
Cronicon
O P E N  A C C E S S EC NUTRITIONEC NUTRITION

Editorial

Illustration

Text: Peto’s Paradox [1], named after the great epidemiologist and statistician Sir Richard Peto, is well known in cancer circles. If every 
cell has a similar chance of becoming cancerous (due to random DNA hits/mutations), then larger animals with longer life-spans and more 
cells in their bodies should have higher rates of cancer. The fact that they don’t, is the paradox. 

Larger and longer-lived animals must have developed highly effective chemo-protective machinery, because animals with 1000 times 
our number of cells do not have more cancer than us. In fact, some of the largest animals such as Great White sharks and elephants have 
significantly less cancer than we sickly humans do.

Given the difficulty of studying cancer epidemiology in the wild, Peto’s Paradox remained in the ‘probable but not quite proven’ bin for 
almost half a century. A few months ago, a rather beautiful study [2] presented the results of a very large survey of autopsy data in 191 
species of mammals that had lived and died in zoos, and had been minutely recorded. The researchers found that cancer mortality risk 
was largely independent of body size and life expectancy. Peto was right.
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They found something else too, relating to diet (my obsession). Mammalian carnivores had significantly more cancer than herbivores 
and omnivores. The team cited three possible reasons for this including the acquisition of oncogenic pathogens from prey, the bio-accu-
mulation of environmental toxins and a high-fat, low-fibre diet. I’ll swallow the first two, but I am not convinced by the third.

Although the high-fat low-fibre diet certainly increases cancer risk in omnivores like us, I doubt that animals specialised in such diets 
are vulnerable in quite the same way; evolutionary theory runs counter to that idea. I think that increased cancer risk in carnivores may 
reflect their substantially lower intakes of chemo-protective phytonutrients such as polyphenols and carotenoids; and that if we could 
persuade carnivores to eat more of these, their cancer risk would fall.

I don’t recommend force-feeding legumes to lions, but Felis catus (the domestic cat) is a different kettle of fish, and marginally easier to 
manipulate. While we think of cats as obligate carnivores, Hills pet food technologists were able to conceal plant foods in their kibble; and 
it turns out, perhaps counter-intuitively, that they can consume polyphenols and prebiotic fibres with impunity [3].

Hiding a polyphenol- and fibre-rich blend of inter alia ground pecan shells, flaxseed, beet pulp, citrus pulp, oats, chicory and crushed 
cranberries in the cats’ diet resulted in a predictable shift in moggy’s microbiome towards saccharolytic species and the formation of anti-
inflammatory post-biotic compounds [4]. Less predictably, this created a series of gastrointestinal benefits [5,6].

The studies ran for only 6 to 8 weeks, so it is impossible to say if the polyphenol-rich fibres were chemo-protective. But given the fact 
that these phytonutrients have significant anti-cancer effects against cancer cell lines from primates, rodents and dogs [7,8] and exert 
anti-inflammatory effects in fish [9] and avian [10] species, I wager they would reduce cancer risk in cats and carnivores in general.

From an evolutionary perspective, the increased risk of cancer incurred by felids and other carnivores is presumably neutralised by 
the energetic advantages gained from this food source/ecological niche, and the fact that cancer in these creatures generally arrives well 
after breeding age. If Smilodons had learned to browse on blueberries, things might have been different.

Returning to Peto’s Paradox, several of the chemo-protective mechanisms that have developed in larger animals have been elucidated. 
For example, elephants carry multiple copies of tumour suppressor genes TP53 and LIF. The pachyderms generate correspondingly high-
er levels of their respective gene products, leading to enhanced culling of potentially cancerous cells [11-13].

If we could utilise or mimic these and other defence mechanisms, which must have emerged via natural selection, we might theoreti-
cally reduce our own cancer risk to a thousandth of what it is today. But that way lies transhumanism, and the unfolding disaster of the 
Covid gene therapies will close that door for some time unless the Emperor Palpatine (né Klaus Schwab) wins the final battle. 

Far safer to focus on chemo-prevention through diet and lifestyle. And there is another lesson we can learn from the animal kingdom 
which may relevant to our pets, and to us.

While Peto’s Paradox may be true in the artificial environment of the zoo, it is not entirely clear how far it extends beyond the bars. 
In the wild, animals that fall sick are culled very quickly. Furthermore, generally lower life expectancy means that their risk of acquiring 
diseases of old age such as cancer is correspondingly reduced. 

Wild-life cancer stats must, therefore, be carefully parsed. In the largest data set of its kind, a series of over 100,000 animal autopsies 
reported by the National Wildlife Health Centre in Madison, Wisconsin, only 22 animals were reportedly found to have tumours [14]. This 
is one to two orders of magnitude below the incidence reported in the zoo study [2].

Anthropogenic environmental damage is undoubtedly changing this. When the carcinogen benzo(a)pyrene leached into the Puget 
Sound it bio-accumulated in the local population of Beluga whales, beautiful and intelligent animals which now have a cancer incidence 
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close to 30% [15]. There are reports that cancer may be increasing in many other wild-life species too [16] and if so, it is probably for 
similar reasons.

Are domesticated animals any better off? Well, the domesticated primates they live with currently have the highest cancer rates of any 
species known, with a 45-50% lifetime risk [17,18]. Why is Hom Sap such an outlier? 

Some see this an inevitable consequence of our longevity, as per Bruce Ames’ ahistoric theory of cumulative mutations. Medical his-
torians and anthropologists take a more nuanced view, because they know that cancer rates are significantly lower in historically and/or 
geographically defined blue zones [19-22].

Blue zone data has its weaknesses, but the idea that a lifestyle more suited to our evolutionary requirements is far less likely to pro-
mote cancer is supported by the fact that modifiable factors related to the modern diet and lifestyle account for almost half of all cancer 
deaths today [23]. If these were removed and our diets were then optimized, our cancer rate would fall into line with that of carnivores 
(circa 10%). Perhaps even lower.

The problem is, we love those modifiable factors. These include alcohol and tobacco, together with low levels of physical activity and 
consumption of ultra-processed foods [23,24], which create obesity and metabolic skew. And interestingly, the only animals that have 
cancer rates anywhere near those of humans are those which most closely share our homes, diet and lifestyle.

Dogs currently have a 30% incidence of cancer [25-27], putting them in second equal place (with the environmentally-challenged 
Beluga) behind the post-transitional dog-owner. There is some evidence that canine cancer rates may even be increasing [28], but cancer 
is not a reportable disease in pets so accurate trend analysis is hard to find.

We do know, however, that dogs share their owners’ lifestyle diseases [29] and acquire them for much the same reasons. Physical in-
activity, ultra-processed foods and smoking (passive, except for beagles), are all in the mix. But there are two other factors that hit man’s 
alleged best friend particularly hard.

Periodontal disease [30] and in-breeding [31-38] both increase the risk of a range of cancers in humans, and both of these factors are 
very prevalent in the canine world [39,40]. Periodontal disease is easy to counter by adding a pinch of algal fucoidans to your pet’s meals 
[41]. In-breeding cannot easily be countered, but can be pre-empted. 

Some breeds which are very cancer-prone would clearly benefit from out-breeding. The Bernese Mountain Dog, the Irish wolfhound 
and the Leonberger are among the most affected, with roughly 50% of them dying from cancer [42,43]. Shih Tzus are far less affected at 
14% and beagles in the non-smoking section are almost immune [42,43].

If we cannot change their genes, could we at least offer our four-legged friends chemo-protection by improving their diet?

The food industry pays more attention to the nutritional qualities of pet food than it does to human fodder, and the better kibbles and 
wet foods are considerably healthier than many of the products we eat. But while ultra-processed dog foods are not bad (I have sampled 
a few of them, for science of course, and other brave souls have taken things further than I ever did [44]), they are far from optimal.

Adding raw offal, fresh vegetables and oily fish such as sardines to the menu can pay huge health dividends, including cancer risk 
reduction. If sardines aren’t your thing, the standard dose of Balance oil (0,15 ml per kilo body weight) will provide the same benefits.

And maybe our dogs can repay the favor. Already proving their worth as cancer detectives [45], those breeds with ultra-low cancer 
rates are providing clues [46] to how we too might fetch, roll over and stay a little longer.
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Next week: Bones of the saints; why I hate supplements.

Bibliography

1.	 Peto R. “Epidemiology, multistage models, and short-term mutagenicity tests”. Origins of Human Cancer, editions HH Hiatt, JD Wat-
son, JA Winsten (Cold Spring Harbor Laboratory Press, New York) (1977): 1403-1428.

2.	 Vincze O., et al. “Cancer risk across mammals”. Nature 601.7892 (2022): 263-267. 

3.	 Werrimont SM., et al. “Polyphenol-rich Dietary Fiber Sources Increased Antioxidant and Anti-inflammatory Polyphenols in the Lower 
Gastrointestinal Tracts of Healthy Adult Cats While Maintaining Fecal Characteristics Similar to Control”. FASEB 34.1 (2020): 1-1.

4.	 Werrimont SM., et al. “Specialized Dietary Fiber Sources Improved Stool Parameters, Increased Fecal Saccharolytic and Fermentative 
Metabolites, and Delivered Antioxidant and Antiinflammatory Polyphenols to the Lower Gastrointestinal Tract of Healthy Adult Cats. 
FASEB 33(S1)”. Experimental Biology 2019 Meeting Abstracts (2019): 587.2-587.2.

5.	 Fritsch D and Gross K. Novel Dietary Fiber Blend Alters Metabolism of Gastrointestinal Microbiome to Improve Digestive Health and 
Produce Beneficial Postbiotics in Adult Cats (2021). 

6.	 Werrimont SM., et al. Food with Specialized Dietary Fiber Sources Improves Clinical Outcomes in Adult Cats with Constipation or 
Diarrhea (2020). 

7.	 Carlson A., et al. “Anticancer effects of resveratrol in canine hemangiosarcoma cell lines”. Veterinary and Comparative Oncology 16.2 
(2018): 253-261. 

8.	 Ding S., et al. “The Protective Effect of Polyphenols for Colorectal Cancer”. Frontiers in Immunology 11 (2020): 1407.

9.	 Magrone T., et al. “Administration of a Polyphenol-Enriched Feed to Farmed Sea Bass (Dicentrarchus labrax L.) Modulates Intestinal 
and Spleen Immune Responses. Oxid”. Oxidative Medicine and Cellular Longevity (2016): 2827567. 

10.	 Zhong X., et al. “Polyphenol extracts from Punica granatum and Terminalia chebula are anti-inflammatory and increase the survival 
rate of chickens challenged with Escherichia coli”. Biological and Pharmaceutical Bulletin 37.10 (2014): 1575-1582.

11.	 Abegglen LM., et al. “Potential Mechanisms for Cancer Resistance in Elephants and Comparative Cellular Response to DNA Damage in 
Humans”. The Journal of the American Medical Association 314.17 (2015): 1850-1860. 

12.	 Sulak M., et al. “TP53 copy number expansion is associated with the evolution of increased body size and an enhanced DNA damage 
response in elephants”. Elife 5 (2016): e11994.

13.	 Vazquez JM., et al. “A Zombie LIF Gene in Elephants Is Upregulated by TP53 to Induce Apoptosis in Response to DNA Damage”. Cell 
Reports 24.7 (2018): 1765-1776.

14.	 Gammon C. “Cancer in wildlife May Signal Toxic Dangers”. Scientific American (2009). 

15.	 Martineau D., et al. “Cancer in wildlife, a case study: beluga from the St. Lawrence estuary, Québec, Canada”. Environmental Health 
Perspectives 110.3 (2002): 285-292. 

16.	 Pesavento PA., et al. “Cancer in wildlife: patterns of emergence”. Nature Reviews Cancer 18.10 (2018): 646-661.

17.	 NIH National Cancer Institute ‘21. 

15

From the Zoo to the Clinic; New Ideas about Cancer

https://academic.oup.com/ije/article/45/3/621/2572598
https://academic.oup.com/ije/article/45/3/621/2572598
https://www.nature.com/articles/s41586-021-04224-5
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fasebj.2020.34.s1.07319
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fasebj.2020.34.s1.07319
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fasebj.2019.33.1_supplement.587.2
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fasebj.2019.33.1_supplement.587.2
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fasebj.2019.33.1_supplement.587.2
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fasebj.2021.35.S1.04592
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fasebj.2021.35.S1.04592
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fasebj.2020.34.s1.09918?af=R
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fasebj.2020.34.s1.09918?af=R
https://pubmed.ncbi.nlm.nih.gov/29235249/
https://pubmed.ncbi.nlm.nih.gov/29235249/
https://pubmed.ncbi.nlm.nih.gov/32754151/
https://pubmed.ncbi.nlm.nih.gov/26779301/
https://pubmed.ncbi.nlm.nih.gov/26779301/
https://pubmed.ncbi.nlm.nih.gov/25273385/
https://pubmed.ncbi.nlm.nih.gov/25273385/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4858328/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4858328/
https://elifesciences.org/articles/11994
https://elifesciences.org/articles/11994
https://pubmed.ncbi.nlm.nih.gov/30110634/
https://pubmed.ncbi.nlm.nih.gov/30110634/
https://www.scientificamerican.com/article/cancer-wildlife-environmental-contaminant/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1240769/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1240769/
https://pubmed.ncbi.nlm.nih.gov/30116020/


Citation: Paul Clayton. “From the Zoo to the Clinic; New Ideas about Cancer”. EC Nutrition 17.7 (2022): 12-17.

18.	 Cancer Research UK ’21. 

19.	 Gurven M., et al. “Mortality experience of Tsimane Amerindians of Bolivia: regional variation and temporal trends”. American Journal 
of Human Biology 19 (2007): 376-398. 

20.	 Foscolou A., et al. “The Association of Healthy Aging with Multimorbidity: IKARIA Study”. Nutrients 13.4 (2021): 1386.

21.	 Buettner D and Skemp S. “Blue Zones: Lessons From the World’s Longest Lived”. AJLM - American College of Lifestyle Medicine 10.5 
(2016): 318-321. 

22.	 Clayton P and Rowbotham J. “How the mid-Victorians worked, ate and died”. International Journal of Environmental Research and 
Public Health 6.3 (2009): 1235-1253. 

23.	 Islami F., et al. “Proportion and number of cancer cases and deaths attributable to potentially modifiable risk factors in the United 
States”. CA: A Cancer Journal for Clinicians 68.1 (2018): 31-54. 

24.	 Fiolet T., et al. “Consumption of ultra-processed foods and cancer risk: results from Nutri Net-Santé prospective cohort”. British Medi-
cal Journal on JSTOR 360 (2018): k322. 

25.	 Albuquerque TAF., et al. “From humans to hydra: patterns of cancer across the tree of life”. Biological Reviews of the Cambridge Philo-
sophical Society 93.3 (2018): 1715-1734.

26.	 Gardner HL., et al. “Dogs as a Model for Cancer”. Annual Review of Animal Biosciences 4 (2016): 199-222. 

27.	 Pang LY and Argyle DJ. “Veterinary oncology: Biology, big data and precision medicine”. The Veterinary Journal 213 (2016): 38-45. 

28.	 Merlo DF., et al. “Cancer incidence in pet dogs: findings of the Animal Tumor Registry of Genoa, Italy”. Journal of Veterinary Internal 
Medicine 22.4 (2008): 976-984.

29.	 Delicano RA., et al. “The shared risk of diabetes between dog and cat owners and their pets: register based cohort study”. British Medi-
cal Journal on JSTOR 371 (2020): m4337. 

30.	 Lo CH., et al. “Periodontal disease, tooth loss, and risk of oesophageal and gastric adenocarcinoma: a prospective study”. Gut 70.3 
(2021): 620-621.

31.	 Thomsen H., et al. “Runs of homozygosity and inbreeding in thyroid cancer”. BMC Cancer 16 (2016): 227.

32.	 Feldman JG., et al. “Occurrence of acute leukemia in females in a genetically isolated population”. Cancer 38 (1976): 2548-2550. 

33.	 Rudan I., et al. “Inbreeding and risk of late onset complex disease”. Journal of Medical Genetics 40 (2003): 925-932. 

34.	 Thomsen H., et al. “Evidence of inbreeding in Hodgkin lymphoma”. PLoS ONE 11 (2016): e0154259.

35.	 Assié G., et al. “Frequency of germline genomic homozygosity associated with cancer cases”. The Journal of the American Medical As-
sociation 299 (2008): 1437-1445. 

36.	 Orloff MS., et al. “Integrative genomic analysis reveals extended germline homozygosity with lung cancer risk in the PLCO cohort”. 
PLoS ONE 7 (2012): e31975. 

37.	 Deligezer U., et al. “Homozygosity at the C677T of the MTHFR gene is associated with increased breast cancer risk in the Turkish 
population”. In Vivo 19 (2005): 889-893.

38.	 Lebel RR and Gallagher WB. “Wisconsin consanguinity studies. II. Familial adenocarcinomatosis”. American Journal of Medical Genet-
ics 33 (1989): 1-6. 

16

From the Zoo to the Clinic; New Ideas about Cancer

https://pubmed.ncbi.nlm.nih.gov/17421012/
https://pubmed.ncbi.nlm.nih.gov/17421012/
https://pubmed.ncbi.nlm.nih.gov/33924100/
https://pubmed.ncbi.nlm.nih.gov/30202288/
https://pubmed.ncbi.nlm.nih.gov/30202288/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2672390/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2672390/
https://pubmed.ncbi.nlm.nih.gov/29160902/
https://pubmed.ncbi.nlm.nih.gov/29160902/
https://www.bmj.com/content/360/bmj.k322
https://www.bmj.com/content/360/bmj.k322
https://pubmed.ncbi.nlm.nih.gov/29663630/
https://pubmed.ncbi.nlm.nih.gov/29663630/
https://pubmed.ncbi.nlm.nih.gov/26566160/
https://pubmed.ncbi.nlm.nih.gov/27240913/
https://pubmed.ncbi.nlm.nih.gov/18564221/
https://pubmed.ncbi.nlm.nih.gov/18564221/
https://www.bmj.com/content/371/bmj.m4337
https://www.bmj.com/content/371/bmj.m4337
https://pubmed.ncbi.nlm.nih.gov/32690603/
https://pubmed.ncbi.nlm.nih.gov/32690603/
https://bmccancer.biomedcentral.com/articles/10.1186/s12885-016-2264-7
https://pubmed.ncbi.nlm.nih.gov/1069604/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1735350/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0154259
https://pubmed.ncbi.nlm.nih.gov/18364486/
https://pubmed.ncbi.nlm.nih.gov/18364486/
https://pubmed.ncbi.nlm.nih.gov/22384118/
https://pubmed.ncbi.nlm.nih.gov/22384118/
https://pubmed.ncbi.nlm.nih.gov/16097444/
https://pubmed.ncbi.nlm.nih.gov/16097444/
https://pubmed.ncbi.nlm.nih.gov/2750776/
https://pubmed.ncbi.nlm.nih.gov/2750776/


Citation: Paul Clayton. “From the Zoo to the Clinic; New Ideas about Cancer”. EC Nutrition 17.7 (2022): 12-17.

39.	 Wallis C and Holcombe LJ. “A review of the frequency and impact of periodontal disease in dogs”. Journal of Small Animal Practice 61.9 
(2020): 529-540.

40.	 https://www.youtube.com/watch?v=h1RYRJprFOY

41.	 Personal experience. I recommend PlaqueOff, by Pro Den.

42.	 Adams VJ., et al. “Methods and mortality results of a health survey of purebred dogs in the UK”. Journal of Small Animal Practice 51 
(2010): 512-524. 

43.	 Dobson JM. “Breed-predispositions to cancer in pedigree dogs”. ISRN Veterinary Science (2013): 941275. 

44.	 https://www.ozy.com/true-and-stories/i-did-it-6-days-of-eating-dog-food/36846/

45.	 https://drpaulclayton.eu/blog/volatile-characters/

46.	 Thomas F., et al. “Rare and unique adaptations to cancer in domesticated species: An untapped resource?” Evolutionary Applications 
Open Access (2020).

Volume 17 Issue 7 July 2022
© All rights reserved by Paul Clayton.

17

From the Zoo to the Clinic; New Ideas about Cancer

https://onlinelibrary.wiley.com/doi/full/10.1111/jsap.13218
https://onlinelibrary.wiley.com/doi/full/10.1111/jsap.13218
https://www.youtube.com/watch?v=h1RYRJprFOY
https://pubmed.ncbi.nlm.nih.gov/21029096/
https://pubmed.ncbi.nlm.nih.gov/21029096/
https://www.hindawi.com/journals/isrn/2013/941275/?utm_source=google&utm_medium=cpc&utm_campaign=HDW_MRKT_GBL_SUB_ADWO_PAI_DYNA_SPEC_X_X0000_Feb2022&gclid=EAIaIQobChMI0dfwiNrt-AIVkTUrCh2bQg3XEAAYASAAEgJi3PD_BwE
https://www.ozy.com/true-and-stories/i-did-it-6-days-of-eating-dog-food/36846/
https://drpaulclayton.eu/blog/volatile-characters/
https://onlinelibrary.wiley.com/doi/full/10.1111/eva.12920
https://onlinelibrary.wiley.com/doi/full/10.1111/eva.12920

	_GoBack
	_GoBack

