
Cardiff Oncology: Targeting KRAS the Right Way  
άThe difficulty lies not in the new ideas but in escaping from the old 

ones.έ  

ς John Maynard Keynes 

Executive Summary: 
Despite recent advances in immunotherapy which itself has been employed as a cancer 

treatment for more than four thousand years, cancer has proven to be an incredibly 

tough foe to beat. This is because the current theories and understanding of cancer are 

fundamentally flawed and at best doomed to slight incremental improvements. If we 

ǿŀƴǘ ǘƻ ƳŀƪŜ ǇǊƻƎǊŜǎǎΣ ǿŜΩƭƭ ƘŀǾŜ ǘƻ ǾƛŜǿ ŎŀƴŎŜǊ ƛƴ ŀ ŎƻƳǇƭŜǘŜƭȅ ƴŜǿ ƭƛƎƘǘΦ Lƴ ǘƘƛǎ 

report we offer our own theories and then ǎƘƻǿ Ƙƻǿ /ŀǊŘƛŦŦ hƴŎƻƭƻƎȅΩǎ t[Yм ƛƴƘƛōƛǘƻǊ 

onvansertib fits into our ǇŀǊŀŘƛƎƳΣ ǿƛǘƘ ŀ ǎǇŜŎƛŀƭ ŦƻŎǳǎ ƻƴ ǘƘŜ ŘǊǳƎΩǎ ƛƴŎǊŜŘƛōƭŜ ǊŜǎǳƭǘǎ 

in mutant KRAS metastatic Colorectal Cancer (mCRC). In the end, we believe that 

onvansertib has the potential become the frontline therapy for a wide variety of KRAS 

mutated cancers regardless of the specific KRAS mutation. 

Introduction: 
"Today in 2020 if you want to measure the success in treatment in 

cancer... you have to look at the age adjusted mortality of cancer 

today. In 2020, you know what it is? It is the same as it was in 1930." 

~ Dr. Azra Raza, author of The First Cell 

There is a cancer in the field of oncology. It is a pervasive, infectious disorder of thought 

that has metastasized and taken over. It has been growing for over a century and has 

come to subsume its host such that the two are now all but one. We speak of the 

somatic mutation theory of cancer and its outgrowths of targeted and precision 

therapy.  

It should be apparent to anyone who takes even a cursory look at the history of 

ƻƴŎƻƭƻƎȅ ǘƘŀǘ ǿƘŀǘ ǿŜΩǾŜ ōŜŜƴ ŘƻƛƴƎ ƘŀǎƴΩǘ ōŜŜƴ ǿƻǊƪƛƴƎΦ ¢ƘŜǊŜ ŀǊŜ essentially no 

cures for any form of cancer that is not highly localized and progress has come for the 

most part in only small increments that ŘƻƴΩǘ ŀŘŘ ǳǇ ǘƻ ƳǳŎƘ ŜǾŜƴ ƛƴ ŀƎƎǊŜƎŀǘŜΦ  

¢ƘŜ ŦƛŜƭŘ Ƙŀǎ ōŜŎƻƳŜ ǎƻ ƛƴŎǊŜŘƛōƭȅ ŘƛŦŦŜǊŜƴǘƛŀǘŜŘ ŀƴŘ ǎǇŜŎƛŀƭƛȊŜŘ ǘƘŀǘ ǘƘŜ ǇƘǊŀǎŜ άthe 

right drug, ŦƻǊ ǘƘŜ ǊƛƎƘǘ ǇŀǘƛŜƴǘΣ ŀǘ ǘƘŜ ǊƛƎƘǘ ǘƛƳŜΣέ is used openly, and unfortunately not 

ƛƴ ƧŜǎǘΦ ²Ƙŀǘ ǿƻǊƪǎ ŦƻǊ ƻƴŜ ǇŀǘƛŜƴǘ ƛǎƴΩǘ ŜǾŜƴ ǎǳǇǇƻǎŜŘ ǘƻ ǿƻǊƪ ŦƻǊ Ƨǳǎǘ ŀōƻǳǘ ŀƴȅ ƻǘƘŜǊ 



patient and not even for the same patient at two different points in time. As Joey 

Tribbiani one said, άǘƘŜǊŜΩǎ Ǝƻǘǘŀ ōŜ ŀ ōŜǘǘŜǊ ǿŀȅέΦ  

Instead of viewing cancer through the mechanistic reductionistic Neo-Darwinian lens, it 

is time to acknowledge the true nature of evolution and thereby of cancer. It is time to 

realize that random mutations are not driving the evolution of cancer and that rather it 

is the epigenome that is the prime mover.  

Accordingly, rather than going after specific cancer genes, we could, instead, target 

the evolution of tumorsτhow they change over time. If we could halt or even reverse 

the backward evolution of tumors we could provide a big advantage to conventional 

treatment ς e.g., reversing resistance to treatment and inhibiting any further evolution 

of resistance, thereby making cancer more susceptible to targeted therapy. If we want 

to target the evolution of tumors then it might do well to hit them at the major source 

of their hyper-adaptability and  hyper-evolution, namely the cell division cycle.  

As the cell division cycle globally disrupts and reorganizes the molecular content of the 

cell, it may represent a most effective path for the genome to be interpreted in a 

different manner as compared to its predecessors. This is important in the context of 

cancer, as cancer cells require the retention of the transformed phenotype, i.e.,  

unrestricted proliferative potential, suppression of cell phenotype, and activation of 

oncogenic pathways. This is something cancer cells can only do by fiddling with their 

cell-cycle machinery. 

We can fight back by targeting the very same cell-cycle machinery, thereby effectively 

inhibiting the evolution of cancer cells. Moreover, by targeting the most essential and 

ancient of the cell-cycle components we can assure that even, and especially, the most 

advanced and heretofore difficult to treat cancers are affected. Of the potential cell-

cycle proteins, PLK1 qualifies. PLK1 is evolutionarily ancient. It dates back to the origin of 

eukaryotes thought to be about 2 billion years ago, and as such is absolutely essential 

for all eukaryotic organisms today. Not even the most aggressive cancer cells can adapt 

around it. 

.ȅ ŎǳǘǘƛƴƎ ƻŦŦ ŎŀƴŎŜǊΩǎ ŀōƛƭƛǘȅ ǘƻ ŀŘŀǇǘΣ t[Yм ƛƴƘƛōƛǘƛƻƴ ƘƻƭŘǎ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǘƻ ŜǾŜƴ ǘƘŜ 

playing field, leaving cancer cells vulnerable to the current  therapies, even those 

which are not very effective, as well as preventing the cancer cells from growing and 

metastasizing throughout the body. This is particularly relevant for the most advanced, 

aggressive tumors that are intractable to treatments and which there have been 

essentially no real advancements in conventional treatment outcomes in over 70 years. 

The perfect case in point is KRASΣ ǘƘŜ άŦƻǳǊ ƭŜǘǘŜǊ ǿƻǊŘέ ƻŦ ƻƴŎƻƭƻƎȅΣ mutant cancer. 



PLK1 inhibition may hold the potential to finally improve the longevity of  patients with 

these intractable cancers. 

OŦ ǘƘŜ ǇƻǘŜƴǘƛŀƭ t[Yм ƛƴƘƛōƛǘƻǊǎ ǘƘŜǊŜ ƛǎ ƴƻƴŜ ōŜǘǘŜǊ ǘƘŀƴ /ŀǊŘƛŦŦ hƴŎƻƭƻƎȅΩǎ 

onvansertib which is the first truly selective PLK1 inhibitor with a sufficiently short 

half-life to provide consistent dosing.  tǊŜǾƛƻǳǎ t[Yм ƛƴƘƛōƛǘƻǊǎ ǿŜǊŜƴΩǘ ǎŜƭŜŎǘƛǾŜ 

enough and so were constrained in their use by counterproductive PLK2 and PLK3 

inhibition which not only directly oppose PLK1 inhibition, but also, relatedly, cause dose 

limiting toxicity issues. They, therefore, ŎƻǳƭŘƴΩǘ ōŜ ǳǎŜŘ ƛƴ ŘƻǎŀƎŜǎ ƴŜŎŜǎǎŀǊȅ ǘƻ 

effectively halt and even reverse the evolution of cancer cells as we believe can be 

accomplished with PLK1 inhibition via onvansertib.  

With onvansertib the previously inaccessible may now be made accessible. In particular, 

the worst of the worst cancers - those that are KRAS mutant ς may now finally be 

treatable. Importantly, not just a subset of KRAS mutant cancers but every subset, the 

whole lot may be treatable with onvansertib. After decades of searching the holy grail of 

a pan-KRAS inhibitor may have been realized.  

Cardiff Oncology with onvansertib may pave a new path through some of the most 

difficult to treat cancers, including those that have been long considered to be 

untreatable. The only issue may be getting the biotech community on board. Due to the 

current paradigm of cancer treatment as well as the unconventional mechanism of 

action (MoA) and the counterintuitive results onvansertib produces, onvansertib is 

currently quite misunderstood. In the following report we hope to explicate where 

oncology gets it wrong and how onvansertib might just get it right. We hope this goes a 

ways towards clearing up the, on the surface, confusing data and helps to illustrate the 

potential future Cardiff Oncology may have with onvansertib as its figurehead. 

BACKROUND 
άhǳǊ ƳƛƴŘ Ƙŀǎ ŀ ƴŀǘǳǊŀƭ ǘŜƴŘŜƴŎȅ ǘƻ ǊŜƧŜŎǘ ǿƘŀǘ ŘƻŜǎ ƴƻǘ ŎƻƳŜ 

within the framework of the scientific expectations of our epoch. 

Scientists are men after all. They are impregnated with the prejudice 

of their class and times. They readily believe that what is not 

explainable in current theory does not exist.έ  

~ Alexis Carrel 

All that biology is today, and will be tomorrow, is bound to the limitations of human 

thought. A scientific thought can be a conscious attempt at understanding nature, but 



deep down may contain assumptions. Every biological law has some ontological 

foundations that limit the human thought process. 

Thus, when considering the science of the modern age it behooves us to consider the 

philosophy that has gone into forming it. By and large the prevailing philosophy of the 

modern age is that of material reductionism, also known as cartesian mechanics as this 

modern world-view started, more or less, with René Descartes. 

Cartesian mechanism imagines the universe as, as Alfred North Whitehead (a famous 

British mathematician, logician and philosopher) put it, 

άƛǊǊŜŘǳŎƛōƭŜ ōǊǳǘŜ ƳŀǘǘŜǊΧǎǇǊŜŀŘ ǘƘǊƻǳƎƘƻǳǘ ǎǇŀŎŜ ƛƴ ŀ ŦƭǳȄ ƻŦ 

ŎƻƴŦƛƎǳǊŀǘƛƻƴǎΧƛƴ ƛǘǎŜƭŦΧǎŜƴǎŜƭŜǎǎΣ ǾŀƭǳŜƭŜǎǎΣ ǇǳǊǇƻǎŜƭŜǎǎΧŦƻƭƭƻǿƛƴƎ 

a fiȄŜŘ ǊƻǳǘƛƴŜ ƛƳǇƻǎŜŘ ōȅ ŜȄǘŜǊƴŀƭ ǊŜƭŀǘƛƻƴǎέ 

Scientists focus on άƭƛŦŜƭŜǎǎ ƴŀǘǳǊŜέ and hence, from a methodological point of view 

they exclude from their description of nature all characteristics of άƴŀǘǳǊŜ ŀƭƛǾŜέ such as 

feeling, creativity, purpose, value. This is the case with the favored Neo-Darwinian 

evolution paradigm which has become the ΨaƻŘŜǊƴ {ȅƴǘƘŜǎƛǎέΦ 

The theory of evolution by natural selection was made famous, but not initially 

formalized, by Charles Darwin and Alfred Russel Wallace who presented their ideas to 

the Linnean Society of London in 1858, followed by Darwin's book On the Origin of 

Species ƛƴ мурфΦ 5ŀǊǿƛƴ ǿŀǎ Ŏŀǳǘƛƻǳǎ ƛƴ ǘƘŜ ǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ Ƙƛǎ ƛŘŜŀǎΦ IŜ ǿǊƻǘŜ ΨbŀǘǳǊŀƭ 

Selection hŀǎ ōŜŜƴ ǘƘŜ ƳŀƛƴΣ ōǳǘ ƴƻǘ ǘƘŜ ŜȄŎƭǳǎƛǾŜ ƳŜŀƴǎ ƻŦ ƳƻŘƛŦƛŎŀǘƛƻƴΩΦ  

He was concerned that he did not know the origin of variation and he acknowledged the 

existence of other mechanisms, including the inheritance of acquired characteristics. 

Ernst Mayr wrote in мфснΥ Ψ/ǳǊƛƻǳǎƭȅ ŦŜǿ ŜǾƻƭǳǘƛƻƴƛǎǘǎ ƘŀǾŜ ƴƻǘŜŘ ǘƘŀǘΣ ƛƴ ŀŘŘƛǘƛƻƴ ǘƻ 

natural selection, Darwin admits use and disuse as an important evolutionary 

ƳŜŎƘŀƴƛǎƳΦ Lƴ ǘƘƛǎ ƘŜ ƛǎ ǇŜǊŦŜŎǘƭȅ ŎƭŜŀǊΩ. However, Darwin's multi-mechanism approach 

to evolution became significantly narrowed with the rise of neo-Darwinism. 

The term neo-Darwinism was first used in the 1880s by August Weismann. Weismann's 

formulation of neo-Darwinism involved three major assumptions. First, that all genetic 

variation is random. Second, that the germline is isolated from variations in the soma. 

This is the Weismann barrier. Third, together with these two assumptions, that natural 

selection is then all-sufficient (allmacht) to explain evolution. The subsequent 

integration of Mendelian genetics into this scheme led to the formulation of the modern 

synthesis. 



The Modern Synthesis in the theory of evolution thus considers organisms as passive 

tokens selected by nature and then passively copied for the next generation. The 

activity of organisms is not viewed as coherent but is interpreted in the framework that 

after detailed study it can be reduced to non-equilibrium dynamics of randomly moving 

and interacting particles. If any activity of organisms is admitted, then it is treated as 

externally programmed, which makes organisms equivalent roughly to robots. So, not 

only is evolution itself countenanced as the Blind Watchmaker but organisms 

themselves are seen as nothing more than mechanical moving parts.  

As the Modern Synthesis has dominated biological science for over half a century, its 

viewpoint is now so embedded in the scientific literature, including standard school and 

university textbooks, that many biological scientists may not recognize its conceptual 

nature, let alone question incoherencies or identify flaws.  

The central assumptions of the Modern Synthesis are that first, genetic change is 

random; second, that genetic change is gradual; third, following genetic change, natural 

selection leads to particular gene variants (alleles) increasing in frequency within the 

population. Those variants are said to confer an advantage in terms of fitness on the 

individuals concerned, which therefore increasingly dominate the population. By this 

process and other mechanisms, including genetic drift and geographic isolation, new 

species can arise. And finally, fourth, that the inheritance of acquired characteristics is 

impossible.  

The reality, in light of all we know today, is that the Modern Synthesis is untenable. It 

cannot explain the evolution of the actual forms of life that have evolved ς only what is 

left behind; and even if it possibly could, to a significant degree, it still neglects the 

evolution that occurs on all but the longest time scales. Owing to the mechanistic 

reductionistic nature of the theory, and hence a largely static understanding of nature, 

the Modern Synthesis completely neglects the very really evolution occurring on all 

scales, including those much shorter in duration.  

This is a serious problem, because, as the evolutionary biologist Theodosius Dobzhansky 

famously stated, "Nothing in Biology Makes Sense Except in the Light of Evolution". Such 

as it is then, the Modern Synthesis has been the lens through which biology, especially 

oncology, has been studied and understood since the beginning of the 20th century. It 

has tainted our understanding of what cancer is and how it evolves ς the result being 

the Somatic Mutation Theory (SMT) of cancer. 

https://books.google.com/books/about/The_Blind_Watchmaker.html?id=sPpaZnZMDG0C


Debunking the Dogma, The Somatic Mutation Theory of Cancer: 
The SMT and the view that cancer is a genetic disease originated with ¢ƘŜƻŘƻǊ .ƻǾŜǊƛΩǎ 

essay on the origin of malignant tumors, published in 1914. Boveri proposed that all 

cancers arose in a single cell due to chromosomal imbalances or abnormalities. 

This άǇǊƛƳƻǊŘƛŀƭ ǘǳƳƻǊƛƎŜƴƛŎ ŎŜƭƭέ ǿŀǎ ŀ ŎŜƭƭ ǘƘŀǘΥ 

άIŀǊōƻǳǊǎ ŀ ǎǇŜŎƛŦƛŎ Ŧŀǳƭǘȅ ŀǎǎŜƳōƭȅ ƻŦ ŎƘǊƻƳƻǎƻƳŜǎ ŀǎ ŀ 

consequence of an abnormal event. This is the main cause of the 

propensity for unrestrained proliferation that the primordial cell 

passes to its progeny so long as these continue to multiply by normal 

mitotic binary fission. But all the other abnormal properties that the 

tumour cell exhibits are also determined by the abnormal 

chromosome constitution of the primordial cell, and these properties 

will also be inherited by all the progeny of this cell so long as 

ǎǳōǎŜǉǳŜƴǘ ŎŜƭƭ ŘƛǾƛǎƛƻƴ ǘŀƪŜǎ ǇƭŀŎŜ ōȅ ƴƻǊƳŀƭ ōƛǇƻƭŀǊ ƳƛǘƻǎƛǎΦέ  

An important claim Boveri makes is that cancer is a cell-based disease. Unambiguously, 

he writes,  

άΧǘƘŜ ǇǊƻōƭŜƳ ƻŦ ǘǳƳƻǊǎ ƛǎ ŀ ŎŜƭƭ ǇǊƻōƭŜƳέΦ  

This claim contains two subordinated claims, namely  

(a) that cancer is a problem of cell proliferation and  

όōύ ǘƘŀǘ ŎŀƴŎŜǊǎ ŀǊŜ ŘǳŜ ǘƻ ŀƴ ŀōƴƻǊƳŀƭ ŎƘǊƻƳƻǎƻƳŀƭ ǊŜŀǊǊŀƴƎŜƳŜƴǘ όάΧŎŀƴŎŜǊ 

is due to a chromosomal rearrangement that eliminates a portion of chromosomal 

materiaƭ ǿƘƻǎŜ ŦǳƴŎǘƛƻƴ ƛǎ ǘƻ ƛƴƘƛōƛǘ ŎŜƭƭ ǇǊƻƭƛŦŜǊŀǘƛƻƴέΦ  

Again quoting Boveri, 

άΧƛƴ ǘƘŜǎŜ ŀƭǘŜǊŜŘ ŎƻƴŘƛǘƛƻƴǎΣ ǘƘŜ ώǘǳƳƻǊϐ ŎŜƭƭ ǊŜŀŎǘǎ ŘƛŦŦŜǊŜƴǘƭȅ ǘƻ ƛǘǎ 

surroundings and this might be the sole cause of the tendency to 

ǳƴŎƘŜŎƪŜŘ ŎŜƭƭ ƳǳƭǘƛǇƭƛŎŀǘƛƻƴέΦ CƛƴŀƭƭȅΣ .overi made the distinction 

that it is not abnormal mitosis that is the cause of cancer, but 

abnormal chromatin-ŎƻƳǇƭŜȄ όάΧǘƘŜ ŜǎǎŜƴŎŜ ƻŦ Ƴȅ ǘƘŜƻǊȅ ƛǎ ƴƻǘ ǘƘŜ 

abnormal mitoses but a certain abnormal chromatin-complex, no 

ƳŀǘǘŜǊ Ƙƻǿ ƛǘ ŀǊƛǎŜǎΦέ 

https://jcs.biologists.org/content/121/Supplement_1/1


{ǳōǎŜǉǳŜƴǘƭȅ .ƻǾŜǊƛΩǎ ƻǊƛƎƛƴŀƭ {a¢ ǿŀǎ ǎǳōƧŜŎǘ ǘƻ ƳƻŘƛŦƛŎŀǘƛƻƴǎ ŘǳǊƛƴƎ ƛǘǎ ŎŜƴǘŜƴƴƛŀƭ 

course and has been the prevailing theory in cancer research for the last 50 years. It is 

based on the following premises:  

1. cancer is derived from a single somatic cell that successively has accumulated 

multiple DNA mutations (in a random manner), 

2.  those mutations occur on genes that control cell proliferation and the cell cycle 

and  

3. implicitly, the default state of cell proliferation in metazoa is quiescence.  

The main driving force of the SMT program has been its reductionist core. In this 

tradition, it is assumed that organismic phenomena can be advantageously reduced to 

cellular and/or subcellular ones. Thus, when reducing cancer to a cellular phenomenon, 

neoplasms become de facto reduced to a single transformed cell and carcinogenesis 

becomes equivalent to enhanced proliferation of cells in a dish ς this despite the fact 

that it is widely acknowledged that the rate of proliferation of cells in neoplasms is not 

faster than that of cells in normal tissues.  

Moreover, it is axiomatic to accept that proliferation is the default state of all 

organisms, and not quiescence ς ƴƻǘ ŜǾŜƴ ƛƴ ǘƘŜ άǎǇŜŎƛŀƭέ ŎŀǎŜ ƻŦ ƳǳƭǘƛŎŜƭƭǳƭŀǊ 

eukaryotes such as ourselves. At the end of the 19th century, the famed pathologist H. 

Ribbert postulated that cancer cells, freed from the restraint of tissue structure, would 

express their constitutive property to proliferate. Ribbert's view was foreshadowed by 

Weigert (1882) and Roux (1888). Even Boveri recognized this commenting,  

ά{ǳŎƘ ǳƴǊŜǎǘǊŀƛƴŜŘ ǇǊƻƭƛŦŜǊŀǘƛƻƴ ƛǎ ƴƻ Řƻǳōǘ ŀ very primitive property 

ƻŦ ŎŜƭƭǎέΦ  

Thus, even though there is a long dating precedent for the view that proliferation is the 

default state of cells, for near a century this principle has been practically ignored both 

in textbooks and by experimentalists when discussing either the control of cell 

proliferation or carcinogenesis.  

Most of the oncology research has been, and is still, conducted using 2-dimensional in 

vitro models, where primary cell cultures and established cell lines are the 

representative tools. ¢Ƙƛǎ ƛǎ ƭƛƪŜƭȅ ŀƴƻǘƘŜǊ ǊŜƳƴŀƴǘ ƻŦ ǘƘŜ ƛƴŦƭǳŜƴŎŜ ƻŦ tƭŀǘƻΩǎ ǇƘƛƭƻǎƻǇƘȅ 

of timeless forms which was a deep commitment of people like Gregor Mendel and 

August Weismann, whose ideas dominated the thinking of early 20th century 

geneticists.  

https://www.researchgate.net/publication/304780440_The_biological_default_state_of_cell_proliferation_with_variation_and_motility_a_fundamental_principle_for_a_theory_of_organisms
file:///C:/Users/pompa/Downloads/v
file:///C:/Users/pompa/Downloads/v
http://cancerres.aacrjournals.org/cgi/pmidlookup?view=long&pmid=14106160
https://jcs.biologists.org/content/121/Supplement_1/1


To them, genes were the immutable essence of organisms, and the cells, tissues, and 

organs that form the organism are merely temporal and accidental. Weismann's "germ 

plasm" or germ line contained the immortal genes, the rest of the body lacked them, 

and was essentially mortal. As a result, for most of the 20th century, the official doctrine 

was that most of the cells of the adult body became stationary once the body reached 

its adult size, and that aging consisted of the "wearing out" of those mortal cells.  

When a tumor, containing new cells, would appear and grow, these cells were called 

"immortal," because they didn't follow the rule for normal, stationary, mortal cells. 

Their "immortality" was often demonstrated by growing them endlessly in culture 

dishes, ŜǾŜƴ ǘƘƻǳƎƘ άƴƻǊƳŀƭέ ŎŜƭƭǎ Ŏŀƴ ŀƭǎƻ ǇǊƻƭƛŦŜǊŀǘŜ ŜƴŘƭŜǎǎƭȅ ƛƴ ǎƛƳƛƭŀǊ ƛƴ ǾƛǘǊƻ 

ŎƛǊŎǳƳǎǘŀƴŎŜǎ ǿƛǘƘƻǳǘ ŀƴȅ ƻŦ ǘƘŜ άŘǊƛǾŜǊ Ƴǳǘŀǘƛƻƴǎέ ǘƘƻǳƎƘǘ ƴŜŎŜǎǎŀǊȅΦ  

The same reasoning applies to the supposed novel motility of cancer cells. Like 

proliferation, motility is a constitutive property of all cells and, therefore, it can only be 

inhibited. Cells from the three embryonic layers exercise motility during early 

development. During post-natal life some cells, such as the wandering cells in the 

connective tissue also move.  

9ǾŜƴ ƴƻǊƳŀƭ ŜǇƛǘƘŜƭƛŀƭ ŎŜƭƭǎ ǎǘǊŜŀƳ ŀǘ ǾŀǊƛŀōƭŜ ǎǇŜŜŘ ŦǊƻƳ ǘƘŜƛǊ άōƛǊǘƘέ ǘƻ ǘƘŜƛǊ άŘŜŀǘƘέ 

locations. In addition, cells move following disruptions in tissue architecture generated 

by wounds. During incipient and advanced states of carcinogenesis, times at which 

metastases are generated, cells also move. Thus, just as it the case for the immortality 

of cancer cells, the motility of cancer cells does not represent a newly acquired 

property, but the restoration of an ancestral, intrinsic cellular condition. Both the 

immortality and motility of cancer cells ŀǊŜƴΩǘ novel functions, but functions that are no 

longer suppressed via the proper context (i.e., the environment in which they exist). 

And this is the biggest failure of the current theories, and why we label them 

reductionist in the first place, they ignore the context whether out of laziness or 

ignorance the effect is the same ς a fundamentally flawed understanding. 

Context is King: 
Of course, that the context should have any effect on normal cells wŀǎƴΩǘ ŎƻƴǎƛŘŜǊŜŘ 

owing to the dominating reductionist perspective. More recently the context has been 

taken more largely into consideration but this has done nothing to change the 

underlying assumptions that are still infecting oncology. 

It isn't hard to understand that in heart failure the heart is undergoing changes in a 

unitary way, with all parts of the organ affected, and that parallel changes are 



happening in the rest of the body, interacting with and contributing to the changes in 

the heart, so that heart failure is now considered to be a systemic disease. But if 

someone tells a cancer patient or an oncologist that cancer is a systemic disease, the 

thought will be flatly rejected as untrue. They have been taught that cancer is a disease 

of bad, mutated, cells, which have to be completely eradicated, and that the patient's 

general health is a separate issue. 

Along these lines of the leading role of context, Harry Rubin has observed that cells can 

accumulate hundreds of mutations, and still function normally in the organism, but 

when separated and grown in a culture dish their differences become obvious,  

άǘƘŜǊŜ ŀǊŜ Ƴŀƴȅ ƭƻŎŀƭ Ƴǳǘŀǘƛƻƴǎ ŀƴŘ ƭŀǊƎŜ ƎŜƴƻƳƛŎ ǊŜŀǊǊŀƴƎŜƳŜƴǘǎ 

per somatic cell that accumulate with age at different rates per organ 

and without visible effects. Dissociation of the cells for monolayer 

culture brings out great heterogeneity of size and loss of function 

among cells that presumably reflect genetic and epigenetic 

differences ŀƳƻƴƎ ǘƘŜ ŎŜƭƭǎΣ ōǳǘ ŀǊŜ ƳŀǎƪŜŘ ƛƴ ƻǊƎŀƴƛȊŜŘ ǘƛǎǎǳŜΦέ  

The surrounding cells in the body are causing the defective cells to remain normal in 

appearance, function, and growth behavior, instead of acting like cancer cells, and can 

also cause "stem-like" cells to differentiate appropriately. 

Rubin described experiments carried out in two laboratories, one using X-rays to induce 

malignant transformation, the other using the carcinogen methyl-cholanthrene. Both 

studies found that most, if not all exposed cells were altered in some way, so that their 

progeny had a higher probability of transformation than untreated cells. In other words, 

the entire population of exposed cells showed an increased probability of 

transformation to the cancer state, and this increased probability was inherited in 

subsequent cell generations.  

If one divided up the exposed population into several subpopulations, each of them 

would show essentially the same frequency of transformation. Moreover, if these were 

further subdivided and propagated, the same frequency of transformed cells arose in all 

of them. Such high frequencies of transformation are also characteristics of 

spontaneous transformations induced by metabolic and other stress on cells in culture, 

and are not due to correspondingly high frequencies of mutations. 

Still more suggestive was the observation that clones of cells transformed by X-rays or 

by metabolic stress revert to normal when placed under optimal growth conditions. 

https://pubmed.ncbi.nlm.nih.gov/16615084/


These results are reminiscent of high rates of reversion in the early stages of malignancy 

development. 

In addition, importantly, a recent review of 1,991 individuals from the Spanish Bladder 

Cancer/EPICURO population-based case-control study found that 

 ά9ǾŜƴ ǘƘƻǳƎƘ ǎƻƳŀǘƛŎ ƳƻǎŀƛŎƛǎƳ Ƙŀǎ ōŜŜƴ ƛƳǇƭƛŎŀǘŜŘ ƛn several 

cancers, this study did not reveal a significant difference in frequency 

ōŜǘǿŜŜƴ ŎŀǎŜǎ ŀƴŘ ŎƻƴǘǊƻƭǎΦέ  

Thus, the notion that somatic mutations are necessarily harmful and can lead to cancer 

is not borne out by this study and further affirms the hypothesis that mutations 

observed in cancers are not the triggering event but more likely a means for the clonal 

replication of already transformed cancer cells. 

Work like this and Rubin's shows that even "myriad" mutations don't necessarily cause 

cancer - in fact, there is still no proven set of mutations that transforms a normal to a 

cancer cell - and another line of research shows that things which don't cause mutations 

can cause cancer--the "non-mutagenic carcinogens."  

Likewise, it is worth recalling instances where, on the one hand, normal tissues 

ǘǊŀƴǎǇƭŀƴǘŜŘ ƛƴǘƻ ǘƘŜ άǿǊƻƴƎέ ƭƻŎŀǘƛƻƴǎ ǊŜǎǳƭǘŜŘ ƛƴ ƴŜƻǇƭŀǎƛŀ ǿƘƛƭŜΣ ƻƴ ǘƘŜ ƻǘƘŜǊΣ 

genuine cancer tissues and their cells became normalized after being placed in the midst 

of normal tissues (normal niches). Perhaps one of the most spectacular of those puzzles 

is exemplified by a series of experiments spanning 8 years whereby Leroy Stevens 

transplanted early mouse embryos into the testis of congenic mice.  

These embryos generated local teratocarcinomas that were eventually transplanted for 

almost 200 generations from mouse to mouse. The normalization of these 

teratocarcinoma cells was described in a series of articles published in the 1970s by a 

group of researchers under the leadership of Beatrice Mintz. Transplantation of these 

teratocarcinoma cells into early blastocysts of mice resulted in viable offspring that 

ǎƘƻǿŜŘ ŀ ƳƻǎŀƛŎ ǇƘŜƴƻǘȅǇŜ ŎƻƳōƛƴƛƴƎ ǘƛǎǎǳŜǎ ŘŜǊƛǾŜŘ ŦǊƻƳ ōƻǘƘ ǘƘŜ ƘƻǎǘΩǎ ƴƻǊƳŀƭ 

cells and the grafted teratocarcinoma cells,  

άThe conclusions we have drawn from the teratocarcinoma 

experiments and comparable ones are that a cell from a neoplasm 

behaves as a normal cell does, both regarding its proliferative 

capabilityΧ and in its ability to carry a genome that responds to cues 

from distant or neighboring cells and extracellular matrix as a normal 

https://pubmed.ncbi.nlm.nih.gov/2372870/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC433040/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC335947/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC349029/
https://europepmc.org/backend/ptpmcrender.fcgi?accid=PMC5501415&blobtype=pdf


cell does. Thus, the conclusions drawn from experiments conducted 

by us and by others are compatible with the notion that genuine 

neoplastic tissues and cells are able to generate normal cells and 

tissues when grafted among normal cells. This finding contradicted 

once again the implicit message of the SMT that Ψonce a cancer cell, 

always a cancer cellΩέ (emphasis ours). 

Reversion is entirely possible as long as you change the conditions of existence of the 

cancer cells. Now, if as posited by the SMT, neoplasia is due to the accumulation of 

multiple stable mutations in a single cell, how can it be explained that this stably 

mutated neoplastic cell and its progeny can be restored to behave as a normal cell?  

For one, it is probabilistically impossible that random reverse mutational events could 

ƘŀǾŜ άǊŜǇŀƛǊŜŘΩ ǘƘŜ ƎŜƴƻƳƛŎ ǎƻƳŀǘƛŎ Ƴǳǘŀǘƛƻƴǎ ŀƭƭŜƎŜŘƭȅ ǊŜǎǇƻƴǎƛble for their 

generating a cancer phenotype. Secondly, the switch from neoplasia to normalcy in 

animals has unambiguously been shown to be bidirectional.  

Just as the change in the context within a cell can cause cancer, the change of context 

within the cell itself is even enough to reverse the cancer. Namely, cells from an embryo 

may generate neoplasms when placed outside their normal, original habitat (i.e., early 

embryos placed inside the testis, or in the peritoneum) while when these neoplastic 

cells are placed back into a normal context, they reacquire a fully normal phenotype. In 

any case, the proliferative and the motile behaviors of individual somatic cells in the 

midst of tissues depend on whether or not the microenvironment they inhabit enables 

them to express their constitutive ability to proliferate and/or move.  

All along the successive normal developmental stages in which multicellular organisms 

are engaged, the ability of each cell to proliferate, create variation and move are 

constrained by interactions with their neighboring cells, the tissue in which they reside 

and the organism as a whole.  

Recently, Dr. Thomas Seyfreid has performed experiments, following up on experiments 

of a kind performed years ago, in which suppression of tumorigenicity was observed 

when the cytoplasm of enucleated normal cells was fused with nucleated tumor cells to 

form cybrids. In a more comprehensive series of experiments, Israel, and Schaeffer 

demonstrated that suppression of malignancy could reach 100% in cybrids containing 

tumorigenic nuclei and normal cytoplasm,  

ά²Ŝ ƘŀǾŜ ǇǊŜǎŜƴǘŜŘ Řŀǘŀ ǿƘƛŎƘ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŀǘΧ ŎȅǘƻǇƭŀǎƳ ŦǊƻƳ 

a malignantly transformed cell can play a dominant role in the 

https://www.researchgate.net/publication/285388726_Mitochondria_The_Ultimate_Tumor_Suppressor
https://www.researchgate.net/publication/19784786_Cytoplasmic_mediation_of_malignancy


ŜȄǇǊŜǎǎƛƻƴ ƻŦ ǘƘŜ ƳŀƭƛƎƴŀƴǘ ǇƘŜƴƻǘȅǇŜΧ 9ǇƛƎŜƴŜǘƛŎ ŀƭǘŜǊŀǘƛƻƴǎ ƻŦ 

nuclear gene expression may be responsible. It is also possible that 

Ƴǳǘŀǘƛƻƴǎ ƛƴ ƳƛǘƻŎƘƻƴŘǊƛŀƭ ƎŜƴŜǎ ŀǊŜ ƛƴǾƻƭǾŜŘέ  

Thus, we can see very obviously that the neo-Darwinian modern synthesis and the 

accompanying somatic mutation theory of cancer Ƨǳǎǘ ŘƻƴΩǘ ŜǉǳŀǘŜ ǿƛǘƘ ǊŜŀƭƛǘȅ. For all 

those in the back, Modern Synthesis has no basis in reality and should be tossed into the 

dust bin once and for all. Which begs the question, άǿƘŀǘΩǎ ǘƘŜ ŀƭǘŜǊƴŀǘƛǾŜ ǘƘŜƴ ǘƻ 

Cartesian mechanism and to the Modern Synthesis?έ 5ƻƴΩǘ ǿƻǊǊȅΣ ǿŜ ǿƻǳƭŘƴΩǘ ǿŀǎǘŜ 

ŀƭƭ ȅƻǳǊ ǘƛƳŜ ƛŦ ǿŜ ŘƛŘƴΩǘ ƘŀǾŜ ǎƻƳŜ solid ideas of our own.  

Process Philosophy and The Evolutionary Approach to Cancer: 
The alternative to Cartesianism is known as Process philosophy (or ontology of 

becoming) which identifies metaphysical reality with change and development. In 

opposition to the classical model of change as purely accidental and illusory, process 

philosophy regards change as the cornerstone of reality. As the neurophenomenologist 

Evan Thompson so clearly describes, in such a model, 

ά9ǾŜǊȅǘƘƛƴƎ ƛǎ ǇǊƻŎŜǎǎ ŀƭƭ ǘƘŜ ǿŀȅ ΨŘƻǿƴΩ ŀƴŘ ŀƭƭ ǘƘŜ ǿŀȅ ΨǳǇΩΣ ŀƴŘ 

processes are irreducibly relational ς they exist only in patterns, 

networks, organisations, configurations, or webs. In the process view, 

ΨǳǇΩ ŀƴŘ ΨŘƻǿƴΩ ŀǊŜ ŎƻƴǘŜȄǘ-relative terms used to describe 

phenomena of various scales and complexity. There is no base level of 

ŜƭŜƳŜƴǘŀǊȅ ŜƴǘƛǘƛŜǎ ǘƻ ǎŜǊǾŜ ŀǎ ǘƘŜ ǳƭǘƛƳŀǘŜ ΨŜƳŜǊƎŜƴǘ ōŀǎŜΩ ƻƴ ǿƘƛŎƘ 

to ground everything. Phenomena at all scales are not entities but 

relatively stable processes, and since processes achieve stability at 

different levels of complexity, while still interacting with processes at 

other levels, all are equally real and none has absolute ontological 

ǇǊƛƳŀŎȅΦέ 

Process-relational thought focuses on the dynamism by which things are perpetually 

moving forward, interacting, and creating new conditions in the world. It acknowledges 

that nature has inherent cognitive capabilities that allow for creative evolution on all 

scales, both of duration and space, and always considers the context in which such 

evolution takes place.  

In such a paradigm the locus of biological evolution moves away from the genome and 

considers the relationship between the environment, metabolism, and the epigenome 

http://www.wiki30.com/wa?s=Metaphysics
http://www.wiki30.com/wa?s=Reality
https://books.google.com/books/about/Mind_in_Life.html?id=OVGna4ZEpWwC


to be of paramount importance. This is something that many biologists are increasingly 

recognizing. One of the leading figures, James Shapiro stated it plainly,  

ά[ƛŦŜ ǊŜǉǳƛǊŜǎ ŎƻƎƴƛǘƛƻƴ ŀǘ ŀƭƭ ƭŜǾŜƭǎέ.  

Likewise, Shapiro wrote,  

άCƻǊǘȅ ȅŜŀǊǎΩ ŜȄǇŜǊƛŜƴŎŜ ŀǎ ŀ ōŀŎǘŜǊƛŀƭ geneticist has taught me that 

bacteria possess many cognitive, computational and evolutionary 

capabilities unimaginable in the first six decades of the twentieth 

ŎŜƴǘǳǊȅΦέ  

Indeed, the last few decades of research have revealed that self-referential cognition 

underscores all life on the planet. This assertion is based upon the extraordinary range 

of metabolic cellular processes exhibited by bacteria and used to evaluate and monitor 

their own internal environment. 

As Lyon observes, bacteria have an extensive cognitive toolkit that includes a wide range 

of faculties: advanced sensing, communication, autoinduction via the indirect use of 

information gathered by proxies, some elements of sociality, various forms of motility 

including complex swarming behaviors, and memory.  

Given the variety and sophistication of these actions, there is specific evidence of some 

elemental level of cognitive function at every scope and scale applied towards the 

maintenance of self-awareness that, in turn, permits such levels of collective sensing, 

cooperation, and interdependence. All these functions require levels of memory and 

information processing and are positively directed towards problem solving. Lyons 

offers this,  

ά.ƛƻƭƻƎƛŎŀƭ ŎƻƎƴƛǘƛƻƴ ƛǎ ǘƘŜ ŎƻƳǇƭŜȄ ƻŦ ǎŜƴǎƻǊȅ ŀƴŘ ƻǘƘŜǊ ƛƴŦƻǊƳŀǘƛƻƴ-

processing mechanisms an organism has for becoming familiar with, 

valuing, and [interacting with] its environment in order to meet 

existential goals, the most basic of which are survival, (growth or 

ǘƘǊƛǾƛƴƎύΣ ŀƴŘ ǊŜǇǊƻŘǳŎǘƛƻƴΦέ  

However, those capacities are not exclusive to bacteria, or viruses, but have been shown 

to exist within all living entities including the individual cells of any eukaryote as they 

experience stress and make individual coping decisions. 

In that regard, De Loof has suggested that life should not be considered a noun, but a 

verb. In those terms, life must be regarded as the sum total of all executed acts of 

https://books.google.com/books?hl=en&lr=&id=t3lcm_4h20QC&oi=fnd&pg=PR7&ots=XPstBsrJic&sig=1T1dVjjthRo0uDz1tFV30ltUowk#v=onepage&q&f=false
https://pubmed.ncbi.nlm.nih.gov/18053935/
https://pubmed.ncbi.nlm.nih.gov/22559263/
https://books.google.com/books?hl=en&lr=&id=UL7xW_FL_hMC&oi=fnd&pg=PR9&ots=QhhubcXJdt&sig=qcldu_11Tz6iv9iDZkUDoEv5Ltc#v=onepage&q&f=false
https://www.ncbi.nlm.nih.gov/pubmed/25926819
https://pubmed.ncbi.nlm.nih.gov/17530173/
https://www.ncbi.nlm.nih.gov/pubmed/25926819
https://www.ncbi.nlm.nih.gov/pubmed/25926819
https://www.tandfonline.com/doi/abs/10.1179/030801809X12529269201282
https://www.researchgate.net/profile/Arnold_Loof/publication/283482486_From_Darwin's_On_the_Origin_of_Species_by_Means_of_Natural_Selection_to_The_evolution_of_Life_with_Communication_Activity_as_its_Very_Essence_and_Driving_Force_Mega-Evolution/links/5641c05008aec448fa61ce2c.pdf


communication at any moment, at all levels of any compartmental organization, and as 

a summation of all that activity. Furthermore, all of that life activity is directed towards 

problem-solving. De Loof asserts that communication/problem-solving precedes 

selection and should therefore be considered a universal element of evolution. 

Proceeding within the context of life as a verb, it can, therefore, be represented that life 

consists of the active use of information to sustain change towards preferential 

conditions for any living entity. In such circumstances, natural selection becomes a post 

facto filtering agency of phenotypic differences.  

Through competitive and consensual cellular engineering processes, phenotype 

emerges as the reciprocating output of cellular ecologies as they reiteratively meet 

environmental stresses, in deep collaboration and competition with other cellular 

ecologies. Natural selection is what takes place after the initial evolution of new forms 

Ƙŀǎ ƻŎŎǳǊǊŜŘΦ ¢Ƙŀǘ ƛǎΣ ƴŀǘǳǊŀƭ ǎŜƭŜŎǘƛƻƴ ŘƻŜǎƴΩǘ ŘŜǘŜǊƳƛƴŜ ǿƘŀǘ ŜǾƻƭǾŜǎ in the first 

place, only what remains. Epigenetic impacts then are of salient importance.  

The functioning genetic complement of any multicellular organism is an ever-ongoing 

and dynamic interrelationship between any species innate cellular ecologies and an 

agitating epigenetic realm. A fuller extent of this epigenetic influence is now 

acknowledged throughout evolutionary development that fundamentally changes the 

epicenter of control of multicellular eukaryotic organisms beyond traditional Darwinian 

means. This is not to say that random genetic mutations cannot happen but to say 

that they do not necessarily have the decisive role in driving biological evolution. 

As a matter of fact, the 21st century genomics-based analysis of evolutionary variation 

reveals a number of novel features impossible to predict when Dobzhansky and other 

evolutionary biologists formulated the neo-Darwinian Modern Synthesis in the middle 

of the last century. These include distinct realms of cell evolution; symbiogenetic fusions 

forming eukaryotic cells with multiple genome compartments; horizontal organelle, 

virus and DNA transfers; functional organization of proteins as systems of interacting 

domains subject to rapid evolution by exon shuffling and exonization; distributed 

genome networks integrated by mobile repetitive regulatory signals; and regulation of 

multicellular development by non-coding lncRNAs containing repetitive sequence 

components.  

Just to produce a single protein ς originally thought to be one continuous genetic 

message ς requires elaborate cut and splice operations. The international research 

consortium project ENCODE (Encyclopedia of DNA Elements) data have revealed that 

Ǿŀǎǘ ŀǊŜŀǎ ƻŦ ƎŜƴƻƳƛŎ 5b! ƛƴŎƭǳŘŜǎ Ƴŀƴȅ ΨΨƴƻƴ-ŎƻŘƛƴƎΩΩ ǎŜƎƳŜƴǘǎΦ ¢ƘŜ ΨΨƎŜƴŜΩΩ ƛǎ 



actually scattered in bits across the genome, overlapping with bits of multiple other 

genes that have to be spliced together to make a messenger (m)RNA for translation into 

a protein. Thus, rather than single gene traits, all phenotypes involve coordinated 

activity by multiple interacting cell molecules.  

Genomes contain abundant and functional repetitive components in addition to the 

unique coding sequences envisaged in the early days of molecular biology. 

Combinatorial coding, plus the biochemical abilities cells possess to rearrange DNA 

molecules, constitute a powerful toolbox for adaptive genome rewriting. That is, cells 

ǇƻǎǎŜǎǎ άwŜŀŘς²ǊƛǘŜ DŜƴƻƳŜǎέ ǘƘŜȅ ŀƭǘŜǊ ōȅ ƴǳƳŜǊƻǳǎ ōƛƻŎƘŜƳƛŎŀƭ ǇǊƻŎŜǎǎŜǎ ŎŀǇŀōƭŜ 

of rapidly restructuring cellular DNA molecules. Rather than viewing genome evolution 

as a series of accidental modifications, we can now study it as a complex biological 

process of active self-modification. 

For example, when bacteria are starved and there is a substrate they cannot metabolize 

in the environment, they can mutate or cut and splice to make the right genes in order 

to enable them to use the substrate. This phenomenon of ΨΨŘƛǊŜŎǘŜŘ ƳǳǘŀǘƛƻƴΩΩ has been 

studied by a number of geneticists including Shapiro. Many different proteins and DNA 

sequences have to come together in choreographed succession to form and rearrange 

the nucleoprotein complexes necessary for directing the precise cut and splice 

operations involved.  

In fact, there is almost nothing that is random inside the cell and organism. Organisms 

are non-ergodic - non-ergodicity ǎǘŀƴŘǎ ƛƴ ŎƻƴǘǊŀǎǘ ǘƻ άŜǊƎƻŘƛŎƛǘȅΦ ά9ǊƎƻŘƛŎέ ƳŜŀƴǎ ǘƘŀǘ 

the system in question visits all its possible states ς this is what a random system does. 

Instead of visiting all possible states the paths of the processes of adaptive (living) 

systems fall within a specific, relatively narrow region of all possible states. This is 

inherent in the notions of homeostasis and homeodynamics.  

These notions define the set of states towards which the organism inevitably evolves 

ƻǾŜǊ ǘƛƳŜΤ ŀƴŘ ǘƘƛǎ ƛǎƴΩǘ ǊŜǎǘǊƛŎǘŜŘ ǘƻ ŦŀŎǘƻǊǎ ǎǳŎƘ ŀǎ ǘŜƳǇŜǊŀǘǳǊŜΣ ƻȄȅƎŜƴ ŀƴŘ /hн 

levels, but is true of every system of the organism including the genotype. There are 

common genotypes which organisms of the same species evolve towards again and 

again. As such, when organisms of the same species e.g., humans, develop cancer they 

tend to develop similar genotypes and their corresponding mutations. This is why there 

are certain mutations that are far more common than others in particular cancer types - 

a recognizably non-random phenomena that proponents of the MS and SMT seem to 

completely miss the importance of. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2929248/
https://arxiv.org/pdf/1201.2069.pdf


Organisms are constantly adjusting to the environment by turning on and off the right 

genes, creating new genes if need be, shaping the environment, and preparing for the 

future. Certainly, one of the most basic facts of life for all organisms is that their 

reproduction and evolution take place in a highly dynamic environment.  

Ecology and biosphere interactions are subject to constant change. The unceasing flux in 

the conditions of life means that survival requires constant adaptation and change on 

the part of each organism. This adaptation is no different than that which is considered 

ǘƻ ōŜ άŜǾƻƭǳǘƛƻƴέ ς the only difference is one of scale.  

The increased knowledge of relationships between metabolism, epigenetic systems, 

and editing of nucleic acids suggests the existence of self-organized processes of 

adaptive evolution in response to environmental stresses; and it is exactly within this 

framework that we should understand cancer. 

The Epigenetic Road to Cancer: 
Our concept of a stable genome is evolving to one in which genomes are plastic and 

responsive to environmental changes. Growing evidence shows that a variety of 

environmental stresses in everything from bacteria, to yeast, and to human cancer cells, 

are capable of accelerating adaptive evolution. These environmental stresses are sensed 

by the organism and taken into account within the epigenome which transduces the 

information to the two genomes in each eukaryotic cell. These epigenomic alterations 

can thereby induce genomic instability leading to rapid evolutionary change in tumors, 

άGenomic instability underlies many cancers and generates genetic 

variation that drives cancer initiation, progression, and therapy 

resistance. In contrast with classical assumptions that mutations 

occur purely stochastically at constant, gradual rates, microbes, 

plants, flies, and human cancer cells possess mechanisms of 

mutagenesis that are upregulated by stress responses. These 

generate transient, genetic-diversity bursts that can propel evolution, 

specifically when cells are poorly adapted to their environmentsτ

ǘƘŀǘ ƛǎΣ ǿƘŜƴ ǎǘǊŜǎǎŜŘέ 

In line with this, recently, Tatiana Karpinets and Brent Foy at Wright State University, 

Dayton, Ohio, in the United States proposed that cells exposed to stressful 

ŜƴǾƛǊƻƴƳŜƴǘǎ ǊŜǎǇƻƴŘ ōȅ ŜǇƛƎŜƴŜǘƛŎ ŀŘŀǇǘƛǾŜ ŎƘŀƴƎŜǎ ǘƘŀǘ ǊŜǎǳƭǘ ƛƴ ΨƳŀǘŎƘŜŘΩ 

mutations arising in the longer term. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3172155/
https://www.annualreviews.org/doi/full/10.1146/annurev-cancerbio-050216-121919
https://academic.oup.com/carcin/article/26/8/1323/2390877


They point to the long line of evidenceΣ ǘƘŜ άŘƛǊŜŎǘŜŘ Ƴǳǘŀǘƛƻƴǎέ ŀƭƭǳŘŜŘ ǘƻ ŀōƻǾŜΣ 

indicating that in unicellular organisms, such as microbes, the stressful environment can 

affect the rate of mutations and direct mutations to beneficial genes in this 

environment.  

This strategy hastens the evolution of microbial pathogens including antigenic variation 

(changes in surface antigens to avoid detection by the host immune system) and 

antibiotic resistance. The mechanisms that allow cells to increase their mutation rates 

under conditions of sustained stress and produce the mutations in beneficial genes are 

especially important in evolutionary terms. Therefore, it is plausible that eukaryotic 

organisms retained these mechanisms in their cells and made them even more 

sophisticated.  

According to our hypothesis such an adaptive strategy is employed in the somatic cells 

of mammals in response to sustained stress and plays an important role in the 

development of malignances. In this case, a continuing proliferative and survival 

signaling in the tissue microenvironment indicates a poor adjustment of the cellular 

genome for the environment and hastens cellular adaptation. These signals are 

responsible for the epigenetic reprogramming of some cells leading to an increased rate 

of tumor-related mutations in the genome. 

As indicated above, numerous studies support the fundamental role of the cellular 

environment in the transformations. This role is especially evident when we consider in 

vitro culture of multicellular organisms. Rodent and human cells can easily undergo 

ΨǎǇƻƴǘŀƴŜƻǳǎΩ ƴŜƻǇƭŀǎǘƛŎ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ƛƴ ŎǳƭǘǳǊŜ ŀƴŘ ŀǊŜ ǿƛŘŜƭȅ ǳǎŜŘ ŀǎ in 

vitro models of cancer. Karpinets and Foy suggest that culturing of the cells mimics 

sustained stress environment (SSE) in a tissue, because of cellular assault and continuing 

proliferation of some cells. This signaling epigenetically reprograms the cells and primes 

them for malignant modifications in the genome. 

Specifically, Karpinets and Foy proposed that cells respond to a SSE by epigenetic 

changes that hypermethylate (turning off) tumor-suppressor genes involved in cell cycle 

arrest, apoptosis (programmed cell suicide) and DNA repair; hypomethylate (thereby 

activating) proto-oncogenes associated with persistent proliferative activity; and 

globally demethylate the genome, activating DNA repeats and promoting genome 

instability. (Methylation involves adding a methyl-group -CH3 to any cytosine base 

directly before a guanine base in the same DNA chain, and has the effect of turning 

genes off; conversely, removing the methyl group, or under methylation turns genes 

on.) 



As a result of these epigenetic changes, the cells continue to replicate, activating the 

processes related to promotion of replication, and suppressing processes related to 

inhibition of proliferation, cell cycle arrest, apoptosis, and DNA repair. Most of the well-

known oncogenes are key regulators in these processes. They concluded that,  

άǘƘŜ ƎŜƴŜǊŀǘƛƻƴ ƻŦ Ƴǳǘŀǘƛƻƴǎ ƛƴ ǘƘŜ ŜǊǊor-prone replications of the 

epigenetically reprogrammed cells is not random. The mutations 

match epigenetic alterations in the cellular genome, namely gain of 

function mutations in the case of hypomethylation and loss of 

functions in the case of hypermethylation. In addition, continuing 

proliferation of the cells imposed by signaling in SSE speeds up the 

natural selection of the mutant cells favoring the survival of the cells 

with mutations that are beneficial in the environment. In this way, a 

stress-induced replication of the cells epigenetically reprograms their 

genome for quick adaptation to stressful environments providing an 

increased rate of mutations, epigenetic tags to beneficial mutations 

and quick selection process. In combination, these processes drive the 

origin of the transformed mammalian cells, cancer development and 

ǇǊƻƎǊŜǎǎƛƻƴΦέ (emphasis ours) 



 

Figure 1: source 

Notably, that epigenetic marks can act as mutagens is not in contention. This is a well-

recognized phenomenon that not only Karpinets and Foy outline but that others have as 

well. In addition, the important role of epigenetics in cancer is also well recognized. 

In fact, cancers are universally associated with abnormalities in gene expression, cellular 

identity, and responsiveness to internal and external cues. Malignant cells also exhibit 

genome-wide alterations in DNA methylation, chromatin structures, and regulatory 

element activities. In addition, many tumors exhibit deranged developmental programs 

indicative of differentiation block or epigenetic reprogramming.  

Furthermore, the work of Andrew Paul Feinberg, considered to be the founder of the 

field of cancer epigenetics, continues to show the relevance of epigenetics in cancer; an 

investigation with Christine Iacobuzio-Donahue demonstrated that pancreatic cancer 

progression is linked to metabolism. Feinberg explains,  

https://academic.oup.com/carcin/article/26/8/1323/2390877
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6378602/#:~:text=According%20to%20this%20idea%2C%20the,the%20course%20of%20multiple%20generations.&text=We%20thus%20call%20it%20'epigenetically%20facilitated%20mutational%20assimilation'.
file:///C:/Users/pompa/Downloads/Karpinets%20and%20Foy
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3307543/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/22126538/
https://www.nature.com/articles/ng.3753?proof=true
https://thepathologist.com/outside-the-lab/the-epigenetic-landscape


άLƴ ǘƘŀǘ ǇŀǇŜǊΣ ǿŜ ǎƘƻǿ ǘƘŀǘ ǘƘŜ ƳŜǘŀǎǘŀǎŜǎ ƛƴ ǇŀƴŎǊŜŀǘƛŎ ŎŀƴŎŜǊ ŀǊŜ 

driven by genomic regions of change from heterochromatin to 

euchromatin. These regions show increased plasticity of gene 

expression, which allows for natural selection of the metastases in 

the absence of any driver mutation. ²ŜΩǾŜ ǇǊƻǾŜƴ ǘƘŀǘ ƳŜǘŀǎǘŀǘƛŎ 

progression is driven by epigenetic changes that arrived within those 

ǇǊƛƳŀǊȅ ƭŜǎƛƻƴǎΦέ όŜƳǇƘŀǎƛǎ ƻǳǊǎύΦ 

However, if we really want to see the importance of epigenetics in cancer that can be 

seen no more clearly than in pediatric malignancies. Childhood cancers have a 14-times 

lower mutation rate compared to adult tumors. In fact, systematic analyses of genetic 

and epigenetic alterations in a variety of pediatric cancers have surprisingly identified 

tumor types with few or no mutations, suggesting that epigenetic derangements can 

themselves drive these cancers. 

άLƴ ǇŜŘƛŀǘǊƛŎ ŎŀƴŎŜǊΣ ƛǘ ƻŦǘŜƴ ƛǎƴΩǘ ŀ 5b! Ƴǳǘŀǘƛƻƴ ŘǊƛǾƛƴƎ ǘƘŜ ŎŀƴŎŜǊ 

but an error in development caused by a change in how gene 

ŜȄǇǊŜǎǎƛƻƴ ƛǎ ǊŜƎǳƭŀǘŜŘΣέ said Olena Vaske, the Colligan Presidential 

Chair in Pediatric Genomics at the University of California Santa Cruz. 

Taken all together, it has become very obvious that mutations are not in the driver 

seat and that it is the epigenome that is the prime moverΦ hƴŎŜ ȅƻǳΩǾŜ ǎƘŜŘ ǘƘŜ ƻƭŘ 

assumptions and actually looked at the evidence there can be no other conclusion.  

What exactly does this all mean then for cancer and its 

treatment? What exactly is cancer, how does it work, and how 

can we treat it? 
άΧany theory of malignancy that does not take account of its 

ǳƴƛŎŜƭƭǳƭŀǊ ƻǊƛƎƛƴ ƛǎ ŘƻƻƳŜŘέΦ Ϥ .ƻǾŜǊƛ 

Well, as mentioned above, an extensive body of evidence demonstrates that cognition is 

invested within all living things at every scope and scale. It is now accepted that self-

referential awareness of status is the conditional aspect of life and an innate property of 

all cells. This self-referential capacity is the means by which all cells assess homeostasis 

and attempt to maintain preferential states. It is thus also that which permits an 

extraordinary range of metabolic responses to stresses. 

https://www.nature.com/articles/s41598-020-58179-0
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4888057/
https://www.cancernetwork.com/view/rna-sequencing-shows-epigenetics-behind-pediatric-cancer


This basal faculty is represented across the cellular sphere, be it microbial or the mixed 

cellular ecologies that comprise multicellular eukaryotic organisms. Therefore, it is 

appropriate to assume that cancer cells would be invested with the same property of 

self-referential awareness that is exhibited by all other cells.  

Importantly, it means that cancer cells have access to the same toolbox as eukaryotes 

do, as they are a direct product of multicellular eukaryotic evolution. Indeed, cancer 

occurrence is widespread across multicellular eukaryotes. It is common in virtually all 

animals, though less so in plants and fungi. Therefore, cancer can be considered as an 

essentially universal biological process occurring in multicellular eukaryotic organisms. 

Specifically, cancer cells have access to the types of tools available to the unicellular 

eukaryotic state. This is a due to the fact that as a condition of multicellular eukaryotic 

life, development remains anchored within cellular terms to the fundamental unicellular 

form despite any outward macro form. 

It has been asserted that the unicellular state is the perpetual epicenter of life. The life 

cycle is dogmatically thought of as the prescribed stages that the organism goes through 

to ultimately reproduce, completing the biologic loop; yet epigenetic inheritance 

bypasses the parents, directly affecting the offspring both genetically and 

phenotypically.  

ά¢Ƙƛǎ ǿƻǳƭŘ ǎǳƎƎŜǎǘ ǘƘŀǘ ǘƘŜ ǇǊƛƳŀǊȅ ǇǊƛƴŎƛǇƭŜ ŀƴŘ ƳŜŎƘŀƴƛǎƳ ƻŦ 

selection is actually the unicellular state, and that some of the 

epigenetic marks acquired during the life cycle are ultimately retained 

ƛƴ ǘƘŜ ƎŜƴŜ Ǉƻƻƭ ōȅ ǘƘŜ ƎŜǊƳƭƛƴŜ ŎŜƭƭǎΦέ  

Certainly, multicellular life has resulted in the evolution of ontogenies that generally 

begin from a single cell every generation. All multicellular eukaryotes experience an 

obligatory return to the unicellular phase. Through meiosis and the unicellular zygotic 

phase that then follows, there is a necessary adjudication of the epigenetic marks that 

are acquired in the macroscopic form and are hallmarks of biological information. These 

are thereafter adjusted in subsequent developmental stages.  

At each stage, the quality and utility of the information available to the participating 

cells is being assessed. Therefore, evolutionary development does not merely extend 

forward from unicellular roots, but remains anchored to those fundamental linkages in 

perpetuity as the stage in which the eukaryotic entity re-centers the information that it 

will use for its next macro elaboration. In consequence, evolutionary development is not 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4929539/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4929531/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4929531/


just a closed path by which contemporary organisms have achieved current biological 

form and function.  

Instead, some of the evolutionary mainstays that have been part of past experience 

remain available through re-connections that perpetually recapitulate through the 

unicellular phase. Therefore, in a cellular world, prior solutions can be re-explored when 

the necessity arises.  

These prior solutions become a continuous evolutionary toolkit based on First Principles 

of physiology which have developed in direct response to environmental stresses. That 

is, all successful adaptations to stress in the past are maintained as part of tƘŜ ŎŜƭƭΩǎ 

arsenal of potential solutions to any problem it runs into in the present.  

From this exceptional state, the cancer cell functions in a similar manner to the 

eukaryotic master unicell bearing some resemblances to the recapitulating zygotic form 

in its flexible adaptation to epiphenomena. Again, this is something Boveri recognized 

stating categorically that,  

άŀƴȅ ǘƘŜƻǊȅ ƻŦ ƳŀƭƛƎƴŀƴŎȅ ǘƘŀǘ ŘƻŜǎ ƴƻǘ ǘŀƪŜ ŀŎŎƻǳƴǘ of its 

ǳƴƛŎŜƭƭǳƭŀǊ ƻǊƛƎƛƴ ƛǎ ŘƻƻƳŜŘέΦ  

Indeed, it is known that within tumor tissues, there are tumor specific stem cells that 

appear to exist within a progenitor state of development. 

Notably, this concept that cancer is in some way connected to its ancient roots or even 

the origin of life is not new. The successful proliferation and longevity of cancers are 

sustained by several factors: high glycolysis, chemoresistance and radio-resistance. 

However, these are all shared metabolic features of many cell types that include 

malignancy and the unicellular sphere. Such traits arose early in evolution and have 

been sustained among prokaryotes. This backward connection towards its primordial 

toolkit enables the aggressive proliferation of cancer cell lineages. 

It has also been suggested that this backwardation is triggered by the dysregulation of 

mitochondria. Mitochondria are not only the cellular equivalent of power plants but also 

metabolite-generating factories that support biomolecule and epigenome modification. 

The metabolites formed within mitochondria are substrates for and regulators of the 

writers and erasers of the epigenome.  

²ƘȅΚ .ŜŎŀǳǎŜ ǘƘŜ ƴǳŎƭŜǳǎ ŎƻǳƭŘƴΩǘ ǊŜǇƭƛŎŀǘŜ ƛǘǎ 5b!Σ transcribe its RNA, or translate it 

into proteins without energy so it monitors the energy flux through the mitochondria. 

And that is done through the high energy intermediates that regulate the epigenome 

https://jcs.biologists.org/content/121/Supplement_1/1
https://pubmed.ncbi.nlm.nih.gov/20059538/
https://pubmed.ncbi.nlm.nih.gov/23519071/
https://pubmed.ncbi.nlm.nih.gov/23519071/


and control the nucleus.  These changes in the epigenome permit modulation of 

bioenergetics in response to short-term fluctuations in the energy environment.  

Depending upon the metabolism of the cell, certain substrates, cofactors and effectors 

ό!¢tΣ !Ŏ/ƻ!Σ b!5IΣ ʰ-ketoglutarate) become available and their metabolism render 

intermediates that in turn generate patterns of epigenetic modifications. 

That this should be the case should be no surprise as the epigenome embodies the 

inheritable response to environmental factors represented by the metabolic response 

to, e.g., disease, nutrition, lifestyle, ultimately translated into the nuclear and 

mitochondrial genomes. 

You see, we're a colony of two genomes, nuclear (nDNA) and mitochondrial (mtDNA). 

The nDNA and mtDNA are coupled together by the epigenome, and ultimately in this 

symphony, the mitochondrial genome is the "conductor" who controls the flow. 

It is the mitochondria that are driving all the substrates of the epi-genome. The nucleus 

cannot replicate its DNA, transcribe its RNA, or translate it into proteins without energy 

from mitochondria. Therefore, it follows that the nucleus must know what the energy 

flux is through the mitochondria. This information comes in the form of the high-energy 

intermediates such as NAD+ and ATP that regulate the epi-genome and control the 

nucleus. This sequence is shown below in a dynamically reciprocal feedback loop 

between the epigenome and the genome. 

 

Figure 2 ς source: Mitochondrial health, the epigenome and healthspan 

http://www.clinsci.org/content/130/15/1285.figures-only


The reciprocal influence between mitochondrial function and the epigenome depends 

upon substrate availability, and is mediated by energy and redox intermediates. In 

response to changes in metabolism, many enzymes that regulate epigenetic 

modifications are potentially susceptible to changes in the levels of ATP, AcCoA, SAM, 

b!5Σ C!5Σ ŀƴŘ ʰ-KG, as well as free radicals. These metabolites drive the modification 

of the epigenome via phosphorylation, acetylation, methylation, and oxidation that 

regulate signal transduction pathways. 

As such, the epigenome represents an interface between metabolism and the gene 

expression machinery of nDNA and mtDNA, whereas the fluxome is the biochemical 

readout of the combined metabolic activities within the cell, which subsequently alter 

the epigenome. 

The resulting gene expression-mediated changes of the metabolome-fluxome will feed-

back into the epigenome signaling pathways, including those involved in mitochondrial 

metabolism. The epigenome altered mitochondrial metabolism then produces 

metabolites and intermediaries which in turn alter the epigenome which alters the 

genome which alters mitochondrial metabolism, and so on and so forth - thus closing 

the loop. 

Such as it is then damage done to the mitochondrial DNA and the nuclear DNA 

responsible for energy production can produce an altered fluxome which thereby results 

in an altered cellular phenotype. Specifically, through this process, the phenotype of a 

previously differentiated cell reverts to the phenotype of a facultative anaerobic, 

heterotrophic cell optimized for survival and proliferation in primordial hypoxic 

environments.  

This phenotype matches the phenotype of the last eukaryotic common ancestor (LECA) 

ǘƘŀǘ ǊŜǎǳƭǘŜŘ ŦǊƻƳ ǘƘŜ ŜƴŘƻǎȅƳōƛƻǎƛǎ ōŜǘǿŜŜƴ ŀƴ ʰ-proteobacteria (which later 

became the mitochondria) and an archaebacteria.  

ά!ǎ ǎǳŎƘΣ ǘƘŜ ŜǾƻƭǳǘƛƻƴ ƻŦ ŎŀƴŎŜǊ ǿƛǘƘƛƴ ƻƴŜ ƛƴŘƛǾƛŘǳŀƭ Ŏŀƴ be viewed 

as a recapitulation of the evolution of the eukaryotic cell from fully 

differentiated cells to LECAΧέ 

άIn other words, the evolution of tumors might be seen as a movie of 

the evolution of the eukaryotic cell, played in reverse and at high 

speed, whereby the more aggressive phenotype a tumour achieves, 

the more it resembles LECA. Broadly speaking, tissues of normal 

differentiated cells would be on one end of the cancer spectrum. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5066813/


Tumors comprising cancer stem cells would represent self-organized 

assemblages of clone cells with only a moderate division of labour (an 

intermediate stage in the evolution of multicellularity). Metastatic 

cancer stem cells would represent LECA: a free-living, motile, 

facultative anaerobic organism capable of proliferative growth and 

ǊŜǇƭƛŎŀǘƛǾŜ ƛƳƳƻǊǘŀƭƛǘȅΦέ (emphasis ours) 

You see, mitochondria initially played a crucial role in the evolution of eukaryotes in the 

first place and subsequently have been essential for the major transitions that have 

occurred in eukaryotic organisms thereafter including the evolution of multicellular 

eukaryotes. Accordingly, then, loss of mitochondrial functioning leads to a loss of 

complexity, which essentially entails a reverse evolution to simpler forms. 

In the late twentieth century, a consensus emerged that the history of life shows a 

repeating pattern. Lower-level biological units repeatedly banded together to form 

higher-level units. In this process, much of the complexity of life emerged.  

In fact, the history of life on earth consists of a series of major transitions in which 

lower-level biological units cooperatively banded together to form higher-level 

biological units. First groups of molecules, then molecules within cells, then simple cells 

within complex cells, complex cells within multicellular organisms, and multicellular 

organisms within societies. In the process of these transitions, life became increasingly 

complex. 

In each case, a number of smaller units, originally capable of surviving and reproducing 

on their own, became aggregated into a single larger unit, thus generating a new level of 

biological organization. The heterarchy of life is the central landscape of collectivity in 

the living world-eusocial societies composed of multicellular organisms, multicellular 

organisms composed of single (eukaryotic or prokaryotic) cells, single (eukaryotic) cells 

composed of (prokaryotic) cells, cells composed of gene networks, and gene networks 

composed of replicating genes.  

This system of systems is a result of self-organization. In general terms, self-organization 

can be defined as the spontaneous emergence of macroscopic non-equilibrium dynamic 

structures, as a result of the collective behavior of elements interacting nonlinearly with 

each other, to generate a system which increases its structural and functional 

complexity, driven by energy dissipation. 

In other words, macroscopically self-organized structures are dissipative, i.e., they are 

maintained by a continuous flow of matter and energy. Thus, the increase in complexity 

https://www.nature.com/articles/nature09486
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3685466/#s4title


that has occurred through evolution has come at the cost of increased energy flow. This 

means that in order to evolve from relatively simple prokaryotes to eukaryotes and 

thence to multicellular organisms, our cells had to incorporate the mitochondria which 

now serve as the power plant in virtually every cell in our body. Complex life is not 

possible without these all-important organelles. 

As Nick Lane, Professor of Evolutionary Biochemistry in the Department of Genetics, 

Evolution and Environment at University College London has put it,  

ά!ƭƭ ŎƻƳǇƭŜȄ ƭƛŦŜ ƛǎ ŎƻƳǇƻǎŜŘ ƻŦ ŜǳƪŀǊȅƻǘƛŎ όƴǳŎƭŜated) cells. The 

eukaryotic cell arose from prokaryotes just once in four billion years, 

and otherwise prokaryotes show no tendency to evolve greater 

complexity. Why not? Prokaryotic genome size is constrained by 

bioenergetics. The endosymbiosis that gave rise to mitochondria 

restructured the distribution of DNA in relation to bioenergetic 

membranes, permitting a remarkable 200,000-fold expansion in the 

number of genes expressed. This vast leap in genomic capacity was 

strictly dependent on mitochondrial power, and prerequisite to 

eukaryote complexity: the key innovation en route to multicellular 

ƭƛŦŜΦέ Ϥ Nick Lane (emphasis ours) 

The transition to complex life on Earth was a unique event that hinged on a bioenergetic 

jump afforded by combinatorial relations between two cells and two genomes 

(endosymbiosis). Similarly, the jump from pre-life to the first living systems, and the 

jump from unicellular organisms to multicellular organisms involved bioenergetic jumps. 

These trajectories are constrained by thermodynamics. No energy; no evolution. There 

is nothing in evolutionary theory that explains why life arose very early on Earth, nearly 

4 billion years ago; why there was then a delay of 2ς3 billion years before more complex 

eukaryotic cells first arose; why the origin of eukaryotes was apparently a singular 

event; or why eukaryotes share so many complex traits which show no tendency to 

evolve in prokaryotes at all. Yet all these major evolutionary transitions have an 

energetic basis, and, in some cases, an energetic cause. 

At each successive increase in complexity a consonant increase in free energy was 

required. Correspondingly, in order for a system to maintain its structure, and keep 

increasing its complexity which in turn allows for it to compete with the ever-changing 

complex environment, the system needs to increase the amount of free-energy. This 

https://iris.ucl.ac.uk/research/personal/index?upi=NJLAN31
http://www.ucl.ac.uk/gee/
http://www.ucl.ac.uk/gee/
http://nick-lane.net/wp-content/uploads/2016/12/Lane-Martin-Nature-hypothesis.pdf
http://nick-lane.net/wp-content/uploads/2016/12/Lane-Martin-Nature-hypothesis.pdf


point is worth ǊŜƛǘŜǊŀǘƛƴƎΣ ǘƘŀǘ ǿƛǘƘƻǳǘ ǘƘŜ ƴŜŎŜǎǎŀǊȅ ŦǊŜŜ ŜƴŜǊƎȅ ƭƛŦŜΩǎ ǎȅǎǘŜƳǎ ŀǊŜ 

unable to maintain their complexity. 

From this theory, we argue that when a system loses free energy it should in turn lose 

complexity. And as Nick Lane so eloquently puts it, complex eukaryotic life would not be 

possible without the energy the mitochondria provide. Thus, we argue that a loss and or 

deterioration in both the quality and number of our mitochondria should lead to a loss 

of complexity. This loss of complexity can manifest in the origin of uncooperative, 

unicellular eukaryotic cells within the multicellular eukaryotic host,  

άcancer is characterized by a breakdown of the central features of 

cooperation that characterize multicellularity, including cheating in 

proliferation inhibition, cell death, division of labour, resource 

allocation and extracellular environment maintenance (which we 

term the five foundations of multicellularity).έ 

These uncooperative cells, now separate from the original organism, become their own 

organism and commence competition with the host. Without the constraints of 

multicellularity - the above mentioned five foundations of multicellularity ς the cancer 

has an advantage and via niche construction can explore and take over the environment 

that is the host. 

Notably, this is likely why the cybrid experiments referenced above were able to revert 

the cancer cells ς because in essence what was occurring was a mitochondrial 

transplantation whereby dysfunctional mitochondria were replaced with healthy 

mitochondria. With the fundamental cause of the cancers essentially fixed the 

phenotype of the cancer cells was able to be restored to that of normal cells. The cancer 

cells essentially re-evolved.  

In the absence of such a re-evolution, however, neoplasia utilizes genomic instability or 

lability as its means, skewing from normal cells based upon its own exclusive 

adjudication of the impacts of epiphenomena as it reaches towards its own idiosyncratic 

homeostatic needs. Reverse evolution constitutes one of its tools. 

In this way, chromosomal instability, which Boveri was right to focus on but just came to 

the wrong conclusions concerning it, can be seen to be a means of rapid expression of 

a range of phenotypes and pleiotropic/epistatic flexibility enabled through its ability 

to singularly reconnect with its evolutionary past. Certainly, it is well recognized that 

genomic instability, of which CIN a major contributor, is a defining hallmark of cancer 

cells, 

https://royalsocietypublishing.org/doi/10.1098/rstb.2014.0219
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5973602/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/23633034/


άGenomic instability is a hallmark of cancer that leads to an increase 

in genetic alterations, thus enabling the acquisition of additional 

ŎŀǇŀōƛƭƛǘƛŜǎ ǊŜǉǳƛǊŜŘ ŦƻǊ ǘǳƳƻǊƛƎŜƴŜǎƛǎ ŀƴŘ ǇǊƻƎǊŜǎǎƛƻƴΦέ 

Importantly, it is recognized that genomic instability is regulated by the epigenome. 

Moreover, CIN is a regular stress-inducible feature of eukaryotes in general, and is 

recognized to endow tumors with enhanced evolutionary capabilities through large-

scale genetic changes, changing the expression of many genes at once, which can not 

only facilitate adaptive resistance to therapies, as well as metastatic behavior, but also 

cancer immortality.  

It is known that cancer lineages have the ability to avoid the normal checkpoints of 

cellular regulation to empower longevity,  

άǘƻ ǊŜŀŎƘ ƛƳƳƻǊǘŀƭƛǘȅΣ ŀ ǘǳƳƻǊ ŎŜƭƭ ǎƘƻǳƭŘ ǳƴŎƻǳǇƭŜ ŦǊƻƳ ΨŘŜŀǘƘ-

ƭƛƴƪŜŘΩ ǊŜƎǳƭŀǘƛƻƴǎ ƻŦ ƴƻǊƳŀƭ ƳƛǘƻǘƛŎ ŎƘŜŎƪǇƻƛƴǘǎ ŀƴŘ ōŜŎƻƳŜ ŀƭƛƎƴŜŘ 

ǘƻ ǘƘŜ ŎŜƭƭ ǎȅǎǘŜƳǎ ŦƻǊ ǇŜǊǇŜǘǳŀǘƛƴƎ ƭƛŦŜ ŎȅŎƭŜǎέ 

This same exceptional facility permits successive rounds of under-regulated genetic 

variation and the backtracking of the cell towards more primitive pluripotential forms. A 

consequence of this advantage is hyper-adaptability.  

That is, just like all cells, neoplastic cells remain in connection with their unicellular 

roots. However, as opposed to a typical differentiated cell, the more flexible cancer cell, 

in the absence of normal checkpoints, utilizes an invigorated form of reverse evolution 

for coping with epigenetic stresses. This enables the neoplastic clonal lineage to reach 

backward into its cellular toolkit to maintain preferential homeostasis. It directs this 

flexible backwardation towards its phenotypic map through processes of natural cellular 

engineering, similar to all cells.  

Given the above explanation for what cancer is, and importantly what it is not, it is easy 

to see why traditional chemotherapy has been a resounding failure for the past seventy 

years ς it is founded fundamentally on wrong assumptions.  

TŀǊƎŜǘŜŘ ƻǊ ǇǊŜŎƛǎƛƻƴ ǘƘŜǊŀǇȅΣ ǿƘƛŎƘ ƛǎ ǎǳƳƳŜŘ ǳǇ ƛƴ ǘƘŜ ǇƘǊŀǎŜΣ άǘƘŜ ǊƛƎƘǘ ŘǊǳƎΣ ŦƻǊ 

ǘƘŜ ǊƛƎƘǘ ǇŀǘƛŜƴǘΣ ŀǘ ǘƘŜ ǊƛƎƘǘ ǘƛƳŜΣέ ŀǘǘŜƳǇǘǎ ǘƻ ŜȄǇƭƻƛǘ ŀ ǘǳƳƻǊϥǎ ŘŜǇŜƴŘŜƴŎŜ ƻƴ ŀ 

mutated critical proliferation or survival ǇŀǘƘǿŀȅΦ ¢ƘŜ ƴŜǿŜǎǘ ŘǊǳƎǎ ŘƻƴΩǘ ǿƻǊƪ ƻƴ 

ŀƴȅōƻŘȅΩǎ ǘǳƳƻǊǎΣ ōǳǘ ǊŀǘƘŜǊ ƻƴ the specific cells within certain tumors that have a 

particular mutation. This, they call progress; and yet, in the past, revolutions in science 

have always, always referred to fundamental simplifications. This complexification is the 

exact opposite.  

https://core.ac.uk/download/pdf/8281949.pdf
https://link.springer.com/article/10.1007/s00018-007-6358-x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3276732/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3781365/
file:///C:/Users/Brennan%20O'Dea/Downloads/2012MetastasisDuesbergCC.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3610726/
https://www.nature.com/articles/onc2010310


When looking at the SMT model of today and the paradigms of targeted and precision 

therapy one can't help but to be reminded of the epicycle model. A geocentric 

astronomical model prevalent from ~300 BC to the late middle ages. In order for the 

proponents of the theory to explain the ever-growing mountain of problems associated 

with normal sky observations, epicycles were invented. This explained the movements 

of the heavenly bodies without having to adjust Earths position as the center of the 

solar system. The epicycles became more and more complex as time went by. 

We see a great resemblance today within oncology (and the rest of biology): extreme 

complexity, non-accurate predictions, ad hoc-solutions, parroting, the good old "so 

many people can't be wrong for such a long time", great resistance towards alternatives 

etc.. 

They say we know better today, but that's what they've always said. If one does some 

digging, they will find that our very recent history is filled with mistakes not only in 

biology but in all scientific disciplines.  

Much like cancer cells, science is moving in the wrong direction. Ignoring the fact that 

mutations are only secondarily driving the transformation and progression of cancer 

cells, each cancer cell is still nonetheless different in the details despite the fact that in 

the grand scheme they are all the same. That is, each cancer cell is potentially different 

from all the rest as each cell is adapting/evolving semi-independently from the rest. This 

results in a remarkable tumor heterogeneity.  

Tumor heterogeneity refers to the existence of subpopulations of cells, with distinct 

genotypes and phenotypes that may harbor divergent biological behaviors, within a 

primary tumor and its metastases, or between tumors of the same histopathological 

subtype (intra- and inter-tumor, respectively). It also means that each cancer cell is not 

only potentially different from each other but that the same cancer cell is potentially 

different from one moment to the next. Cancer is an evolving entity, a moving target. 

In fact, precision cancer therapy will not help the majority of advanced disease cases 

and even when clinical benefit is observed, it is often of limited duration owing to the 

fact that the treatment is in effect only targeting the symptoms and not the base cause. 

Moreover, even when benefit is seen either the cancer cells without the specific 

mutation being targeted remain resistant to treatment and take over where the 

susceptible cancer cells have faltered or the cancer cells with the specific mutation find 

an adaptation that makes them resistant to treatment.  

Tumors are dynamic organisms that adapt rapidly and ruthlessly to their environments 

τ ƛǘΩǎ ǎǳǊǾƛǾŀƭ ƻŦ ǘƘŜ ŦƛǘǘŜǎǘ ƛƴ ǘƘŜ ǘǳƳƻǊ ŜƴǾƛǊƻƴƳŜƴǘΣ ŀƴŘ ǿƘŜƴ ǘƘŜ ŦƛǘǘŜǎǘ ƳŜŀƴǎ ǘƘŜ 

http://www.polaris.iastate.edu/EveningStar/Unit2/unit2_sub1.htm


least likely to respond to chemotherapy, that inevitably leads to drug resistance and 

eventually a need for new treatment. In the end, these overly selective therapies end up 

strengthening the cancer.  

Cancer, like all biological organisms, is anti-fragile. Stress, unless truly large enough 

which would very likely result in the death of the host as well, only makes cancer 

stronger. This kind of cancer treatment is, in essence, a process of selection: sensitive 

cells die, while resistant cells are selected for and remain in the tumor and actually 

evolve to become stronger. Precision/targeted treatment becomes just another one of 

those modifiers of the selection pressure exerted to shape tumor evolution.  

In most aggressive tumors, tumor shrinking is only temporary, and the tumor grows 

back even bigger. After several courses of different therapies, the result can come out as 

a tangled mess of invasive tissue with a vexing and resilient mutational landscape. In 

effect, the cells of a tumor are evolving to become more cancerous. 

²ŜΩǾŜ ōŜŜƴ ǇƭŀȅƛƴƎ ǿƘŀŎƪ-a-mole with cancer for the past 70 years. We can hit them 

faster and with more accuracy now than we used to, but no matter how many we knock 

down, another invariably pops up. 

The issue is that the opponent is not the individual mutations, but nothing less than 

evolution itselfτthe most dangerous foe of all, with a counter for every move. As the 

British chemist Leslie Orgel once said,  

ά9Ǿƻƭǳǘƛƻƴ ƛǎ ŎƭŜǾŜǊŜǊ ǘƘŀƴ ȅƻǳ ŀǊŜΦέ  

So, rather than going after specific cancer genes, we could, instead, target 

the evolution of tumorsτhow they change over time. If we could halt or even reverse 

the reverse evolution of tumors we could provide a big advantage to conventional 

treatment. 

The Evolutionary Approach to Cancer therapy 
If we want to target the evolution of tumors then it might do well to hit them where the 

major source of their hyper-adaptability issues from, namely the cell-cycle. 

As noted above, the disregard of the normal checkpoints of the cell, e.g., those of the 

cell-cycle, act as a fulcrum which the cancer cell uses to affect its hyper-adaptability. For 

ƻƴŜΣ YŀǊǇƛƴŜǘǎ ŀƴŘ CƻȅΩǎ ǇǊƻǇƻǎŜŘ ǘǳƳƻǊƛƎŜƴŜǎƛǎ ǇǊƻƳƻǘƛƴƎ ƳǳǘŀǘƻǊ ǊŜǎǇƻƴǎŜ όawύΣ ƛǎ 

based on an error-prone cell-cycle progression.  

They further point out that two stress-induced epigenetic events are a requisite for 

cancer development in the hypothesis. They are: 

https://academic.oup.com/carcin/article/26/8/1323/2390877


(i) epigenetic silencing/activation of oncogenes involved in proliferation, cell-

cycle control and DNA repair 

(ii) global hypomethylation of the genome.  

In concordance with the hypothesis, studies show early epigenetic silencing of genes 

involved in the activation of cell-cycle arrest and apoptosis. Furthermore, it is well 

recognized that the cell cycle is tightly intertwined with cell fate decisions. In order to 

transition from one state to another, cells must modify their transcriptome, epigenetic 

landscape and chromosome architecture in a highly coordinated way.  

Over the last quarter of a century, numerous observations have established a role for 

the cell cycle in broad aspects of cell fate decisions, and have shown that the expression 

ƻŦ ŎŜƭƭ ŦŀǘŜ ΨŘŜŎƛǎƛƻƴΩ ƎŜƴŜǎ ƛǎ ƻŦǘŜƴ ŎƻǳǇƭŜŘ ǘƻ ŎŜƭƭ ŎȅŎƭŜ ǊŜƎǳƭŀǘƻǊȅ ƳŜŎƘŀƴƛsms.  

ά¢ƘŜǎŜ ǎǘǳŘƛŜǎ ǎƘƻǿ ǘƘŀǘ ǘƘŜ ŎŜƭƭ ŎȅŎƭŜ ƳŀŎƘƛƴŜǊȅ ƛƳǇŀŎǘǎ 

chromosome architecture, the epigenome and transcriptional 

programs required for cell identity in multiple contexts including 

differentiation, reprogramming and trans-ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴΦέ 

As the cell division cycle globally disrupts and reorganizes the molecular content of the 

cell, it may represent a most effective path for the genome to be interpreted in a 

different manner as compared to its predecessors. This is important in the context of 

cancer as cancer cells require the retention of the transformed phenotype, that is, 

unrestricted proliferative potential, suppression of cell phenotype, and activation of 

oncogenic pathways. This cancer cells can only do by fiddling with their cell-cycle 

machinery. 

The cell-cycle in effect then becomes a target for an evolutionary treatment approach 

to cancer. By properly inhibiting the previously unregulated cell-cycle we can effectively 

ƛƴƘƛōƛǘ ŎŀƴŎŜǊΩǎ ƘȅǇŜǊ-adaptability, its motility (its proclivity towards Metastasis), and 

even its immortality (which is really a population, a species, level immortality ς single 

ŎŀƴŎŜǊ ŎŜƭƭǎ ƻǳǘǎƛŘŜ ƻŦ ǇŜǘǊƛ ŘƛǎƘŜǎ ŘƻƴΩǘ ǇƻǎǎŜǎǎ ƛƳƳƻǊǘŀƭƛǘȅ ŀƴȅ ƳƻǊŜ ǘƘŀƴ ƴormal 

cells). Properly is the key here, however, for while there are several cell-cycle proteins 

that can be targeted, including the Cyclin-Dependent Kinases (CDKs) the inhibitors of 

which are already FDA approved for treatment of certain cancers, there are relatively 

few that have been with eukaryotes since their emergence estimated 2 billion years ago. 

For example, it is thought that άŀǘ ŜŀǊƭȅ ǎǘŀƎŜǎ ƻŦ ŜǾƻƭǳǘƛƻƴΣ ǘƘŜ ŜǳƪŀǊȅƻǘƛŎ ŎŜƭƭ ŎȅŎƭŜ ǿŀǎ 

ƴƻǘ ŎƻƴǘǊƻƭƭŜŘ ōȅ /5YǎέΦ The evidence indicates that CDKs άōǊŀƴŎƘ ƻŦŦ ǘƘŜ ǇƘȅƭƻƎŜƴŜǘƛŎ 

tree at a late stage, after several other kinases involved in either mitosis or meiosis 

https://dev.biologists.org/content/143/23/4301
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3610726/
https://pubmed.ncbi.nlm.nih.gov/12546794/


ǊŜƎǳƭŀǘƛƻƴέ, and that specifically the CDK4/6 subfamily (which is the target of the FDA 

approved CDK inhibitors) emerged only with the eumetazoans ς i.e., after the evolution 

of multicellular organisms and therefore cancer. Thus, the CDKs are largely redundant 

and removing them one at a time is actually non-lethal embryonically across the board, 

άƴƻƴŜ ƻŦ ǘƘŜǎŜ ƎŜƴŜǎ ƛǎ ǎǘǊƛŎǘƭȅ ŜǎǎŜƴǘƛŀƭ ŦƻǊ ŎŜƭƭ ŎȅŎƭŜ ǇǊƻƎǊŜǎǎƛƻƴέΦ 

If normal cells do not require CDKs, then cancer cells with represent single cell 

eukaryotic atavisms will certainly not either. Thus, the efficacy of CDK inhibition for 

cancer therapy is incredibly limited, which makes it no surprise that, άǊŜǎƛǎǘŀƴŎŜ ǘƻ 

CDK4/6 inhibitors is considered a near-ƛƴŜǾƛǘŀōƛƭƛǘȅ ƛƴ Ƴƻǎǘ ǇŀǘƛŜƴǘǎέ.  

In contrast to the CDKs, a more ideal cell-cycle target is one that has been around since 

the initial evolution of Eukaryotes. This would be a protein that would be absolutely 

essential to the workings of the cell-cycle and its absence would result in embryonic 

lethality. It would accordingly be essential to cancer cells ς ǎƻƳŜǘƘƛƴƎ ǘƘŜȅΩŘ ōŜ ƘŀǊŘ 

pressed to get around ς and which would become more vital the further the cancer cells 

progressed in their reverse evolution. 

Enter PLK1: 
"ΧIf your quarry goes to ground, leave no ground to go to. You should 

have taken my offer. Or did you think none of this was your fault?" ~ 

The Operative, Serenity (Film) 

PLK1 is the founding member of the polo-like kinase (PLK) family. PLK1 is a master 

regulator of cell division. By phosphorylating different substrates, Plk1 controls a 

number of processes throughout the cell cycle, including centrosome 

maturation, mitotic entry, spindle assembly anaphase entry, chromosome 

segregation and condensation, as well as cytokinesis. 

https://bmcevolbiol.biomedcentral.com/articles/10.1186/1471-2148-14-10
http://genesdev.cshlp.org/content/18/22/2699.full
https://www.frontiersin.org/articles/10.3389/fonc.2019.00666/full
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3230524/#__sec2title


 

Figure 3: source 

Importantly, PLK1 is ancient ς perhaps as ancient as 2 billion years - as old as eukaryotes 

themselves. When eukaryotes first formed from the symbiotic merger of an archaea and 

a bacterium a new cell cycle process needed to be established as the cytoskeleton, and 

the cell as a whole, became increasingly complex. PLK1 was one such mechanism that 

evolved at the time and has been with us since.  

Polo like kinases are found in all eukaryotic lineages other than plants (and even these 

still have a PLK1 analogue that they replaced PLK1 with) and apicomplexans (which are 

protozoan parasites and represents some of the most divergent eukaryotes). The PLK1 

subfamily is universal within this group, highlighting its critical role. 

t[YмΩǎ ŀŎǘƛǾƛǘƛŜǎ ƘŀǾŜΣ ƛn fact, been recognized to be essential for the development of 

multicellular organisms. For example, beyond the cell cycle PLK1 is involved in the 

epithelial-mesenchymal transition (EMT) which is a process important for embryonic 

ŘŜǾŜƭƻǇƳŜƴǘΦ LƳǇƻǊǘŀƴǘƭȅΣ ǘƘƛǎ ƛǎ ŀƴ ŜȄǇǊŜǎǎƛƻƴ ƻŦ t[YмΩǎ ƛƴǾƻƭǾŜƳŜƴǘ ǿƛǘƘ ǘƘŜ 

fundamental unicellular trait of motility. Accordingly, PLK1 is involved in cancer cell 

migration and invasion, 

https://europepmc.org/article/med/25949173
https://www.jstage.jst.go.jp/article/cytologia/82/3/82_MS1944/_pdf
https://www.sciencedirect.com/science/article/pii/S221112471630320505
https://www.sciencedirect.com/science/article/pii/S221112471630320505
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5664070/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5664070/


άElevated PLK1 expression has been associated with an increased 

invasiveness of colorectal, breast, renal, and thyroid caƴŎŜǊ ŎŜƭƭǎΧhǳǊ 

recent study has provided direct evidence of the pro-invasive activity 

ƻŦ t[Yм ƛƴ ǘǳƳƻǊ ǇǊƻƎǊŜǎǎƛƻƴΧLƴ ŀŘŘƛǘƛƻƴ ǘƻ 9a¢ 

induction, PLK1 overexpression in prostate epithelial cells led to 

ŜƴƘŀƴŎŜŘ Ƴƻǘƛƭƛǘȅ ŀƴŘ ƛƴǾŀǎƛǾŜƴŜǎǎΧt[Yм ŘƛǊŜŎǘƭȅ ǊŜƎǳƭŀtes the 

velocity of epithelial cell migration, independently of its effects on 

ƻǘƘŜǊ ŎŜƭƭǳƭŀǊ ǇǊƻŎŜǎǎŜǎΧ/ƻƴǎƛǎǘŜƴǘƭȅΣ t[Yм ŘƻǿƴǊŜƎǳƭŀǘƛƻƴ ƛƴ 

ƳŜǘŀǎǘŀǘƛŎ ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ŎŜƭƭǎ ƛƴƘƛōƛǘŜŘ ŎŜƭƭ ƳƻǘƛƭƛǘȅΦέ 

Likewise, PLK1 regulates metabolism but not just any metabolism. It specifically 

promotes the Warburg effect which is the growth metabolism and also, accordingly, the 

metabolism that is used during the ancient days before eukaryotes become more 

capable of oxygen dependent oxidative phosphorylative metabolism. The Warburg 

effect is also the metabolism that is vital for important stages of embryonic 

development ς ontogeny recapitulates phylogeny. PLK1 thus helps promote the 

metabolism that alters the fluxome to induce a phenotypic reversion to a unicellular 

state. 

Taken together, then, it should come as no surprise then that PLK1 has proven essential 

for early embryonic development as well as the adaptive resistance of cancer cells to 

treatment, άǘƘŜ ƛƴƘƛōƛǘƛƻƴ ƻŦ PLK1 may overcome drug resistance in cancer chemotherapy and 

ŜƴƘŀƴŎŜ ǎŜƴǎƛǘƛǾƛǘȅ ƻŦ ŎŀƴŎŜǊ ǊŀŘƛƻǘƘŜǊŀǇȅΦέ 

Without PLK1 there is no eukaryotic life (outside of plants and protozoan parasites). The 

same is true of cancer cells, which are just another form of eukaryotic life ς hence why 

PLK1 is rarely if ever mutated in cancer, 

άtƭƪм ƛǎ ǊŀǊŜƭȅ ŦƻǳƴŘ ƳǳǘŀǘŜŘ ƛƴ ǘǳƳƻǊǎ όŀōƻǳǘ м҈ ƻŦ тпплн ǘǳƳƻǊŀƭ 

ǎŀƳǇƭŜǎΧ ŀƴŘ ǿƘŜƴ ƳǳǘŀǘŜŘΣ ǘƘƛǎ ǇǊƻōŀōƭȅ ƘŀǇǇŜƴǎ ŀǘ ƭŀǘŜ ǎǘŀƎŜǎ ƻŦ 

the tumoral progression. The low mutation rate in the Plk1 gene is 

most probably due to the fact that Plk1 is an essential cell 

proliferation gene, therefore cells cannot handle the Plk1 loss of 

functionέ (emphasis ours) 

In contrast, with excess PLK1 cancer cells are able to not only survive but promote their 

own adaptive evolution. Via upregulation of PLK1 cancer cells override the normal 

checkpoints of the cell, allowing the cancer to utilize their invigorated form of reverse 

https://mcb.asm.org/content/34/19/3642
https://medicalxpress.com/news/2017-03-unusual-metabolic-illuminates-embryonic-cancer.html#:~:text=In%20a%20phenomenon%20known%20as,even%20when%20oxygen%20is%20available.&text=Scientists%20have%20also%20been%20aware,and%20cancerous%20cells%20remained%20murky.
https://medicalxpress.com/news/2017-03-unusual-metabolic-illuminates-embryonic-cancer.html#:~:text=In%20a%20phenomenon%20known%20as,even%20when%20oxygen%20is%20available.&text=Scientists%20have%20also%20been%20aware,and%20cancerous%20cells%20remained%20murky.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2573299/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5124362/#:~:text=Inhibition%20of%20PLK1%20expression%20could,promising%20target%20for%20cancer%20treatment.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6470689/


evolution for coping with epigenetic stresses while also retaining their transformed 

phenotype through the mitotic process. 

 

Figure 4: source 

Furthermore, PLK1 has been shown to play a key role in acquired chemotherapeutic 

resistance of cancer cells. 

 άThis drug is used against many different kinds of cancer, but has 

issues with cytotoxicity and development of drug resistance. 

Interestingly, it has recently been shown that Plk1-mediated p53 

inactivation contributes to doxorubicin resistanceΧ 

Song and colleagues showed that Plk1-associated kinase activity 

drives DNA replication under stress, resulting in acquired gemcitabine 

resistance in pancreatic cancer cellsΧ 

It has been demonstrated that Plk1 contributes to Taxol resistance via 

its ability to regulate microtubule dynamics and microtubule-

kinetochore attachment.έ 

PLK1 is also a well-recognized marker for proliferation and its overexpression in various 

human cancers appears to be sufficient to override cellular checkpoints and induce 

genetic instability, promoting tumorigenesis,  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5664070/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4936921/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4936921/
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https://www.researchgate.net/publication/6947445_Overexpression_of_Polo-Like_Kinase_1_PLK1_and_Chromosomal_Instability_in_Bladder_Cancer
https://www.researchgate.net/publication/6947445_Overexpression_of_Polo-Like_Kinase_1_PLK1_and_Chromosomal_Instability_in_Bladder_Cancer
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click on image to zoom&p=PMC3&id=5664070_cancers-09-00131-g002.jpg


ά¢ǳƳƻǊǎ ǿƛǘƘ t[Yм ƻǾŜǊŜȄǇǊŜǎǎƛƻƴ ǿŜǊŜ ŀǎǎƻŎƛŀǘŜŘ Ƴƻre frequently 

with CIN (p < 0.0001), DNA aneuploidy (p = 0.0007) and centrosome 

ŀƳǇƭƛŦƛŎŀǘƛƻƴ όǇ Ґ лΦллмоύ ǘƘŀƴ ǘƘƻǎŜ ǿƛǘƘƻǳǘέ 

Accordingly, it is linked to higher grade tumors, is involved with acquisition of resistance 

for various cancer therapies, 

ά[ƛƪŜƭȅ ōŜŎŀǳǎŜ ƻŦ ƛǘǎ ŎŜƴǘǊŀƭ ǊƻƭŜ ƛƴ ŎŜƭƭ-cycle progression and other 

cellular processes such as the DNA damage pathway, Plk1 has been 

found to be involved in the mechanisms of resistance to several 

ŎƘŜƳƻǘƘŜǊŀǇȅ ŘǊǳƎǎέ 

and is associated with poor prognosis in many different cancers,  

άA number of studies have revealed that PLK1 is overexpressed in 

cancers compared with normal controls in various types of human 

cancers such as glioma, thyroid carcinoma, head and neck squamous 

cell carcinoma, melanoma, colorectal cancers, esophageal carcinoma, 

ovarian carcinoma, breast cancer, and prostate cancerΦέ 

There is also evidence that later stage cancers rely more heavily on PLK1 than their early 

stage counterparts, 

άWe found that PLK1 has significantly higher expression levels in late 

stage of cancers than in early stage of cancersέ 

This is what we would expect if cancer cells are undergoing a sort of reverse evolution ς 

the further back they go the less they rely on more recent evolutionary innovations and 

the more they rely on the more ancient proteins.   

For example, androgen-insensitive (AI) Prostate Cancer (LNCaP-AI) cells when 

transitioning from a state of androgen sensitivity undergo a genetic reprogramming to 

selectively upregulate the expression of M-phase cell-cycle genes which is heavily reliant 

on PLK1. As a consequence of this reliance on PLK1 the LNCaP-AI cells become highly 

sensitive to PLK1 inhibition. 

άLƴ ŀƴƻther important study, Plk1 inhibition was demonstrated to 

ŜƴƘŀƴŎŜ ǘƘŜ ŜŦŦƛŎŀŎȅ ƻŦ ŀƴŘǊƻƎŜƴ ǎƛƎƴŀƭƛƴƎ ōƭƻŎƪŀŘŜ ƛƴ /wt/Φέ 

A similar transformation happens in Tamoxifen-Resistant (TAMR) Breast Cancer cells 

which are associated with a more aggressive cancer phenotype. In their transformation, 

these cells gain some advanced biological features, such as an epithelial-to-

file:///E:/writing/is%20linked%20to%20higher%20grade%20tumors
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4936921/
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https://www.nature.com/articles/onc2012309


mesenchymal transition (EMT) phenotype and some stem-cell-like properties. TAMR 

ŎŜƭƭǎΩ reprogramming of PLK1 has been found to be critical to the changes that occur in 

these cells and for their aggressiveness. Just as in the androgen insensitive prostate 

cancer cells, these TAMR cells are highly sensitive to PLK1 inhibition.  

It seems that wherever cancer cells transform to a more advanced, aggressive, difficult 

to treat phenotype PLK1 is involved ς Ƨǳǎǘ ŀǎ ȅƻǳΩŘ ŜȄǇŜŎǘ ƎƛǾŜƴ ƻǳǊ ǘƘŜǎƛǎ - and this 

increased reliance on PLK1 makes them particularly susceptible to PLK1 inhibition. This 

includes cancers that are characterized by high rates of specific mutations treatments 

for which have long been sought after. The most notable of which are perhaps the KRAS 

mutant cancers ς more on this later. 

We think that PLK1 inhibition in this, and likely all, case(s) primarily works not 

necessarily by directly killing the cancer cells ς ŀƭǘƘƻǳƎƘ ǘƘŀǘΩǎ ƴƻǘ ŎƻƳǇƭŜǘŜƭȅ ƛǊǊŜƭŜǾŀƴǘ 

ς but via halting of the reverse evolutionary process of cancer cells and even potentially 

inducing the reversion of the cancer phenotype to a more remediable state. In point of 

fact, cellular senescence, a permanent state of cell cycle arrest which equates to a loss 

of a cell's power of division and growth, has found to be the predominant outcome of 

PLK1 inhibition in some cancer cell lines. Cellular senescence has been considered to be 

a suppressive mechanism of tumorigenesis and it is thought to be a promising strategy 

for cancer therapy, 

άŎŜƭƭǳƭŀǊ ǎŜƴŜǎŎŜƴŎŜ Ŏŀƴ ǇǊƻǾƛŘŜ ŀƴ ŀƭǘŜǊƴŀǘƛǾŜ ŀǇǇǊƻŀŎƘ ǘƘŀǘ Ŏŀƴ 

ƻǾŜǊŎƻƳŜ ǘƘŜ ƭƛƳƛǘŀǘƛƻƴǎ ƻŦ ŎƻƴǾŜƴǘƛƻƴŀƭ ŎŀƴŎŜǊ ǘƘŜǊŀǇȅέ 

Put it all together and this is likely why PLK1 inhibition in general, and CardƛŦŦΩǎ t[Yм 

inhibitor onvansertib in particular, seems to be synergistic with a great many of drugs 

with widely ranging mechanisms of action. Depending on the particular context PLK1 

inhibition enhances the efficacy of androgen signaling blockade, of microtubule 

disrupting drugs, of epigenetic inhibitors such as those that target BET and HDAC 

proteins, of chemotherapeutic agents such as cisplatin and gemcitabine, as well as other 

drugs such as metformin, the rapalogues, and JAK/STAT inhibitors ς not even to exhaust 

the list. PLK1 inhibition is capable of reversing the previously evolved resistance to 

treatment and inhibiting any further evolved resistance.  
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https://www.thelancet.com/article/S2352-3964(19)30084-2/fulltext
https://www.sciencedirect.com/science/article/pii/S1936523318301062
https://www.jbc.org/content/290/4/2024.full.pdf
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https://www.gastrojournal.org/article/S0016-5085(11)01584-8/fulltext#secd7984235e1424


 

Figure 5: source 

An example of the phenomenon of tumor reversion is seen with treatment of acute 

promyelocytic leukemia (APL) with retinoic acid-based therapies. Likewise, a similar 

phenomenon is seen when you reestablish working p53 (which is in reciprocal 

relationship with PLK1) in a tumor that lost it. When you reestablish WT p53, the tumor 

ŘƻŜǎƴΩǘ Ǝƻ ŀǿŀȅΣ ōǳǘ ƛǘ ǊŜǾŜǊǘǎ ǘƻ ŀ precancerous state. Notably, this study was done in 

KRAS-mutant mouse models (more on KRAS later). 

Other examples of tumor reversion have likewise been found to be associated with p53. 

For example, it has been found that decreasing the expression of TPT1/TCTP (which is 

implicated in a reciprocal negative-feedback loop with p53) results in either apoptosis or 

reversion of cancer cells. This is why onvansertibΣ ŀǎ ǿŜ ǿƛƭƭ ǎŜŜΣ ƛǎƴΩǘ ƳŜŀƴǘ ŦƻǊ ǳǎŜ ŀǎ 

monotherapy - ƛǘ ŘƻŜǎƴΩǘ ƪƛƭƭ most tumors like standard cancer therapy. 

Onvansertib: 
Onvansertib is perhaps the first ever truly selective PLK1 inhibitor with a reasonable 

half-life. There have been attempts to create PLK1 inhibitors in the past but they have 

all ultimately failed to produce favorable selectivity or pharmacokinetics. In particular, 

selectivity has been the greatest sticking point of PLK1 inhibitors since the beginning. 

The issue is that the conserved regions shared between the KDs of functionally distinct 

PLK subtypes as well as other protein kinases, increase the possibility of off-target 

adverse effects created by KD-binding PLK1 inhibitors.  

https://cardiffoncology.investorroom.com/corporate-presentations
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https://cardiffoncology.com/wp-content/uploads/2020/05/Synergy-Diagram.png


tǊŜǾƛƻǳǎ t[Yм ƛƴƘƛōƛǘƻǊǎ ǘƘŜǊŜŦƻǊŜ ŎƻǳƭŘƴΩǘ ōŜ ǳǎŜŘ ƛƴ ŘƻǎŀƎŜǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ŜŦŦŜŎǘƛǾŜƭȅ 

halt and reverse the evolution of cancer cells. This, in addition to poor selection of 

indications, has kept, as of yet, PLK1 inhibitors from being successful past phase 2 

clinical trials. For example, look at the below image comparing Onvansertib to the two 

most successful PLK1 inhibitors to enter the clinic thus far. 

 

Figure 6 

In contrast to the other two drugs which will each in their efforts to inhibit PLK1 also 

inhibit PLK2, and in the case of Volasertib PLK3 as well. Onvansertib possesses 5000-fold 

selectivity towards PLK1 over PLK2/PLK3. As such, even used at its higher dosages PLK2 

and PLK3 inhibition is practically nil. Also, to oƴǾŀƴǎŜǊǘƛōΩǎ ōŜƴŜŦƛǘ ƛǎ ƛǘǎ ǊŜŘǳŎŜŘ ƘŀƭŦ-life 

compared to Volasertib. Whereas Volasertib has a half-life of about 111 hours, 

hƴǾŀƴǎŜǊǘƛōΩǎ ƛǎ ŎƭƻǎŜǊ ǘƻ нп ƘƻǳǊǎΦ ¢ƘǳǎΣ ƛƴǎǘŜŀŘ ƻŦ vƻƭŀǎŜǊǘƛōΩǎ ƭƛƳƛǘŀǘƛƻƴ ǘƻ ƻƴŎŜ ŀ 

week dosage which has the effect of not maintaining an optimal dose of the drug on 

either end such that toxicity is more likely and efficacy less. So, onvansertib can be 

dosed once daily which helps to minimize toxicity and maximize efficacy relative to 

volasertib. We can thus expect to see, for the first time, the true merit of PLK1 inhibition 

with onvansertib.  

To imagine oƴǾŀƴǎŜǊǘƛōΩǎ ǿƻǊǘƘΣ Ǉicture cancer as the Lernaean Hydra of Greek 

mythology ς a gigantic, nine-headed water-serpent. Anyone who attempted to behead 

the Hydra found that as soon as one head was cut off, two more heads would emerge 

ŦǊƻƳ ǘƘŜ ŦǊŜǎƘ ǿƻǳƴŘΦ 9ǾŜƴ IŜǊŀŎƭŜǎΩ ƘŀŘ ƎǊŜŀǘ trouble defeating the hydra with his 

magic golden sword given to him by Athena.  

.ŜƛƴƎ ƻƴŜ ƻŦ IŜǊŀŎƭŜǎΩ ǎŜǾŜƴ ƭŀōƻǊǎ ƘŜ ǿŀǎ ǎŜƴǘ ǘƻ ŘŜǎǘǊƻȅ the Hydra and no matter his 

brute strength - which exceeded that of any other man many fold - and no matter how 

easily he was able to sever the heads he too was confronted with the same issue of 

ŜƴŘƭŜǎǎ ŦǊŜǎƘ ƘŜŀŘǎΦ Lǘ ǿŀǎ ƻƴƭȅ ǿƛǘƘ ǘƘŜ ƘŜƭǇ ƻŦ IŜǊŀŎƭŜǎΩ ƴŜǇƘŜǿ Iolaus that the Hydra 

was ever bested. Each time Heracles bashed one of the IȅŘǊŀΩǎ  heads, Iolaus held a 

torch to the headless tendons of the neck. The flames prevented the growth of 

replacement heads, and subsequently, Heracles was able to get the better of the beast.  

https://www.selleckchem.com/products/nms-p937-nms1286937.html
https://www.selleckchem.com/products/nms-p937-nms1286937.html


In this metaphor, onvansertib is Iolaus, Hydra  is the cancer, and Heracles is targeted 

cancer therapy. Iolaus (Onvansertib) alone is helpless against the hydra (cancer) and so 

is Heracles (standard targeted therapy). It was only the combination of the two that was 

able to kill that which was otherwise immortal, but of the two Iolaus (Onvansertib) 

ǇǊƻǾŜŘ ǘƻ ōŜ ǘƘŜ ƻƴŜ ǘƘŀǘ ŎƻǳƭŘƴΩǘ ƘŀǾŜ ōŜŜƴ ŘƻƴŜ ǿƛǘƘƻǳǘΦ 

hƴǾŀƴǎŜǊǘƛōΩǎ ability to halt cancer evolution and potentially even revert the cancer 

makes tumors more susceptible to other treatments including those that the tumor was 

previously resistant to. We repeat, onvansertib monotherapy is missing the point. Once 

ȅƻǳΩǾŜ ƘŀƭǘŜŘ ŎŀƴŎŜǊ ŜǾƻƭǳǘƛƻƴ ŀƴŘ ƘŀǾŜ ƛƴŘǳŎŜŘ ǇƘŜƴƻǘȅǇƛŎ ǊŜǾŜǊǎƛƻƴ ȅƻǳ ƴŜŜŘ ǘƻ ŀŘŘ 

in another therapy to take advantage of the increased susceptibility. 

For example, looking at the monotherapy data from onvansertib ȅƻǳ ǿƻǳƭŘƴΩǘ ǘƘƛƴƪ 

much. In the only monotherapy trial, a phase 1 dose-escalation study of onvansertib in 

patients with advanced or metastatic solid tumors, sixteen of the 19 patients enrolled 

were evaluable for efficacy. Stable disease at any dose was reported as best response in 

5 out of the 16 evaluable patients (31.2%), with the remaining 11 patients showing 

disease progression. Obviously, not very impressive.  

That being said, this was a very difficult to treat population. 63% of patients had 

metastatic disease and all of the patients had at least 2 prior therapies with 80% having 

3-7. Furthermore, the dosing was rather limited. The starting dose was only 6 mg/m2 

/day ς which is far less than used in subsequent trials ς and the median number of 

cycles per patient was only 2 with a median treatment duration of 6.1 weeks. In the 

later combination therapy trials, complete responses took time to appear, e.g., at an 

average of 4 treatment cycles in the AML trial. 

Despite these limitations, 3 out of 5 instances of stable disease in our study were 

observed in patients with KRAS mutant tumors ς two with colorectal cancer and one 

with pancreatic carcinoma. As well, two patients (treated at 6 and 24 mg/m2 /day) 

showed prolonged stable disease (lasting 15.4 and 18 weeks, respectively). As such, we 

can begin to see an inkling of the potential that PLK1 inhibition can bring to the table. 

An inkling is all it is, though, and if you were not to take our perspective and 

understanding of PLK1 inhibitions MoA then you might just ignore anything else that 

comes from Onvasertib. This very well could explain why Cardiff Oncology is currently 

flying below the radar despite some exciting combination therapy results across three 

indications, R/R AML, mCRPC, and KRAS mutated mCRC with the last being the most 

exciting. 

https://cardiffoncology.investorroom.com/2017-07-25-Trovagene-Announces-Peer-Reviewed-Publication-of-First-in-Human-Phase-1-Trial-Results-with-PCM-075-its-Polo-like-Kinase-1-PLK1-Inhibitor


Onvansertib in Relapsed/Refractory AML 
¢ƘŜ ŦƛǊǎǘ ƛƴŘƛŎŀǘƛƻƴ ǘƘŀǘ ǿŜΩƭƭ Ǿƛǎƛǘ όdifficult-to-treat relapsed/refractory (R/R) AML) is 

ŀŎǘǳŀƭƭȅ ǘƘŜ ƭŜŀǎǘ ŜȄŎƛǘƛƴƎ ƻŦ ǘƘŜ ǘƘǊŜŜ ƻǿƛƴƎ ǘƻ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ƛǘ Ƨǳǎǘ ƛǎƴΩǘ ǘƘŜ ōŜǎǘ ǳǎŜ ƻŦ 

onvansertib. First of all, in non-KRAS mutated tumors, the focus for onvansertib should 

not be on Complete RespoƴǎŜǎ ό/wύ ōǳǘ ƻǾŜǊŀƭƭ ǎǳǊǾƛǾŀƭΦ !ǎ ǿŜΩǾŜ ƳŜƴǘƛƻƴŜŘ ŀōƻǾŜΣ 

focusing on response rates tends to miss the point of not just the drug but mutation 

targeted therapies. Second of all, onvansertib should be used first and foremost in 

advanced, solid tumors ς ǇŀǊǘƛŎǳƭŀǊƭȅ ǘƘƻǎŜ ǿƛǘƘ Yw!{ ƳǳǘŀǘƛƻƴǎΣ ōǳǘ ǿŜΩǊŜ ǎǘƛƭƭ ƴƻǘ 

ready to talk about those yet. We say onvansertib should be used in solid tumors 

because this type of tumor has the greatest genomic instability, 

άMost solid tumors have acquired, nonrandom chromosomal 

ŀōƴƻǊƳŀƭƛǘƛŜǎΧ !ƳƻƴƎ ǘƘŜ ƳŀƭƛƎƴŀƴǘ ǎƻƭƛŘ ǘǳƳƻǊǎΣ ƪŀǊȅƻǘȅǇƛŎ 

complexity often exceeds that seen in hematopoietic tumors.  In these 

tumors, genomic instability may be so extreme that almost every 

metaphase cell is differentΦέ ό9ƳǇƘŀǎƛǎ ƻǳǊǎύ 

Furthermore, 90% of all solid tumors have been found to be aneuploid - an alteration of 

chromosome number that is not a multiple of the diploid (2n) complement. As discussed 

above, such genomic instability facilitates rapid tumor evolution and has been shown to 

be instigated by PLK1 overexpression with a very strong link between PLK1 

overexpression and genomic instability. Accordingly, PLK1 inhibition has been shown to 

preferentially kill tetraploid (a specific form of polyploidy that is a doubling of the 

normal diploid complement (i.e., 4n)) cancer cells; and likewise aneuploid cells have 

been shown to be selectively vulnerable to inhibition of the spindle assembly checkpoint 

of which PLK1 is an important component. It therefore stands to reason that, rather 

than liquid tumors such as AML, solid tumors are the appropriate target for 

onvansertib. 

At the very least the AML patients should be chosen with specific advanced 

subpopulations in mind such as those with adverse-risk cytogenetics, including those 

with complex or monosomal karyotypes. Previously, we showed that complex karyotype 

AML is dependent on PLK1 for its transformation and is thus hypersensitive to PLK1 

inhibition and this has been borne out in clinical trials with volasertib, another PLK1 

inhibitor but with inferior selectivity and pharmacokinetics. In an open-label randomized 

phase II study volasertib produced better results in patients with adverse risk 

ŎȅǘƻƎŜƴŜǘƛŎǎ ǘƘŀƴ ƛƴ ǘƘƻǎŜ ǿƛǘƘ άƴƻǊƳŀƭέ ŎȅǘƻƎŜƴŜǘƛŎǎΦ !ƭŀǎΣ /ŀǊŘƛŦŦ ŘƛŘƴΩǘ ǎŜƭŜŎǘ ŦƻǊ ǘƘƛǎ 

patient population in their AML clinical trials. 

https://www.nap.edu/read/1965/chapter/5
https://www.frontiersin.org/articles/10.3389/fonc.2014.00123/full
https://www.cellphysiolbiochem.com/Articles/000221/PDF/000221.pdf
https://www.researchgate.net/publication/342334471_Selective_vulnerability_of_aneuploid_human_cancer_cells_to_inhibition_of_the_spindle_assembly_checkpoint
https://bio.biologists.org/content/5/1/11
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4365055/


And yet, despite the indication not being ǘƘŜ ōŜǎǘ ŎƘƻƛŎŜ ǘƘŜ ǊŜǎǳƭǘǎ ŀǊŜƴΩǘ ƘŀƭŦ ōŀŘΦ At 

the very least, the results clearly show that Onvansertib is an active drug. This trial, like 

the other two, was a phase 1b that has transitioned into a phase 2. Onvansertib was, 

and is being, used in combination with either decitabine or low-dose cytarabine ς both 

hypomethylating agents. In the phase 1b portion of the trial anti-leukemic activity was 

observed at a wide range of onvansertib doses (27 to 90 mg/m2), indicating a large 

therapeutic window. 

Notably, at the 4 higher dose levels (27 to 90 mg/m2), CR/CRi was observed in 5 of 16 

(31%) patients in the decitabine Arm. Median time to achieve CR/CRi was 4 cycles 

(range 1-7), the duration of response has been >7 months, and at the last update in 

June 3 patients remain on treatment and in remission with the duration of CR/CRi being 

respectively 6, 12, 15 months, respectively. 

https://cardiffoncology.investorroom.com/2020-06-15-Cardiff-Oncology-Data-Continues-to-Demonstrate-Efficacy-Durability-and-Safety-of-Onvansertib-in-Patients-with-Difficult-to-Treat-Relapsed-Refractory-AML


 

Figure 7: source 

²ƘƛƭŜ ǘƘŜǊŜ ŘƻŜǎƴΩǘ ŀǇǇŜŀǊ ǘƻ ōŜ ŀ ŘƻǎŜ ǊŜǎǇƻƴǎŜΣ ǘƘŜ ǇŀǘƛŜƴǘ ǿƘƻ ŘƛŘ ǊŜŎŜƛǾŜ ŀ /w ƻƴƭȅ 
ŘƛŘ ǎƻ ŀŦǘŜǊ ǊƛǎƛƴƎ ǳǇ ǘƻ ǘƘŜ ƘƛƎƘŜǊ ŘƻǎŜ ƭŜǾŜƭǎΦ !ǘ ǘƘƛǎ ǘƛƳŜΣ ƛǘΩǎ ŀƭǎƻ ǳƴŎƭŜŀǊ which 
patients have or had the important p53 mutation which is common in AML. With that 
said, we see a CR/CRi rate comparable to that seen in VolasertibΩǎ phase 2 clinical trial, 
another PLK1 inhibitor similar in MoA to onvansertib but with selectivity and 
pharmacokinetics greatly inferior to onvansertib, which the FDA granted a Breakthrough 
Therapy Designation for; and is higher than the target CR/CRi rate for the ongoing phase 
2 portion of the trial (shown below), although only just. 

https://cardiffoncology.investorroom.com/corporate-presentations
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Figure 8: source 

Of the phase 2 portion some very preliminary data was released with the June update. 
So far, as of the data cut off for this update, 7 patients have completed 1 cycle of 
treatment with a rather high objective response rate of 28% already. Specifically, of 
the seven patients 1 achieved a CRi at cycle 1 and a CR at cycle 2 and another patient 
achieved a partial response at cycle 1 ς they both remain on treatment.  

/ƻƴǎƛŘŜǊƛƴƎ ǘƘŀǘ ǘƘŜ ŀǾŜǊŀƎŜ /wκ/wƛ ŘƛŘƴΩǘ ƻŎŎǳǊ ƛƴ ǇŀǘƛŜƴǘǎ ǳƴǘƛƭ п ŎȅŎƭŜǎ on average 
this is encouraging, and at the very least demonstrates the activity of onvansertib in a 
ƭŜǎǎ ǘƘŀƴ ƛŘŜŀƭ ƛƴŘƛŎŀǘƛƻƴΦ ²ŜΩǊŜ ǎǘƛƭƭ ƘƻǇŜŦǳƭ ŦƻǊ onvansertib in R/R AML patients but as 
we will show, there are much better and more interesting indications for onvansertib 
that the company is currently pursuing.  

Onvansertib in Metastatic Castration-Resistant Prostate Cancer: 
The second most interesting indication Cardiff is currently chasing is mCRPC in which 

onvansertib is being used in combination with abiraterone (ZYTIGA). mCRPC is a much 

better indication for onvansertib than AML for a number of reasons. One being that 

prostate cancer is a solid tumor. As such, it is characterized by genomic instability, in 

particular in the late stages of the disease. The genomic instability characteristic of the 

https://cardiffoncology.investorroom.com/corporate-presentations
file:///E:/writing/v
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disease ends up driving the progression of the disease through its stages of 

development which have been identified as:  

ά(a) intraepithelial neoplasia that can be considered a precancerous 

state, characterized by hyperplasia of luminal cells and progressive 

loss of basal cells; (b) adenocarcinoma androgen-dependent 

(subdivided into two stages, adenocarcinoma latent and clinical), 

characterized by the complete loss of basal cells and the strong 

luminal phenotype: at this stage, the tumor is androgen-dependent 

and its growth can be controlled by androgen deprivation; and (c) 

adenocarcinoma androgen-independent (or castration resistant) 

that represents the evolution of adenocarcinoma and does not 

depend for its growth by androgens.έ (emphasis ours) 

That castration-resistant prostate cancer is an inevitable endpoint of the disease is an 

important but seemingly overlooked point, as is the fact that metastatic prostate cancer 

is inherently castration resistant and that a common mechanism by which castration 

resistance evolves is via chromosomal instability. It is likely that PLK1 driven genetic 

instability is crucial to this process,  

άŘǊƛǾƛƴƎ ǘǳƳƻǊ ŜǾƻƭǳǘƛƻƴΣ ƳŜǘŀǎǘŀǎŜǎ ŀƴŘ ǘƘŜ ŜƳŜǊƎŜƴŎŜ ƻŦ 

treatment-ǊŜǎƛǎǘŀƴǘ ǇƻǇǳƭŀǘƛƻƴǎέΦ  

This is consistent with the finding we highlighted earlier that androgen-insensitive (AI) 

Prostate Cancer (LNCaP-AI) cells when transitioning from a state of androgen sensitivity 

undergo a genetic reprogramming to selectively upregulate the expression of M-phase 

cell-cycle genes which is heavily reliant on PLK1.  

The other common means by which cancer cells become castration resistant is via 

mutation of the androgen receptor (AR). Specifically, this mutation comes in the form of 

AR-V7. AR-V7 is a truncated isoform of the normal AR-full length protein. The molecular 

changes that occur due to this truncation maintain AR in a constitutively active state, 

even in the absence of its ligand. In this way, it is, as we will see, similar to KRAS 

mutations.  

Importantly, a further increase in AR-V7 protein expression is observed in metastatic 

cancers after androgen inhibitor therapy. Resistance develops to standard-of-care 

androgen receptor signaling inhibitors (ARSi) therapy, Zytiga®(Abiraterone acetate) and 

Xtandi®, within 9-15 months. In the end, up to 40% of patients can develop the highly 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6789661/
https://www.onclive.com/view/dr-gandara-on-measuring-tmb-in-nsclc
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7204307/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7204307/
https://www.nature.com/articles/onc2012309


aggressive androgen receptor variant 7 (AR-V7), which is resistant to ARSi therapy. 

Patients with these types of mutations show almost no response to standard of care: 

άtŀǘƛŜƴǘǎ ǿƛǘƘ AR gain or T878A or L702H pre-abiraterone (45%) 

were 4.9 times and 7.8 times less likely to have a decline in PSA by 

җрл҈ ƻǊ җфл҈ ǊŜǎǇŜŎǘƛǾŜƭȅ ŀƴŘ ƘŀŘ ŀ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ǿƻǊǎŜ ƻǾŜǊŀƭƭ όIw 

7.33, 95% CI 3.51-15.34) and progression-free (HR 3.73, 95% CI 2.17-

сΦпмύ ǎǳǊǾƛǾŀƭΦέ 

Which is exactly what you would expect considering that Abiraterone works via 

inhibition of 17 a-hydroxylase/C17,20-lyase (CYP17). This enzyme is expressed in 

testicular, adrenal, and prostatic tumor tissues and is a key enzyme in the steroidogenic 

pathway required for the synthesis of androgens. Abiraterone thereby reduces the 

levels of androgens available for the prostate cancer cells.  

However, as we note above, AR-V7 is perƳŀƴŜƴǘƭȅ ǎǿƛǘŎƘŜŘ ƻƴΦ Lǘ ŘƻŜǎƴΩǘ ƴŜŜŘ 

ŀƴŘǊƻƎŜƴǎ ǘƻ ōŜ ŀŎǘƛǾŀǘŜŘ ŀƴŘ ǎƻ ƛǘ ŘƻŜǎƴΩǘ ƳŀǘǘŜǊ Ƙƻǿ ƭƻǿ ȅƻǳ ǊŜŘǳŎŜ ŀƴŘǊƻƎŜƴ ƭŜǾŜƭǎΣ 

AR-V7 is going to remain in the on state. Any response seen in the patients therefore 

can be ascribed primarily to the actions of onvansertib. 

This subgroup of AR mutated patients also provides Cardiff a particularly interesting 

opportunity to fill the void here. Note the incredibly short PFS and OS in these particular 

patients who are faced with a runaway cancer that is highly dependent on PLK1.  

 άAmong men receiving enzalutamide, AR-V7ςpositive patients had 

lower PSA response rates than AR-V7ςnegative patients (0% vs. 53%, 

P=0.004) and shorter PSA progressionςfree survival (median, 1.4 

months vs. 6.0 months; P<0.001), clinical or radiographic 

progressionςfree survival (median, 2.1 months vs. 6.1 months; 

P<0.001), and overall survival (median, 5.5 months vs. not reached; 

P=0.002). Similarly, among men receiving abiraterone, AR-V7ς

positive patients had lower PSA response rates than AR-V7ςnegative 

patients (0% vs. 68%, P=0.004) and shorter PSA progressionςfree 

survival (median, 1.3 months vs. not reached; P<0.001), clinical or 

radiographic progressionςfree survival (median, 2.3 months vs. not 

reached; P<0.001)Φέ όƻǳǊ ŜƳǇƘŀǎƛǎ ƛƴ ōƻƭŘύ 

These poor responses are due to the fact that corresponding with this transition to an 

androgen-insensitive state comes a corresponding increase in aggressiveness and 

https://www.nejm.org/doi/full/10.1056/nejmoa1315815
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6112410/


metastatic potential of the cancer. In fact, an analysis of the AR pathway, including 

several known activators, coactivators, and corepressors, showed alterations in 56% of 

primary prostate cancers and 100% of metastases.  

Likewise, a recent study based on the screening of AR-V7 protein by 

immunohistochemistry on a large set of prostate cancers ς 358 primary and 293 

metastatic tumors ς and found that AR-V7 protein is rarely (<1%) expressed in primary 

cancers, but is frequently (75% of cases) detected in metastatic tumors. This is likely as 

least partly due to the fact that AR signaling positively regulates PLK1 and that PLK1 

positively regulates AR signaling thus resulting in a potential positive feedback loop.  

Therefore, a mutated AR that is constantly in the on state will result in highly 

overexpressed PLK1 which then can drive the reverse evolution of the cancer cells.  

Metastatic CRPC then fits the bill for onvansertib on a number of levels and we think 

Onvansertib could prove to be a big step up from the current therapeutic options in 

patients suffering from this final mutated AR-V7 protein stage.  

In support of this assertion there is already rather positive data to get excited about 

here. There were two arms of the trial testing two different dosing schemes. Arm A 

(onvansertib dosed daily on days 1-5 in a 21-day cycle) and Arm B (onvansertib dosed 

daily on days 1-5 in a 14-day cycle). In both arms (A and B) onvansertib in combination 

with abiraterone was safe and well-tolerated; and overall, across both arms, 63% (12 of 

19) of evaluable patients achieved partial response (PR) or stable disease (SD) following 

12 weeks of treatment with onvansertib + abiraterone.  

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6789661/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6789661/
file:///E:/writing/AR%20positively%20regulates%20Plk1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3720713/
https://cardiffoncology.investorroom.com/2020-02-13-Trovagene-Presents-Phase-2-Data-Demonstrating-the-Ability-of-Onvansertib-to-Overcome-Zytiga-R-Resistance-and-Provide-Clinical-Benefit-for-mCRPC-Patients


In arm A, 57% (8 of 14) patients had SD or PR at 12 weeks, with 5 patients achieving the 

efficacy endpoint (PSA stabilization) and 4 patients remained on treatment as of the last 

update in February 2020. In arm B, 80% (4 of 5) patients had SD at 12 weeks, with 3 

patients achieving the efficacy endpoint (PSA stabilization) and 3 patients remain on 

treatment. In addition, 60% (3 of 5) patients have or had progression-free survival of >7 

months. To put these numbers in perspective, the company entering the trial was 

hoping for a 20% response rate of PSA stabilization at 12 weeks. 

 

Figure 9: source 

We can clearly see here that onvansertib is acting as expected again ς it is effectively 

stalling the reverse evolution of the cancer in a dose dependent manner. Moreover, 

onvansertib appears to act most strongly in the subset of patients that would not be 

expected to respond from abiraterone alone.  

Specifically, 5 patients were AR-V7+ at baseline 2 patients had AR T878A mutations at 

baseline and of these 7 patients it was found that 6 (86%) had an immediate decrease 

in PSA following onvansertib treatment with 3 patients achieving PFS of >7 months. 

Importantly, these responses, in particular, cannot be due to abiraterone as it is 

absolutely ineffective against this mutation. 

https://cardiffoncology.investorroom.com/corporate-presentations


 

Figure 10: source 

In further support of these responses ŀƴŘ ƻƴǾŀƴǎŜǊǘƛōΩǎ ƳŜŎƘŀƴƛǎƳ ƻŦ ŀŎǘƛƻn, there was 

a significant reduction in circulating tumor cells (CTC) exhibited with treatment of 

onvansertib. CTCs are a rare subset of cells found in the blood of patients with tumors, 

which function as a seed for metastases. Cancer cells metastasize through the 

bloodstream either as single migratory CTCs or as multicellular groupingsτCTC clusters. 

But in order for cancer cells to undergo the transition to CTCs they must first undergo an 

EMT transition, which in theory should be prevented by PLK1 inhibitiƻƴΧ ²ƘƛŎƘ ƛǎ 

exactly what we saw in these patients. 

At baseline, 25 (78%) patients had unfavorable CTC count with median of 19 CTC/7.5mL. 

10 of the unfavorable patients were re-analyzed after 12 weeks of treatment. Of these 

млΣ р όрл҈ύ ǇŀǘƛŜƴǘǎ ƘŀŘ ŀ җул҈ CTC decrease, including 2 AR-V7+ patients, 4 (40%) 

patients converted from unfavorable to favorable CTC level (<5 CTC/7.5mL), and 3 (30%) 

patients had no detectable CTC. 

https://cardiffoncology.investorroom.com/corporate-presentations


 

In mCRPC, onvansertib has shown to not only produce durable responses but in a 

mutation agnostic manner that is also complimentary to the current standard of care. 

¢ƘŜǎŜ ǊŜǎǇƻƴǎŜǎ Ŝŀǎƛƭȅ ŜȄŎŜŜŘŜŘ ǘƘŜ ŎƻƳǇŀƴȅΩǎ ŜȄǇŜŎǘŀǘƛƻƴǎ ƻŦ Ƨǳǎǘ ŀ нл҈ ǊŜǎǇƻƴǎŜΦ 

²ŜΩǊŜ ŜȄŎƛǘŜŘ ǘƻ see how the data evolve with the next update in late September at 

ESMO. 

It is not just updated data from this trial that we can expect in September. We can also 

expect to receive additional data from tƘŜ ŎƻƳǇŀƴȅΩǎ phase 2 trial featuring onvansertib 

in combination with FOLFIRI/Avastin in KRAS-Mutated Metastatic Colorectal Cancer 

(mCRC) patients. Predictably, the results from this indication are the most exceptional. 

This is what we are most excited about for Cardiff as an investment opportunity. Not 

just KRAS-Mutated Metastatic Colorectal Cancer (mCRC), but KRAS mutant cancers in 

general. 

KRAS-mutated mCRC: 
The RAS protein ς w!{ ƛǎ ǎƘƻǊǘ ŦƻǊ άǊŀǘ ǎŀǊŎƻƳŀΣέ ǎƻ ŎŀƭƭŜŘ ōŜŎŀǳǎŜ ǘƘŜ ǾŀǊƛƻǳǎ w!{ 

genes were first identified from studies of two cancer-causing viruses in rats ς is a 

central node in some of the most critical cellular signaling pathways. RAS, of which KRAS 

is the principle isoform, is one of front-line sensors that initiate the activation of an 

array of signaling molecules allowing the transmission of transducing signals from the 

https://cardiffoncology.investorroom.com/2020-05-29-Cardiff-Oncology-Data-Continues-to-Demonstrate-Efficacy-of-Onvansertib-in-Patients-with-KRAS-Mutated-Metastatic-Colorectal-Cancer-Presented-at-ASCO


cell surface to the nucleus, thus affecting cell differentiation, metabolism, proliferation, 

growth, chemotaxis, adhesion, migration, and death.  

Yƴƻǿƴ ŀǎ ΨǘƘŜ ōŜŀǘƛƴƎ ƘŜŀǊǘ ƻŦ ŎŀƴŎŜǊΩΣ ƛǘ ōŜŀǘǎ ōŜǘǿŜŜƴ ǘǿƻ ǎǘŀǘŜǎΥ ŀƴ ƛƴŀŎǘƛǾŜΣ D5t-

ōƻǳƴŘ όάƻŦŦέύ ǎǘŀǘŜ ŀƴŘ ŀƴ ŀŎǘƛǾŜΣ D¢t-ōƻǳƴŘ όάƻƴέύ ǎǘŀǘŜΦ aǳǘŀǘƛƻƴǎ ƛƴ ǘƘŜ ƎŜƴŜǎ ǘƘŀǘ 

encode the RAS proteins - which are present in a third of all cancers - and leave it 

switched on interrupt the normal functioning of these signals and drive cancerous 

tumor growth.  

KRAS is a small GDP/GTP-binding protein that transduces extracellular signals into 

intracellular responses. It cycles between an inactive, GDP-ōƻǳƴŘ όάƻŦŦέύ ǎǘŀǘŜ ŀƴŘ ŀƴ 

active, GTP-ōƻǳƴŘ όάƻƴέύ ǎǘŀǘŜΦ 

 

Figure 11: source 

Lƴ ǘƘŜ ƳƻŘŜǊƴ ŜǊŀ ƻŦ ǘŀǊƎŜǘŜŘ ŎŀƴŎŜǊ ǘƘŜǊŀǇƛŜǎΣ Yw!{ Ƙŀǎ ōŜŜƴ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ άƘƻƭȅ 

ƎǊŀƛƭέ ƻŦ ǘŀǊƎŜǘŜŘ ǘƘŜǊŀǇȅ. And yet, despite its importance, KRAS is one of the most 

challenging targets in cancer. Notwithstanding its discovery more than 60 years, 

researchers still struggle to inhibit its mutated form -- earning its reputation as 

"undruggable." Yet, the hunt continues, as cancers driven by KRAS mutations are both 

common and deadly.  

https://clincancerres.aacrjournals.org/content/20/15/3921

