollably, resulting 
in cancer9,10. Cancer is a multistage process, where a set of mutations 
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cancer aetiology is well studied. Yet, while current evidence suggests 
that large body size and extended longevity result in increased cancer 
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longer time to accumulate mutations) should be more likely to develop 
cancer1,6,11,12. Indeed, within humans3,11 and dogs4, larger individuals are 
more likely to develop cancer than smaller ones. Similarly, increasing 
age is one of the most potent carcinogenic factors in species in which 
cancer aetiology is well studied. Yet, while current evidence suggests 
that large body size and extended longevity result in increased cancer 
risk within species, this relationship may not hold across taxa13.

Limited data available so far indicate that vertebrates do not face 
clear size-dependent cancer risks despite their size and longevity 
varying by orders of magnitude. This poses a logical challenge, first 

formulated by Sir Richard Peto6,14. He noted that although mice have 
approximately 1,000 times fewer cells and >30 times shorter lifespans 
than humans, their risk of carcinogenesis is not markedly different 
(coined as Peto’s paradox)5. Peto’s paradox is an evolutionary conun-
drum that has puzzled the scientific community and has led to lively 
debate regarding the evolution of anticancer mechanisms. It is often 
postulated that natural selection on large size or extended longevity 
is inherently inseparable from the evolution of anticancer defences. 
Knowledge gained from investigating Peto’s paradox might thus largely 
contribute to our knowledge on natural anticancer mechanisms that 
could potentially be harnessed for medical use. Further, understand-
ing cross-species variation of cancer vulnerability is an important 
next step in animal health and welfare. While a few studies aimed to 
establish cross-species variation in cancer risk15,16, most estimates and 
analyses have considerable limitations. These include small cross- or 
within-species sample sizes1,6,17, lacking information on the age distri-
bution of cancer15–17, data heterogeneity (for example, biases due to 
domestication17 or combining data from multiple taxa17,18) or lack of 
control for phylogenetic relatedness among species17. Moreover, the 
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Cancer is a ubiquitous disease of metazoans, predicted to disproportionately a!ect 
larger, long-lived organisms owing to their greater number of cell divisions, and thus 
increased probability of somatic mutations1,2. While elevated cancer risk with larger 
body size and/or longevity has been documented within species3–5, Peto’s paradox 
indicates the apparent lack of such an association among taxa6. Yet, unequivocal 
empirical evidence for Peto’s paradox is lacking, stemming from the di"culty of 
estimating cancer risk in non-model species. Here we build and analyse a database on 
cancer-related mortality using data on adult zoo mammals (110,148 individuals,  
191 species) and map age-controlled cancer mortality to the mammalian tree of life. 
We demonstrate the universality and high frequency of oncogenic phenomena in 
mammals and reveal substantial di!erences in cancer mortality across major 
mammalian orders. We show that the phylogenetic distribution of cancer mortality is 
associated with diet, with carnivorous mammals (especially mammal-consuming 
ones) facing the highest cancer-related mortality. Moreover, we provide unequivocal 
evidence for the body size and longevity components of Peto’s paradox by showing 
that cancer mortality risk is largely independent of both body mass and adult life 
expectancy across species. These results highlight the key role of life-history 
evolution in shaping cancer resistance and provide major advancements in the quest 
for natural anticancer defences.

Complex multicellular organisms are built of millions to quadrillions 
of cells, ultimately all being derived from a single cell, the zygote.  
During the course of the organisms’ lifetime and owing to various muta-
tional processes, cell lineages tend to accumulate mutations7,8. While 
the majority of mutations are harmless, some enable cells to escape 
cell cycle control, to grow and proliferate uncontrollably, resulting 
in cancer9,10. Cancer is a multistage process, where a set of mutations 
is required for both initiation and malignant progression. Given that 
every cell division carries a risk of generating mutations, organisms with 
large bodies (composed of more cells) and extended longevities (with a 
longer time to accumulate mutations) should be more likely to develop 
cancer1,6,11,12. Indeed, within humans3,11 and dogs4, larger individuals are 
more likely to develop cancer than smaller ones. Similarly, increasing 
age is one of the most potent carcinogenic factors in species in which 
cancer aetiology is well studied. Yet, while current evidence suggests 
that large body size and extended longevity result in increased cancer 
risk within species, this relationship may not hold across taxa13.

Limited data available so far indicate that vertebrates do not face 
clear size-dependent cancer risks despite their size and longevity 
varying by orders of magnitude. This poses a logical challenge, first 

formulated by Sir Richard Peto6,14. He noted that although mice have 
approximately 1,000 times fewer cells and >30 times shorter lifespans 
than humans, their risk of carcinogenesis is not markedly different 
(coined as Peto’s paradox)5. Peto’s paradox is an evolutionary conun-
drum that has puzzled the scientific community and has led to lively 
debate regarding the evolution of anticancer mechanisms. It is often 
postulated that natural selection on large size or extended longevity 
is inherently inseparable from the evolution of anticancer defences. 
Knowledge gained from investigating Peto’s paradox might thus largely 
contribute to our knowledge on natural anticancer mechanisms that 
could potentially be harnessed for medical use. Further, understand-
ing cross-species variation of cancer vulnerability is an important 
next step in animal health and welfare. While a few studies aimed to 
establish cross-species variation in cancer risk15,16, most estimates and 
analyses have considerable limitations. These include small cross- or 
within-species sample sizes1,6,17, lacking information on the age distri-
bution of cancer15–17, data heterogeneity (for example, biases due to 
domestication17 or combining data from multiple taxa17,18) or lack of 
control for phylogenetic relatedness among species17. Moreover, the 
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is required for both initiation and malignant progression. Given that 
every cell division carries a risk of generating mutations, organisms with 
large bodies (composed of more cells) and extended longevities (with a 
longer time to accumulate mutations) should be more likely to develop 
cancer1,6,11,12. Indeed, within humans3,11 and dogs4, larger individuals are 
more likely to develop cancer than smaller ones. Similarly, increasing 
age is one of the most potent carcinogenic factors in species in which 
cancer aetiology is well studied. Yet, while current evidence suggests 
that large body size and extended longevity result in increased cancer 
risk within species, this relationship may not hold across taxa13.

Limited data available so far indicate that vertebrates do not face 
clear size-dependent cancer risks despite their size and longevity 
varying by orders of magnitude. This poses a logical challenge, first 

formulated by Sir Richard Peto6,14. He noted that although mice have 
approximately 1,000 times fewer cells and >30 times shorter lifespans 
than humans, their risk of carcinogenesis is not markedly different 
(coined as Peto’s paradox)5. Peto’s paradox is an evolutionary conun-
drum that has puzzled the scientific community and has led to lively 
debate regarding the evolution of anticancer mechanisms. It is often 
postulated that natural selection on large size or extended longevity 
is inherently inseparable from the evolution of anticancer defences. 
Knowledge gained from investigating Peto’s paradox might thus largely 
contribute to our knowledge on natural anticancer mechanisms that 
could potentially be harnessed for medical use. Further, understand-
ing cross-species variation of cancer vulnerability is an important 
next step in animal health and welfare. While a few studies aimed to 
establish cross-species variation in cancer risk15,16, most estimates and 
analyses have considerable limitations. These include small cross- or 
within-species sample sizes1,6,17, lacking information on the age distri-
bution of cancer15–17, data heterogeneity (for example, biases due to 
domestication17 or combining data from multiple taxa17,18) or lack of 
control for phylogenetic relatedness among species17. Moreover, the 
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of cells, ultimately all being derived from a single cell, the zygote.  
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tional processes, cell lineages tend to accumulate mutations7,8. While 
the majority of mutations are harmless, some enable cells to escape 
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in cancer9,10. Cancer is a multistage process, where a set of mutations 
is required for both initiation and malignant progression. Given that 
every cell division carries a risk of generating mutations, organisms with 
large bodies (composed of more cells) and extended longevities (with a 
longer time to accumulate mutations) should be more likely to develop 
cancer1,6,11,12. Indeed, within humans3,11 and dogs4, larger individuals are 
more likely to develop cancer than smaller ones. Similarly, increasing 
age is one of the most potent carcinogenic factors in species in which 
cancer aetiology is well studied. Yet, while current evidence suggests 
that large body size and extended longevity result in increased cancer 
risk within species, this relationship may not hold across taxa13.

Limited data available so far indicate that vertebrates do not face 
clear size-dependent cancer risks despite their size and longevity 
varying by orders of magnitude. This poses a logical challenge, first 

formulated by Sir Richard Peto6,14. He noted that although mice have 
approximately 1,000 times fewer cells and >30 times shorter lifespans 
than humans, their risk of carcinogenesis is not markedly different 
(coined as Peto’s paradox)5. Peto’s paradox is an evolutionary conun-
drum that has puzzled the scientific community and has led to lively 
debate regarding the evolution of anticancer mechanisms. It is often 
postulated that natural selection on large size or extended longevity 
is inherently inseparable from the evolution of anticancer defences. 
Knowledge gained from investigating Peto’s paradox might thus largely 
contribute to our knowledge on natural anticancer mechanisms that 
could potentially be harnessed for medical use. Further, understand-
ing cross-species variation of cancer vulnerability is an important 
next step in animal health and welfare. While a few studies aimed to 
establish cross-species variation in cancer risk15,16, most estimates and 
analyses have considerable limitations. These include small cross- or 
within-species sample sizes1,6,17, lacking information on the age distri-
bution of cancer15–17, data heterogeneity (for example, biases due to 
domestication17 or combining data from multiple taxa17,18) or lack of 
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good zoo husbandry (i.e., higher welfare) 

should lead to more,

not less,
cancer



Which mammals develop cancer ?



Which mammals develop cancer ?

Those that are kept so that they get old enough.



Summary: cancer (mostly) …
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… is a disease of old age.
(old age cannot be counted in years, but in % of potential longevity)

… becomes more prevalent if mortality due to bad husbandry is 
reduced.
(a high cancer prevalence therefore might well be a sign of good husbandry)
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… does not attack the organism but is permitted by the organism as part of 
an adaptation for aging.
(cancer is not your friend, but it may be the friend of your offspring)
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Summary: cancer (mostly) …

… is a disease of old age.
(old age cannot be counted in years, but in % of potential longevity)

… becomes more prevalent if mortality due to bad husbandry is 
reduced.
(a high cancer prevalence therefore might well be a sign of good husbandry)

… does not attack the organism but is permitted by the organism as part of 
an adaptation for aging.
(cancer is not your friend, but it may be the friend of your offspring)

Because current comparative evaluations do not account for 
aging, we cannot conclude with certainty which species are 

particularly susceptible to cancer.
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BRIEF COMMUNICATIONS ARISING 1 
 2 
Zoo cancer prevalence may not indicate intrinsic cancer risk but rather 3 
husbandry success 4 
 5 
ARISING FROM Vincze, O., Colchero, F., Lemaître, JF. et al. Cancer risk across 6 
mammals. Nature 601, 263–267 (2022). https://doi.org/10.1038/s41586-021-04224-5 7 
 8 
In the tradition of evaluating cancer prevalence across zoo animal taxa to explore which 9 
biological characteristics make animals particularly susceptible or resistant to cancer, 10 
as done by Vincze et al.1, one must not overlook that whether a taxon lives long enough 11 
to develop cancer will depend distinctively on how easily it is managed in zoos. 12 
 13 
Comparative pathologist Herbert L. Ratcliffe revolutionized zoo animal nutrition.2 In doing 14 
so, he increased cancer prevalence in mammals at the Philadelphia Zoo from 2.6% between 15 
1901-19323 to 4.6% after the diet transformation in 1935.4 Better diets lead to more cancer? 16 
Of course. The prevalence of all causes of death must add up to 100% - you have to die of 17 
something. You take away husbandry-related deaths like malnutrition, and the prevalence of 18 
other causes must increase. Cancer is (not only, but mainly) an old-age phenomenon. If 19 
cancer prevalence is high among zoo animals, this is not ‘staggering’ or indication of a 20 
‘threat to animal welfare’,1 but rather a sign zoos are doing something right: keeping animals 21 
alive long enough for cancer to develop. 22 
For an individual animal taxon, this might mean that cancer prevalence in zoos does not 23 
necessarily indicate a specific susceptibility or intrinsic ‘cancer risk’,1 but how successful the 24 
husbandry of the taxon actually is. Taxa differ in how successfully they are kept in zoos.e.g.5 25 
In one of the first comparative cancer evaluations,3 Ratcliffe himself demonstrated this 26 
already: those species that attained, at Philadelphia zoo at the time, a higher proportion of 27 
their potential lifespan had more cancer. Plotting his tabulated data – crude as it is – makes 28 
the point: There is no clear pattern of cancer prevalence with a taxon’s potential lifespan (Fig. 29 
1A; a concept used repeatedly in the comparative cancer literaturee.g.6 that might even suggest 30 
a decrease in cancer prevalence in animals with a high potential lifespan), or with a taxon’s 31 
mean absolute lifespan actually achieved at the zoo (Fig. 1B; the concept used in the recent 32 
comparative cancer study by Vincze et al.1). However, there is a clear relationship with the 33 
mean relative lifespan (the mean age attained at the zoo in % of the taxon’s potential 34 
lifespan; Fig. 1C): taxa that get relatively older have more cancer.3 Rather than indicating a 35 
specific cancer risk for carnivores,1 the comparative zoo cancer literature might inadvertently 36 
give testimony that carnivores fare particularly well in zoos7 and their husbandry has been 37 
continuously improving.8 Without accounting for this fact, any evaluation of zoo-derived data 38 
cannot indicate intrinsic taxon-specific cancer risks with certainty but might only indicate 39 
which taxa are kept particularly successfully. 40 
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Fig. 1 | The relationship of cancer prevalence to a taxon’s potential absolute longevity (A), 74 
mean actual absolute lifespan (B), and its mean relative lifespan (C). Note that the data do not 75 
indicate taxon-specific cancer susceptibility but that those taxa that achieved a relatively 76 
higher proportion of their longevity at this particular zoo had a higher cancer prevalence. 77 
Data from Ratcliffe3. 78 
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thank you for your attention


