Cardiff Oncologyfargeting KRAS the Right Way

dThe difficulty lies not in the new ideas but in escaping from the old
onese
¢ 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 beatThisis because the current theories and understanding of cancer are
fundamentally flawed and at best doomed to slight incremental improvements. If we
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in mutant KRAS metastatic Colorectal CarfoeZRC)In the end, we believe that

onvansertibhas the potetial becomethe 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 asgin 1930."
~ Dr. Azra Raza, author ®he First Cell

There isa 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
somatc 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
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patient and not even for the same patient at two different points in time. As Joey
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Instead of viewing cancer thrgh the mechanistic reductionistic Ndxarwinian 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 thaits the prime mover.

Accordingly rather than going after specific cancer genes, we could, instead, target
the evolution of tumorst how they change over timelf we could halt or even reverse
the backwardevolution of tumors we could provide a kaglvantage to conventional
treatment ¢ e.g., reversing resistance to treatment and inhibiting any further evolution
of resistancetherebymaking cancer more susceptible to targeted therdpye want

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

of their hyperadaptabilityand hyper-evolution, namely the cedivisioncycle.

As the cell division cycle globally disrupts and reorganizes the molecular content of the
cell, it may represent a most effective path ftwetgenome to be interpreted in a

different manner as compared to its predecessors. This is important in the context of
cancer ascancer cells require the retention of the transformed phenotype.,

unrestricted proliferative potential, suppression a@licphenotype, and activation of
oncogenic pathwaysThis isomethingcancer cellgan only do by fiddling with their
cellcycle machinery.

We can fight back by targeting the very same-cgtlle machinery, thereby effectively
inhibiting theevolution of cancer cells. Moreover, by targeting the most essential and
ancient of the ceftycle components we can assure that even, and especially, the most
advanced and heretofore difficult to treat cancers are affected. Of the potential cell
cycle praeins, PLK1 qualifie$?LK1 is evolutionarily ancietitdatesback to the origin of
eukaryotes thought to be about 2 billion years ago, and as such is absolutely essential
for all eukaryotic orgnisms todayNoteven the most aggressive cancer sehn adapt
around it.

@ OdzidAy3a 2FF OFYyOSNRa loAfAdGe G2 | RFLWZ
playing field, leaving cancer cells vulnerable to the current therapiegen those
which are not very effectiveas well as preventing the cancer cells from growing and
metastasizing throughout the bodyThis is particularly relevant for the most advanced,
aggressive tumors that are intractable to treatments and which there have been
essentiallyno real advancements conventionaltreatment outcomesin over 70 years.
The perfect case in pointis KRAS 1 KS & F2 dzNJ € S inBaNcan@&NRé 2 F
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PLK1 inhibitiormayhold the potential to finally improvéhe longevity of patientsvith
theseintractable cancers.

OF GKS LRGSYGAFf t[YM AYKAOAG2NEB UGKSNB Aa
onvansertib which is the first truly selective PLK1 inhibitetth a sufficiently short

half-life to provide consistent dosingt NE @A 2dza t [ YM AYKAOAG2NA 6
enough and so were constrained in their use by counterproductive PLK2 and PLK3

inhibition which not only directly oppose PLK1 inhibition, bub atelatedly, cause dose

limiting toxicity issues. Thetherefore, O2 dzf Ry Qi 6S dzaSR Ay R2al 38
effectively halt and even reverse the evolution of cancer cells as we believe can be
accomplished with PLK1 inhibition wiavansertib.

With onvarsertib the previously inaccessible may now be made accessible. In particular,
the worst of the worst cancersthose that are KRAS mutagimay now finally be

treatable. Importantly, not just a subset of KRAS mutant cancers but every subset, the
whole lotmay be treatable witltonvansertib. After decades of searching the holy grail of
a panKRAS inhibitor may have been realized.

Cardiff Oncology witlbnvansertib 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 unconventiorethanism of

action (MoA)and the counterintuitive resultenvansertib produceonvansertib is
currentlyquite misunderstood. In the following report we hope to explicate where
oncology gets it wrong and hoanvansertib 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 wahvansertib as itfigurehead.

BACKROUND
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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 belidhat tvhat is not
explainable in current theory does not eXst.
~ AexisCarrel

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



deepdown 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 By and large the prevailing philosophy of the
modern age is that of material reductionism, also known as cartesechanicsas this
modern worldview started, more or less, witRené Descartes.

Cartesian mechanisimagines the universe as, Affred North Witehead(a famous
British mathematician, logician and philosoppput it,
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Scientistfocusona f A /3 fiSENERence from amethodologicaboint of view
they excludefrom their descriptionof nature all characteristicof & y I (- dzNM&dchas
feeling,creativity, purpose,value.Thisis the casewith the favoredNeo-Darwinian
evolutionparadigmwhichhasbecometheWa 2 RSNY i KSa A aé o

The theory of evolution by natural selection wasade 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 Roothe Origin of
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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 im dpc HY W/ dzNR 2dzaf & FSg S@2f dziA2yAai:
natural selection, Darwin admits use and disuse as an important evolutionary
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to evolution became sighcantly narrowed with the rise of neDarwinism.

The termneo-Darwinismwas first used in the 1880s Byugust WeismannVeismann's
formulation of neeDarwinism involved three major assumptions. First, that all genetic
variation is random. Second, that tigermline is isolated from variations in the soma.
This is the Weismann barrier. Third, together with these two assumptions, that natural
selection is then atbufficient (allmacht) to explain evolution. The subsequent
integration of Mendelian genetics iotthis 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 isot viewed ascoherent but is interpreted in the framewotkat
after detailed studyit can be reduced to neequilibrium dynamics of randomly moving
and interacting particles. If any activity of organisms is admitted, then it is treated as
externally programrad, which makes organisms equivaleatighlyto robots. So, not

only is evolution itself countenanced g Blind Watchmakedout organisms

themselves are seen as nothing more than mechanical moving parts.

As the Modern Synthesleas 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 alonequestionincoherencier 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 varargalleles) increasing in frequency within the
population. Those variants are said to confer an advantage in terms of fithess on the
individuals concerned, which therefore increasingly dominate the population. By this
process and other mechanisms, inclgligenetic drift and geographic isolation, new
species can arise. And finally, fourth, that the inheritance of acquired characteristics is
impossible.

Thereality, in light of all we know todays that the Modern Synthesis isitenable. It
cannot explain the evolution of the actual forms of life that have evolyedly 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 BiologyMakes Sense Except in the Light of EvolutiSath

as it is then, the Modern Synthesis has beenldresthrough which biology, especially
oncology, has been studied and understood since the beginning of the 20th century. It
has tainted our understandingf what cancer is and how it evolveshe 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 Wit 2 R2 NJ . 2 @S N.
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.
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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 cortioumultiply 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 theqgeny of this cell so long as
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An important claim Boveri makes is that cancer is aligdked disease. Unambiguously,
he writes

GXU0KS LINRPofSY 2F (Gdzy2NER Aa | OSftf LI
This claim corgins two subordinated claims, namely
(a) that cancer is a problem of cell proliferation and
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Again quoting Boveri
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surroundings and this might be the sole cause of the tendency to
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that it is not abnormal mitosis that is the cause of cancer, but
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abnormal mitoses but eertain abnormal chromathgomplex, no
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https://jcs.biologists.org/content/121/Supplement_1/1
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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 dedittsuccessively 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 metazoayisescence.

The main dving 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 beame de factoreduced to a single transformed cell and carcinogenesis
becomes equivalent to enhanced proliferation of cells in a dighs 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 thadroliferationis the default state of all

organisms, and not quiescengg/ 2 1 S @Sy Ay (GKS aalLISOAlIf¢ OF .
eukaryotes such as ourselveés.the end of the 19th century, the famed pathologigt
Ribbertpostulated that cancer cells, freed from the restraint of tissue structure, would

express their constitutive property to proliferatRibbert's view was foreshadowed by

Weigert (1882) and Roux (188&ven Boveri recognizéitis commenting
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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 experimentalistdwen discussing either the control of cell
proliferation or carcinogenesis.

Most of the oncology research has been, and is still, conducted usiingeéhsionalin

vitro models, where primary cell cultures and established cell lines are the
representativedols.¢ KAa Aa fA1Ste Fy20KSNI NBYYylyd 27
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, gens 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 essentiallmortal.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
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The same reasoning applies to the supposed novel motility of cancer cells. Like

proliferation, motility 5 a constitutive property ddll cells and, therefore, it can only be

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

development. During postatal life some cells, such as the wandering cells in the

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

by wounds. During incipient and advanced states of carcinogeneses &t which

metastases are generated, cells also moMaus,just as it the case for the immortality

of cancer cells, thenotility of cancer cells does not represent a newly acquired

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

immortality andmotility of cancer cells NBn6wlifunctiors, but functionsthat are no

longer suppressed via the proper contéxe., the environment in which they exist).

And this is the biggest failure of the current theories, and wieyiabel them
reductionist in the first place, they ignore tlientext whether out of laziness or
ignorance the effect is the santea fundamentally flawed understanding.

Context is King

Of course, that the contexdhould have any effect on normal cellswi y Qi O2y a4 A RS N.
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, withall 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 thateart failure is now considered to be a systemic diseBse 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, mutatal, 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 contéxarry Rubirhas 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 ohvious
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per somatic cell thaaccumulate 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
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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 "sterike" celsto differentiate appropriately.

Rubin described experiments carried out in two laboratories, one ushags<to induce
malignant transformation, the other using the carcinogen meitttyvlanthrene. Both
studies found that most, if not all exposed celisre 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 incredggobability 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 proggated, 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 correspondity high frequencies of mutations.

Still more suggestive was the observation that clones of cells transformeadys Xr
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 reian in the early stages of malignancy
development.

In addition, importantly, a recent review of 1,991 individuals from the Spanish Bladder
Cancer/EPICURO populatibased caseontrol study found that
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cancers, this study did not reveal a significant difference in frequency
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Thus, the notion that somatic mutations are necessarily harmful and can lead to cancer

IS not borne out by this study and further affirms thgdothesis 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 celt and another line of research shows that things which don't cause mutations
can cause cancethe "non-mutagenic carcinogens

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

GNF yaLX F yGSR Ayd2 GKS agNRy3I¢ t20FGA2ya NB
genuine cancer tissues and their cells became normalized after pingd 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. Tbemalizationof these

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

group of researchersnder the leadership dBeatrice Mintz Transplantation of these
teratocarcinoma cells into early blastocysts of mice resulted in viable offspring that
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cells and the grafteteratocarcinoma cells

dThe conclusions we have drawn from the teratocarcinoma
experiments and comparabtmes are that a cell from a neoplasm
behaves as a normal cell does, both regardingntdiferative

capabilityX and in its ability to carry a genome that responds to cues
from distant or neighboring cells and extracellular matrix as a normal
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cell doesThus, the conclusions drawn from experiments conducted
by us and by others are compatiblgh 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 tHate a cancer cell,
always a cancer c€lligemphasis ours).

Reversion is entirely possible as long as you change the conditions of existence of the
cancer cellsNow, if as posited by the SMT, neoplasia is due to the accumulation of
multiple stable mutations in a single cell, how can it be expthihat this stably

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

For one, it is probabilisticalljnpossiblethat random reverse mutational events could
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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 caheechange of context
within the cdl itself is even enough teverse the canceNamely, 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 ae placed back into a normabntext,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 iteractions 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 whishippression of tumorigenicitwas observed

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

form cybridsIn a more comprehensive serie§experiments]srael, and Schaeffer

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

tumorigenic nuclei and normal ayplasm
®S KIS LINKFaAaSYiSR RIFIGF gKAOK RSY2yai
a malignantly transformed cell can play a dominant role in the
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nuclear gene expression may be responsible. It is also possible th
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Thus, we can see very obviously that the +izggrwinianmodern synthesis and the

accompanying somatic mutation theory of canéedza & R2y QiU SlFdzbli S 6 A G |
those in the back, Modern Synthesisshao basis in reality and should be tossed into the

dust bin once and for aMvhich begs the questiomg K ¢ Qa G KS £ G SNY I GA ¢
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Process Philosophy afiitie Evolutionary Approach @ancer:
Thealternative toCartesianism is known as Process philosofanontology of

becoming) which identifiemetaphysicateality with change and developmenin
opposition to the classical model of change as purely accidental and illusory, process
philosophy regards change as the cornerstone of realisytheneurophenomenologist
Evan Thompsoso clearly describes, in such a model,
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processes are irreducibly relatiomahey exist only in patterns,

networks, organisations, configurations, or webs. In the ggewiew,
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phenomena of various scales and complexity. There is no base level of
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to ground everything. Phenomena at all scaes 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
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Procesgelational 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, bth 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 thgesme


http://www.wiki30.com/wa?s=Metaphysics
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to be of paramount importancelhis is something that many biologists are increasingly
recognizing. One of the leading figurdames Shapirstated it plainly,
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Likewise,Shapiro wrote
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bacteria possess many cognitive, computational and evolutionary
capabilities unimaginable in the first six decades of the twentieth
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Indeed, the last few decades of research have revealedghl&teferential cognition
underscoresll life on the planetThisassertion is based upon the extraordinary range
of metabolic cellular processes exhibited by bacteria and used to evaluate and monitor
their own internal environment.

AsLyon observesbaceria 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 complg 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 selawareness that, in turn, perits such levels of collective sensing,
cooperation, and interdependence. All these functions require levels of memory and
information processing and are positively directed towapdsblem solvingLyons

offers this
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processing mechanisms an organism has for becoming familiar with,

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

existential goals, the most basic of which are survival, (growth or
GOKNAGAYIOS YR NBLINRBRAZOGAZ2Y ®€

However, those capacities are not exclusive to bacteria, or viruses, but have been shown
to exist within all living entities inctling the individual cells of any eukaryote as they
experience stress and makedividual coping decisions

In that regardDe Loothas 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 thiaactivity. Furthermore, all of that life activity is directed towards
problem-solving.De Loof asserts that communication/problersolving precedes

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

Proceeding within the contexdf 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 entityn 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 atitety 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
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place, only what remains. Epigenetic impacts then are of salient importance.

The functioning genetic complement of any multicellular organism is ana@wguing

and dynamic interrelationship between any species innate cellular ecologiesrand
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 notnecessarilyjhavethe decisive role in driving biological evolution.

As a matter of fact, the 21st century genomizssed analysis of evolutionary variation
revealsa number of novel features impossible to predict when Dobzhansky and other
evolutionary biologists formulated the nddarwinian Modern Synthesis in the middle

of the last century. These includkstinct realms of cell evolution; symbiogeneticifuss
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 nenoding INcCRNAS containing repetitive sequence
components.

Just to produce a single protegoriginally thought to be one continuous getic

message requires elaborate cut and splice operations. The international research

consortium project ENCODE (Encyclopedia of DNA Elements) data have revealed that
gFad INBFa 2F ISy 2 YA By 3 Ag Of IRSSY dvad & 8¢ KIS)



actualy 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 abilitiedscpbssess to rearrange DNA

molecules, constitute a powerful toolbox for adaptive genome rewritifat is, cells
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of rapidly restructuring cellular DNA molecul&ather than viewing genome evolution

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

process of active selinodification.

For example, when bacteria are starved and there is a substrate they cannot metabolize
in the environmentthey can mutate or cut and splice to make the right genes in order
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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 orgai@sganisms
arenon-ergodic- non-ergodicityd 0 I YRa Ay O2Yy GN} ad (G2 AaSNH2R]
the system in question visits all its possible statekis is what a random system daes

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 staiesis

inherent in the notions of homeostasis and homeodynamics.

These notions define the set of states towards which the organism inevitably evolves
20SN) 0AYST YR UGKA&A AayQl NBAGNAOGISR G2 FI
levels, but is truef 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 gestypes and their corresponding mutationghis is why there

are certain mutations that are far more common than others in particular cancer types
arecognizably nomandom phenomena thaproponents ofthe MS and SMT seem to

completely miss the importancef.


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 ighbat
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 sidered

G2 0SS a&mednigalifferéngetis one of scale.

The increased knowledge of relationships between metabolism, epigenetic systems,
and editing of nucleic acids suggests the existence of-eeffanized processes of
adaptive evolution in respnse 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 chang&srowing 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 accdumithin the epigenome which transduces the
information to the two genomes in each eukaryotic cell. Thesigenomic alterations

can thereby inducgenomic instabilityeading to rapid evolutionary changetumors,

éGenomic instability underlies many cancers and generates genetic
variation that drives cancenitiation, 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 upredated by stress responses. These
generate transient, genetidiversity bursts that can propel evolution,
specifically when cells are poorly adapted to their environments
GKFEG A&z gKSYy aiagNBaaSRe

In linewith this, recently Tatiana Karpinets and Brent FatyWright State University,

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

A x oA

They point to the long line of evidenEe G KS G RANBOGSR Ydzil G A2y a¢

indicating that in unicellular organisms, such as microbes, the stressful environment can
affect the rate of mutations and direct mutatns 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 resistanceThe mechanisms thatllow 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 mechanismgheir 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 thaase, 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 reprogrammingsoime 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 cornsider
vitro culture of multicellular organisms. Rodent and human cells can easily undergo
WalLRyldlyS2dzaQ yS2LIX FAaGAO0 UNIyaimRN¥YIGA2Y
vitro models of cancer. Karpinets and Foy suggest that culturing afelgemimics

sustained stress environme(BSIin 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 driFoy proposed that cells respond to a $$Epigenetic
changes that hypermethylate (turning off) tumeuppressor genes involved in cell cycle
arrest, apoptosis (programmed cell suicide) and DNA repair; hypomethylate (thereby
activating) proteoncogenesssociated with persistent proliferative activity; and
globally demethylate the genome, activating DNA repeats and promoting genome
instability. (Methylation involves adding a metkgroup-CH3 to any cytosine base
directly before a guanine base in the sa@NA chain, and has the effect of turning
genes off; conversely, removing the methyl group, or under methylation turns genes
on.)

Ay



As a result of these epigenetic changes, the cells continue to replicate, activating the
processes related to promotion of pkcation, 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 procesdssy concluded that,
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epigenetically reprogrammed cells is not randdine mutations

match epigenetic alterations in the cellular genomeamely gain of
function mutations in the case of hypomethylation and loss of
functions in the case of hypermgthtion. 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
stressinduced 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 proselsse the
origin of the transformed mammalian cells, cancer development and
LINE 3 NB(&ndphagis/odrs)
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Notably, that epigenetic marks can actragtagenss not in contention. This is a well
recognized phenomenon that not only Karpinets and &afine but that others have as
well. In addition, the important role of epigenetics in cancer is also well recognized.

In fact,cancersare universally associated with abnormalities in gene expression, cellular
identity, and esponsiveness to internal and external cudsalignant cells also exhibit
genomewide alterations in DNA methylation, chromatin structures, and regulatory
element activities. In addition, many tumors exhithdranged 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 epigeneticspntinues to show theelevance of epigenetics in cancer; an
investigationwith Christine lacobuzi®onahue demonstrated that pancreatic cancer
progression is linked to metabolisiiReinberg 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
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driven by genomic regions of change from heterochromatin to
euchromatin. These regions show increased plasbt€igyene
expressionwhich allows for natural selection of the metastases in
the absence of any driver mutatiod. S Q@S LINR @Sy GKIF G YSi
progression iglriven by epigenetic changdsat arrived within those
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However if we really want to see the importance of epigenetics in cancer that can be
seen no more clearly than in pediatric malignanciésildhood cancers haveld-times
lower mutation rate compeed to adult tumors. In facystematic analysasf genetic
and epigenetic alterations in a variety of pediatric cancers have surprisingly identified

tumor types withfew or no mutatiors, suggesting that epigenetic derangements can
themselves drive these cancers.
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but an error in development caused by a change in how gene
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Chair in Pediatric Genomics at the University of California Santa Cruz.

Taken all together, it has become veopvious that mutations are not in the driver
seat and that it is the epigenome that is the prime mover hy OS @2 dzQ@dS a KSR
assumptions and actually looked at the evidence there can be no other conclusion.

What exactly does this all mean then for@amand its
treatment? What exactly is cancer, how does it work, and how

can we treat it?

oXany theory of malignancy that does not take account of its
dzy AOSt f dzf  NJ 2NAIAY Ad R22YSRéd 94 . 20

Well, as mentioned above, an extensive body of evidence demdastthatcognitionis
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. Thiseltreferential 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 acrtss 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
seltreferential awareness that isxhibited 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 evolutidndeed, 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 multieeleuikaryotic organisms.

Specifically, cancer cells have access to the types of tools availableunitiedular
eukaryotic state. This is a due to the fact that as a condition of multicellular eukaryotic
life, development remains anchored within cellutarms to the fundamental unicellular
form despite any outward macro form.

It has been asserted that the unicellular state is plegpetual epicenter of lifeThelife

cycleis 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, directlyfacting the offspring both genetically and

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

epigenetic marks acquired during the life cycle are ultimatedimed
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Certainly, multicellular life has resulted in the evolution of ontagsrthat generally

begin from a single cell every generation. All multicellular eukaryotes experience an
obligatory return to the unicdélilar 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 adjustedn subsequent developmental stages.

At each stage, thquality 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 remainsiehored to those fundamental linkages in
perpetuity as the stage in which the eukaryotic entitycenters the information that it

will use for its next macro elaboratioin 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 contemaoy organisms have achieved current biological
form and function.

Instead, some of the evolutionary mainstays that have been part of past experience
remain available through reonnections that perpetually recapitulate through the
unicellularphase.Therefore, in a cellular world, prior solutions can beerplored when
the necessity arises.

These prior solutioneecome a continuous evolutionary toolkit based on First Principles

of physiology which have developed in direct response to environmental streldsas.

is, all successful adaptations to stress in the past are maintained as p&rSoftOSt f Q&
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 recapitglaygotic form

in its flexible adaptation to epiphenomena. Again, this is something Boveri recognized
stating categoricallyhat,
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Indeed, it is known that within tumor tissues, there are tumor specific stem cells that
appear to exist within @rogenitor state of development

Notably, this concept that cancer is in some wayraxted 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 andrestitance.
However, these are all shared metabolic feasiof 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 cancell lineages.

It has also been suggested that this backwardation is triggered bgytrequlation 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.
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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 theapge permit modulation of
bioenergetics in response to shetdrm fluctuations in the energy environment.

Depending upon the metabolism of the cell, certain substrates, cofactors and effectors
0! ¢t = ! O/ &etaplutdrdted decome available and thenetabolism 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 resgpon
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, éinthtgly in this
symphony, the mitochondrial genome is the "conductor" who controls the flow.

It is the mitochondria that are driving all the substrates of theggmome. The nucleus
cannot replicate its DNA, transcribe its RNA, or translate it into prete@ithout 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-kiggrgy
intermediates such as NABnd ATP that regulate the egenome ad control the
nucleus. This sequence is shown below in a dynamically reciprocal feedback loop
between the epigenome and the genome.

GENOME
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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, mamgzymes that regulate epigenetic

modifications are potentially susceptible to changes in the levels of ATP, AcCoA, SAM,
b! 53 C! KG, adwélRas free radicals. These metabolites drive the modification
of the epigenome via phosphorylation, acetylatjonethylation, 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, whereagltix@meis the biochemical
readout of the combined metabolic activities within the cell, which subsequently alter
the epigenome.

The resulting gene expressiomediated changes of the metabolonfleixome will feed
back into theepigenome 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 mitochomil metabolism, and so on and so fortthus 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 phertgpe. Specifically hrough 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 phenotypanatches the phenotype of the last eukaryotic common ancestor (LECA)
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became the mitochondria) and an archaebacteria.
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as a recapitulation of the evolution of the eukaryotic cell from fully

differentiated cells to LEGA

dn 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
speedwhereby the more aggressive phenotype a tumour achieves,
the more it resembles LE(Yoadly 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 represenrbsgdhized
asemblages 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: alifvargy, motile,

facultative anaerobic organism capable of proliferayvewth and
NBLJ A OF GA @&mphasisaunsli £ A G & d¢

You seemitochondria initially played a crucial role in the evolutioreakaryotesin the
first place and subsequently have been essential for the major transitions that have
occurred in eukaryotic organisms thereafter including the evolutiomolticellular
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
repeatng pattern. Lowetevel biological units repeatedly banded together to form
higherlevel units. In this process, much of the complexity of life emerged.

In fact, tie history of life on earth consists of a series of major transitions in which
lower-level bological units cooperatively banded together to form higherel

biological units. First groups of molecules, then molecules within cells, then simple cells
within complex cells, complex cells within multicellular organisms, and multicellular
organisms Wwhin 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 ¢éenel of
biological organization. The heterarchy of life is the central landscape of collectivity in
the living worldeusocial societies composed of multicellular organisms, multicellular
organisms composed of single (eukaryotic or prokaryotic) caligles(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-seffanization. In general terms, selfganization

can be defined as thgpentaneous emergence of macroscopic reguilibrium 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 errgy dissipation.

In other words, macroscopically selfganized 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 ofaased 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 lbody. Complex life is not
possible without these allmportant organelles.

As Nick Land?rofessor of Evolutionary Biochemisinythe Department of Genetics,
Evolution and Environmerat University College Londdmas put it
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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 gase to mitochondria
restructured the distribution of DNA in relation to bioenergetic
membranes, permitting a remarkable 200,6fa0d expansion in the
number of genes expresséihis vast leap in genomic capacity was
strictly dependent on mitochondrial poar, and prerequisite to
eukaryote complexity: the key innovation en route to multicellular
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The transition to complekfe 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 gife to the first living systems, and the

jump from unicellular organissito 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; kay there was then a delay ot 2 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 ill. 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 maineits structure, and keep
increasing its complexity which in turn allows for it to compete with the evelhanging
complex environment, the system needse increas the amount of freeenergy. This
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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, comgléaryotic 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 manifésthe origin ofuncooperative

unicellular eukaryotic cells within the multicellular eukaryotic host,

écancer is characterized by a breakdown of the central features of
cooperdion 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 multicellularitg).

These uncoopetive 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 multicellulargyhe cancer

has an advantage andaniche constructiorcanexplore 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 cellg because in essence what was occurring was a mitochondrial
transplanttion whereby dysfunctional mitochondria were replaced with healthy
mitochondria. With the fundamental cause of the cancers essentially fixed the
phenotype of the cancer dslwas able to be restored to that of normal cells. The cancer
cells essentially revolved.

In the absence of such a-svolution, however, neoplasia utilizes genomic instability or
lability as its means, skewing from normal cells based upon its ownsaxel

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 @gn 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 pasCertainly, it is well recognizedah
genomic instability, of which CIN a major contributor, deéining hallmarlof cancer

cells
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dGenomic instability is a hallmark of cancer that leads to an increase
In genetic aleérations, thus enabling the acquisition of additional
OF LI oAf AGASE NBIdZANBR F2NJ Gdzy2NR3IASYS

Importantly, it is recognized thagenomic instabilitys regulated by thepigenome
Moreover, CIN is a regulatressinducible feature of eukaryoteis 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 adaptiveesistance to therapiesas well agnetastatic behavigrbut also
cancer immortaty.

It is known that cancer lineages have the ability to avoid the normal checkpoints of
cellular regulation to empowebngevity;

G2 NBIFOK AYY2NIUIfAlesS IWRBdAzYIKNI OSft €
fAY1{SRQ NB3Idzf FdA2ya 2F y2NXIFE YAG20A
G2 GKS OStf aeadsSvya T2NJ LISNLISGdzr GAy3

This same exceptional facility permits successive rounds of tnedgeitated genetic
variation and the backtracking of the cell tavds more primitive pluripotential form#
consequencef this advantage is hypexdaptability,

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 ofaee evolution

for coping with epigenetic stressed his 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 pises of natural cellular
engineering, similar to all cells.

Giventhe aboveexplanation for what cancer is, and importantly what it is niois easy
to see whytraditional chemotherapy has been a resounding failure for the past seventy
years( it is founded fundamentally on wrong assumptions.

T NBESGSR 2NJ LINBOAAaAA2Y UGUKSNILRI gKAOK Aa adz
0KS NAIKG LI GASYyaGs G GKS NRIKG GAYSZE Fad
mutated critical proliferation orsurvivaldl G K¢l @ @ ¢ KS ySgSad RNz
I yeo2ReQa (dzy 2n¢Bpecific addls witkih cefah Nimaisat have a

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

have always, always referred to fundantal simplificationsThis complexification is the

exact opposite.
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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 tlkegicycle modelA geocentric
astronomical model prevalent from ~300 BC to the late middle ages. In order for the
proponents of the theory to explain the evgrowing mountain of problems associated
with normal skyobservations, epicyclesese invented. This explained the movements

of the heavenly bodies without having to adjust Earths position as the center of the
solar systemThe epicycles became more and more complex as time went by.

We see a great resemblanceday within oncology (and the rest of biology): extreme
complexity, noraccurate predictions, ad hesolutions, parroting, the good olo

many people can't be wrong for such a long tingg'eat resistance towards alternatives
etc..

They say we know bettéoday, 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, scienisanoving in the wronglirection. 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 sameaflis, each cancer cell is potentially different
from all the rest as each cell is adapting/evolving serdependently from the rest. This
results in a remarkable tumor heterogeneity.

Tumor heterogeneity refers to the existence of subpopulations of ,oglth 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 intertumor, respectively). It also means that each eaneell 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 ofathed 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 cancersoslthout 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 ae dynamic organisms that adapt rapidly and ruthlessly to their environments

TAG0QAa adzNBAGIE 2F GKS FAOGGSad Ay GKS {Gdzy2 N
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least likely to respond to chemotherapy, that inevitably leads to drug resistance and
eventually a need for new treatmentn the end these overly selective therapies end up
strengthening the cancer

Cancer, like all biological organisms, is-#m@gile. Stress, unless truly large enough
which would very likely result in the death of the hastwell, 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 treant 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 theraplesrésult 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.

2 SQ0@S 0SSy {aindledwith/cancesd fisrth©past 70 years. We cértlem
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 itself the most dangerous foe oflawith a counter for every move. As the
British chemist Leslie Orgel once said,

G9@2tdziA2y Aad Of SOSNBNJ GKIYy @2dz | NB®

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

the evolution of tumorst how they change over timelf we could halt or even reverse
the reverse evolution of tumors we could provide a big advantage to conventional
treatment.

The Ewlutionary Approach to Cancer therapy

If we want to target the evolution of tumors then it migtio well to hit them where the
major source of their hypeadaptability issues from, namely the celicle.

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

cellcycle, act as a fulcrum which the cancer cell uses to affect its fagsgptability. For

2yST YIFINLIAYSGa FYyR C228Qa& LINRPLIRASR GdzY2NA3S
based on arerror-prone cellcycle progression

They further point out that two stressmduced epigenetic events are a requisite for
cancer development in the hypothesis. They:are


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

0] epigeneticsilencing/activation of oncogenes involved in proliferation, cell
cycle control and DNA repair
(i)  global hypomethylation of the genome.

In concordance with the hypothesis, studies show early epigenetic silencing of genes
involved in the activation of cetlycle arrest and apoptosis.urthermore, it is well
recognized that the cell cycle is tightly intertwined witkll fate decisionsin order to
transition from one state to another, cells must dify 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

2T OStf FILGS WRSOA&AA2YQ 3IASYySa Asms2FGSy O2d
G¢KSasS addzRASa akKz2¢g GKFG GKS OStt Oe@
chromosome architecture, the epigenome and transcriptional
programs required for cell identity in multiple contexts including
differentiation, reprogramming anttansRA T FSNEY G A (A 2y P€

As thecell 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
caner as cancer cells require the retention of the transformed phenotype, that is,
unrestricted proliferative potential, suppression of cell phenotype, and activation of
oncogenic pathways. Thesincer cellg€an only do by fiddling with their ceadlycle
machnery.

The cellcycle in effect then becomes a target for an evolutionary treatment approach

to cancer.By properly inhibiting the previously unregulated esjtle we can effectively
AYKAOAG O-hdimdedilMyits mdildyl@S prdclivity towardsletastasis), and

even its immortalitywhich is really a population, a species, laughortality ¢ single
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cells) Properly is the key here, however, for while there are severaktygele proteins

that can be targeted, including the Cyebependent Kinases (CDKSs) the inhibitors of

which are already FDA approved for treatment of certain cancers, therestatively

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

For exampleit is thoughtthata I & ST NXf & adGlF3Sa 2F S@2f dziAz2y.
y2i 02y i NP THe SviklendedinditatetiatCGDK® NI y OK 2FF (G KS LIK
tree at a late stage, after several other kinases involved in either mitosis or meiosis
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NXE 3 dzt ,land k& specifically theCDK4/6 subfamilgwhich is the target of the FDA

approved CDK inhibitors) emerged only with the eumetazagres, after the evolution

of multicellubr organisms and therefore cancer. Thus, the CDKs are laegelgdant

and removing them one at a time is actually Hethal embryonically across the board,
Gy2yS 2F GKSasSSasgparlhta BENRO8EE O&20fS LINE

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, whictakes it no surpristhat, d NS A A adGl yOS G2
CDK4/6 inhibitors is considered angay S@A GF 6 Af AdG2 Ay Yz2ad LI GA

In contrast to the CDKa moreideal cellcycle target is ne that has been around since

the initial evolution of Eukaryote3his would be a protein that would be absolutely

essential to the workings of the celtycle and its absence would result in embryonic

lethality. It would accordingly be essential to canceflscd 2 YSG KAy 3 (KS@ QR &
pressed to get around and which would become more vital the further the cancer cells
progressed in their reverse evolution.

Enter PLK1:

"XIf your quarry goes to ground, leave no ground to go to. You should
havetaken my offer. Or did you think none of this was your fault?" ~
The OperativeSerenityFilm)

PLKIs the founding member of the polikke kinase (PLK) famifLK1s a master
regulator of cell division. By phosphorylating different substrates, PIk1 controls a
number of processes throughout the cell cycle, including centrosome
maturation, mitotic entry, spindle assembly anaphase entilyromosome
segregatiorandcondensation, as well as cytokinesis.


https://bmcevolbiol.biomedcentral.com/articles/10.1186/1471-2148-14-10
http://genesdev.cshlp.org/content/18/22/2699.full
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Figure3: source

Importantly, PLK1 is ancieqiperhaps as anciergs?2 billion years as old as eukaryotes
themselvesWhen 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 wasuch 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 analoguthat 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 [ YMQa | OnXagtoéeh ecébgnikdd 0 Scesskntial for thevelopment of

multicellular organismsFor example, beyond the cell cycle PLK1 is involved in the
epitheliakmesenchymal transitio(EMT) which is a process important for embryonic
RSOSt21LIVYSYyilid LYLRNIFIyGtes GKA& A& 'y SELNS
fundamental unicellular trait of motility. Acedingly, PLK1 is involved in cancer cell

migration and invasion
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OElevated PLK1 expression has been associated with an increased
invasiveness of colorectal, breast, renal, and thyroid GaS NJ OSft t & X h dzN
recent study has provided direct evidence of theipvasive activity
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induction,PLKIoverexpression in prostate epithelial cells led to
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velocity of epithelial cell migration, independently of its effects on
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Likewise, PLK1 regulates metabolism but not just anyabmdism. It specifically

promotes theWarburg effectwhich is the growth metabolism and also, accordingly, the
metabolism that is used during the ancient days before eukaryotes become more

capable of aygen dependent oxidative phosphorylative metaboligine Warburg

effectis also the metabolism that is vital for important stagegwibryonic

developmentg ontogeny recapitulates phylogenLK1 thus helps promote the

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

state.

Taken together, thent should come as no surprise th¢hat PLK1 has provesssential

for early embryonic development as well as the adaptasstanceof cancer cells to

treatment, a 0 KS A y RUK@mkaylokefcgme 2riig resistance in cancer chemotherapy and
SYKFyOS aSyairdArAgritge 2F OFyOSNI NFRAZ2GKSNI LR o¢
Without PLK2here is no eukaryotic life (outside of plants and protozoan parasité®).

same is true of cancer cells, which are just another form of eukaryotic tiémce why

PLK1 isarelyif ever mutated in cancer,

atfim A& NIYNBte F2dzyR Ydzilt GSR Ay {dzy
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the tumoral progression. The low mutation rate in the PIk1 gene is

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

proliferation genetherefore cells cannot handle the Plk1 loss of

functioné (emphasis ours)

In contrast, with excess PLK1 cancer cells are alviettonly survive bupromote their
own adaptive evolutionVia upregulatio of PLK1 cancer cells override the normal
checkpoints of the cellllowing the cancer to utilize their invigorated form of reverse
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evolution for coping with epigenetic stresses while also retaining their transformed
phenotype through the mitotic process.

Therapeutic
resistance
Oncogenic Tumor migration
transformation K‘ ) and invasion
Tumorinitiation EMT
and survival induction

Figure4: source

Furthermore, PLK1 has been shown to play a key role in acqtheedotherapeutic
resistanceof cancer cells.

GThis drug is used against many different kinds of cancer, but has
issues with cytotoxicity and development of drug resistance.
Interestingly,jt has recently been shown that Plkiediated p53
inactivation contributes to doxorubicin resistaice

Song and colleagues showed that Pdskociated kinase activity
drives DNA replication under stress, resulting in acquired gemcitabine
resistance in pameatic cancer cells

It has been demonstrated that Plk1 contributes to Taxol resistance via
its ability to regulate microtubule dynamics and microtubule
kinetochore attachment.

PLK1 islao awell-recognizednarkerfor proliferationandits overexpression in various
human cancers appears to be sufficient to override cellular checkpointgdaode
genetic instability promoting tumorigenesis
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with CIN (p < 0.0001), DNA aneuploidy (p = 0.0007) and centrosome
F YL AFAOIGAR2Y oL T nonnmol GKFEYy (GK2a

Accordingly, its linked tohigher grade tumords involved with acquisition ggsistance

for various cancer therapies,
G[ A1 Ste& o0SOl dza S -2yEle prograssidnandother f NR f S
cellular processes such as the DNA danaathway, Plk1l has been

found to be involved in the mechanisms of resistance to several
OKSY2(GKSNJ LI RNYAAAE¢

and is associated withoor prognosisn many different cancers

OA number of studies have revealed tHtKls 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 caraino
ovarian carcinoma, breast cancer, and prostate cathaer

There is also evidence thitter stagecancers rely more heavily on PLK1 than their early
stage counterparts

dWe found thatPLKIhas significantly higher expression levels in late
stage of cancers than in early stage of can€ers

This is what we would expect if cancer cells are undergoing a sort of reverse evqlution
the further back they go the less they rely on more recemleationary innovations and
the more they rely on the more ancient proteins.

For example, androgeimsensitive (Al) Prostate Cancer (LN@#&rells when
transitioning from a state of androgen sensitivity underggeaetic reprogrammingp
selectively upregulate the expression offWlase celcycle genes which is heavily reliant
on PLK1. As a consequence of this reliance on PLK1 the-AN@#HB become highly
sensitive to PLK1 inhibition.

a L y thér y¥nportant study, PIk1 inhibition was demonstrated to
SYKIyOS (GKS STFAOFOe 2F FyRNR3ISY aAri
A similar transformation happens in TamoxHResistant (TAMR) Breast Cancer cells

which are associated with a more aggressigacer pkenotype. In their transformation,
these cells gain somedvanced biological features, such as an epithédial
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mesenchymal transition (EMT) phenotyaged some stentelllike properties. TAMR

O S frepraglammingof 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 tlat wherever cancer cells transform to a more advanced, aggressive, difficult

to treat phenotype PLK1 isinvolvegi2 dza i | & @& 2 dzQR SEad$thsi 3IA FSy
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 aregps the KRAS

mutant cancers, more on this later.

We think that PLK1 inhibition in this, and likely all, case(s) primarily works not

necessarily by directly killing the cancercellst 1 K2 dzZ3AK GKI Q& y2iG 0O2Y
¢ but via halting of the resrse evolutionary process of cancer cells and even potentially
inducing thereversionof the cancer phenotype to a more remediable stdtepoint of

fact, cellular senescenca permanent state of cell cycle arreghich equates to doss

of a cell's power of division and growthas 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 togreraising strateqgy

for cancer therapy,

GOStfdzZ  NJ ASySaoOSyO0S OFly LINRPROYARS |y
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Put it all together andHis is likely why PLK1 inhibitiongeneral, and Cald¥ ¥ Qa t [ Y m
inhibitor onvansertibin 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 ahdrogen signaling blockadef microtubule
disrupting drugsof epigenetic inhibitors such as those that targ&Tand HDAC
proteins, of chemotherapeutic agents suchcaplatinandgemcitabine as well as other
drugs such ametformin, therapaloguesand JAKZTATTnhibitors¢ not even to exhaust

the list. PLK1 inhibition isapable ofeversingthe previously evolved resistance to
treatment and inhibiting any further evolved resistance.
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An example of th phenomenon of tumor reversion is seen with treatment of acute
promyelocytic leukemia (APL) witktinoic acidbased therapieslLikewisea similar
phenomenon is seen when you reestablisorking p53 (which is in reciprocal
relationship with PLK1) in a tumor that lost it. When yeastablish WT p53he tumor
R2Say Qi 32 | gl &becadcdmius staieNohByAtsiidy was dond in
KRASnutant mouse modelgmore 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 expressi®®R ol/TCTRvhich is

implicated in a reciprocal negatisfeedback loop with p53) results in either apoptosis or
reversion of cacer cellsThis is whynvansertitc | & ¢S ¢gAff aSS:I AayQ

monotherapy-A (i R 2 Snpsftniors fkd stahidard cancer therapy.

Onvansertib:
Onvansertib is perhaps the first ever truly selective PLK1 inhivitbra 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 pharmacokineticparticular,

selectivity has been the greatest sticking point of PLK1 inhibitors since the beginning.
The issue is thahe conserved regions shared between the KDs of functionally distinct

PLK subtypes as well as other protein kinases, increase thibiiossf off-target
adverse effects created by Kiinding PLK1 inhibitors


https://cardiffoncology.investorroom.com/corporate-presentations
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2933180/
https://www.nature.com/articles/s41586-019-1577-5
https://journals.lww.com/co-oncology/fulltext/2013/01000/Lessons_from_tumor_reversion_for_cancer_treatment.12.aspx
https://cardiffoncology.com/wp-content/uploads/2020/05/Synergy-Diagram.png
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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.

PLK1 ICsp (nM) PLK2 ICsp (NM) PLK3 ICsp (nM) Half-Life (hours)
Onvansertib | 2 =10,000 >10,000 24
Volasertib 0.87 5.22 56 135
Rigosertib 9 270 >10,000 ~2
Figure6

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 po58€§de&
selectivitytowards PLK1 over PLK2/PLK3. As such, even used at its higher dosages PLK2
and PLK3 inhibition is practically nil. Alsooy @ y a SNI A0 Qa o0SyIBeTA G A&
compared to Volasertib. Whereas Volasertib has alifalbf about 111 hours,

hy @ yaSNIAOQa Aa Of 23a 8N &S NMInA KR HzZNIBADY A¢ (KI-dZBAS
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 lessoiB@nsertib 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 imaginey @ y a S NI Aictuieicange asIh& L EBrndehn Hydra of Greek

mythology¢ a gigantic, nindheaded waterserpent. Anyone who attempted to behead

the Hydra found that as soon as one head was cut off, two more heads would emerge
FTNRY (KS FTNBAK ¢ 2 dzy Ribuble defesting tHe Nydr@ith®ia Q@ KIF R 3
magic golderswordgiven tohim by Athena.

.SAy3a 2yS 2F | SNI Of SaQ & $efgmandndraNdihisk S ¢ a
brute strength- which exceeded that of any other man many felehd no matter how
easily he was able to sever the heads he too was confronted with the same issue of
SYRf Sda FTNBAK KSIRaod LG oI a lokhysthat thedHydiak
was ever bested. Each time Heracles bashed one df theR Ndeadsilolaus held a
torch to the headless tendons of the neck. The flames prevented the growth of
replacement heads, and subsequently, &ldes was able to get the better of the beast.

0dKS


https://www.selleckchem.com/products/nms-p937-nms1286937.html
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In this metaphorpnvansertib is lolaugilydra isthe cancer, and Heracles is targeted
cancer therapylolaus(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 immottdut of the twololaus(Onvansertib)

LINE SR (2 06S (KS 2yS GKIFG O2dz RyQi KI @S
hy @ y a&itlita lialDcncer evolution and potentially even revert the cancer
makes tumors more susceptible to other treatments including those thattimor was
previously resistant toWerepeat, onvansertibmonotherapy is missing the point. Once
82dz2Q0S KIft3G0SR OFyOSN S@2ftdziazy | yR KI @S
in another therapy to take advantage of the increased spsbdity.

For examplelooking at the monotherapy data fromnvansertibd 2 dz ¢ 2 dzf Ry Qi
much. In the only monotherapy trial, a phasédseescalation studyf onvansertibin
patients withadvanced 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 pogression. 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 rathkmited. The starting dose was only 6 mg/m2
/day ¢ which is far less than used in subsequent triadsd the median number of

cycles per patient was only 2 with a median treatment duration of 6.1 weeks. In the
later combination therapyrials,completeresponses 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 tumqitsvo 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
canbegin to sean inkling of the potential that PLK1 inhibition can bring to thddab

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 theradardespite some exciting combination therapy results actbsse
indications, R/R AML, mCRPC, and KRAS mutated mCRC with the last being the most
exciting.
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Onvansertib in Relapsed/Refractory AML

¢KS FTANRG Ay RA Oifficilktetyeat ielipsei/resastorf (R/IR)AWIE A G 0

I Oldz- tfte& GKS tSIFraid SEOAGAY3 2F GKS GKNBS 2
onvansertib. First of all, in neRAS mutated tumors, the focus for onvansertib should
not be on Complete Resgod S& o6/ w0 o6dzi 20SNY £t &dz2NODAJDI T
focusing on response rates tends to miss the point of not just the drug but mutation

targeted therapies. Second of ahvansertib should be used first and foremost in
advancedsolidtumorsc LI NI A Odzf NI @ (K2&aS ¢6A0K Yw!{ Ydz
ready to talk about those yeWe sayonvansertib should be used in solid tumors

because this type of tumor has tlgeeatestgenomic instability

dMost solid tumors have acquiredpnrandomchromosomal
Foy2NXFfAGASAX 'Y2y3a GKS YIEAIYLl Yy
complexity often exceeds that seen in hematopoietic tumors. In these
tumors,genomic instability may be so extreme that almst every

metaphase cell is differetbe 0 9 YLIKI aA a 2 dzNR U

Q)¢

Furthermore 90%of all solid tumors have been found to be aneuploah alteration of
chromosome number that is nat multiple of the diploid (2n) complemerAs discussed
above, such genomic instability facilitates rapid tumor evolution and has been shown to
be instigated by PLK1 overexpressiath a verystrong linkbetween PLK1
overexpression and genomic instabiliBccordingly, PLK1 inhibition has been shown to
preferentially killtetraploid (a specific form of polyploidy that is a doubling of the
normal diploid complement (i.e., 4n¢ancer cells; and likewise aneuploid cells have
been shown to beelectively vulnerabléo inhibition of the spindle assembly checkpoint
of whichPLK1s an important componentt 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 wattiverserisk cytognetics, including those

with complex or monosomal karyotypdgreviouslywe showedhat complex karyotype

AML is dependent on PLK1 for its transformation and is thus hypersensitive to PLK1

inhibition and this has been bae out in clinical trials withalasertib, another PLK1

inhibitor but with inferior selectivity and pharmacokinetics. Ingrenlabel randomized

phase Il studyolasertibproduced better results in patients with adverssk
Oed23SySiAda GKIyYy Ay GK2a/SHMRAUKT aRFRRFWQE ¢a &£
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 notbegi KS 0Said OK2AO0S (K NB
the very least, the results clearly show that Onvansertib is an active dhigytria) like

the other two, was a phase 1b that has transitioned into a phase 2.1@svi#b was,

and is being, used in combination with either decitabine or-tvge cytarabine both
hypomethylating agents. In the phase 1b portion of the taiali-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 (2@ 90 mg/m2), CR/CRi was observed in 5 of 16
(31%) patientan the decitabine ArmMedian time to achieve CR/CRi was 4 cycles
(range 17), the duration of response has been >7 montlasd at the last update in
June 3 patients remain on treatment and in rission with the duration of CR/CRI being
respectively 612, 15 months, respectively.

a dzt


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
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Figure7: source
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patients have or had the important p53 mutation which is common in AML. With that
said, we see &R/CRIi rate comparable to that seen/wlasertilf2 dhase Zlinical trial
another PLK1 inhibitor similar in MoA eavansertib but with selectivity and
pharmacokinetics greatly inferior mnvansertib,which the FDAyranteda Breakthrough
TherapyDesignation for; andsi higher than the target CR/CRi rate for the ongoing phase
2 portion of the trial(shown below) although only just.

N
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https://cardiffoncology.investorroom.com/corporate-presentations
https://www.ajmc.com/journals/evidence-based-oncology/2013/sep-oct-2013/volasertib-given-breakthrough-therapy-designation

Providing a New, Safe and Effective Treatment

Trial Design: Phase 2 multi-center, open label trial in AML
: —— Relapsed or Refractory Onvansertib 60mg/m? Days 1-5
Onvansertib +Decitabine Patients (n=32) (21-28 Day Cycle)

Efficacy Endpoint

Primary: safety and preliminary efficacy

Correlative Biomarker: Assess PLK1 inhibition (target engagement) by measuring changes in the PLK1
substrate pTCTP; evaluate predictive biomarkers associated with response to treatment

Current Standard-of-Care Clinical Response: Hypomethylating agents (decitabine and azacytidine) is
16.3% and IDH Inhibitors, ivosidenib (Agios), is 30.4%; enasidenib (Celgene) is 26.6%1-2

What is Clinical Trial Success:
» 10 of 32 (~30%) achieve complete response (CR + CRIi)

« Median overall survival of >2 months for relapsed/refractory AML patients

Figure8: source

Of the phase 2 portion some very preliminary data was released witduhe update

So far, as of the data cut off for this updat& patients have completed 1 cycle of

treatment with a rather high objective response rate of 28% alrea®@pecifically, 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 they both remain on treatment.

/| 2y aARSNAY 3 GKIG GKS | @SNY 3S / wxavenage RA RY Qi
this is encouraging, and at the very least demonstrates the activity of onvansertib in a

f Saa UGKFIYy ARSIt Ay RAdvaisartbyh®/RARLEIENtsDt ast { K 2
we will show, there are much better and more interesting indications for onvansertib

that the company is currently pursuing.

Onvansertib in Metastatic Castrati®esistant Prostate Cancer
The second most interesgnindicationCardiff is currently chasingnsCRP@ which
onvansertibis being usedh combination with abiraterone (ZYTIGACRP® a much
better indication foronvansertib than AML for a number of reaso@mebeing that
prostate cancer is a solid tumor. As such, it is characterized by genomic instability, in
particular in thelate stage®f the diseaseThe genomic instability characteristic of the


https://cardiffoncology.investorroom.com/corporate-presentations
file:///E:/writing/v
https://www.ncbi.nlm.nih.gov/pubmed/24931269/

disease ends up driving the progression of the disease throughati® sof
development which have been identified as:

&(a) intraepithelal neoplasia that can be considered a precancerous
state, characterized by hyperplasia of luminal cells and progressive
loss of basal cells; (b) adenocarcinoma andredgpendent
(subdivided into two stages, adenocarcinoma latent and clinical),
characterzed by the complete loss of basal cells and the strong
luminal phenotype: at this stage, the tumor is androgiependent

and its growth can be controlled by androgen deprivation; and (c)
adenocarcinoma androgeindependent (or castration resistant)

that represents the evolution of adenocarcinoma and does not
depend for its growth by androgens(emphasis ours)

Thatcastrationresistant prostate cancer is an inevitable endpoint of the diseas@
important but seemingly overlookedoint, as is the fact that metastatic prostate cancer
Is inherently castration resista@ind that a common mechanism by which castration
resistance evolves is viiromosomainstability. It is likely that PLK1 driverenetic
instabilityis crucial to this process,

GRNAGAY3I (dzY2NJ S@g2tdziAzy> YSiOlFaal asSa
treatmentNB a A a0 F yad L2 LJz | GA2yaé o

This is consistent with the findinge highlighted earliethat androgeninsensitive (Al)
Prostate Cancer (LNGaWP) cells when transitioning from a state of androgen sensitivity
undergo ageneticreprogrammingo selectively upregulate the expression ofpglase
cellcycle 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). Specificallys thutation comes in the form of
ARV7.ARV7 is a truncated isoform of the normal ARl 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 thiay, it is, as we will see, similar to KRAS
mutations.

Importantly, afurther increase in AR/7 protein expression is observed in metastatic
cancers after androgen inhibitor therapiResistance develops to standawéicare
androgen receptor signaling inhibitors (ARSI) therapy, Zyi#gafteroneacetate)and
Xtandi®, witm 9-15 months. In the end, up to 40% of patiectn develoghe 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 R, which is resistant to ARSI therapy.
Patients with these types of mutations show almostresponse to standard of care

at I GA S y¥Rgdin osTBTBK or L702H padiraterone (45%)

were 4.9 times and 7.8 times less likely to have a decline in PSA by

XpUE: 2N xgprE: NBaALSOGAGStEe yR KIFER |
7.33 95% CI 3.515.34) and progressieinee (HR 3.73, 95% CI 217

chdnm0 adz2NDA DI dg

Which is exactly what yowould expect considering that Abiraterone works via

inhibition of 17 ahydroxylase/C17,20/ase (CYP17). This enzyme is expressed in
testicular, adraal, and prostatic tumor tissues and is a key enzyme in the steroidogenic
pathwayrequired for the synthesis of androgemshiraterone thereby reduces the

levels of androgens available for the prostate cancer cells.

However, as we note above, AR ispe¥' | y Sy Gf e agAliOKSR 2y o Li

I yYRNRISya G2 06S FOUAQGIFISR YR a2 Al R2SayQ
ARV7 is going to remain in the on stateny response seen in the patients therefore

can be ascribed primarily to the actionsarfvansertib.

This subgroup of AR mutated patients aisovides Cardiff a particularly interesting
opportunity to fill the void hereNote the incredibly short PES and @$hese particlar
patients who are faced with a runaway cancer that is highly dependent on PLK1.

GAmong men receiving enzalutamide,-XR positive patients had
lower PSA response rates than¥ARnegative patients (0% vs. 53%,
P=0.004) and shorter P®rogressionfree survival (median, 1.4
months vs. 6.0 months; P<0.001), clinical or radiographic
progressionfree 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 meeceiving abiraterone, AR/

positive patients had lower PSA response rates thal ARegative
patients (0% vs. 68%, P=0.004) and shorter PSA progrdsseén
survival (median, 1.3 months vs. not reached; P<0.001), clinical or
radiographic progressiafiree survival (median, 2.3 months vs. not
reached; P<0.00®)¢ 6 2dzNJ SYLKI aAad Ay o062t RO

These poor responses adee to the fact that orresponding with this transition to an
androgeninsensitive 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, analysif the ARpathway, including
several known activators, coactivators, and corepressors, showed alterations in 56% of
primary prostate cancers and 100% of metastases.

Likewisearecent studybased on the screening of AR7 protein by
immunohistochemistry on a large set of prostate canegds8 primary and 293
metastatic tumors; and found that AR/7 protein is rarely (<1%) expressed in primary
cancers, but is frequently (75% of cases) detectadetastatic tumorsThis is likely as
least partly due to the fact that AR signalimgsitively requlate®LKlandthat PLK1
positively requlates ABignaling thus resulting in@otential positive feedback loop.

Therefore, a mutated AR that is constantly in the on state will result in highly
overexpressed PLKihich then can drive the reverse evolution of the cancer cells.

MetastaticCRP@hen fits the bill foronvansertib on a number of levedsd we think
Onvansertilcouldprove to be aigstep up from the current therapeutic optioris
patients sufferingrfom this final mutated AR/7 protein stage

In support ofthis assertionthere is already rathepositive datato get excited about

here. There were two arms of the trial testing two different dosing schemes. Arm A
(onvansertib dosed daily on dayslin a 21day cycle) and Arm B (onvanskrdosed
daily on days b in a 14day cycle). In both arms (A and B) onvansertib in combination
with abiraterone was safe and wetllerated; andoverall,across both arm$3% (12 of
19) of evaluable patients achieved partial response (PR) or stallesdi¢SD) following
12 weeks of treatment with onvansertib + abiraterone
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Arm A Arm B
B PSA Response Radiographic Response
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Inarm A57% (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@% (4 of 5) patients had SD at 12 weghsth 3

patients achieving the efficacy endpoint (PSA stabilization) and 3 patients remain on
treatment. In addition,60% (3 of 5) patients have or had progresdi@e survival of >7
months.To put these numbers in perspective, the company entering the trial was

hoping for a 20% response rabé PSA stabilization at 12 weeks
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Figure9: source

We canclearlysee here thabnvansertib is acting as expected agadiit is effectively
stalling the reverse evolution of the candara dose dependent mannevloreover,
onvansertibappears toact most strongly in the subsef patients that would not be
expected to respond from abiraterone alone

Specifically, 5 patients were AR+ at baseline 2 patients had AR T878A mutations at
baseline andf these 7 patients it wa found that6 (86%) had an immediate decrease
in PSA following onvansertib treatmemnwith 3 patients achieving PFS of >7 months
Importantly, these responses particularcannot be due t@birateroneas it is
absolutely ineffective against this mutation.
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In further support ofthese responseb Y R 2y @ y & SNI A 0 (hathe F&BK | y A &
a significant reduction in circulating tumor cells (CTC) exhibited with treatofent

onvansertib CTCs are a rare subseteflsfound in the blood of patients wittumors,

which function as a seed for metastases. Cawgedismetastasize though the

bloodstream either as single migratory CTCs or as multicellular group®ig&lusters.

But n order for cancer cells to undergo the transition to CTCs they must first undergo an

EMT transitionwhich in theory should be prevented by PLK1 intdbyfiX 2 KA OK A &
exactly what we sawn these patients

At baseline, 25 (78%) patients had unfavorable CTC count with median of 19 CTC/7.5mL.
10 of the unfavorable patients were4analyzed after 12 weeks of treatment. Of these
MAI p O6pE:0  LICHCGdBgfeask, inklldiRg 2MKRppatietits, 4 (40%)

patients converted from unfavorable to favorable CTC level (<5 CTC/7.5mL), and 3 (30%)
patients had no detectable CTC.
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In mCRPGnvansertib has shown to not only produce durable responses but in a

mutation agnostic manner that mlso complimentaryo the current standard of care.

¢tKSaS NBalLkyasSa SlHarate SEOSSRSR GKS O2YLNy
2 SQNB S &edhol hddatd @volveith the next update in lat&eptembenat

ESMO

It is not just updated data from this trial that we can expect in September. We can also
expect to receivadditional datafrom tK S O 2 Y jhdasy¢ &ri@l &eaturing onvansertib

in combination with FOLFIRI/Avastin in KRRABated 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
justKRASMutated Metastatic Colorectal CancenCRG)butKRAS mutant cancers in

general

KRAmutated mCRC

The RASproteigw! { A& AK2NI F2NJ aNI} 0 &l NO2YIl ¢ az
genes were first identified from studies of two can@ausing viruses in ratsis a

central node in some of the most critical cellular signaling pathways. RAS, of A& K

is the principle isoform, is one of frofihe sensors that initiate the activation of an

array ofsignalingmolecules allowing the transmissiontoinsducingsignals 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, metabglsroliferation,
growth, chemotaxis, adhesion, migration, and death.
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encode the RS proteins which are present in a third of all cancemnd leave it

switched on interrupt the normal functioning of these signals and drive cancerous

tumor growth.

KRAS is a small GDP/&iiiding protein that transducgextracellular signals into
intracellular responses. It cycles between an inactive,-62Pdzy R 6 a2 FFé¢ 0 adal a
active, GT® 2dzy R 6az2y£¢0 aidliSo

Figurell: source
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AN AT E 2T  0ANESdeSHRe itsikigembhceJKRAS is one of the most
challenging targets in cancer. Notwithstanding its discovery more than 60 years,

researchers still struggle to inhibit its mutated forprearning its reputation as

"undruggable.” Yet, the hunt continues, as cancers driven by KRAS mutations are both
commonand deadly.
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