UCSF

UC San Francisco Previously Published Works

Title

Potent antitumor activity of cabozantinib, a c-MET and VEGFR2 inhibitor, in a colorectal
cancer patient-derived tumor explant model

Permalink

https://escholarship.org/uc/item/4m07sirn

Journal
International Journal of Cancer, 136(8)

ISSN
0020-7136

Authors

Song, Eun-Kee
Tai
Messersmith, Wells A

Publication Date
2015-04-15

DOI
10.1002/ijc.29225

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/4m07s1rn
https://escholarship.org/uc/item/4m07s1rn#author
https://escholarship.org
http://www.cdlib.org/

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny Yd-HIN

"% NIH Public Access
éf}}‘ Author Manuscript

2 Hepst

NATIG,

O

Published in final edited form as:
Int J Cancer. 2015 April 15; 136(8): 1967-1975. doi:10.1002/ijc.29225.

Potent antitumor activity of Cabozantinib, a c-MET and VEGFR2
Inhibitor, in a Colorectal Cancer Patient-derived Tumor Explant
Model

Eun-Kee Songl4, WM Tail, Wells A. Messersmithl, Stacey Bagby!, Alicia Purkey?!, Kevin S.
Quackenbush?, Todd M. Pitts, Guoliang Wang?!, Patrick Blatchfordl, Rachel Yahn?, Jeffrey
Kaplanl, Aik Choon Tanl, Chloe E. Atreya?, Gail Eckhardt!, Robin K. Kelley2, Alan
Venook?, Eunice L Kwak?3, David Ryan3, and John J. Arcarolil

1Division of Medical Oncology, University of Colorado Denver and University of Colorado Cancer
Center

2University of California, San Francisco Helen Diller Family Comprehensive Cancer Center, San
Francisco, CA

SMassachusetts General Hospital and Harvard Medical School, Boston, MA

4Department of Internal Medicine, Chonbuk National University Medical School, Jeonju, Republic
of Korea

Abstract

Anti-angiogenic therapy is commonly used for the treatment of CRC. Although patients derive
some clinical benefit, treatment resistance inevitably occurs. The MET signaling pathway has
been proposed to be a major contributor of resistance to anti-angiogenic therapy. MET is
upregulated in response to VEGF pathway inhibition and plays an essential role in tumorigenesis
and progression of tumors. In this study we set out to determine the efficacy of cabozantinib in a
preclinical CRC PDTX model. We demonstrate potent inhibitory effects on tumor growth in 80%
of tumors treated. The greatest antitumor effects were observed in tumors that possess a mutation
in the PIK3CA gene. The underlying antitumor mechanisms of cabozantinib consisted of
inhibition of angiogenesis and Akt activation and significantly decreased expression of genes
involved in the PI3K pathway. These findings support further evaluation of cabozantinib in
patients with CRC. PIK3CA mutation as a predictive biomarker of sensitivity is intriguing and
warrants further elucidation. A clinical trial of cabozantinib in refractory metastatic CRC is being
activated.
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Introduction

Induction of angiogenesis with resultant tumor neovascularization is a well-recognized
hallmark of cancer. A balance of pro-angiogenic and inhibitory factors governs
angiogenesis.1: 2 Central among the pro-angiogenic factors is the vascular endothelial
growth factor (VEGF) pathway that promotes the proliferation of endothelial cells and
contributes to key aspects of the growth and metastasis of cancer cells.l: 2 Targeting either
VEGEF or its cognate receptor, VEGFR2 has been a focus of drug development in oncology.

Modulating tumor vasculature with anti-angiogenic agents is clearly a viable strategy in the
treatment paradigm of advanced colorectal cancer (CRC). Maintenance of VEGF inhibition
with bevacizumab added to standard second line chemotherapy beyond disease progression
portends a survival benefit compared to chemotherapy alone.3 Treatment with regorafenib,
an oral multikinase inhibitor of VEGFR1-3, Tie2, Kit, RET, RAF, PDGFR and FGFR in
treatment refractory patients resulted in a median survival benefit of 1.4 months compared to
placebo. Nevertheless, the benefits of these compounds have been modest secondary to
both intrinsic and acquired resistance.

The MET signaling pathway has been identified as a mechanism of resistance to VEGF
therapy.>8 MET is widely expressed in many cancers and is activated by hepatocyte growth
factor (HGF), a protein that is secreted by cells of mesenchymal lineage.® MET
overexpression occurs in up to 70% of CRC and is associated with progression, metastasis
and a poor prognosis.10 11 Intriguingly, Bardelli et al 12 attributed amplification of the MET
locus as a cause of resistance to cetuximab. Treatment of CRC patient-derived xenografts
displaying MET amplification with a MET inhibitor led to encouraging antitumor activity.12
Accordingly, there is great interest in targeting the VEGF/MET axis in many different
malignancies.

Cabozantinib is an oral multikinase inhibitor. The principal targets are receptor tyrosine
kinases central to cancer cell growth and tumor angiogenesis including MET, RET, AXL
and VEGFR2. Treatment with cabozantinib in preclinical noncolorectal models has shown a
reduction in angiogenesis, tumor cell proliferation and survival.13: 14 The effects of
cabozantinib in preclinical models of CRC have yet to be investigated; in this study, we
evaluated the antitumor effects of cabozantinib in our CRC patient-derived tumor xenograft
(PDTX) model.

Materials and Methods

CRC explant xenograft model

Fresh colorectal tumor tissue was obtained from consenting patients at the University of
Colorado Hospital in accordance with protocols approved by the Colorado Multiple
Institutional Review Board (COMIRB). Female athymic nude mice aged four-to-six weeks
were purchased from Harlan laboratories (Washington DC) under an approved protocol by
the Institutional Animal Care and Use Committee (IACUC). Tumor specimens were cut into
3mm3 pieces and injected using a trochar into the right and left flank of mice. A CRC
patient derived tumor xenograft (PDTX) bank was maintained by passaging into subsequent

Int J Cancer. Author manuscript; available in PMC 2016 April 15.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Song et al. Page 3

generations when tumor volumes reached ~ 1000-1500 mm?3 until expansion for treatment
studies.> 16 For treatment studies, tumors were expanded in the left and right flanks of 5-6
mice (10 evaluable tumors per group). Mice were randomized into vehicle or cabozantinib
groups when tumor volumes reached ~200 mm3. Mice were treated daily with cabozantinib
(30 mg/kg- daily- weekdays) by oral gavage for 28 days. Mice were monitored daily for
signs of toxicity and tumor size was evaluated twice per week by caliper measurements
using the following formula: tumor volume = [length x width?] * 0.52. Tumor growth
inhibition index (TGII), a standardized measure of tumor growth, was calculated for each
CRC explant using the following formula: TGII = (tumor volume of treated on Day 28 -
tumor volume of treated on Day 0)/(tumor volume of control on Day 28 — tumor volume of
control on Day 0) x 100. Cases with a TGII of < 20% were considered sensitive, TGII of >
20% were considered resistant to cabozantinib.

Isogenic cell lines

HCT116 PIK3CA isogenic cell lines (123 wild type and 125 mutant) were kindly provided
to us by Bert VVogelstein at Johns Hopkins. The 123 wild type and 125 mutant isogenic cell
lines were injected in the left and right flanks of athymic nude mice at a concentration of
1x108 cells/injection. When tumor volumes reached ~150 mm3, the mice were randomized
into control or cabozantinib treatment. Mice were treated daily with cabozantinib (30 mg/kg-
daily- weekdays) by oral gavage for 14 days. Mice were monitored daily for signs of
toxicity and tumor size was evaluated twice per week by caliper measurements using the
following formula: tumor volume = [length x width?] * 0.52.

Immunoblotting

Tumor tissues (50 mg/mouse) were minced on ice and placed in a tube containing 1/4-inch
ceramic spheres and homogenized using a FastPrep-24 instrument for 20 seconds (MP bio).
After homogenization, tubes were centrifuged at 1,000 g at 4°C for 1 minute to reduce the
foam. The resulting supernatant was placed into a clean microfuge tube and centrifuged at
14,000 g at 4°C for 15 minutes. Protein concentration was determined in the supernatant
using the Pierce™ 660nm Protein Assay. Fifty micrograms of sample were electrophoresed
on 4-12% Bis-Tris precast gels (Life Technologies). Protein was electrotransfered to
nitrocellulose membranes using the iBlot® - Western Blotting System (Life Technologies).
After transfer, membranes were blocked at room temperature with TBST [10 mmol/L Tris-
HCI (pH 7.5), 0.5 mol/L NaCl, and 0.1% (v/v) Tween 20] containing 5% nonfat milk
(BioRad) for 1 hr. Cleaved caspase 3, p/t Akt, p/t ribosomal S6, p/t MET, p/t RET, and actin
primary antibodies (Cell Signaling Technologies) were diluted at 1:1,000 in TBST
containing 5% protease-free bovine serum albumin (Sigma-Aldrich), and the membranes
were incubated overnight at 4°C with rocking. After washing three times with TBST, the
membranes were incubated for 1 h at room temperature with anti-mouse 1gG horseradish
peroxidase—conjugated antibody at a final dilution of 1:50,000 in TBST. After washing three
times with TBST, bound antibodies were detected by enhanced chemiluminescence
(Millipore).
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Receptor tyrosine kinase array

Tumor tissue was homogenized, lysed and protein concentration was determined as
described above (immunoblotting). The slides containing 39 antibodies/well (RTK array,
Cell Signaling Technologies) were blocked for 15 minutes. After blocking, 75 pg of diluted
lysate was added to each well of the slide and incubated overnight at 4°C with gentle
rocking. The slides were then washed and detection antibody was added to the slide and
followed by DyL ight 680®-linked Streptavidin. Slide images were captured using the
Odyssey Infrared Imaging System (Li-Cor) and the spots were quantified using the Odyssey
system software.

Gene Pathway Analysis by RNA Seq

Total RNA from CRC explants were extracted using RNAeasy kit (Qiagen) and profiled
using RNA Seq. Raw expression values were extracted and normalized by the Affymetrix
Power Tools based on Robust Multiarray Average (RMA) approach. Multiple probe sets
representing the same gene were collapsed by the maximum value. To analyze the pathway
enriched in the control versus cabozantinib treated explants, we used the GSEA (gene set
enrichment analysis) software version 2.0.13 obtained from the Broad Institute (http://
www.broad.mit.edu/gsea).1” We used the pathways defined by the Kyoto Encyclopedia of
Genes and Genomes (KEGG) as the gene set in this study.18 Gene set permutations were
performed 1000 times for each analysis. We used the nominal p-value and Normalized
Enrichment Score (NES) obtained from GSEA to sort the pathways up and down regulated
in the cabozantinib treated groups.

Immunohistochemistry

Tumor tissues from control and cabozantinib treated mice were placed in formalin
immediately after surgical excision and processed into paraffin wax blocks. Sections were
deparaffinized using standard histologic procedures, and an antigen retrieval method was
used to ensure optimal antigen integrity and expression. Human cleaved caspase 3 (Cell
Signaling Technology), and mouse CD34 (Becton Dickinson), antibodies were used for
IHC. Cleaved caspase 3 was assessed for overall staining of human cells and CD34 was
evaluated for staining of mouse endothelial cells. CD34 staining was scored by counting the
number of CD34 vessels/mm? by a blinded gastrointestinal pathologist.

Statistical analysis

An unpaired Student t-test was used to determine whether the means between control and
cabozantinib treated groups were significant at end of treatment (~28 days) and to determine
differences in tumor growth inhibitory index (TGII) between PIK3CA wild type and mutant.
The differences were considered significant when the P value was <0.05. All error bars are
represented as the standard error of the mean (SEM).
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Results

Potent antitumor activity of cabozantinib on tumor growth in a CRC PDTX explant model

We assessed the antitumor activity of cabozantinib on 20 distinct CRC PDTX explants.
Supplementary table 1 shows the patient characteristics, mutations in KRAS, TP53,
PIK3CA (common genes mutated in CRC) and mutations in MET, VEGFR2, RET and AXL
(targets of cabozantinib). Mutations in KRAS (60%) were slightly overrepresented
compared to CRC patients overall, while no mutations were identified in MET, VEGFR2,
RET, or AXL. As shown in figure 1A, 16 out 20 (80%) CRC explants exhibited sensitivity
(TGII: tumor growth of treated compared to control < 20%) to cabozantinib. A TGII of >
20% (< 80% tumor growth inhibition) was chosen as a cut-off to be more stringent on the
classification between sensitive and resistant. The 4 CRC explants CRC021, 001, 027 and
114 were considered more resistant (TGl > 20%) to cabozantinib. The 4 most sensitive
tumors were CRC098, 102, 020 and 162 which all showed tumor regression in response to
cabozantinib in the PDTX model (figure 1 BE).

Cabozantinib reduces receptor tyrosine kinase activation in CRC explants

Cabozantinib is a small molecule inhibitor that targets multiple receptor tyrosine kinases.
Therefore, we used a receptor tyrosine kinase array to evaluate the effects of cabozantinib
treatment on the sensitive CRC162 explant. As displayed in figure 2A and B, cabozantinib
reduced the phosphorylation of Tie2, VEGFR2, MET, AXL and RET at 3 and 7 days post
treatment. To confirm these results, we investigated the treatment effects on the inhibition of
MET and RET by immunoblotting in 4 sensitive explants CRC020, CRC098, CRC102, and
CRC162. As shown in figure 2C, cabozantinib inhibited the phosphorylation of MET at day
28 in CRCO098, day 7 in CRC102, and day 3 in CRC020 and CRC162. Interestingly, we
observed an increase in protein expression of the MET receptor in CRC098 and CRC102
after cabozantinib treatment. RET phosphorylation was diminished in the 3 CRC explants
CRC098, 102 and 162 as early as 3 days post treatment. In the CRC intermediate explants
CRC021 and 027, the phosphorylation of MET and RET were undetectable (supplemental
figure 1).

Tumors most sensitive to cabozantinib harbor a mutation in the PIK3CA gene

In this study, we assessed whether a particular gene mutation was associated with sensitivity
or resistance to cabozantinib. Interestingly, comparison of the TGII between PIK3CA wild
type and mutant CRC explants showed a statistically significant difference in tumor
response to cabozantinib; tumors that possess a mutation in the PIK3CA gene exhibited
enhanced sensitivity to cabozantinib (figure 3A). In order to confirm the importance of the
PIK3CA mutation and response to cabozantinib, we assessed treatment effects on the
PIK3CA isogenic (wild type and mutant) HCT116 cell line in a xenograft model. The only
difference genetically between these two cells lines is PIK3CA status. As shown in figure
3B, both the wild type and mutant cell line-derived tumor xenografts demonstrated
significant (p < 0.001) sensitivity to cabozantinib. However, the PIK3CA mutant cell line-
derived tumor xenograft showed a significantly (p < 0.05) greater sensitivity to treatment in
comparison to the PIK3CA wild type cell line. In particular, tumor regression was observed
in the PIK3CA mutant cell line while static effects were seen in the PIK3CA wild type
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tumors (figure 3C). Baseline Akt activation was significantly greater in the PI3KCA mutant
cell line-derived tumor xenograft compared to wild type demonstrating that this mutation is
functionally more active (figure 3D). Of note, there were no baseline differences observed
between sensitive and resistant CRC explants with respect to MET or MACC1 gene
expression.

PI3K pathway gene expression and Akt activation in cabozantinib treated

We investigated the effects of cabozantinib on gene expression profiles after 3 days of
treatment on CRC020, CRC098, and CRC102 by RNA Seq and pathway analysis.
Cabozantinib significantly decreased expression of genes involved in the
phosphatidylinositol (PI3K) and mTOR signaling pathways (supplemental Table 2 and
figure 4A). Further investigation of the effects of cabozantinib on the PI3K pathway at the
protein level revealed potent inhibition of phosphorylation of Akt protein in CRC020,
CRC098, CRC102 and CRC162 (figure 4B). Other pathways noted to be significantly down
regulated after cabozantinib treatment included genes involved in cell cycle, DNA
replication, TGF-beta and p53 signaling (supplemental table 2).

Cabozantinib treatment significantly reduces angiogenesis and induces apoptosis

Since cabozantinib also targets Tie2 and VEGFR2, we assessed the treatment effects on
angiogenesis by CD34 staining of mouse endothelial cells by immunohistochemistry at the
end of study in 2 sensitive CRC explants. As shown in figure 5A, there was a profound
decrease in CD34 positive cells after 28 days of cabozantinib treatment. Furthermore,
cabozantinib demonstrated a significant increase in cleaved caspase 3 in the sensitive CRC
explants (figure 5B). The increase in cleaved caspase 3 was observed as early as day 3 of
treatment.

Discussion

Our study reveals potent activity of the c-VEGFR2 and c-Met inhibitor, cabozantinib, in a
PDTX model of CRC. The reliance on intratumoral blood vessels in enhancing the growth
and progression of tumors makes targeting angiogenesis an attractive treatment for patients
with CRC. Although such drugs are successful at attenuating angiogenesis, the clinical
benefit is limited.3 4 Given that the MET receptor has been identified to facilitate resistance
to VEGF inhibition by promoting the growth, survival and metastasis of tumor cells 58,
dual targeting of VEGF/Met signaling with cabozantinib warrants further clinical evaluation
against current anti-angiogenic therapies for CRC patients.

Cabozantinib, which is FDA approved for progressive, metastatic medullary thyroid cancer,
has activity in preclinical models of different malignancies. In particular, treatment with
cabozantinib reduced tumor proliferation and angiogenesis that resulted in an induction of
apoptosis in a breast cancer xenograft model.1° In addition, cabozantinib significantly
diminished the growth of breast cancer cells in the lung in comparison to sunitinib (a
VEGFR?2 inhibitor) in an experimental model of metastasis.1? In a transgenic RIP-Tag2
pancreas neuroendocrine tumor (PNET) mouse model, cabozantinib treatment resulted in a
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significant reduction in liver metastases, which was associated with an increase in overall
survival when compared to anti-VEGF therapy alone 20. In other preclinical studies,
cabozantinib (30 mg/kg) demonstrated antitumor activity in lung, glioma, pancreas, thyroid
and prostate cancers.19 21. 22 Qur data demonstrates that cabozantinib exhibits antitumor
activity in a preclinical CRC PDTX model. There were 16 CRC explants that were sensitive
to treatment; twelve CRC explants displaying static effects on tumor growth and 4 explants
showing tumor regression. The dose of 30 mg/kg used in this study is well within the
pharmacodynamic range as previously described in other studies using this

compound 14 20. 21,23 The main effect of cabozantinib on tumor growth was through a
reduction of angiogenesis in our sensitive tumors, accompanied by induction of apoptosis.
This preclinical study demonstrates that cabozantinb has excellent antitumor activity in a
more clinically relevant CRC explant model and may be a viable candidate for evaluation in
patients with CRC.

Given that cabozantinib inhibits different receptor tyrosine kinases that play a role at
inducing tumorigenic growth 2428, we evaluated treatment effects on several key targets of
this compound. As expected, we observed a decrease in the phosphorylation of Tie2,
VEGFR?2 (pro-angiogenic factors) and the MET, RET and AXL receptors (oncogenic
pathways). In addition, upregulation of the MET receptor was seen after treatment with
cabozantinib indicating a possible compensatory mechanism from the inhibition of MET and
VEGFR2. Similar findings have been described where blockade of VEGF signaling results
in hypoxia induced expression and activation of the MET receptor.>: 8 20 This is likely
mediated through the binding of HIF1a to the MET promoter and MET gene transcription.2®
This increase in MET expression and activation is postulated to be responsible for tumor cell
survival under these conditions ultimately triggering a more aggressive phenotype.30-33
Together, these findings suggest the value of targeting the MET receptor in conjunction with
VEGF pathway inhibition with the goal of preventing drug resistance to VEGF targeted
therapy.

Unlike the MET receptor, the contribution of AXL and RET tyrosine kinase activation to
tumor growth and drug resistance is not well characterized in CRC. While AXL is
recognized as a poor prognostic marker in CRC and is important for invasion and migration
of tumor cells 34, the influence of this pathway on CRC tumor growth is less understood.28
RET alterations have been described in thyroid (mutations) and lung cancers (fusions) and
potentiate growth of tumors cells 35 38; inactivating mutations in RET may instead have a
tumor suppressor function in CRC. Of note, we did not identify any fusions or mutations in
the RET or AXL receptors in our CRC explants. Further studies are needed to delineate the
importance of these pathways on tumorigenic growth in CRC.

The PI3K signaling pathway plays a central role in the dissemination of signals to
downstream targets that are important for proliferation and survival of tumor cells.3” In
CRC, activating mutations in the PIK3CA gene have been reported in ~10-20% of
patients 38 39 and PI3K is one of the major signaling pathways dysregulated in this
disease.?0 Interestingly, in this study we discovered that tumors that possess a mutation in
the PIK3CA gene had significantly greater sensitivity to cabozantinib when compared to
PIK3CA wild type tumors. CRC020, CRC040 and CRC098 contained a mutation in the
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helical domain at amino acid position 542, while a mutation was identified in the C2 domain
in CRC162 at amino acid position 478. In contrast to helical mutations, D478Y has not been
described in CRC. However, other mutations in the C2 domain have been proposed to
increase membrane binding of the p110 subunit subsequently leading to an increase in lipid
kinase activity.#! In order to confirm the association between a PIK3CA mutation and
sensitivity to cabozantinib, we used a PIK3CA isogenic cell line xenograft model where we
compared the effects of cabozantinib between PIK3CA wild type vs. mutant tumors. This
experiment produced similar results to the CRC explants, whereby tumors with a PIK3CA
mutation exhibited enhanced sensitivity to cabozantinib when compared to PIK3CA wild
type tumors. Further investigation of the treatment effects on the PI13K pathway showed a
significant reduction in gene expression of many components of this pathway as well as
activation of Akt, a focal point of the PI3K pathway. Therefore, in addition to altering tumor
angiogenesis, in these studies cabozantinib significantly inhibited the PI3K signaling
pathway further facilitating the death to tumor cells that are dependent on PI13K signaling.
There may be several different explanations for enhanced activity in PIK3CA mutant tumors
to cabozantinib in this study. First, cabozantinib inhibited gene expression of many
components of the PI3BK/mTOR signaling pathway and this reduction may have overall
disrupted the robust downstream signaling in PIK3CA mutant tumors that are reliant on the
PI3K pathway for survival. A second possibility is that off-target effects of cabozantinib on
PI3K or AKT activation cannot be ruled out. Finally, a study by Corcoran et al. 42 showed
that BRAF mutant CRCs exhibit elevated levels of EGFR phosphorylation, suggesting that
this particular mutation may enhance tumor growth by leading to the upregulation of the
EGF receptor. It is possible that a PIK3CA mutation in CRC tumors have increased
upregulation and activation of RTKs such as MET or RET, and as a result we see greater
efficacy with RTK inhibiton with cabozantinib. Although these are all potential reasons,
further studies are needed to understand this relationship between increased sensitivity to
cabozantinib in PIK3CA mutant tumors. These findings indicate that a mutation in the
PIK3CA gene (C2 domain, helical domain and kinase domain) may be a potential biomarker
for sensitivity to cabozantinib in CRC.

In addition to the treatment of progressive, metastatic medullary thyroid cancer 3¢,
cabozantinib is currently being evaluated in the clinic for the treatment of other solid
malignancies. Cabozantinib potently inhibits MET activation, which may be critical for
potentiating resistance to VEGF inhibitors. We illustrated that cabozantinib has growth
inhibitory properties in our preclinical CRC PDTX model and that tumors harbouring a
mutation in the PIK3CA gene may have enhanced sensitivity to this compound. These
findings support further evaluation of cabozantinib in patients with CRC. PIK3CA mutation
as a predictive biomarker of sensitivity is intriguing and warrants further elucidation. A
clinical trial of cabozantinib in refractory metastatic CRC is being initiated.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and Impact

MET is upregulated in response to VEGF pathway inhibition and plays an essential role
in tumorigenesis and progression of tumors. Herein we demonstrated that cabozantinib
(VEGFR2 and MET inhibitor) exhibited potent antitumor in vivo activity in our
preclinical colorectal cancer patient-derived tumor xenograft model. Interestingly, tumors
possessing a PIK3CA mutation displayed the greatest sensitivity to cabozantinib. These
findings support further investigation of cabozantinib in patients with CRC and PIK3CA
mutation as a predictive biomarker.
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Figure 1.

The effects of cabozantinib on tumor growth in CRC explants. (A) Twenty CRC explants
were treated with cabozantinib 30 mg/kg daily for 28 days. (A) There were 4 resistant (TGII
> 20%) CRC explants (CRC021, CRC001, CRC027 and CRC114) and 16 sensitive (TGII <
20%) CRC explants. Columns, mean (n = 10 tumors per group). (B—-E) Growth curves of the
4 CRC explants that demonstrated tumor regression: (B) CRC098, (C) CRC020, (D)
CRC102, and (E) CRC162. Significance **, p < 0.01; ***, p < 0.001.
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Figure2.

Inhibition of receptor tyrosine kinase activation with cabozantinib treatment. (A) A
representative image and (B) densitometry of the receptor tyrosine kinase for the evaluation
of cabozantinib treatment on the phosphorylation of Tie2, VEGFR2, MET, AXL and RET in

CRC162, n=2 mice/tumour per group for control and cabozantinib treated. Reduced
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phosphorylation of all kinase targets was observed at day 3 and 7 of cabozantinib treatment.
(C) A representative western blot of total and phosphorylated MET and RET in 4 sensitive

CRC explants at treatment days 3, 7 and 28.
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Figure 3.
Tumors harbouring a PIK3CA mutation exhibit enhanced sensitivity to cabozantinib. (A)

Comparison of tumor growth (TGII) in PIK3CA wild type and mutant CRC explants treated
with cabozantinib at end of study. ** p < 0.01, TGII comparison between PIK3CA mutant
(CRC020, 040, 098 and 162) vs. PIK3CA wild type explants. (B) The isogenic 123 PIK3CA
wild type and 125 PIK3CA mutant cell line-derived tumor xenografts were treated with
cabozantinib 30 mg/kg daily for 14 days. Tumors with a PIK3CA mutation had greater
sensitivity to cabozantinib when compared to PIK3CA wild type. Mean n = 10 tumours per
group; s.e.m *** significance (*P<0.001) compared with vehicle-treated tumours; #, p <
0.05, comparison between PIK3CA wild type vs. mutated treated mice. (C) Graph
comparing the TGII of the 123 PIK3CA wild type and 125 PIK3CA mutant cell line-derived
tumor xenografts at the end of study. (D) Akt phosphorylation in 123 PIK3CA wild type and
125 PIK3CA mutant cell line-derived tumor xenografts. Baseline levels of Akt were
increased in the mutant tumors when compared with wild type.
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Downregulation of the PI3K pathway and Akt activity after cabozantinib treatment. (A) A

depiction of the PI3K pathway after 3 days of treatment with cabozantinib: red shows genes
that are downregulated. (B) Evaluation of Akt activation by western blot in 4 CRC sensitive

explants. Cabozantinib inhibited Akt activation in CRC explants.
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Figure5.
Cabozantinib inhibits tumor angiogenesis and induces apoptosis. (A) A significant reduction

of CD34 staining in mouse endothelial cells was observed at 28 days of treatment in the
CRCO098 and CRC162 sensitive tumors. (B) An increase in cleaved caspase 3 activity was
seen as early as treatment day 3.
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