Cardiff Oncology: Targeting KRAS the Right Way
“The difficulty lies not in the new ideas but in escaping from the old
ones.”
– John Maynard Keynes

Executive Summary:
Despite recent advances in immunotherapy which itself has been employed as a cancer
treatment for more than four thousand years, cancer has proven to be an incredibly
tough foe to beat. This is because the current theories and understanding of cancer are
fundamentally flawed and at best doomed to slight incremental improvements. If we
want to make progress, we’ll have to view cancer in a completely new light. In this
report we offer our own theories and then show how Cardiff Oncology’s PLK1 inhibitor
onvansertib fits into our paradigm, with a special focus on the drug’s incredible results
in mutant KRAS metastatic Colorectal Cancer (mCRC). In the end, we believe that
onvansertib has the potential become the frontline therapy for a wide variety of KRAS
mutated cancers regardless of the specific KRAS mutation.

Introduction:
"Today in 2020 if you want to measure the success in treatment in
cancer... you have to look at the age adjusted mortality of cancer
today. In 2020, you know what it is? It is the same as it was in 1930."
~ Dr. Azra Raza, author of The First Cell
There is a cancer in the field of oncology. It is a pervasive, infectious disorder of thought
that has metastasized and taken over. It has been growing for over a century and has
come to subsume its host such that the two are now all but one. We speak of the
somatic mutation theory of cancer and its outgrowths of targeted and precision
therapy.
It should be apparent to anyone who takes even a cursory look at the history of
oncology that what we’ve been doing hasn’t been working. There are essentially no
cures for any form of cancer that is not highly localized and progress has come for the
most part in only small increments that don’t add up to much even in aggregate.
The field has become so incredibly differentiated and specialized that the phrase “the
right drug, for the right patient, at the right time,” is used openly, and unfortunately not
in jest. What works for one patient isn’t even supposed to work for just about any other

patient and not even for the same patient at two different points in time. As Joey
Tribbiani one said, “there’s gotta be a better way”.
Instead of viewing cancer through the mechanistic reductionistic Neo-Darwinian lens, it
is time to acknowledge the true nature of evolution and thereby of cancer. It is time to
realize that random mutations are not driving the evolution of cancer and that rather it
is the epigenome that is the prime mover.
Accordingly, rather than going after specific cancer genes, we could, instead, target
the evolution of tumors—how they change over time. If we could halt or even reverse
the backward evolution of tumors we could provide a big advantage to conventional
treatment – e.g., reversing resistance to treatment and inhibiting any further evolution
of resistance, thereby making cancer more susceptible to targeted therapy. If we want
to target the evolution of tumors then it might do well to hit them at the major source
of their hyper-adaptability and hyper-evolution, namely the cell division cycle.
As the cell division cycle globally disrupts and reorganizes the molecular content of the
cell, it may represent a most effective path for the genome to be interpreted in a
different manner as compared to its predecessors. This is important in the context of
cancer, as cancer cells require the retention of the transformed phenotype, i.e.,
unrestricted proliferative potential, suppression of cell phenotype, and activation of
oncogenic pathways. This is something cancer cells can only do by fiddling with their
cell-cycle machinery.
We can fight back by targeting the very same cell-cycle machinery, thereby effectively
inhibiting the evolution of cancer cells. Moreover, by targeting the most essential and
ancient of the cell-cycle components we can assure that even, and especially, the most
advanced and heretofore difficult to treat cancers are affected. Of the potential cellcycle proteins, PLK1 qualifies. PLK1 is evolutionarily ancient. It dates back to the origin of
eukaryotes thought to be about 2 billion years ago, and as such is absolutely essential
for all eukaryotic organisms today. Not even the most aggressive cancer cells can adapt
around it.
By cutting off cancer’s ability to adapt, PLK1 inhibition holds the potential to even the
playing field, leaving cancer cells vulnerable to the current therapies, even those
which are not very effective, as well as preventing the cancer cells from growing and
metastasizing throughout the body. This is particularly relevant for the most advanced,
aggressive tumors that are intractable to treatments and which there have been
essentially no real advancements in conventional treatment outcomes in over 70 years.
The perfect case in point is KRAS, the “four letter word” of oncology, mutant cancer.

PLK1 inhibition may hold the potential to finally improve the longevity of patients with
these intractable cancers.
Of the potential PLK1 inhibitors there is none better than Cardiff Oncology’s
onvansertib which is the first truly selective PLK1 inhibitor with a sufficiently short
half-life to provide consistent dosing. Previous PLK1 inhibitors weren’t selective
enough and so were constrained in their use by counterproductive PLK2 and PLK3
inhibition which not only directly oppose PLK1 inhibition, but also, relatedly, cause dose
limiting toxicity issues. They, therefore, couldn’t be used in dosages necessary to
effectively halt and even reverse the evolution of cancer cells as we believe can be
accomplished with PLK1 inhibition via onvansertib.
With onvansertib the previously inaccessible may now be made accessible. In particular,
the worst of the worst cancers - those that are KRAS mutant – may now finally be
treatable. Importantly, not just a subset of KRAS mutant cancers but every subset, the
whole lot may be treatable with onvansertib. After decades of searching the holy grail of
a pan-KRAS inhibitor may have been realized.
Cardiff Oncology with onvansertib may pave a new path through some of the most
difficult to treat cancers, including those that have been long considered to be
untreatable. The only issue may be getting the biotech community on board. Due to the
current paradigm of cancer treatment as well as the unconventional mechanism of
action (MoA) and the counterintuitive results onvansertib produces, onvansertib is
currently quite misunderstood. In the following report we hope to explicate where
oncology gets it wrong and how onvansertib might just get it right. We hope this goes a
ways towards clearing up the, on the surface, confusing data and helps to illustrate the
potential future Cardiff Oncology may have with onvansertib as its figurehead.

BACKROUND
“Our mind has a natural tendency to reject what does not come
within the framework of the scientific expectations of our epoch.
Scientists are men after all. They are impregnated with the prejudice
of their class and times. They readily believe that what is not
explainable in current theory does not exist.”
~ Alexis Carrel
All that biology is today, and will be tomorrow, is bound to the limitations of human
thought. A scientific thought can be a conscious attempt at understanding nature, but

deep down may contain assumptions. Every biological law has some ontological
foundations that limit the human thought process.
Thus, when considering the science of the modern age it behooves us to consider the
philosophy that has gone into forming it. By and large the prevailing philosophy of the
modern age is that of material reductionism, also known as cartesian mechanics as this
modern world-view started, more or less, with René Descartes.
Cartesian mechanism imagines the universe as, as Alfred North Whitehead (a famous
British mathematician, logician and philosopher) put it,

“irreducible brute matter…spread throughout space in a flux of
configurations…in itself…senseless, valueless, purposeless…following
a fixed routine imposed by external relations”
Scientists focus on “lifeless nature” and hence, from a methodological point of view
they exclude from their description of nature all characteristics of “nature alive” such as
feeling, creativity, purpose, value. This is the case with the favored Neo-Darwinian
evolution paradigm which has become the ‘Modern Synthesis”.
The theory of evolution by natural selection was made famous, but not initially
formalized, by Charles Darwin and Alfred Russel Wallace who presented their ideas to
the Linnean Society of London in 1858, followed by Darwin's book On the Origin of
Species in 1859. Darwin was cautious in the presentation of his ideas. He wrote ‘Natural
Selection has been the main, but not the exclusive means of modification’.
He was concerned that he did not know the origin of variation and he acknowledged the
existence of other mechanisms, including the inheritance of acquired characteristics.
Ernst Mayr wrote in 1962: ‘Curiously few evolutionists have noted that, in addition to
natural selection, Darwin admits use and disuse as an important evolutionary
mechanism. In this he is perfectly clear’. However, Darwin's multi-mechanism approach
to evolution became significantly narrowed with the rise of neo-Darwinism.
The term neo-Darwinism was first used in the 1880s by August Weismann. Weismann's
formulation of neo-Darwinism involved three major assumptions. First, that all genetic
variation is random. Second, that the germline is isolated from variations in the soma.
This is the Weismann barrier. Third, together with these two assumptions, that natural
selection is then all-sufficient (allmacht) to explain evolution. The subsequent
integration of Mendelian genetics into this scheme led to the formulation of the modern
synthesis.

The Modern Synthesis in the theory of evolution thus considers organisms as passive
tokens selected by nature and then passively copied for the next generation. The
activity of organisms is not viewed as coherent but is interpreted in the framework that
after detailed study it can be reduced to non-equilibrium dynamics of randomly moving
and interacting particles. If any activity of organisms is admitted, then it is treated as
externally programmed, which makes organisms equivalent roughly to robots. So, not
only is evolution itself countenanced as the Blind Watchmaker but organisms
themselves are seen as nothing more than mechanical moving parts.
As the Modern Synthesis has dominated biological science for over half a century, its
viewpoint is now so embedded in the scientific literature, including standard school and
university textbooks, that many biological scientists may not recognize its conceptual
nature, let alone question incoherencies or identify flaws.
The central assumptions of the Modern Synthesis are that first, genetic change is
random; second, that genetic change is gradual; third, following genetic change, natural
selection leads to particular gene variants (alleles) increasing in frequency within the
population. Those variants are said to confer an advantage in terms of fitness on the
individuals concerned, which therefore increasingly dominate the population. By this
process and other mechanisms, including genetic drift and geographic isolation, new
species can arise. And finally, fourth, that the inheritance of acquired characteristics is
impossible.
The reality, in light of all we know today, is that the Modern Synthesis is untenable. It
cannot explain the evolution of the actual forms of life that have evolved – only what is
left behind; and even if it possibly could, to a significant degree, it still neglects the
evolution that occurs on all but the longest time scales. Owing to the mechanistic
reductionistic nature of the theory, and hence a largely static understanding of nature,
the Modern Synthesis completely neglects the very really evolution occurring on all
scales, including those much shorter in duration.
This is a serious problem, because, as the evolutionary biologist Theodosius Dobzhansky
famously stated, "Nothing in Biology Makes Sense Except in the Light of Evolution". Such
as it is then, the Modern Synthesis has been the lens through which biology, especially
oncology, has been studied and understood since the beginning of the 20th century. It
has tainted our understanding of what cancer is and how it evolves – the result being
the Somatic Mutation Theory (SMT) of cancer.

Debunking the Dogma, The Somatic Mutation Theory of Cancer:
The SMT and the view that cancer is a genetic disease originated with Theodor Boveri’s
essay on the origin of malignant tumors, published in 1914. Boveri proposed that all
cancers arose in a single cell due to chromosomal imbalances or abnormalities.
This “primordial tumorigenic cell” was a cell that:

“Harbours a specific faulty assembly of chromosomes as a
consequence of an abnormal event. This is the main cause of the
propensity for unrestrained proliferation that the primordial cell
passes to its progeny so long as these continue to multiply by normal
mitotic binary fission. But all the other abnormal properties that the
tumour cell exhibits are also determined by the abnormal
chromosome constitution of the primordial cell, and these properties
will also be inherited by all the progeny of this cell so long as
subsequent cell division takes place by normal bipolar mitosis.”
An important claim Boveri makes is that cancer is a cell-based disease. Unambiguously,
he writes,

“…the problem of tumors is a cell problem”.
This claim contains two subordinated claims, namely
(a) that cancer is a problem of cell proliferation and
(b) that cancers are due to an abnormal chromosomal rearrangement (“…cancer
is due to a chromosomal rearrangement that eliminates a portion of chromosomal
material whose function is to inhibit cell proliferation”.
Again quoting Boveri,

“…in these altered conditions, the [tumor] cell reacts differently to its
surroundings and this might be the sole cause of the tendency to
unchecked cell multiplication”. Finally, Boveri made the distinction
that it is not abnormal mitosis that is the cause of cancer, but
abnormal chromatin-complex (“…the essence of my theory is not the
abnormal mitoses but a certain abnormal chromatin-complex, no
matter how it arises.”

Subsequently Boveri’s original SMT was subject to modifications during its centennial
course and has been the prevailing theory in cancer research for the last 50 years. It is
based on the following premises:
1. cancer is derived from a single somatic cell that successively has accumulated
multiple DNA mutations (in a random manner),
2. those mutations occur on genes that control cell proliferation and the cell cycle
and
3. implicitly, the default state of cell proliferation in metazoa is quiescence.
The main driving force of the SMT program has been its reductionist core. In this
tradition, it is assumed that organismic phenomena can be advantageously reduced to
cellular and/or subcellular ones. Thus, when reducing cancer to a cellular phenomenon,
neoplasms become de facto reduced to a single transformed cell and carcinogenesis
becomes equivalent to enhanced proliferation of cells in a dish – this despite the fact
that it is widely acknowledged that the rate of proliferation of cells in neoplasms is not
faster than that of cells in normal tissues.
Moreover, it is axiomatic to accept that proliferation is the default state of all
organisms, and not quiescence – not even in the “special” case of multicellular
eukaryotes such as ourselves. At the end of the 19th century, the famed pathologist H.
Ribbert postulated that cancer cells, freed from the restraint of tissue structure, would
express their constitutive property to proliferate. Ribbert's view was foreshadowed by
Weigert (1882) and Roux (1888). Even Boveri recognized this commenting,

“Such unrestrained proliferation is no doubt a very primitive property
of cells”.
Thus, even though there is a long dating precedent for the view that proliferation is the
default state of cells, for near a century this principle has been practically ignored both
in textbooks and by experimentalists when discussing either the control of cell
proliferation or carcinogenesis.
Most of the oncology research has been, and is still, conducted using 2-dimensional in
vitro models, where primary cell cultures and established cell lines are the
representative tools. This is likely another remnant of the influence of Plato’s philosophy
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.

To them, genes were the immutable essence of organisms, and the cells, tissues, and
organs that form the organism are merely temporal and accidental. Weismann's "germ
plasm" or germ line contained the immortal genes, the rest of the body lacked them,
and was essentially mortal. As a result, for most of the 20th century, the official doctrine
was that most of the cells of the adult body became stationary once the body reached
its adult size, and that aging consisted of the "wearing out" of those mortal cells.
When a tumor, containing new cells, would appear and grow, these cells were called
"immortal," because they didn't follow the rule for normal, stationary, mortal cells.
Their "immortality" was often demonstrated by growing them endlessly in culture
dishes, even though “normal” cells can also proliferate endlessly in similar in vitro
circumstances without any of the “driver mutations” thought necessary.
The same reasoning applies to the supposed novel motility of cancer cells. Like
proliferation, motility is a constitutive property of all cells and, therefore, it can only be
inhibited. Cells from the three embryonic layers exercise motility during early
development. During post-natal life some cells, such as the wandering cells in the
connective tissue also move.
Even normal epithelial cells stream at variable speed from their “birth” to their “death”
locations. In addition, cells move following disruptions in tissue architecture generated
by wounds. During incipient and advanced states of carcinogenesis, times at which
metastases are generated, cells also move. Thus, just as it the case for the immortality
of cancer cells, the motility of cancer cells does not represent a newly acquired
property, but the restoration of an ancestral, intrinsic cellular condition. Both the
immortality and motility of cancer cells aren’t novel functions, but functions that are no
longer suppressed via the proper context (i.e., the environment in which they exist).
And this is the biggest failure of the current theories, and why we label them
reductionist in the first place, they ignore the context whether out of laziness or
ignorance the effect is the same – a fundamentally flawed understanding.

Context is King:
Of course, that the context should have any effect on normal cells wasn’t considered
owing to the dominating reductionist perspective. More recently the context has been
taken more largely into consideration but this has done nothing to change the
underlying assumptions that are still infecting oncology.
It isn't hard to understand that in heart failure the heart is undergoing changes in a
unitary way, with all parts of the organ affected, and that parallel changes are

happening in the rest of the body, interacting with and contributing to the changes in
the heart, so that heart failure is now considered to be a systemic disease. But if
someone tells a cancer patient or an oncologist that cancer is a systemic disease, the
thought will be flatly rejected as untrue. They have been taught that cancer is a disease
of bad, mutated, cells, which have to be completely eradicated, and that the patient's
general health is a separate issue.
Along these lines of the leading role of context, Harry Rubin has observed that cells can
accumulate hundreds of mutations, and still function normally in the organism, but
when separated and grown in a culture dish their differences become obvious,

“there are many local mutations and large genomic rearrangements
per somatic cell that accumulate with age at different rates per organ
and without visible effects. Dissociation of the cells for monolayer
culture brings out great heterogeneity of size and loss of function
among cells that presumably reflect genetic and epigenetic
differences among the cells, but are masked in organized tissue.”
The surrounding cells in the body are causing the defective cells to remain normal in
appearance, function, and growth behavior, instead of acting like cancer cells, and can
also cause "stem-like" cells to differentiate appropriately.
Rubin described experiments carried out in two laboratories, one using X-rays to induce
malignant transformation, the other using the carcinogen methyl-cholanthrene. Both
studies found that most, if not all exposed cells were altered in some way, so that their
progeny had a higher probability of transformation than untreated cells. In other words,
the entire population of exposed cells showed an increased probability of
transformation to the cancer state, and this increased probability was inherited in
subsequent cell generations.
If one divided up the exposed population into several subpopulations, each of them
would show essentially the same frequency of transformation. Moreover, if these were
further subdivided and propagated, the same frequency of transformed cells arose in all
of them. Such high frequencies of transformation are also characteristics of
spontaneous transformations induced by metabolic and other stress on cells in culture,
and are not due to correspondingly high frequencies of mutations.
Still more suggestive was the observation that clones of cells transformed by X-rays or
by metabolic stress revert to normal when placed under optimal growth conditions.

These results are reminiscent of high rates of reversion in the early stages of malignancy
development.
In addition, importantly, a recent review of 1,991 individuals from the Spanish Bladder
Cancer/EPICURO population-based case-control study found that

“Even though somatic mosaicism has been implicated in several
cancers, this study did not reveal a significant difference in frequency
between cases and controls.”
Thus, the notion that somatic mutations are necessarily harmful and can lead to cancer
is not borne out by this study and further affirms the hypothesis that mutations
observed in cancers are not the triggering event but more likely a means for the clonal
replication of already transformed cancer cells.
Work like this and Rubin's shows that even "myriad" mutations don't necessarily cause
cancer - in fact, there is still no proven set of mutations that transforms a normal to a
cancer cell - and another line of research shows that things which don't cause mutations
can cause cancer--the "non-mutagenic carcinogens."
Likewise, it is worth recalling instances where, on the one hand, normal tissues
transplanted into the “wrong” locations resulted in neoplasia while, on the other,
genuine cancer tissues and their cells became normalized after being placed in the midst
of normal tissues (normal niches). Perhaps one of the most spectacular of those puzzles
is exemplified by a series of experiments spanning 8 years whereby Leroy Stevens
transplanted early mouse embryos into the testis of congenic mice.
These embryos generated local teratocarcinomas that were eventually transplanted for
almost 200 generations from mouse to mouse. The normalization of these
teratocarcinoma cells was described in a series of articles published in the 1970s by a
group of researchers under the leadership of Beatrice Mintz. Transplantation of these
teratocarcinoma cells into early blastocysts of mice resulted in viable offspring that
showed a mosaic phenotype combining tissues derived from both the host’s normal
cells and the grafted teratocarcinoma cells,

“The conclusions we have drawn from the teratocarcinoma
experiments and comparable ones are that a cell from a neoplasm
behaves as a normal cell does, both regarding its proliferative
capability… and in its ability to carry a genome that responds to cues
from distant or neighboring cells and extracellular matrix as a normal

cell does. Thus, the conclusions drawn from experiments conducted
by us and by others are compatible with the notion that genuine
neoplastic tissues and cells are able to generate normal cells and
tissues when grafted among normal cells. This finding contradicted
once again the implicit message of the SMT that ‘once a cancer cell,
always a cancer cell’” (emphasis ours).
Reversion is entirely possible as long as you change the conditions of existence of the
cancer cells. Now, if as posited by the SMT, neoplasia is due to the accumulation of
multiple stable mutations in a single cell, how can it be explained that this stably
mutated neoplastic cell and its progeny can be restored to behave as a normal cell?
For one, it is probabilistically impossible that random reverse mutational events could
have “repaired’ the genomic somatic mutations allegedly responsible for their
generating a cancer phenotype. Secondly, the switch from neoplasia to normalcy in
animals has unambiguously been shown to be bidirectional.
Just as the change in the context within a cell can cause cancer, the change of context
within the cell itself is even enough to reverse the cancer. Namely, cells from an embryo
may generate neoplasms when placed outside their normal, original habitat (i.e., early
embryos placed inside the testis, or in the peritoneum) while when these neoplastic
cells are placed back into a normal context, they reacquire a fully normal phenotype. In
any case, the proliferative and the motile behaviors of individual somatic cells in the
midst of tissues depend on whether or not the microenvironment they inhabit enables
them to express their constitutive ability to proliferate and/or move.
All along the successive normal developmental stages in which multicellular organisms
are engaged, the ability of each cell to proliferate, create variation and move are
constrained by interactions with their neighboring cells, the tissue in which they reside
and the organism as a whole.
Recently, Dr. Thomas Seyfreid has performed experiments, following up on experiments
of a kind performed years ago, in which suppression of tumorigenicity was observed
when the cytoplasm of enucleated normal cells was fused with nucleated tumor cells to
form cybrids. In a more comprehensive series of experiments, Israel, and Schaeffer
demonstrated that suppression of malignancy could reach 100% in cybrids containing
tumorigenic nuclei and normal cytoplasm,

“We have presented data which demonstrate that… cytoplasm from
a malignantly transformed cell can play a dominant role in the

expression of the malignant phenotype… Epigenetic alterations of
nuclear gene expression may be responsible. It is also possible that
mutations in mitochondrial genes are involved”
Thus, we can see very obviously that the neo-Darwinian modern synthesis and the
accompanying somatic mutation theory of cancer just don’t equate with reality. For all
those in the back, Modern Synthesis has no basis in reality and should be tossed into the
dust bin once and for all. Which begs the question, “what’s the alternative then to
Cartesian mechanism and to the Modern Synthesis?” Don’t worry, we wouldn’t waste
all your time if we didn’t have some solid ideas of our own.

Process Philosophy and The Evolutionary Approach to Cancer:
The alternative to Cartesianism is known as Process philosophy (or ontology of
becoming) which identifies metaphysical reality with change and development. In
opposition to the classical model of change as purely accidental and illusory, process
philosophy regards change as the cornerstone of reality. As the neurophenomenologist
Evan Thompson so clearly describes, in such a model,

“Everything is process all the way ‘down’ and all the way ‘up’, and
processes are irreducibly relational – they exist only in patterns,
networks, organisations, configurations, or webs. In the process view,
‘up’ and ‘down’ are context-relative terms used to describe
phenomena of various scales and complexity. There is no base level of
elementary entities to serve as the ultimate ‘emergent base’ on which
to ground everything. Phenomena at all scales are not entities but
relatively stable processes, and since processes achieve stability at
different levels of complexity, while still interacting with processes at
other levels, all are equally real and none has absolute ontological
primacy.”
Process-relational thought focuses on the dynamism by which things are perpetually
moving forward, interacting, and creating new conditions in the world. It acknowledges
that nature has inherent cognitive capabilities that allow for creative evolution on all
scales, both of duration and space, and always considers the context in which such
evolution takes place.
In such a paradigm the locus of biological evolution moves away from the genome and
considers the relationship between the environment, metabolism, and the epigenome

to be of paramount importance. This is something that many biologists are increasingly
recognizing. One of the leading figures, James Shapiro stated it plainly,

“Life requires cognition at all levels”.
Likewise, Shapiro wrote,

“Forty years’ experience as a bacterial geneticist has taught me that
bacteria possess many cognitive, computational and evolutionary
capabilities unimaginable in the first six decades of the twentieth
century.”
Indeed, the last few decades of research have revealed that self-referential cognition
underscores all life on the planet. This assertion is based upon the extraordinary range
of metabolic cellular processes exhibited by bacteria and used to evaluate and monitor
their own internal environment.
As Lyon observes, bacteria have an extensive cognitive toolkit that includes a wide range
of faculties: advanced sensing, communication, autoinduction via the indirect use of
information gathered by proxies, some elements of sociality, various forms of motility
including complex swarming behaviors, and memory.
Given the variety and sophistication of these actions, there is specific evidence of some
elemental level of cognitive function at every scope and scale applied towards the
maintenance of self-awareness that, in turn, permits such levels of collective sensing,
cooperation, and interdependence. All these functions require levels of memory and
information processing and are positively directed towards problem solving. Lyons
offers this,

“Biological cognition is the complex of sensory and other informationprocessing mechanisms an organism has for becoming familiar with,
valuing, and [interacting with] its environment in order to meet
existential goals, the most basic of which are survival, (growth or
thriving), and reproduction.”
However, those capacities are not exclusive to bacteria, or viruses, but have been shown
to exist within all living entities including the individual cells of any eukaryote as they
experience stress and make individual coping decisions.
In that regard, De Loof has suggested that life should not be considered a noun, but a
verb. In those terms, life must be regarded as the sum total of all executed acts of

communication at any moment, at all levels of any compartmental organization, and as
a summation of all that activity. Furthermore, all of that life activity is directed towards
problem-solving. De Loof asserts that communication/problem-solving precedes
selection and should therefore be considered a universal element of evolution.
Proceeding within the context of life as a verb, it can, therefore, be represented that life
consists of the active use of information to sustain change towards preferential
conditions for any living entity. In such circumstances, natural selection becomes a post
facto filtering agency of phenotypic differences.
Through competitive and consensual cellular engineering processes, phenotype
emerges as the reciprocating output of cellular ecologies as they reiteratively meet
environmental stresses, in deep collaboration and competition with other cellular
ecologies. Natural selection is what takes place after the initial evolution of new forms
has occurred. That is, natural selection doesn’t determine what evolves in the first
place, only what remains. Epigenetic impacts then are of salient importance.
The functioning genetic complement of any multicellular organism is an ever-ongoing
and dynamic interrelationship between any species innate cellular ecologies and an
agitating epigenetic realm. A fuller extent of this epigenetic influence is now
acknowledged throughout evolutionary development that fundamentally changes the
epicenter of control of multicellular eukaryotic organisms beyond traditional Darwinian
means. This is not to say that random genetic mutations cannot happen but to say
that they do not necessarily have the decisive role in driving biological evolution.
As a matter of fact, the 21st century genomics-based analysis of evolutionary variation
reveals a number of novel features impossible to predict when Dobzhansky and other
evolutionary biologists formulated the neo-Darwinian Modern Synthesis in the middle
of the last century. These include distinct realms of cell evolution; symbiogenetic fusions
forming eukaryotic cells with multiple genome compartments; horizontal organelle,
virus and DNA transfers; functional organization of proteins as systems of interacting
domains subject to rapid evolution by exon shuffling and exonization; distributed
genome networks integrated by mobile repetitive regulatory signals; and regulation of
multicellular development by non-coding lncRNAs containing repetitive sequence
components.
Just to produce a single protein – originally thought to be one continuous genetic
message – requires elaborate cut and splice operations. The international research
consortium project ENCODE (Encyclopedia of DNA Elements) data have revealed that
vast areas of genomic DNA includes many ‘‘non-coding’’ segments. The ‘‘gene’’ is

actually scattered in bits across the genome, overlapping with bits of multiple other
genes that have to be spliced together to make a messenger (m)RNA for translation into
a protein. Thus, rather than single gene traits, all phenotypes involve coordinated
activity by multiple interacting cell molecules.
Genomes contain abundant and functional repetitive components in addition to the
unique coding sequences envisaged in the early days of molecular biology.
Combinatorial coding, plus the biochemical abilities cells possess to rearrange DNA
molecules, constitute a powerful toolbox for adaptive genome rewriting. That is, cells
possess “Read–Write Genomes” they alter by numerous biochemical processes capable
of rapidly restructuring cellular DNA molecules. Rather than viewing genome evolution
as a series of accidental modifications, we can now study it as a complex biological
process of active self-modification.
For example, when bacteria are starved and there is a substrate they cannot metabolize
in the environment, they can mutate or cut and splice to make the right genes in order
to enable them to use the substrate. This phenomenon of ‘‘directed mutation’’ has been
studied by a number of geneticists including Shapiro. Many different proteins and DNA
sequences have to come together in choreographed succession to form and rearrange
the nucleoprotein complexes necessary for directing the precise cut and splice
operations involved.
In fact, there is almost nothing that is random inside the cell and organism. Organisms
are non-ergodic - non-ergodicity stands in contrast to “ergodicity. “Ergodic” means that
the system in question visits all its possible states – this is what a random system does.
Instead of visiting all possible states the paths of the processes of adaptive (living)
systems fall within a specific, relatively narrow region of all possible states. This is
inherent in the notions of homeostasis and homeodynamics.
These notions define the set of states towards which the organism inevitably evolves
over time; and this isn’t restricted to factors such as temperature, oxygen and CO2
levels, but is true of every system of the organism including the genotype. There are
common genotypes which organisms of the same species evolve towards again and
again. As such, when organisms of the same species e.g., humans, develop cancer they
tend to develop similar genotypes and their corresponding mutations. This is why there
are certain mutations that are far more common than others in particular cancer types a recognizably non-random phenomena that proponents of the MS and SMT seem to
completely miss the importance of.

Organisms are constantly adjusting to the environment by turning on and off the right
genes, creating new genes if need be, shaping the environment, and preparing for the
future. Certainly, one of the most basic facts of life for all organisms is that their
reproduction and evolution take place in a highly dynamic environment.
Ecology and biosphere interactions are subject to constant change. The unceasing flux in
the conditions of life means that survival requires constant adaptation and change on
the part of each organism. This adaptation is no different than that which is considered
to be “evolution” – the only difference is one of scale.
The increased knowledge of relationships between metabolism, epigenetic systems,
and editing of nucleic acids suggests the existence of self-organized processes of
adaptive evolution in response to environmental stresses; and it is exactly within this
framework that we should understand cancer.

The Epigenetic Road to Cancer:
Our concept of a stable genome is evolving to one in which genomes are plastic and
responsive to environmental changes. Growing evidence shows that a variety of
environmental stresses in everything from bacteria, to yeast, and to human cancer cells,
are capable of accelerating adaptive evolution. These environmental stresses are sensed
by the organism and taken into account within the epigenome which transduces the
information to the two genomes in each eukaryotic cell. These epigenomic alterations
can thereby induce genomic instability leading to rapid evolutionary change in tumors,
“Genomic instability underlies many cancers and generates genetic

variation that drives cancer initiation, progression, and therapy
resistance. In contrast with classical assumptions that mutations
occur purely stochastically at constant, gradual rates, microbes,
plants, flies, and human cancer cells possess mechanisms of
mutagenesis that are upregulated by stress responses. These
generate transient, genetic-diversity bursts that can propel evolution,
specifically when cells are poorly adapted to their environments—
that is, when stressed”
In line with this, recently, Tatiana Karpinets and Brent Foy at Wright State University,
Dayton, Ohio, in the United States proposed that cells exposed to stressful
environments respond by epigenetic adaptive changes that result in ‘matched’
mutations arising in the longer term.

They point to the long line of evidence, the “directed mutations” alluded to above,
indicating that in unicellular organisms, such as microbes, the stressful environment can
affect the rate of mutations and direct mutations to beneficial genes in this
environment.
This strategy hastens the evolution of microbial pathogens including antigenic variation
(changes in surface antigens to avoid detection by the host immune system) and
antibiotic resistance. The mechanisms that allow cells to increase their mutation rates
under conditions of sustained stress and produce the mutations in beneficial genes are
especially important in evolutionary terms. Therefore, it is plausible that eukaryotic
organisms retained these mechanisms in their cells and made them even more
sophisticated.
According to our hypothesis such an adaptive strategy is employed in the somatic cells
of mammals in response to sustained stress and plays an important role in the
development of malignances. In this case, a continuing proliferative and survival
signaling in the tissue microenvironment indicates a poor adjustment of the cellular
genome for the environment and hastens cellular adaptation. These signals are
responsible for the epigenetic reprogramming of some cells leading to an increased rate
of tumor-related mutations in the genome.
As indicated above, numerous studies support the fundamental role of the cellular
environment in the transformations. This role is especially evident when we consider in
vitro culture of multicellular organisms. Rodent and human cells can easily undergo
‘spontaneous’ neoplastic transformation in culture and are widely used as in
vitro models of cancer. Karpinets and Foy suggest that culturing of the cells mimics
sustained stress environment (SSE) in a tissue, because of cellular assault and continuing
proliferation of some cells. This signaling epigenetically reprograms the cells and primes
them for malignant modifications in the genome.
Specifically, Karpinets and Foy proposed that cells respond to a SSE by epigenetic
changes that hypermethylate (turning off) tumor-suppressor genes involved in cell cycle
arrest, apoptosis (programmed cell suicide) and DNA repair; hypomethylate (thereby
activating) proto-oncogenes associated with persistent proliferative activity; and
globally demethylate the genome, activating DNA repeats and promoting genome
instability. (Methylation involves adding a methyl-group -CH3 to any cytosine base
directly before a guanine base in the same DNA chain, and has the effect of turning
genes off; conversely, removing the methyl group, or under methylation turns genes
on.)

As a result of these epigenetic changes, the cells continue to replicate, activating the
processes related to promotion of replication, and suppressing processes related to
inhibition of proliferation, cell cycle arrest, apoptosis, and DNA repair. Most of the wellknown oncogenes are key regulators in these processes. They concluded that,

“the generation of mutations in the error-prone replications of the
epigenetically reprogrammed cells is not random. The mutations
match epigenetic alterations in the cellular genome, namely gain of
function mutations in the case of hypomethylation and loss of
functions in the case of hypermethylation. In addition, continuing
proliferation of the cells imposed by signaling in SSE speeds up the
natural selection of the mutant cells favoring the survival of the cells
with mutations that are beneficial in the environment. In this way, a
stress-induced replication of the cells epigenetically reprograms their
genome for quick adaptation to stressful environments providing an
increased rate of mutations, epigenetic tags to beneficial mutations
and quick selection process. In combination, these processes drive the
origin of the transformed mammalian cells, cancer development and
progression.” (emphasis ours)

Figure 1: source

Notably, that epigenetic marks can act as mutagens is not in contention. This is a wellrecognized phenomenon that not only Karpinets and Foy outline but that others have as
well. In addition, the important role of epigenetics in cancer is also well recognized.
In fact, cancers are universally associated with abnormalities in gene expression, cellular
identity, and responsiveness to internal and external cues. Malignant cells also exhibit
genome-wide alterations in DNA methylation, chromatin structures, and regulatory
element activities. In addition, many tumors exhibit deranged developmental programs
indicative of differentiation block or epigenetic reprogramming.
Furthermore, the work of Andrew Paul Feinberg, considered to be the founder of the
field of cancer epigenetics, continues to show the relevance of epigenetics in cancer; an
investigation with Christine Iacobuzio-Donahue demonstrated that pancreatic cancer
progression is linked to metabolism. Feinberg explains,

“In that paper, we show that the metastases in pancreatic cancer are
driven by genomic regions of change from heterochromatin to
euchromatin. These regions show increased plasticity of gene
expression, which allows for natural selection of the metastases in
the absence of any driver mutation. We’ve proven that metastatic
progression is driven by epigenetic changes that arrived within those
primary lesions.” (emphasis ours).
However, if we really want to see the importance of epigenetics in cancer that can be
seen no more clearly than in pediatric malignancies. Childhood cancers have a 14-times
lower mutation rate compared to adult tumors. In fact, systematic analyses of genetic
and epigenetic alterations in a variety of pediatric cancers have surprisingly identified
tumor types with few or no mutations, suggesting that epigenetic derangements can
themselves drive these cancers.

“In pediatric cancer, it often isn’t a DNA mutation driving the cancer
but an error in development caused by a change in how gene
expression is regulated,” said Olena Vaske, the Colligan Presidential
Chair in Pediatric Genomics at the University of California Santa Cruz.
Taken all together, it has become very obvious that mutations are not in the driver
seat and that it is the epigenome that is the prime mover. Once you’ve shed the old
assumptions and actually looked at the evidence there can be no other conclusion.

What exactly does this all mean then for cancer and its
treatment? What exactly is cancer, how does it work, and how
can we treat it?
“…any theory of malignancy that does not take account of its
unicellular origin is doomed”. ~ Boveri
Well, as mentioned above, an extensive body of evidence demonstrates that cognition is
invested within all living things at every scope and scale. It is now accepted that selfreferential awareness of status is the conditional aspect of life and an innate property of
all cells. This self-referential capacity is the means by which all cells assess homeostasis
and attempt to maintain preferential states. It is thus also that which permits an
extraordinary range of metabolic responses to stresses.

This basal faculty is represented across the cellular sphere, be it microbial or the mixed
cellular ecologies that comprise multicellular eukaryotic organisms. Therefore, it is
appropriate to assume that cancer cells would be invested with the same property of
self-referential awareness that is exhibited by all other cells.
Importantly, it means that cancer cells have access to the same toolbox as eukaryotes
do, as they are a direct product of multicellular eukaryotic evolution. Indeed, cancer
occurrence is widespread across multicellular eukaryotes. It is common in virtually all
animals, though less so in plants and fungi. Therefore, cancer can be considered as an
essentially universal biological process occurring in multicellular eukaryotic organisms.
Specifically, cancer cells have access to the types of tools available to the unicellular
eukaryotic state. This is a due to the fact that as a condition of multicellular eukaryotic
life, development remains anchored within cellular terms to the fundamental unicellular
form despite any outward macro form.
It has been asserted that the unicellular state is the perpetual epicenter of life. The life
cycle is dogmatically thought of as the prescribed stages that the organism goes through
to ultimately reproduce, completing the biologic loop; yet epigenetic inheritance
bypasses the parents, directly affecting the offspring both genetically and
phenotypically.

“This would suggest that the primary principle and mechanism of
selection is actually the unicellular state, and that some of the
epigenetic marks acquired during the life cycle are ultimately retained
in the gene pool by the germline cells.”
Certainly, multicellular life has resulted in the evolution of ontogenies that generally
begin from a single cell every generation. All multicellular eukaryotes experience an
obligatory return to the unicellular phase. Through meiosis and the unicellular zygotic
phase that then follows, there is a necessary adjudication of the epigenetic marks that
are acquired in the macroscopic form and are hallmarks of biological information. These
are thereafter adjusted in subsequent developmental stages.
At each stage, the quality and utility of the information available to the participating
cells is being assessed. Therefore, evolutionary development does not merely extend
forward from unicellular roots, but remains anchored to those fundamental linkages in
perpetuity as the stage in which the eukaryotic entity re-centers the information that it
will use for its next macro elaboration. In consequence, evolutionary development is not

just a closed path by which contemporary organisms have achieved current biological
form and function.
Instead, some of the evolutionary mainstays that have been part of past experience
remain available through re-connections that perpetually recapitulate through the
unicellular phase. Therefore, in a cellular world, prior solutions can be re-explored when
the necessity arises.
These prior solutions become a continuous evolutionary toolkit based on First Principles
of physiology which have developed in direct response to environmental stresses. That
is, all successful adaptations to stress in the past are maintained as part of the cell’s
arsenal of potential solutions to any problem it runs into in the present.
From this exceptional state, the cancer cell functions in a similar manner to the
eukaryotic master unicell bearing some resemblances to the recapitulating zygotic form
in its flexible adaptation to epiphenomena. Again, this is something Boveri recognized
stating categorically that,

“any theory of malignancy that does not take account of its
unicellular origin is doomed”.
Indeed, it is known that within tumor tissues, there are tumor specific stem cells that
appear to exist within a progenitor state of development.
Notably, this concept that cancer is in some way connected to its ancient roots or even
the origin of life is not new. The successful proliferation and longevity of cancers are
sustained by several factors: high glycolysis, chemoresistance and radio-resistance.
However, these are all shared metabolic features of many cell types that include
malignancy and the unicellular sphere. Such traits arose early in evolution and have
been sustained among prokaryotes. This backward connection towards its primordial
toolkit enables the aggressive proliferation of cancer cell lineages.
It has also been suggested that this backwardation is triggered by the dysregulation of
mitochondria. Mitochondria are not only the cellular equivalent of power plants but also
metabolite-generating factories that support biomolecule and epigenome modification.
The metabolites formed within mitochondria are substrates for and regulators of the
writers and erasers of the epigenome.
Why? Because the nucleus couldn’t replicate its DNA, transcribe its RNA, or translate it
into proteins without energy so it monitors the energy flux through the mitochondria.
And that is done through the high energy intermediates that regulate the epigenome

and control the nucleus. These changes in the epigenome permit modulation of
bioenergetics in response to short-term fluctuations in the energy environment.
Depending upon the metabolism of the cell, certain substrates, cofactors and effectors
(ATP, AcCoA, NADH, α-ketoglutarate) become available and their metabolism render
intermediates that in turn generate patterns of epigenetic modifications.
That this should be the case should be no surprise as the epigenome embodies the
inheritable response to environmental factors represented by the metabolic response
to, e.g., disease, nutrition, lifestyle, ultimately translated into the nuclear and
mitochondrial genomes.
You see, we're a colony of two genomes, nuclear (nDNA) and mitochondrial (mtDNA).
The nDNA and mtDNA are coupled together by the epigenome, and ultimately in this
symphony, the mitochondrial genome is the "conductor" who controls the flow.
It is the mitochondria that are driving all the substrates of the epi-genome. The nucleus
cannot replicate its DNA, transcribe its RNA, or translate it into proteins without energy
from mitochondria. Therefore, it follows that the nucleus must know what the energy
flux is through the mitochondria. This information comes in the form of the high-energy
intermediates such as NAD+ and ATP that regulate the epi-genome and control the
nucleus. This sequence is shown below in a dynamically reciprocal feedback loop
between the epigenome and the genome.

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

The reciprocal influence between mitochondrial function and the epigenome depends
upon substrate availability, and is mediated by energy and redox intermediates. In
response to changes in metabolism, many enzymes that regulate epigenetic
modifications are potentially susceptible to changes in the levels of ATP, AcCoA, SAM,
NAD, FAD, and α-KG, as well as free radicals. These metabolites drive the modification
of the epigenome via phosphorylation, acetylation, methylation, and oxidation that
regulate signal transduction pathways.
As such, the epigenome represents an interface between metabolism and the gene
expression machinery of nDNA and mtDNA, whereas the fluxome is the biochemical
readout of the combined metabolic activities within the cell, which subsequently alter
the epigenome.
The resulting gene expression-mediated changes of the metabolome-fluxome will feedback into the epigenome signaling pathways, including those involved in mitochondrial
metabolism. The epigenome altered mitochondrial metabolism then produces
metabolites and intermediaries which in turn alter the epigenome which alters the
genome which alters mitochondrial metabolism, and so on and so forth - thus closing
the loop.
Such as it is then damage done to the mitochondrial DNA and the nuclear DNA
responsible for energy production can produce an altered fluxome which thereby results
in an altered cellular phenotype. Specifically, through this process, the phenotype of a
previously differentiated cell reverts to the phenotype of a facultative anaerobic,
heterotrophic cell optimized for survival and proliferation in primordial hypoxic
environments.
This phenotype matches the phenotype of the last eukaryotic common ancestor (LECA)
that resulted from the endosymbiosis between an α-proteobacteria (which later
became the mitochondria) and an archaebacteria.

“As such, the evolution of cancer within one individual can be viewed
as a recapitulation of the evolution of the eukaryotic cell from fully
differentiated cells to LECA…”
“In other words, the evolution of tumors might be seen as a movie of
the evolution of the eukaryotic cell, played in reverse and at high
speed, whereby the more aggressive phenotype a tumour achieves,
the more it resembles LECA. Broadly speaking, tissues of normal
differentiated cells would be on one end of the cancer spectrum.

Tumors comprising cancer stem cells would represent self-organized
assemblages of clone cells with only a moderate division of labour (an
intermediate stage in the evolution of multicellularity). Metastatic
cancer stem cells would represent LECA: a free-living, motile,
facultative anaerobic organism capable of proliferative growth and
replicative immortality.” (emphasis ours)
You see, mitochondria initially played a crucial role in the evolution of eukaryotes in the
first place and subsequently have been essential for the major transitions that have
occurred in eukaryotic organisms thereafter including the evolution of multicellular
eukaryotes. Accordingly, then, loss of mitochondrial functioning leads to a loss of
complexity, which essentially entails a reverse evolution to simpler forms.
In the late twentieth century, a consensus emerged that the history of life shows a
repeating pattern. Lower-level biological units repeatedly banded together to form
higher-level units. In this process, much of the complexity of life emerged.
In fact, the history of life on earth consists of a series of major transitions in which
lower-level biological units cooperatively banded together to form higher-level
biological units. First groups of molecules, then molecules within cells, then simple cells
within complex cells, complex cells within multicellular organisms, and multicellular
organisms within societies. In the process of these transitions, life became increasingly
complex.
In each case, a number of smaller units, originally capable of surviving and reproducing
on their own, became aggregated into a single larger unit, thus generating a new level of
biological organization. The heterarchy of life is the central landscape of collectivity in
the living world-eusocial societies composed of multicellular organisms, multicellular
organisms composed of single (eukaryotic or prokaryotic) cells, single (eukaryotic) cells
composed of (prokaryotic) cells, cells composed of gene networks, and gene networks
composed of replicating genes.
This system of systems is a result of self-organization. In general terms, self-organization
can be defined as the spontaneous emergence of macroscopic non-equilibrium dynamic
structures, as a result of the collective behavior of elements interacting nonlinearly with
each other, to generate a system which increases its structural and functional
complexity, driven by energy dissipation.
In other words, macroscopically self-organized structures are dissipative, i.e., they are
maintained by a continuous flow of matter and energy. Thus, the increase in complexity

that has occurred through evolution has come at the cost of increased energy flow. This
means that in order to evolve from relatively simple prokaryotes to eukaryotes and
thence to multicellular organisms, our cells had to incorporate the mitochondria which
now serve as the power plant in virtually every cell in our body. Complex life is not
possible without these all-important organelles.
As Nick Lane, Professor of Evolutionary Biochemistry in the Department of Genetics,
Evolution and Environment at University College London has put it,

“All complex life is composed of eukaryotic (nucleated) cells. The
eukaryotic cell arose from prokaryotes just once in four billion years,
and otherwise prokaryotes show no tendency to evolve greater
complexity. Why not? Prokaryotic genome size is constrained by
bioenergetics. The endosymbiosis that gave rise to mitochondria
restructured the distribution of DNA in relation to bioenergetic
membranes, permitting a remarkable 200,000-fold expansion in the
number of genes expressed. This vast leap in genomic capacity was
strictly dependent on mitochondrial power, and prerequisite to
eukaryote complexity: the key innovation en route to multicellular
life.” ~ Nick Lane (emphasis ours)
The transition to complex life on Earth was a unique event that hinged on a bioenergetic
jump afforded by combinatorial relations between two cells and two genomes
(endosymbiosis). Similarly, the jump from pre-life to the first living systems, and the
jump from unicellular organisms to multicellular organisms involved bioenergetic jumps.
These trajectories are constrained by thermodynamics. No energy; no evolution. There
is nothing in evolutionary theory that explains why life arose very early on Earth, nearly
4 billion years ago; why there was then a delay of 2–3 billion years before more complex
eukaryotic cells first arose; why the origin of eukaryotes was apparently a singular
event; or why eukaryotes share so many complex traits which show no tendency to
evolve in prokaryotes at all. Yet all these major evolutionary transitions have an
energetic basis, and, in some cases, an energetic cause.
At each successive increase in complexity a consonant increase in free energy was
required. Correspondingly, in order for a system to maintain its structure, and keep
increasing its complexity which in turn allows for it to compete with the ever-changing
complex environment, the system needs to increase the amount of free-energy. This

point is worth reiterating, that without the necessary free energy life’s systems are
unable to maintain their complexity.
From this theory, we argue that when a system loses free energy it should in turn lose
complexity. And as Nick Lane so eloquently puts it, complex eukaryotic life would not be
possible without the energy the mitochondria provide. Thus, we argue that a loss and or
deterioration in both the quality and number of our mitochondria should lead to a loss
of complexity. This loss of complexity can manifest in the origin of uncooperative,
unicellular eukaryotic cells within the multicellular eukaryotic host,
“cancer is characterized by a breakdown of the central features of

cooperation that characterize multicellularity, including cheating in
proliferation inhibition, cell death, division of labour, resource
allocation and extracellular environment maintenance (which we
term the five foundations of multicellularity).”
These uncooperative cells, now separate from the original organism, become their own
organism and commence competition with the host. Without the constraints of
multicellularity - the above mentioned five foundations of multicellularity – the cancer
has an advantage and via niche construction can explore and take over the environment
that is the host.
Notably, this is likely why the cybrid experiments referenced above were able to revert
the cancer cells – because in essence what was occurring was a mitochondrial
transplantation whereby dysfunctional mitochondria were replaced with healthy
mitochondria. With the fundamental cause of the cancers essentially fixed the
phenotype of the cancer cells was able to be restored to that of normal cells. The cancer
cells essentially re-evolved.
In the absence of such a re-evolution, however, neoplasia utilizes genomic instability or
lability as its means, skewing from normal cells based upon its own exclusive
adjudication of the impacts of epiphenomena as it reaches towards its own idiosyncratic
homeostatic needs. Reverse evolution constitutes one of its tools.
In this way, chromosomal instability, which Boveri was right to focus on but just came to
the wrong conclusions concerning it, can be seen to be a means of rapid expression of
a range of phenotypes and pleiotropic/epistatic flexibility enabled through its ability
to singularly reconnect with its evolutionary past. Certainly, it is well recognized that
genomic instability, of which CIN a major contributor, is a defining hallmark of cancer
cells,

“Genomic instability is a hallmark of cancer that leads to an increase
in genetic alterations, thus enabling the acquisition of additional
capabilities required for tumorigenesis and progression.”
Importantly, it is recognized that genomic instability is regulated by the epigenome.
Moreover, CIN is a regular stress-inducible feature of eukaryotes in general, and is
recognized to endow tumors with enhanced evolutionary capabilities through largescale genetic changes, changing the expression of many genes at once, which can not
only facilitate adaptive resistance to therapies, as well as metastatic behavior, but also
cancer immortality.
It is known that cancer lineages have the ability to avoid the normal checkpoints of
cellular regulation to empower longevity,

“to reach immortality, a tumor cell should uncouple from ‘deathlinked’ regulations of normal mitotic checkpoints and become aligned
to the cell systems for perpetuating life cycles”
This same exceptional facility permits successive rounds of under-regulated genetic
variation and the backtracking of the cell towards more primitive pluripotential forms. A
consequence of this advantage is hyper-adaptability.
That is, just like all cells, neoplastic cells remain in connection with their unicellular
roots. However, as opposed to a typical differentiated cell, the more flexible cancer cell,
in the absence of normal checkpoints, utilizes an invigorated form of reverse evolution
for coping with epigenetic stresses. This enables the neoplastic clonal lineage to reach
backward into its cellular toolkit to maintain preferential homeostasis. It directs this
flexible backwardation towards its phenotypic map through processes of natural cellular
engineering, similar to all cells.
Given the above explanation for what cancer is, and importantly what it is not, it is easy
to see why traditional chemotherapy has been a resounding failure for the past seventy
years – it is founded fundamentally on wrong assumptions.
Targeted or precision therapy, which is summed up in the phrase, “the right drug, for
the right patient, at the right time,” attempts to exploit a tumor's dependence on a
mutated critical proliferation or survival pathway. The newest drugs don’t work on
anybody’s tumors, but rather on the specific cells within certain tumors that have a
particular mutation. This, they call progress; and yet, in the past, revolutions in science
have always, always referred to fundamental simplifications. This complexification is the
exact opposite.

When looking at the SMT model of today and the paradigms of targeted and precision
therapy one can't help but to be reminded of the epicycle model. A geocentric
astronomical model prevalent from ~300 BC to the late middle ages. In order for the
proponents of the theory to explain the ever-growing mountain of problems associated
with normal sky observations, epicycles were invented. This explained the movements
of the heavenly bodies without having to adjust Earths position as the center of the
solar system. The epicycles became more and more complex as time went by.
We see a great resemblance today within oncology (and the rest of biology): extreme
complexity, non-accurate predictions, ad hoc-solutions, parroting, the good old "so
many people can't be wrong for such a long time", great resistance towards alternatives
etc..
They say we know better today, but that's what they've always said. If one does some
digging, they will find that our very recent history is filled with mistakes not only in
biology but in all scientific disciplines.
Much like cancer cells, science is moving in the wrong direction. Ignoring the fact that
mutations are only secondarily driving the transformation and progression of cancer
cells, each cancer cell is still nonetheless different in the details despite the fact that in
the grand scheme they are all the same. That is, each cancer cell is potentially different
from all the rest as each cell is adapting/evolving semi-independently from the rest. This
results in a remarkable tumor heterogeneity.
Tumor heterogeneity refers to the existence of subpopulations of cells, with distinct
genotypes and phenotypes that may harbor divergent biological behaviors, within a
primary tumor and its metastases, or between tumors of the same histopathological
subtype (intra- and inter-tumor, respectively). It also means that each cancer cell is not
only potentially different from each other but that the same cancer cell is potentially
different from one moment to the next. Cancer is an evolving entity, a moving target.
In fact, precision cancer therapy will not help the majority of advanced disease cases
and even when clinical benefit is observed, it is often of limited duration owing to the
fact that the treatment is in effect only targeting the symptoms and not the base cause.
Moreover, even when benefit is seen either the cancer cells without the specific
mutation being targeted remain resistant to treatment and take over where the
susceptible cancer cells have faltered or the cancer cells with the specific mutation find
an adaptation that makes them resistant to treatment.
Tumors are dynamic organisms that adapt rapidly and ruthlessly to their environments
— it’s survival of the fittest in the tumor environment, and when the fittest means the

least likely to respond to chemotherapy, that inevitably leads to drug resistance and
eventually a need for new treatment. In the end, these overly selective therapies end up
strengthening the cancer.
Cancer, like all biological organisms, is anti-fragile. Stress, unless truly large enough
which would very likely result in the death of the host as well, only makes cancer
stronger. This kind of cancer treatment is, in essence, a process of selection: sensitive
cells die, while resistant cells are selected for and remain in the tumor and actually
evolve to become stronger. Precision/targeted treatment becomes just another one of
those modifiers of the selection pressure exerted to shape tumor evolution.
In most aggressive tumors, tumor shrinking is only temporary, and the tumor grows
back even bigger. After several courses of different therapies, the result can come out as
a tangled mess of invasive tissue with a vexing and resilient mutational landscape. In
effect, the cells of a tumor are evolving to become more cancerous.
We’ve been playing whack-a-mole with cancer for the past 70 years. We can hit them
faster and with more accuracy now than we used to, but no matter how many we knock
down, another invariably pops up.
The issue is that the opponent is not the individual mutations, but nothing less than
evolution itself—the most dangerous foe of all, with a counter for every move. As the
British chemist Leslie Orgel once said,

“Evolution is cleverer than you are.”
So, rather than going after specific cancer genes, we could, instead, target
the evolution of tumors—how they change over time. If we could halt or even reverse
the reverse evolution of tumors we could provide a big advantage to conventional
treatment.

The Evolutionary Approach to Cancer therapy
If we want to target the evolution of tumors then it might do well to hit them where the
major source of their hyper-adaptability issues from, namely the cell-cycle.
As noted above, the disregard of the normal checkpoints of the cell, e.g., those of the
cell-cycle, act as a fulcrum which the cancer cell uses to affect its hyper-adaptability. For
one, Karpinets and Foy’s proposed tumorigenesis promoting mutator response (MR), is
based on an error-prone cell-cycle progression.
They further point out that two stress-induced epigenetic events are a requisite for
cancer development in the hypothesis. They are:

(i)
(ii)

epigenetic silencing/activation of oncogenes involved in proliferation, cellcycle control and DNA repair
global hypomethylation of the genome.

In concordance with the hypothesis, studies show early epigenetic silencing of genes
involved in the activation of cell-cycle arrest and apoptosis. Furthermore, it is well
recognized that the cell cycle is tightly intertwined with cell fate decisions. In order to
transition from one state to another, cells must modify their transcriptome, epigenetic
landscape and chromosome architecture in a highly coordinated way.
Over the last quarter of a century, numerous observations have established a role for
the cell cycle in broad aspects of cell fate decisions, and have shown that the expression
of cell fate ‘decision’ genes is often coupled to cell cycle regulatory mechanisms.

“These studies show that the cell cycle machinery impacts
chromosome architecture, the epigenome and transcriptional
programs required for cell identity in multiple contexts including
differentiation, reprogramming and trans-differentiation.”
As the cell division cycle globally disrupts and reorganizes the molecular content of the
cell, it may represent a most effective path for the genome to be interpreted in a
different manner as compared to its predecessors. This is important in the context of
cancer as cancer cells require the retention of the transformed phenotype, that is,
unrestricted proliferative potential, suppression of cell phenotype, and activation of
oncogenic pathways. This cancer cells can only do by fiddling with their cell-cycle
machinery.
The cell-cycle in effect then becomes a target for an evolutionary treatment approach
to cancer. By properly inhibiting the previously unregulated cell-cycle we can effectively
inhibit cancer’s hyper-adaptability, its motility (its proclivity towards Metastasis), and
even its immortality (which is really a population, a species, level immortality – single
cancer cells outside of petri dishes don’t possess immortality any more than normal
cells). Properly is the key here, however, for while there are several cell-cycle proteins
that can be targeted, including the Cyclin-Dependent Kinases (CDKs) the inhibitors of
which are already FDA approved for treatment of certain cancers, there are relatively
few that have been with eukaryotes since their emergence estimated 2 billion years ago.
For example, it is thought that “at early stages of evolution, the eukaryotic cell cycle was
not controlled by CDKs”. The evidence indicates that CDKs “branch off the phylogenetic
tree at a late stage, after several other kinases involved in either mitosis or meiosis

regulation”, and that specifically the CDK4/6 subfamily (which is the target of the FDA
approved CDK inhibitors) emerged only with the eumetazoans – i.e., after the evolution
of multicellular organisms and therefore cancer. Thus, the CDKs are largely redundant
and removing them one at a time is actually non-lethal embryonically across the board,
“none of these genes is strictly essential for cell cycle progression”.
If normal cells do not require CDKs, then cancer cells with represent single cell
eukaryotic atavisms will certainly not either. Thus, the efficacy of CDK inhibition for
cancer therapy is incredibly limited, which makes it no surprise that, “resistance to
CDK4/6 inhibitors is considered a near-inevitability in most patients”.
In contrast to the CDKs, a more ideal cell-cycle target is one that has been around since
the initial evolution of Eukaryotes. This would be a protein that would be absolutely
essential to the workings of the cell-cycle and its absence would result in embryonic
lethality. It would accordingly be essential to cancer cells – something they’d be hard
pressed to get around – and which would become more vital the further the cancer cells
progressed in their reverse evolution.

Enter PLK1:
"…If your quarry goes to ground, leave no ground to go to. You should
have taken my offer. Or did you think none of this was your fault?" ~
The Operative, Serenity (Film)
PLK1 is the founding member of the polo-like kinase (PLK) family. PLK1 is a master
regulator of cell division. By phosphorylating different substrates, Plk1 controls a
number of processes throughout the cell cycle, including centrosome
maturation, mitotic entry, spindle assembly anaphase entry, chromosome
segregation and condensation, as well as cytokinesis.

Figure 3: source

Importantly, PLK1 is ancient – perhaps as ancient as 2 billion years - as old as eukaryotes
themselves. When eukaryotes first formed from the symbiotic merger of an archaea and
a bacterium a new cell cycle process needed to be established as the cytoskeleton, and
the cell as a whole, became increasingly complex. PLK1 was one such mechanism that
evolved at the time and has been with us since.
Polo like kinases are found in all eukaryotic lineages other than plants (and even these
still have a PLK1 analogue that they replaced PLK1 with) and apicomplexans (which are
protozoan parasites and represents some of the most divergent eukaryotes). The PLK1
subfamily is universal within this group, highlighting its critical role.
PLK1’s activities have, in fact, been recognized to be essential for the development of
multicellular organisms. For example, beyond the cell cycle PLK1 is involved in the
epithelial-mesenchymal transition (EMT) which is a process important for embryonic
development. Importantly, this is an expression of PLK1’s involvement with the
fundamental unicellular trait of motility. Accordingly, PLK1 is involved in cancer cell
migration and invasion,

“Elevated PLK1 expression has been associated with an increased
invasiveness of colorectal, breast, renal, and thyroid cancer cells…Our
recent study has provided direct evidence of the pro-invasive activity
of PLK1 in tumor progression…In addition to EMT
induction, PLK1 overexpression in prostate epithelial cells led to
enhanced motility and invasiveness…PLK1 directly regulates the
velocity of epithelial cell migration, independently of its effects on
other cellular processes…Consistently, PLK1 downregulation in
metastatic prostate cancer cells inhibited cell motility.”
Likewise, PLK1 regulates metabolism but not just any metabolism. It specifically
promotes the Warburg effect which is the growth metabolism and also, accordingly, the
metabolism that is used during the ancient days before eukaryotes become more
capable of oxygen dependent oxidative phosphorylative metabolism. The Warburg
effect is also the metabolism that is vital for important stages of embryonic
development – ontogeny recapitulates phylogeny. PLK1 thus helps promote the
metabolism that alters the fluxome to induce a phenotypic reversion to a unicellular
state.
Taken together, then, it should come as no surprise then that PLK1 has proven essential
for early embryonic development as well as the adaptive resistance of cancer cells to
treatment, “the inhibition of PLK1 may overcome drug resistance in cancer chemotherapy and
enhance sensitivity of cancer radiotherapy.”

Without PLK1 there is no eukaryotic life (outside of plants and protozoan parasites). The
same is true of cancer cells, which are just another form of eukaryotic life – hence why
PLK1 is rarely if ever mutated in cancer,

“Plk1 is rarely found mutated in tumors (about 1% of 74402 tumoral
samples… and when mutated, this probably happens at late stages of
the tumoral progression. The low mutation rate in the Plk1 gene is
most probably due to the fact that Plk1 is an essential cell
proliferation gene, therefore cells cannot handle the Plk1 loss of
function” (emphasis ours)
In contrast, with excess PLK1 cancer cells are able to not only survive but promote their
own adaptive evolution. Via upregulation of PLK1 cancer cells override the normal
checkpoints of the cell, allowing the cancer to utilize their invigorated form of reverse

evolution for coping with epigenetic stresses while also retaining their transformed
phenotype through the mitotic process.
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Furthermore, PLK1 has been shown to play a key role in acquired chemotherapeutic
resistance of cancer cells.

“This drug is used against many different kinds of cancer, but has
issues with cytotoxicity and development of drug resistance.
Interestingly, it has recently been shown that Plk1-mediated p53
inactivation contributes to doxorubicin resistance…
Song and colleagues showed that Plk1-associated kinase activity
drives DNA replication under stress, resulting in acquired gemcitabine
resistance in pancreatic cancer cells…
It has been demonstrated that Plk1 contributes to Taxol resistance via
its ability to regulate microtubule dynamics and microtubulekinetochore attachment.”
PLK1 is also a well-recognized marker for proliferation and its overexpression in various
human cancers appears to be sufficient to override cellular checkpoints and induce
genetic instability, promoting tumorigenesis,

“Tumors with PLK1 overexpression were associated more frequently
with CIN (p < 0.0001), DNA aneuploidy (p = 0.0007) and centrosome
amplification (p = 0.0013) than those without”
Accordingly, it is linked to higher grade tumors, is involved with acquisition of resistance
for various cancer therapies,

“Likely because of its central role in cell-cycle progression and other
cellular processes such as the DNA damage pathway, Plk1 has been
found to be involved in the mechanisms of resistance to several
chemotherapy drugs”
and is associated with poor prognosis in many different cancers,

“A number of studies have revealed that PLK1 is overexpressed in
cancers compared with normal controls in various types of human
cancers such as glioma, thyroid carcinoma, head and neck squamous
cell carcinoma, melanoma, colorectal cancers, esophageal carcinoma,
ovarian carcinoma, breast cancer, and prostate cancer.”
There is also evidence that later stage cancers rely more heavily on PLK1 than their early
stage counterparts,

“We found that PLK1 has significantly higher expression levels in late
stage of cancers than in early stage of cancers”
This is what we would expect if cancer cells are undergoing a sort of reverse evolution –
the further back they go the less they rely on more recent evolutionary innovations and
the more they rely on the more ancient proteins.
For example, androgen-insensitive (AI) Prostate Cancer (LNCaP-AI) cells when
transitioning from a state of androgen sensitivity undergo a genetic reprogramming to
selectively upregulate the expression of M-phase cell-cycle genes which is heavily reliant
on PLK1. As a consequence of this reliance on PLK1 the LNCaP-AI cells become highly
sensitive to PLK1 inhibition.

“In another important study, Plk1 inhibition was demonstrated to
enhance the efficacy of androgen signaling blockade in CRPC.”
A similar transformation happens in Tamoxifen-Resistant (TAMR) Breast Cancer cells
which are associated with a more aggressive cancer phenotype. In their transformation,
these cells gain some advanced biological features, such as an epithelial-to-

mesenchymal transition (EMT) phenotype and some stem-cell-like properties. TAMR
cells’ reprogramming of PLK1 has been found to be critical to the changes that occur in
these cells and for their aggressiveness. Just as in the androgen insensitive prostate
cancer cells, these TAMR cells are highly sensitive to PLK1 inhibition.
It seems that wherever cancer cells transform to a more advanced, aggressive, difficult
to treat phenotype PLK1 is involved – just as you’d expect given our thesis - and this
increased reliance on PLK1 makes them particularly susceptible to PLK1 inhibition. This
includes cancers that are characterized by high rates of specific mutations treatments
for which have long been sought after. The most notable of which are perhaps the KRAS
mutant cancers – more on this later.
We think that PLK1 inhibition in this, and likely all, case(s) primarily works not
necessarily by directly killing the cancer cells – although that’s not completely irrelevant
– but via halting of the reverse evolutionary process of cancer cells and even potentially
inducing the reversion of the cancer phenotype to a more remediable state. In point of
fact, cellular senescence, a permanent state of cell cycle arrest which equates to a loss
of a cell's power of division and growth, has found to be the predominant outcome of
PLK1 inhibition in some cancer cell lines. Cellular senescence has been considered to be
a suppressive mechanism of tumorigenesis and it is thought to be a promising strategy
for cancer therapy,

“cellular senescence can provide an alternative approach that can
overcome the limitations of conventional cancer therapy”
Put it all together and this is likely why PLK1 inhibition in general, and Cardiff’s PLK1
inhibitor onvansertib in particular, seems to be synergistic with a great many of drugs
with widely ranging mechanisms of action. Depending on the particular context PLK1
inhibition enhances the efficacy of androgen signaling blockade, of microtubule
disrupting drugs, of epigenetic inhibitors such as those that target BET and HDAC
proteins, of chemotherapeutic agents such as cisplatin and gemcitabine, as well as other
drugs such as metformin, the rapalogues, and JAK/STAT inhibitors – not even to exhaust
the list. PLK1 inhibition is capable of reversing the previously evolved resistance to
treatment and inhibiting any further evolved resistance.
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An example of the phenomenon of tumor reversion is seen with treatment of acute
promyelocytic leukemia (APL) with retinoic acid-based therapies. Likewise, a similar
phenomenon is seen when you reestablish working p53 (which is in reciprocal
relationship with PLK1) in a tumor that lost it. When you reestablish WT p53, the tumor
doesn’t go away, but it reverts to a precancerous state. Notably, this study was done in
KRAS-mutant mouse models (more on KRAS later).
Other examples of tumor reversion have likewise been found to be associated with p53.
For example, it has been found that decreasing the expression of TPT1/TCTP (which is
implicated in a reciprocal negative-feedback loop with p53) results in either apoptosis or
reversion of cancer cells. This is why onvansertib, as we will see, isn’t meant for use as
monotherapy - it doesn’t kill most tumors like standard cancer therapy.

Onvansertib:
Onvansertib is perhaps the first ever truly selective PLK1 inhibitor with a reasonable
half-life. There have been attempts to create PLK1 inhibitors in the past but they have
all ultimately failed to produce favorable selectivity or pharmacokinetics. In particular,
selectivity has been the greatest sticking point of PLK1 inhibitors since the beginning.
The issue is that the conserved regions shared between the KDs of functionally distinct
PLK subtypes as well as other protein kinases, increase the possibility of off-target
adverse effects created by KD-binding PLK1 inhibitors.

Previous PLK1 inhibitors therefore couldn’t be used in dosages necessary to effectively
halt and reverse the evolution of cancer cells. This, in addition to poor selection of
indications, has kept, as of yet, PLK1 inhibitors from being successful past phase 2
clinical trials. For example, look at the below image comparing Onvansertib to the two
most successful PLK1 inhibitors to enter the clinic thus far.

Figure 6

In contrast to the other two drugs which will each in their efforts to inhibit PLK1 also
inhibit PLK2, and in the case of Volasertib PLK3 as well. Onvansertib possesses 5000-fold
selectivity towards PLK1 over PLK2/PLK3. As such, even used at its higher dosages PLK2
and PLK3 inhibition is practically nil. Also, to onvansertib’s benefit is its reduced half-life
compared to Volasertib. Whereas Volasertib has a half-life of about 111 hours,
Onvansertib’s is closer to 24 hours. Thus, instead of volasertib’s limitation to once a
week dosage which has the effect of not maintaining an optimal dose of the drug on
either end such that toxicity is more likely and efficacy less. So, onvansertib can be
dosed once daily which helps to minimize toxicity and maximize efficacy relative to
volasertib. We can thus expect to see, for the first time, the true merit of PLK1 inhibition
with onvansertib.
To imagine onvansertib’s worth, picture cancer as the Lernaean Hydra of Greek
mythology – a gigantic, nine-headed water-serpent. Anyone who attempted to behead
the Hydra found that as soon as one head was cut off, two more heads would emerge
from the fresh wound. Even Heracles’ had great trouble defeating the hydra with his
magic golden sword given to him by Athena.
Being one of Heracles’ seven labors he was sent to destroy the Hydra and no matter his
brute strength - which exceeded that of any other man many fold - and no matter how
easily he was able to sever the heads he too was confronted with the same issue of
endless fresh heads. It was only with the help of Heracles’ nephew Iolaus that the Hydra
was ever bested. Each time Heracles bashed one of the Hydra’s heads, Iolaus held a
torch to the headless tendons of the neck. The flames prevented the growth of
replacement heads, and subsequently, Heracles was able to get the better of the beast.

In this metaphor, onvansertib is Iolaus, Hydra is the cancer, and Heracles is targeted
cancer therapy. Iolaus (Onvansertib) alone is helpless against the hydra (cancer) and so
is Heracles (standard targeted therapy). It was only the combination of the two that was
able to kill that which was otherwise immortal, but of the two Iolaus (Onvansertib)
proved to be the one that couldn’t have been done without.
Onvansertib’s ability to halt cancer evolution and potentially even revert the cancer
makes tumors more susceptible to other treatments including those that the tumor was
previously resistant to. We repeat, onvansertib monotherapy is missing the point. Once
you’ve halted cancer evolution and have induced phenotypic reversion you need to add
in another therapy to take advantage of the increased susceptibility.
For example, looking at the monotherapy data from onvansertib you wouldn’t think
much. In the only monotherapy trial, a phase 1 dose-escalation study of onvansertib in
patients with advanced or metastatic solid tumors, sixteen of the 19 patients enrolled
were evaluable for efficacy. Stable disease at any dose was reported as best response in
5 out of the 16 evaluable patients (31.2%), with the remaining 11 patients showing
disease progression. Obviously, not very impressive.
That being said, this was a very difficult to treat population. 63% of patients had
metastatic disease and all of the patients had at least 2 prior therapies with 80% having
3-7. Furthermore, the dosing was rather limited. The starting dose was only 6 mg/m2
/day – which is far less than used in subsequent trials – and the median number of
cycles per patient was only 2 with a median treatment duration of 6.1 weeks. In the
later combination therapy trials, complete responses took time to appear, e.g., at an
average of 4 treatment cycles in the AML trial.
Despite these limitations, 3 out of 5 instances of stable disease in our study were
observed in patients with KRAS mutant tumors – two with colorectal cancer and one
with pancreatic carcinoma. As well, two patients (treated at 6 and 24 mg/m2 /day)
showed prolonged stable disease (lasting 15.4 and 18 weeks, respectively). As such, we
can begin to see an inkling of the potential that PLK1 inhibition can bring to the table.
An inkling is all it is, though, and if you were not to take our perspective and
understanding of PLK1 inhibitions MoA then you might just ignore anything else that
comes from Onvasertib. This very well could explain why Cardiff Oncology is currently
flying below the radar despite some exciting combination therapy results across three
indications, R/R AML, mCRPC, and KRAS mutated mCRC with the last being the most
exciting.

Onvansertib in Relapsed/Refractory AML
The first indication that we’ll visit (difficult-to-treat relapsed/refractory (R/R) AML) is
actually the least exciting of the three owing to the fact that it just isn’t the best use of
onvansertib. First of all, in non-KRAS mutated tumors, the focus for onvansertib should
not be on Complete Responses (CR) but overall survival. As we’ve mentioned above,
focusing on response rates tends to miss the point of not just the drug but mutation
targeted therapies. Second of all, onvansertib should be used first and foremost in
advanced, solid tumors – particularly those with KRAS mutations, but we’re still not
ready to talk about those yet. We say onvansertib should be used in solid tumors
because this type of tumor has the greatest genomic instability,

“Most solid tumors have acquired, nonrandom chromosomal
abnormalities… Among the malignant solid tumors, karyotypic
complexity often exceeds that seen in hematopoietic tumors. In these
tumors, genomic instability may be so extreme that almost every
metaphase cell is different.” (Emphasis ours)
Furthermore, 90% of all solid tumors have been found to be aneuploid - an alteration of
chromosome number that is not a multiple of the diploid (2n) complement. As discussed
above, such genomic instability facilitates rapid tumor evolution and has been shown to
be instigated by PLK1 overexpression with a very strong link between PLK1
overexpression and genomic instability. Accordingly, PLK1 inhibition has been shown to
preferentially kill tetraploid (a specific form of polyploidy that is a doubling of the
normal diploid complement (i.e., 4n)) cancer cells; and likewise aneuploid cells have
been shown to be selectively vulnerable to inhibition of the spindle assembly checkpoint
of which PLK1 is an important component. It therefore stands to reason that, rather
than liquid tumors such as AML, solid tumors are the appropriate target for
onvansertib.
At the very least the AML patients should be chosen with specific advanced
subpopulations in mind such as those with adverse-risk cytogenetics, including those
with complex or monosomal karyotypes. Previously, we showed that complex karyotype
AML is dependent on PLK1 for its transformation and is thus hypersensitive to PLK1
inhibition and this has been borne out in clinical trials with volasertib, another PLK1
inhibitor but with inferior selectivity and pharmacokinetics. In an open-label randomized
phase II study volasertib produced better results in patients with adverse risk
cytogenetics than in those with “normal” cytogenetics. Alas, Cardiff didn’t select for this
patient population in their AML clinical trials.

And yet, despite the indication not being the best choice the results aren’t half bad. At
the very least, the results clearly show that Onvansertib is an active drug. This trial, like
the other two, was a phase 1b that has transitioned into a phase 2. Onvansertib was,
and is being, used in combination with either decitabine or low-dose cytarabine – both
hypomethylating agents. In the phase 1b portion of the trial anti-leukemic activity was
observed at a wide range of onvansertib doses (27 to 90 mg/m2), indicating a large
therapeutic window.
Notably, at the 4 higher dose levels (27 to 90 mg/m2), CR/CRi was observed in 5 of 16
(31%) patients in the decitabine Arm. Median time to achieve CR/CRi was 4 cycles
(range 1-7), the duration of response has been >7 months, and at the last update in
June 3 patients remain on treatment and in remission with the duration of CR/CRi being
respectively 6, 12, 15 months, respectively.
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While there doesn’t appear to be a dose response, the patient who did receive a CR only
did so after rising up to the higher dose levels. At this time, it’s also unclear which
patients have or had the important p53 mutation which is common in AML. With that
said, we see a CR/CRi rate comparable to that seen in Volasertib’s phase 2 clinical trial,
another PLK1 inhibitor similar in MoA to onvansertib but with selectivity and
pharmacokinetics greatly inferior to onvansertib, which the FDA granted a Breakthrough
Therapy Designation for; and is higher than the target CR/CRi rate for the ongoing phase
2 portion of the trial (shown below), although only just.
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Of the phase 2 portion some very preliminary data was released with the June update.
So far, as of the data cut off for this update, 7 patients have completed 1 cycle of
treatment with a rather high objective response rate of 28% already. Specifically, of
the seven patients 1 achieved a CRi at cycle 1 and a CR at cycle 2 and another patient
achieved a partial response at cycle 1 – they both remain on treatment.
Considering that the average CR/CRi didn’t occur in patients until 4 cycles on average
this is encouraging, and at the very least demonstrates the activity of onvansertib in a
less than ideal indication. We’re still hopeful for onvansertib in R/R AML patients but as
we will show, there are much better and more interesting indications for onvansertib
that the company is currently pursuing.

Onvansertib in Metastatic Castration-Resistant Prostate Cancer:
The second most interesting indication Cardiff is currently chasing is mCRPC in which
onvansertib is being used in combination with abiraterone (ZYTIGA). mCRPC is a much
better indication for onvansertib than AML for a number of reasons. One being that
prostate cancer is a solid tumor. As such, it is characterized by genomic instability, in
particular in the late stages of the disease. The genomic instability characteristic of the

disease ends up driving the progression of the disease through its stages of
development which have been identified as:

“(a) intraepithelial neoplasia that can be considered a precancerous
state, characterized by hyperplasia of luminal cells and progressive
loss of basal cells; (b) adenocarcinoma androgen-dependent
(subdivided into two stages, adenocarcinoma latent and clinical),
characterized by the complete loss of basal cells and the strong
luminal phenotype: at this stage, the tumor is androgen-dependent
and its growth can be controlled by androgen deprivation; and (c)
adenocarcinoma androgen-independent (or castration resistant)
that represents the evolution of adenocarcinoma and does not
depend for its growth by androgens.” (emphasis ours)
That castration-resistant prostate cancer is an inevitable endpoint of the disease is an
important but seemingly overlooked point, as is the fact that metastatic prostate cancer
is inherently castration resistant and that a common mechanism by which castration
resistance evolves is via chromosomal instability. It is likely that PLK1 driven genetic
instability is crucial to this process,

“driving tumor evolution, metastases and the emergence of
treatment-resistant populations”.
This is consistent with the finding we highlighted earlier that androgen-insensitive (AI)
Prostate Cancer (LNCaP-AI) cells when transitioning from a state of androgen sensitivity
undergo a genetic reprogramming to selectively upregulate the expression of M-phase
cell-cycle genes which is heavily reliant on PLK1.
The other common means by which cancer cells become castration resistant is via
mutation of the androgen receptor (AR). Specifically, this mutation comes in the form of
AR-V7. AR-V7 is a truncated isoform of the normal AR-full length protein. The molecular
changes that occur due to this truncation maintain AR in a constitutively active state,
even in the absence of its ligand. In this way, it is, as we will see, similar to KRAS
mutations.
Importantly, a further increase in AR-V7 protein expression is observed in metastatic
cancers after androgen inhibitor therapy. Resistance develops to standard-of-care
androgen receptor signaling inhibitors (ARSi) therapy, Zytiga®(Abiraterone acetate) and
Xtandi®, within 9-15 months. In the end, up to 40% of patients can develop the highly

aggressive androgen receptor variant 7 (AR-V7), which is resistant to ARSi therapy.
Patients with these types of mutations show almost no response to standard of care:

“Patients with AR gain or T878A or L702H pre-abiraterone (45%)
were 4.9 times and 7.8 times less likely to have a decline in PSA by
≥50% or ≥90% respectively and had a significantly worse overall (HR
7.33, 95% CI 3.51-15.34) and progression-free (HR 3.73, 95% CI 2.176.41) survival.”
Which is exactly what you would expect considering that Abiraterone works via
inhibition of 17 a-hydroxylase/C17,20-lyase (CYP17). This enzyme is expressed in
testicular, adrenal, and prostatic tumor tissues and is a key enzyme in the steroidogenic
pathway required for the synthesis of androgens. Abiraterone thereby reduces the
levels of androgens available for the prostate cancer cells.
However, as we note above, AR-V7 is permanently switched on. It doesn’t need
androgens to be activated and so it doesn’t matter how low you reduce androgen levels,
AR-V7 is going to remain in the on state. Any response seen in the patients therefore
can be ascribed primarily to the actions of onvansertib.
This subgroup of AR mutated patients also provides Cardiff a particularly interesting
opportunity to fill the void here. Note the incredibly short PFS and OS in these particular
patients who are faced with a runaway cancer that is highly dependent on PLK1.

“Among men receiving enzalutamide, AR-V7–positive patients had
lower PSA response rates than AR-V7–negative patients (0% vs. 53%,
P=0.004) and shorter PSA progression–free survival (median, 1.4
months vs. 6.0 months; P<0.001), clinical or radiographic
progression–free survival (median, 2.1 months vs. 6.1 months;
P<0.001), and overall survival (median, 5.5 months vs. not reached;
P=0.002). Similarly, among men receiving abiraterone, AR-V7–
positive patients had lower PSA response rates than AR-V7–negative
patients (0% vs. 68%, P=0.004) and shorter PSA progression–free
survival (median, 1.3 months vs. not reached; P<0.001), clinical or
radiographic progression–free survival (median, 2.3 months vs. not
reached; P<0.001).” (our emphasis in bold)
These poor responses are due to the fact that corresponding with this transition to an
androgen-insensitive state comes a corresponding increase in aggressiveness and

metastatic potential of the cancer. In fact, an analysis of the AR pathway, including
several known activators, coactivators, and corepressors, showed alterations in 56% of
primary prostate cancers and 100% of metastases.
Likewise, a recent study based on the screening of AR-V7 protein by
immunohistochemistry on a large set of prostate cancers – 358 primary and 293
metastatic tumors – and found that AR-V7 protein is rarely (<1%) expressed in primary
cancers, but is frequently (75% of cases) detected in metastatic tumors. This is likely as
least partly due to the fact that AR signaling positively regulates PLK1 and that PLK1
positively regulates AR signaling thus resulting in a potential positive feedback loop.
Therefore, a mutated AR that is constantly in the on state will result in highly
overexpressed PLK1 which then can drive the reverse evolution of the cancer cells.
Metastatic CRPC then fits the bill for onvansertib on a number of levels and we think
Onvansertib could prove to be a big step up from the current therapeutic options in
patients suffering from this final mutated AR-V7 protein stage.
In support of this assertion there is already rather positive data to get excited about
here. There were two arms of the trial testing two different dosing schemes. Arm A
(onvansertib dosed daily on days 1-5 in a 21-day cycle) and Arm B (onvansertib dosed
daily on days 1-5 in a 14-day cycle). In both arms (A and B) onvansertib in combination
with abiraterone was safe and well-tolerated; and overall, across both arms, 63% (12 of
19) of evaluable patients achieved partial response (PR) or stable disease (SD) following
12 weeks of treatment with onvansertib + abiraterone.

In arm A, 57% (8 of 14) patients had SD or PR at 12 weeks, with 5 patients achieving the
efficacy endpoint (PSA stabilization) and 4 patients remained on treatment as of the last
update in February 2020. In arm B, 80% (4 of 5) patients had SD at 12 weeks, with 3
patients achieving the efficacy endpoint (PSA stabilization) and 3 patients remain on
treatment. In addition, 60% (3 of 5) patients have or had progression-free survival of >7
months. To put these numbers in perspective, the company entering the trial was
hoping for a 20% response rate of PSA stabilization at 12 weeks.
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We can clearly see here that onvansertib is acting as expected again – it is effectively
stalling the reverse evolution of the cancer in a dose dependent manner. Moreover,
onvansertib appears to act most strongly in the subset of patients that would not be
expected to respond from abiraterone alone.
Specifically, 5 patients were AR-V7+ at baseline 2 patients had AR T878A mutations at
baseline and of these 7 patients it was found that 6 (86%) had an immediate decrease
in PSA following onvansertib treatment with 3 patients achieving PFS of >7 months.
Importantly, these responses, in particular, cannot be due to abiraterone as it is
absolutely ineffective against this mutation.
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In further support of these responses and onvansertib’s mechanism of action, there was
a significant reduction in circulating tumor cells (CTC) exhibited with treatment of
onvansertib. CTCs are a rare subset of cells found in the blood of patients with tumors,
which function as a seed for metastases. Cancer cells metastasize through the
bloodstream either as single migratory CTCs or as multicellular groupings—CTC clusters.
But in order for cancer cells to undergo the transition to CTCs they must first undergo an
EMT transition, which in theory should be prevented by PLK1 inhibition… Which is
exactly what we saw in these patients.
At baseline, 25 (78%) patients had unfavorable CTC count with median of 19 CTC/7.5mL.
10 of the unfavorable patients were re-analyzed after 12 weeks of treatment. Of these
10, 5 (50%) patients had a ≥80% CTC decrease, including 2 AR-V7+ patients, 4 (40%)
patients converted from unfavorable to favorable CTC level (<5 CTC/7.5mL), and 3 (30%)
patients had no detectable CTC.

In mCRPC, onvansertib has shown to not only produce durable responses but in a
mutation agnostic manner that is also complimentary to the current standard of care.
These responses easily exceeded the company’s expectations of just a 20% response.
We’re excited to see how the data evolve with the next update in late September at
ESMO.
It is not just updated data from this trial that we can expect in September. We can also
expect to receive additional data from the company’s phase 2 trial featuring onvansertib
in combination with FOLFIRI/Avastin in KRAS-Mutated Metastatic Colorectal Cancer
(mCRC) patients. Predictably, the results from this indication are the most exceptional.
This is what we are most excited about for Cardiff as an investment opportunity. Not
just KRAS-Mutated Metastatic Colorectal Cancer (mCRC), but KRAS mutant cancers in
general.

KRAS-mutated mCRC:
The RAS protein – RAS is short for “rat sarcoma,” so called because the various RAS
genes were first identified from studies of two cancer-causing viruses in rats – is a
central node in some of the most critical cellular signaling pathways. RAS, of which KRAS
is the principle isoform, is one of front-line sensors that initiate the activation of an
array of signaling molecules allowing the transmission of transducing signals from the

cell surface to the nucleus, thus affecting cell differentiation, metabolism, proliferation,
growth, chemotaxis, adhesion, migration, and death.
Known as ‘the beating heart of cancer’, it beats between two states: an inactive, GDPbound (“off”) state and an active, GTP-bound (“on”) state. Mutations in the genes that
encode the RAS proteins - which are present in a third of all cancers - and leave it
switched on interrupt the normal functioning of these signals and drive cancerous
tumor growth.
KRAS is a small GDP/GTP-binding protein that transduces extracellular signals into
intracellular responses. It cycles between an inactive, GDP-bound (“off”) state and an
active, GTP-bound (“on”) state.
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In the modern era of targeted cancer therapies, KRAS has been referred to as the “holy
grail” of targeted therapy. And yet, despite its importance, KRAS is one of the most
challenging targets in cancer. Notwithstanding its discovery more than 60 years,
researchers still struggle to inhibit its mutated form -- earning its reputation as
"undruggable." Yet, the hunt continues, as cancers driven by KRAS mutations are both
common and deadly.

As of yet, a long line of failed strategies have attempted to indirectly target KRAS, such
as by inhibiting farnesyltransferase through blocking KRAS post-translational
modifications; by inhibiting downstream KRAS effectors, such as the kinases MEK, PI3K,
AKT or mTOR; or by inhibiting the proteasome or chaperone proteins such as
HSP90. These therapies are frequently plagued by the robust emergence of resistance.
KRAS activates numerous effector pathways that mediate proliferation and survival
signals - whenever one pathway is blocked others are strengthened.

Figure 12

Directly inhibiting KRAS has long been a problem as well. In contrast to driver mutations
in EGFR, ALK or ROS1, which are susceptible to tyrosine kinase inhibitors (TKIs), KRAS is
an intracellular GTPase with a chemical affinity for GTP that is much higher than that of
mimetic drugs.
Recently, some companies, specifically Mirati Therapeutics and Amgen, have sought to
target KRAS directly by creating specific inhibitors that selectively form a covalent
attachment to the mutant cysteine in KRAS. Only the GDP-bound, inactive state of KRAS

G12C (specific sub-mutation of KRAS) is accessible to the inhibitors, and the covalent
occupancy of Cys 12 locks the protein in the inactive conformation, thereby blocking
oncogenic signaling.
This approach, however, too looks to have failed rather spectacularly (although MRTX’s
shareholders don’t appear to recognize this yet) and this should come as no surprise as
MRTX’s approach is even more reductionistic than usual. It’s bad enough to focus on
mutations in a specific protein, but to focus on a specific mutation within a specific
protein is certainly worse.
There’s an old aphorism that a specialist is one who knows more and more about less
and less until eventually they know everything about absolutely nothing. Well, what has
been happening in biotech is that drugs have been becoming more and more specialized
until they are very effective at treating close to nothing and these G12C KRAS mutant
targeting drugs are the perfect example.
The best data that these drugs have generated so far comes from non-small cell lung
cancer and its far from anything worth getting excited about – to say nothing of the
even less impressive mCRC data.
Amgen’s initial data release revealed that of 10 NSCLC patients who were treated with
‘510, 5 showed a partial response (defined as tumor shrinkage of more than 35%), 4 had
stabilized, and 1 had progressed. Only 3 patients received the highest dose of ‘510, and
all 3 of those showed a partial response. But the data presented by Amgen in late
September showed that in 2 of the 5 initial responders, the cancer had progressed, and
in one case, the patient died. Both patients were part of the highest-dosage treatment
arm. In the small sample of 3 high-dose patients, the median duration of response was
less than 3 months.
By late September, though, Amgen had data on 23 patients, including 13 treated at the
highest dose. In the high-dose group (the only one that can even vaguely be described
as successful), 7 of 13 patients – 54% – demonstrated a partial response. Again, while
the headline ORR looked good, 3 of those 7 patients showed disease progression less
than 15 weeks into treatment. Of the other 4 patients, 3 hadn’t yet made it to 10
weeks, and the other one – at about 24 weeks – hadn’t yet reached the 6-month
threshold. Once you’ve done away with the small percentage of cells expressing the
very specific G12C KRAS mutation, there’s not much for the drug to act on and the
cancer rebounds as if nothing happened. In fact, if anything the cancer is stronger from
the experience.

As for Mirati’s data - though 10 NSCLC patients enrolled in the trial, only 6 were
evaluated, with no word from Mirati on why at least one, and maybe two, of the
patients went off treatment prior to the first evaluation scan. Of the 6 evaluated, 3 saw
a partial response. As with Amgen’s ‘510, while the 50% ORR looks impressive, or at
least acceptable, the longest duration of response was a much less impressive 10
weeks.
This is what comes from targeting not only a specific mutation, but a specific submutation. The cancer heterogeneity at a sub-mutation level is even greater that at the
mutation level and so we correspondingly see an even weaker duration of response
before the tumor becomes populated with cancer cells resistant to treatment and
rebounds. As of yet, then, there still are still no good treatments for the vast majority
KRAS-mutant cancers, especially mCRC. PLK1 inhibition vis Onvansertib, however, could
change that.
As depicted above in the Lernaean Hydra metaphor, in non-KRAS mutant cancers
Onvansertib is Iolaus. Iolaus (Onvansertib) alone is helpless against the hydra (cancer)
and so is Heracles (standard targeted therapy). It was only the combination of the two
that was able to kill that which was otherwise immortal, but of the two Iolaus
(Onvansertib) proved to be the one essential one. However, as we will see, when it
comes to KRAS mutant cancers Onvansertib is the two weapons put together, a flaming
sword that can cut and cauterize in the same motion.
Onvansertib is well suited for this particular breed of cancer for a number of reasons.
Like AML and mCRPC, KRAS mutated tumors are typical of late stage aggressive tumors.
For example, the progression of colon carcinomas can be divided into at least three
stages.
The first stage is characterized by the development of a small, benign tubular type of
adenoma or polyp with only sporadically detectable KRAS mutation(s). The second stage
is more aggressive and is usually associated with patches of definitive carcinoma cells,
which may grow into invasive cancers characterizing the third stage.
Mutations of the KRAS gene have been identified in tissues from both adenoma and
carcinoma cases, but at much lower frequencies in colon adenoma tissues than in
carcinoma tissues. In other words, KRAS mutations are more consistently present in
late stage tumors.
In accordance with this, KRAS mutations are more resistant to treatment, and are
invasive and metastatic. In fact, many studies have investigated the concordance
between KRAS mutations in the primary tumor and in related metastases. Concordance

has been found to range between 68 and 100%, and recent data indicate that it
probably lies between 92 and 96% in an unselected population of patients with
metastatic colorectal cancer.
KRAS mutant cancers are, in effect, sort of cancer caricatures. They don’t have any extra
features but those they do have are exaggerated; and those exaggerations are due to
the fact that oncogenic KRAS orchestrates global and local chromatin modifications that
essentially enhance the reverse evolution of the cancer cells – this subsequently places
more emphasis on PLK1 mediated activities. This also is what enables KRAS to
effectively adapt around targeted and precision cancers like the mythological hydra.
However, as everyone knows, “there ain’t no such thing as a free lunch”.
Mutant KRAS cancer cells must cope with a substantial amount of mitotic stress. In fact,
mitotic stress is regarded as a hallmark of the KRAS oncogenic state,
“The Mitotic Machinery as an Achilles' Heel for Ras Mutant Cancer

Cells… cancer cells with mutant Ras experience elevated mitotic
stress and are more dependent on key mitotic proteins such as
PLK1, the APC/C complex, the COP9 signalosome, and the
proteasome for proper mitotic progression, and we showed that
targeting selected mitotic proteins could exacerbate this mitotic
stress to selectively kill Ras mutant cancer cells… Mitotic Stress as a
Hallmark of the Ras Oncogenic State” (emphasis ours).
Accordingly, it is thought that slight disturbances in cell cycle regulation may therefore
have a serious impact on survival of KRAS mutated cancer cells, with the mitotic
machinery being the soft underbelly of mutant KRAS tumors.
Mitosis, compared to mitogenic signal transduction, is hard-wired and tightly controlled,
and to guarantee fidelity of the process, has little or no redundancy afforded in its
orchestration. There aren’t really any work arounds like there are in upstream signaling.
There’s nowhere for KRAS mutations to run to and their naturally greater mitotic stress
leaves them especially vulnerable.
As such, when looking for treatments that have a particular affinity for KRAS-mutant
cancer cells time and again the targets the come up as viable options are those involved
in the mitotic machinery, including PLK1.

“In particular, they described a striking number of genes involved in
regulation of mitosis as being candidate KRAS synthetic lethals,

including subunits of the anaphase-promoting complex/cyclosome
(APC/C), the proteasome and the mitotic kinase polo-like kinase
(PLK1). They demonstrated that KRAS mutant cells harbor heightened
mitotic stress compared with WT cells, and both genetic and small
molecule inhibition of PLK1 revealed greater sensitivity in
the KRAS mutant isogenic cancer cells over the KRAS WT cells.
Moreover, inhibition of proteasome function with bortezomib also
appeared to demonstrate selectivity in the KRAS isogenic cell systems.
Mitotic stress is not unique to KRAS mutant cancers; however, these
studies suggest that KRAS mutant cells may be selectively more
sensitive to targeting mitotic regulation than wild type cells.” (our
emphasis)
This selective sensitivity to mitotic stress has been borne out in clinical trials already
with abemaciclib, an inhibitor of CDK4 and CDK6. The clinical activity of abemaciclib was
evaluated in a cohort of 68 patients with NSCLC who had received a median of 4 (range,
1–10) prior systemic therapies, including 29 patients who had tumors
harboring KRAS mutations,

“The disease control rate for the KRAS-mutant population was 55%
(16 of 29 patients), whereas that for the KRAS wild-type population
was 39% (13 of 33 patients); moreover, stable disease lasting ≥24
weeks was achieved for 9 of the 29 patients (31%) with KRAS-mutant
disease compared with 4 of 33 patients (12%) with KRAS wild-type
disease. Finally, median PFS was 2.8 months (95% CI, 1.8–5.6) and 1.9
months (95% CI, 1.4–3.7) for the KRAS-mutant and KRAS wild-type
populations, respectively.”
It should then be of no great surprise that RAS mutant cells have been found to be
hypersensitive to inhibition of PLK1 function which is an even more central member of
the mitotic machinery than CDK4/6. PLK1 inhibition generates a certain kind of mitotic
stress that RAS mutants are susceptible to.
Specifically, PLK1 inhibition causes prometaphase arrest due to severe perturbation of
normal mitotic progression, followed by mitotic catastrophe - a bona fide intrinsic
oncosuppressive mechanism that senses mitotic failure and responds by driving a cell to
an irreversible anti-proliferative fate of death or senescence.

Beyond this, however, PLK1 inhibition is ripe for the treatment of KRAS mutant tumors
for reasons relating to PLK1’s non-mitotic functions. As mentioned previously, KRAS
activates numerous effector pathways that mediate proliferation and survival signals
and whenever one pathway was blocked others were strengthened. PLK1 inhibition
combats this plasticity via inhibition of at least a few key proteins downstream of
KRAS on top of the mitotic catastrophic effects.
Whenever a protein has evolved very early in the evolutionary process it’s a fair bet that
over time it has evolved other properties since then; and, generally speaking, the more
evolutionarily ancient the protein is the more secondary properties it has today. This is
certainly the case of PLK1 today which has had perhaps two billion years of time
separating its inception to today. PLK1 is most well-known for its participation in the cell
cycle and, as noted above, it is likely this was what it evolved for.
However, PLK1 is also known for a score of other activities. Below is an image of a model
of the PLK1 interaction network. As you can tell, PLK1 is connected to a lot of other
proteins which are thereby connected to many more. What we’ve got is a small world
network in which PLK1 operates according to “Bacon’s Law” otherwise known as six
degrees of separation. PLK1’s activities are woven throughout the cell – in a coherent
manner - and touch essentially every piece of it.
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For example, PLK1 has been uncovered as a potent activator of MAPK signaling, an
inhibitor of PTEN, as well as a stabilizer of MYC - another critical downstream effector of
KRAS that meets at the intersection of the PI3K and MAPK pathways - in a feedforward
circuit - no surprise then that PLK1 inhibition is synergistic with inhibitors of either the
MAPK or PI3K pathways.
Thus, we can truly see how, in the case of KRAS mutant cancers, Onvansertib is two
weapons in one - a flaming sword that cauterizes as it cuts. Onvansertib via induction of
mitotic stress can directly cut off KRAS mutant cancer’s heads and via both inhibition of

the downstream pathways, which leaves little room to adaptively enhance signaling on
one side or the other, and the general inhibition of the evolution of the cancer cells can
keep the heads from growing back. Taken together this is why in the phase 1
monotherapy trial the majority of the positive results were seen in KRAS mutant
cancers. Onvansertib has the potential to be the first, successful, pan KRAS killer that
biotech has been dreaming of for decades.
For further evidence of this bold claim, let’s look at the data from the phase 2 part of a
clinical trial featuring Onvansertib in combination with FOLFIRI/Avastin in KRAS-Mutated
Metastatic Colorectal Cancer (mCRC) patients.
We should start by saying that the prospects for this particular patient population is
frankly dismal. Usually, the best expected overall response in this particular patient
population is only 4% (although it is reported in clinical practice to be somewhat closer
to 10%) with a progression-free survival of 5.5 months.
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This is clearly a very tough cancer to treat in general - with the KRAS subgroup
(approximately 50% of the whole) being even more difficult. And yet, in a phase 1b/2
clinical trial of onvansertib in combination with FOLFIRI and Avastin® (bevacizumab) for

second-line treatment of patients with KRAS-mutated metastatic colorectal cancer
(mCRC) 10 of 11 (91%) patients had clinical benefit: 5 (45%) partial response (PR) and 5
(45%) stable disease (SD) with 1 patient proceeding to successful curative surgery.
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In the swimmer’s plot below we can see again just how durable these responses are.
Importantly, the responses are shown consistently to deepen over time. Moreover, the
responses appear real and durable. Radiographic assessment -confirmed with a median
PFS of 6.5 months to-date with 6 patients still on treatment.

Figure 16: source

In addition, the treatment has shown a very strong effect on KRAS mutations. When
cancer cells die, they release fragments of their DNA into their host’s bloodstream. This
circulating tumor DNA (ctDNA) acts as a real-time autobiography of a cancer—a “liquid
biopsy” that gives a snapshot of a tumor in its entirety, without the need for invasive
slicing. Before the addition of data from 2 patients, 8 of the 9 patients had a KRAS
mutation detected by ctDNA analysis at baseline (ddPCR and NGS) with 5 patients
experiencing a decrease in KRAS mutant to non-detectable level in only cycle 1 (28
days) with subsequent tumor regression at 8 weeks.
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Obviously, this is a limited sample group so far entailing only eleven patients. But it’s
important to note the speed of the response, as well as the durability and the diversity
of the tumors themselves. While companies like MRTX and AMGN have to preselect for
specific KRAS mutations that will eventually become irrelevant, Cardiff does not have
that problem.
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Moreover, the responses are durable – PFS ongoing and already greater than with SOC and actually deepen over time. All signs that what we are seeing is a real phenomenon,
and not just some statistical fluke.
Importantly, in the Phase 1b dose escalation, the 1st two dose levels (onvansertib 12
mg/m2 and 15 mg/m2) have been cleared for safety while the third dose level (18
mg/m2) is still enrolling. The maximum tolerated dose (MTD) hasn’t even come close to
being reached and even the higher dosages in this trial which won’t exceed the MTD
haven’t produced results yet.
We may actually expect the results to get better from here as, differentiated with other
forms of treatment, PLK1 inhibition is less likely to result in resistance as the inhibition
of PLK1 actually stops the programs responsible for resistance in the first place and
mutations in PLK1 are uncommon with the rare mutation resulting in downregulation of
PLK1 activity rather than upregulation.
Furthermore, PLK1 cannot really be gotten around - all eukaryotic growth invariably
goes through PLK1. This is why PLK1, as shown above, is rarely if ever mutated. As such,
in contrast to the usual chemotherapy where increasing the dosage can be detrimental
for the long-term health and survival of the patient – beyond simple toxicity – due to the
development of said resistance increasing PLK1 inhibition should tend to become
counterproductive only at the point of toxicity.
That being said, it is possible for cancer cells to develop some resistance to onvansertib
specifically – rather than to PLK1 inhibition - overtime owing to the fact that it is a small

molecule. For example, overexpression of the ATP-binding cassette (ABC) drug
transporter ABCB1 has been shown to reduce the effect of chemotherapeutic agents on
cancer cells by utilizing ATP hydrolysis to transport the drugs out of cancer cells. This has
been found to happen with Volasertib, another ATP competitive PLK1 inhibitor similar to
Onvansertib.
Such as it is then, it may be that increasing the dosage doesn’t lead to greater effects as
it may lead the cancer cells to more forcefully remove onvansertib from their cells in
which case the increased dose isn’t actually resulting in an increased concentration in
the cancer cells.
It is also possible that the cancer cell will find some way to mitigate the effects of PLK1
inhibition itself rather than just the effects of the drug. This, however, we think is
significantly less likely than with other drugs owing, as mentioned above, to the
fundamental nature of PLK1 in eukaryotes and the fact that PLK1 inhibition itself actively
suppresses the adaptive evolution of cancer cells.
So, it may be that we will see better results come September, but it may be that we’ve
seen the best we’re going to see but that’s certainly alright with us. Even if the efficacy
weren’t to increase in the higher dose cohorts the trial would still be a triumph. The PR
rate exhibited here is a full 5-10 times greater than the standard of care. If the response
rate fell by half it would still be a success. Dr. Heinz-Josef Lenz, Principal Investigator,
USC Norris Comprehensive Cancer Center had this to say of the results,

“So far everything we hoped for has happened - no toxicity and signs
of efficacy. We are very optimistic because we are seeing the antitumor effects and opening the opportunity for a new treatment
designed to attack KRAS-mutant tumors that acts synergistically with
standard-of-care chemotherapy”
Likewise, Daniel Ahn, the study’s principal investigator at the Mayo Clinic Cancer Center
commented,

“Regardless of the specific KRAS mutation, we are seeing decreases
in the mutational burden and tumor regression in all of our patients.
This is indicative of onvansertib’s effect as a pan-KRAS inhibitor”
(emphasis ours).
In recognition of the remarkable efficacy exhibited in this trial Onvasertib has been
granted fast track designation by the FDA for second-line treatment of KRAS-mutated
colorectal cancer. But more importantly, the company has launched an expanded access

program enrolling 35 patients across the US. It seems that the top hospitals all around
the country are excited to get their hands on onvansertib and see the results for
themselves.
If onvasertib can continue to perform this well it could solidify itself as the KRAS killer –
effectively achieving a significant breakthrough that has been sought after for over
thirty years. Onvasertib could prove to be the first step to a “holy grail” of cancer
treatment, granting KRAS mutant cancer patients extended life.
Further confirmation of this thesis is not long coming. In September of 2020, Cardiff is
set report additional top-line data from the phase 2 portion of this trial. While it would
be great if the 45% ORR could be maintained, given that the SoC is lucky to get 10%,
we’d be more than happy if the company was able to maintain >30% ORR over a larger
population. Lastly, positive data in KRAS mutated mCRC would not only provide strong
support for onvansertib in mCRC but all other KRAS mutated tumors.

Conclusion
We have offered a new and unique theory of cancer, one that is not contradictory and
reductionist like the current dogma. Essentially, evolution is not random - it is directed
with epigenetics leading the show rather than genetics - and the evolution of cancer is
no different. Cancer starts with the reversion of a cell to a unicellular eukaryotic state,
gaining access to an ancestral toolkit in the process that allows cancer a unique hyperadaptability advantage. From there on as cancer progresses to a more advanced,
difficult to treat state, it continues its march backwards in evolutionary time until it
closely matches the last eukaryote common ancestor (the first cell that gave rise to
all eukaryotes). Using this theory, we can clearly see both why cancer has proven to be
such a stubborn opponent as well as the potential of PLK1 inhibition as a therapeutic
tool in cancer treatment.
All told, PLK1 inhibition seems to be a unique breed of treatment, one that doesn’t
necessarily target specific mutations but rather, from our interpretation, one which
targets the evolutionary process of cancer itself. How we see PLK1 inhibition acting isn’t
readily apparent from the literature – in fact, we may be the first to point to this
mechanism of action. A lack of understanding of the fundamental mechanism of action
of PLK1 inhibition may greatly hinder appreciation of onvansertib’s incredible potential.
Even if our interpretation wasn’t novel, the available data, specifically the perceived lack
of monotherapy activity, is still counterintuitive to most biotech investors and even the
KOLs which has left the company orders of magnitude cheaper than its competitors.
With that said, the sheer number of catalysts ahead of the company should provide

more than enough data over the next 12 months to shine a bright light on the company
and narrow, if not erase, the valuation gap.
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