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Figure 1. Cellular action of CFI-400945. CFI1-400945 functions primarily through inhibition of
PLK4, involved in the process of centriole duplication by recruitment and phosphorylation of STIL and
SASS6. Autophosphorylation of Ser293 is crucial for function, while Thr297 marks PLK4 for APC/C-
mediated degradation. Inhibition of PLK4 can result in centriole amplification or inhibition, resulting in
abnormal cell division. Off-target effects of CFI-400945 include inhibition of AURKB, Tie-2/TEK,
and TRKA/B. Figure created with BioRender.com.



For clinical use, orally available CFI-400945 exists in tablet form. A Phase I clinical trial
evaluated the safety and tolerability of CFI-400945 in advanced solid tumours of multiple
types, including 8% breast cancer, and found that the drug was generally well-tolerated®.
The most common higher-grade adverse effect was neutropenia, occurring in 21% of
patients*. This common side effect was observed at higher doses, and a dosage of 64 mg
was recommended for phase II trials*. All other side effects observed were low grade
including fatigue, nausea, diarrhoea, anorexia, vomiting, dyspepsia, hypomagnesaemia,
and dehydration*. These side effects were manageable with dose interruptions, reductions
or intervention with full recovery*. Observed efficacy in this study was low, though the
patient population had a large number of previous treatments and efforts are being made
to improve the efficacy?. CFI-400945 is currently undergoing Phase II clinical trials in
breast cancer to optimize dosage®, as well as in additional Phase II clinical trials in
prostate and breast cancer patients to evaluate efficacy and biomarkers for treatment
response (NCT03385655, NCT03624543). One such potential biomarker that will be
investigated is PTEN loss, which was identified as a positive biomarker for PLK4
inhibition and response in preclinical studies®. Altered dosing schedules and combination
treatments with immune checkpoint inhibitors are currently being investigated
(NCTO04176848). Additional studies on combination therapy regimens of CFI-400945

with other treatment options such as RT will be beneficial to improving patient response.

1.6 Radiation Therapy

Radiation therapy functions to control cancer cell proliferation or cause cell death,
accomplished through several mechanisms of action®*. A primary mode through which
this occurs is via DNA damage in cancer cells to prevent proper transmission of genetic
information during proliferation or to directly cause cell death®. Energy from the
radiation creates single-strand breaks, double-strand breaks, base or sugar damage and
crosslinks within DNA%. DNA double-strand breaks are a major mechanism of RT as
they are the most harmful to the cell and can cause chromosomal rearrangements or loss
of genetic information through repair®°, Simple double-strand breaks are rapidly
repaired, while complex double-strand breaks which have instances of other forms of
DNA damage clustered around the break result in genomic instability and lethality®?.

Radiation creates double-strand breaks through high energy damage to the DNA sugar
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back bone®®. In addition, RT causes oxidation of bases which are removed through base
excision repair, but when this repair system is overwhelmed further double-strand breaks
are formed®. When double-strand breaks are formed, they are typically repaired by non-
homologous end joining or homologous repair, resulting in cells regaining normal
function, however DNA damage accumulated from radiation induces apoptosis, necrosis

and senescence which prevent cancer cells from proliferating®.

An additional mechanism of RT is through the generation of reactive oxygen species
(ROS)%. ROS from RT are formed primarily through radiolysis of extracellular water
and partially due to endogenous production in the mitochondria®®. The produced ROS can
disrupt the electron transport chain and interact with biological molecules causing
cellular stress and damage to DNA and other organelles®. The plasma membrane is
damaged by ROS through lipid peroxidation which can lead to cell death®. As well, the
mitochondria can be damaged by ROS, causing release of cytochrome ¢ and activation of
apoptotic pathways®. Cellular stress from ROS and RT itself can also disrupt
endoplasmic reticulum function which results in accumulation of misfolded proteins and
induction of apoptosis or autophagy®®. There is also evidence that RT can induce
endothelial cell death and vascular damage to cause cancer cell death and delay of tumour
growth®”68, Finally, high levels of ROS from RT stabilize p53 expression which initiates

signalling pathways promoting apoptosis®®.

RT also indirectly functions through inducing anti-tumour immune responses and
immunogenic cell death®®. Activation of the NFkB transcription factor or interferon (IFN)
response pathway by RT results in release of pro-inflammatory cytokines including
tumour necrosis factor alpha, IFN-a., IFN-f, and IFN-y®. The inflammatory response can
cause immune cell maturation, and recognition and destruction of the cancer cells®. As
well, apoptosis and necrosis of cancer cells directly due to radiation results in increased

antigen release and the priming of immune cells for anti-tumour immunity (Fig. 2)%°.

Despite being a commonly used therapy for many types of cancer including TNBC,

patients may not respond to RT or the response may not last due to development of
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Figure 2. Mechanisms of action of RT in cancer cells. RT causes DNA damage in cells directly or via
ROS generation, repair of which may occur abnormally in cancer cells resulting in cell death. ROS from
RT also may induce cell death through mitochondrial damage, ER dysfunction, lipid peroxidation of

plasma membrane, or stabilization of TP53. High dose of radiation can also activate vascular endothelial
cell death. RT can induce activation of NFxB and IFN pathways to initiate anti-tumour immunity or

activate immunogenic cell death. ATP — adenosine triphosphate, DDR - DNA damage repair, HMGB1 —
high mobility group box 1, HR - homologous repair, HSP — heat shock protein, NHEJ - non-homologous

end joining, ROS — reactive oxygen species, RT — radiation therapy. Figure created with BioRender.com.
From Bhat et al., 2022.
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radioresistance’’. TNBC is particularly prone to radioresistance compared to other BC
subtypes, limiting the use and efficacy of RT as a treatment option’!. Many mechanisms
of radioresistance have been theorized, including non-coding RNAs affecting signalling
pathways involved in cellular processes’?, cell cycle regulation, or hypoxia’®. While
radioresistance mechanisms may be diverse among patients and are not fully understood,
several approaches have been developed to combat the development and persistence of
this resistance. One such approach which has been demonstrated to hold promise is the
use of combination therapy regimens with RT in which chemotherapy, immunotherapy,
or targeted agents act to radiosensitize cancer or act synergistically with RT to improve

outcomes>.

1.6.1 Combination Therapies with Radiation

Multimodality treatment approaches are used in various cancers, including breast cancer
and hold significant promise in breast cancer treatment. Several types of therapeutic
agents have been investigated in combination with RT for the treatment of breast cancer.
PARP inhibitors, which block the base-excision repair pathway in cells, have been
investigated in combination with RT in TNBC in a Phase I clinical trial which found no
dose limiting toxicities, and recommended future study of efficacy’®. Of great interest is
the combination of RT with immunotherapies as it is known that the immune response is
involved in RT-mediated tumour responses’>. A Phase I clinical study of RT with
immune checkpoint inhibitor pembrolizumab showed overall response rate of 13.2% in a
mix of metastatic cancers including 6 patients with metastatic breast cancer, and
recommended further study on this combination and biomarkers of response’®. Clearly,
combinations of RT with these and other targeted treatments need further investigation in

breast cancer as current information about efficacy and response is very limited.

Due to the aneuploidy and mitotic abnormality-inducing features of CFI-400945, a
combination therapy with RT, which has similar effects on deregulating genetic stability,
is of interest. Preliminary studies from our lab indicate that the combination of CFI-
400945 and RT is promising for the treatment of breast cancer®. Colony formation assays
in human TNBC cell lines MDA-MB-231, MDA-MB-468 and MDA- MB-436
demonstrated that the combination of RT and CFI-400945 was more effective at reducing

colony formation than the individual monotherapies. As well, the synergy score was
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calculated for the combination in MDA-MB-231 cells using SynergyFinder and maximal
synergy was detected around the IC50 and ID50 of CFI-400945 and radiation
respectively. While this provides some promising evidence about the potential efficacy of
combination therapy with CFI-400945 and RT, further studies in more advanced models
of breast cancer are needed in order to fully elucidate the potential impact and mechanism

of this combination.

1.7 Models of Breast Cancer

Research on understanding the biology, prognosis, imaging techniques, biomarkers, and
potential therapeutic options and treatment response for breast cancer is limited by the
preclinical models of breast cancer available for study. The current models of breast
cancer that are most commonly used and widely available include in vitro immortalized
BC cell lines, in vivo murine syngeneic models and in vivo xenograft human models of
breast cancer cell lines or human tissue (patient-derived xenografts, PDX). Each of these
models have distinct strengths and limitations, making them best suited for specific

stages and types of research.

The first immortalized breast cancer cell line was developed in 1958 with the BT-58 cell
line”’, though the development of other lines was not widespread until the 1970s, when
the MCF-7 line was developed’® as was the MD Anderson series (MDA-MB)’® which
remain some of the most commonly used breast cancer cell lines in the present day.
Immortalized breast cancer cell lines are advantageous in that they are relatively
inexpensive, grow quickly and self-replicate almost infinitely, require fewer resources
and are less laborious than other models®’. Many cell lines are thoroughly tested and
validated, making them reliable models, and they can be, and often already have been,
analyzed for gene expression that provides valuable insight in studies using these
models®!'. Immortalized cell lines can be co-cultured with other cell types such as
fibroblasts for studies on how these cell types influence each other®?, which is particularly
valuable in understanding the process of cancer cell invasion and metastasis. However,
immortalized breast cancer cell lines have drawbacks in that they may experience
genotypic and phenotypic drift over time, causing changes in the cell population from the
original cancer from which they were derived®®. Genetic drift in cell lines has been shown

to greatly alter responses to drugs compared to original tumours, limiting usefulness in
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drug testing®’. As well, they are typically grown in two-dimensions and may not reflect
the heterogeneity found in patient breast cancer samples®’. As a result, these cell lines
often do not accurately portray treatment response of the majority of patients unless a
panel of several cell lines is used®. Neve et al. described a model system of 51 cell lines
that they found could be used to identify predictive molecular biomarkers of treatment
response to Trastuzumab®?, though use of a model system like this is far more complex
than a single cell line. Finally, immortalized breast cancer cell culture also lacks the
tumour microenvironment as they are grown on plastic and do not include the complex
cell-cell and cell-matrix interactions and conditions found in a patient tumour®®. These
interactions can alter cell phenotype, morphology, polarization and differentiation,

making them crucial elements for understanding breast cancer®>86,

There is a low success rate of translating anticancer drugs from development to clinical
use, and one of the main contributing factors for this is this lack of translational
preclinical models®’. Therefore, models that more accurately capture patient sample
heterogeneity and microenvironment are of benefit for translational research. Xenograft
models are often seen as the solution to these drawbacks of immortalized breast cancer
cell lines. A xenograft is defined as the transplant of tissue or cells from one species to
another, and in this context, often human breast cancer cells or tumours are implanted
into mice for study. A PDX model involves implantation of a patient tumour sample into
an immunocompromised/immunodeficient mouse followed by passaging into additional
mice for expansion and maintenance®®. Implantation can occur heterotopically/
subcutaneously, allowing for easy observation and measurement, or orthotopically into
the mammary fat pad which allows more interaction with the microenvironment®®, PDX
models are able to recapitulate the original patient tumour and more accurately predict
drug response than cell lines, as well as allow for the metastatic process to occur, making
them a powerful model in translational breast cancer research®. PDX models are also
useful in development and testing of preclinical imaging techniques®'. However, PDX
models have a low success rate of development, are expensive, labour-intensive and time-
consuming, and are limited in their ability to reflect the tumour microenvironment as the

mice lack a competent immune system®?,
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To overcome the lack of immune system in these models, murine syngeneic mouse
models as well as humanized PDX models have been developed. Murine syngeneic
models are those where the cancer is of the same genetic origin as the mouse and these
can be spontaneous, arising either naturally in the mouse or through specific genetic
alterations purposefully induced in the mouse, or carcinogen-induced tumours®. These
models better represent the stromal environment around the tumour including
immunosurveillance and immunoediting mechanisms, making them particularly useful
for studies on immunotherapies, a budding area of research®®. However, since these are
not human cancers, they may not accurately reflect the biology of patient tumours, thus
limiting their use”®. To address this, humanized mice are immunodeficient mice that have
human hematopoietic stem cells implanted in them which eventually act to create a
functioning immune system”>. These humanized models can be time-consuming and
challenging to develop with engraftment failure or early mouse death, and some versions
of humanized mice pose ethical questions as they require human fetal tissue, thus these
models also have several limitations®®. Due to the clear limitations of each of these breast
cancer models, other translational models that do not use mice are of great interest, and
organoid and patient-derived organoid (PDO) models can bridge the gap between cell

lines and murine models.

1.71 Patient-Derived Organoids

Organoid models are considered to be an in vitro or ex vivo model in which tissues are
grown in three dimensions and form structures that replicate the origin organ or tissue”’.
The first work on organoids began in 1907 after Wilson found that sponge cells could be
recombined after dissociation to form a whole organism again®®. Initial development of
modern organoids was performed using healthy intestinal stem cells which could be
propagated and form the crypt-villus-like structures reflecting origin morphology, as well
as give rise to all cell lineages of the gut”. These organoid structures are grown in
Matrigel or Basement Membrane Extract (BME) which are gel solutions that form a
scaffold of extracellular matrix which allow cells to come together in three dimensions
rather than adhered to a plate'®. Matrigel is the most commonly used commercial matrix
gel, and it is formed from collagen IV which is isolated from Engelbreth-Holm-Swarm

(EHS) sarcoma and in vivo it is a main component of tumour stroma and laminin'®!, BME
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and BME-2 are also derived from EHS sarcoma with major components laminin,
collagen IV, entactin, and heparan sulfate proteoglycans, but have a lower protein
concentration than Matrigel'®2. However, the composition and stability of Matrigel and
BME/BME-2 can be variable due to its biological origin, and as a result, synthetic
matrices are becoming more commonly used!?. These scaffold solutions can contain
various growth factors and nutrients to nurture the organoids, and these factors can be
altered to include alternative differentiation of stem cells in some cases!?. Since the first
organoid types developed were derived from normal or healthy tissue, it was necessary
for the cells used to be stem cells which could generate the other cell types needed to
self-organize into the organ-like structure. This organoid technology progressed into
development of organoid structures from malignant tissue which could self-renew, the
first of which was colorectal cancer cells!®. Soon after, protocols were developed from
healthy and malignant pancreas, stomach, prostate and liver tissues, which formed the
foundation for organoid use in cancer studies and development of other organoid types

including ovarian cancer and breast cancer!'%.

Breast organoid development began in 1977 when Emerman and Pitelka observed that
mouse breast cells could form mammary acinus structure in a three dimensional matrix
surface with the addition of insulin, hydrocortisone and prolactin to induce differentiation
and isolation!?®. A similar strategy was then used to develop breast cancer organoids,
adding growth factors and apoptotic inhibitors to the medium used with breast tumour
tissue to induce growth and differentiation of the breast cancer stem cells present, which
are the foundation of breast cancer organoid growth®%107:108 'Sachs and colleagues went
on to develop a breast cancer organoid biobank, consisting of 95 organoids which cover a
wide range of genotypes, phenotypes and pathologies for use in drug screening and
precision medicine approaches®. This group and others in recent years have also
optimized the protocols involved in digestion and development of organoid cultures,

resulting in an improved success rate of breast cancer organoid development!®.

Organoids have a number of benefits as a model for studying cancer. It has been
demonstrated in many different cancer types including breast cancer that organoids
maintain the heterogeneity of the original tumour from which they are derived, and are

able to capture and maintain the genetic and morphological features of the original
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