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Abstract: Colorectal cancer is one of the top causes of cancer and cancer-related deaths
worldwide. The prognosis of metastatic colorectal cancer is poor and treatment options are
limited. Many patients will run out of treatment options before they become medically unfit
for therapy. As such, there is a need to expand upon the current understanding of disease
biology as well as drug resistance mechanisms in order to create new approaches for therapy.
In this review article, we will discuss the mechanistic rationale and clinical data for new
drugs and therapeutic combinations under development for metastatic colorectal cancer.
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Introduction
Colorectal cancer is the fourth leading cause of cancer and the second leading cause
of cancer death in the United States.' New cases and death from colorectal cancer
have decreased over the past 20 years.! However, prognosis is heavily correlated to
the stage of disease. Patients presenting with Stage I disease have 5-year survival
rates >90%, whereas patients with metastatic disease have a 5-year survival rate of
<15%."
20% of patients with localized disease will go on to develop metastatic disease,
% The drug

armamentarium for metastatic colorectal cancer is limited, and many patients run

Approximately 20% of patients present with metastatic disease and at least
highlighting the need to improve survival in the metastatic population.'-

out of treatment options before they become medically unfit for therapy. Thus,
a more sophisticated understanding of disease physiology and drug resistance
mechanisms is needed to guide development of more effective therapies.
Recently, research in this area has become more promising; however realistic
optimism is warranted because with new drugs come more complex treatment
paradigms, potential new toxicities, and economic considerations. This article will
focus on some of the promising new targeted drug therapies and drug combinations
for metastatic colorectal cancer.

The Vascular Endothelial Growth Factor (VEGF) Pathway

The development of VEGF pathway inhibitors introduced targeted drug therapy to the
treatment paradigm for metastatic colorectal cancer (mCRC). The VEGF family
consists of ligands VEGF-A, -B, -C, and -D and placental growth factor, which bind
to tyrosine kinase receptors VEGFR-1, VEGFR-2, and VEGFR-3 on vascular endothe-
lial cells.>* This pathway is responsible for tumor angiogenesis. Increased levels of

VEGEF, as seen in mCRC, increase vascular permeability and create leaky blood vessels
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which allow tumors to recruit new blood supplies and also
enhance the ability for tumor migration and metastases.>
VEGFR-2 is thought to be the primary mediator for angio-
genesis in mCRC.>* Inhibiting the VEGF pathway in mCRC
reduces the formation of new blood supplies to tumors, and
also normalizes blood vessel architecture to facilitate the
delivery of chemotherapy.* All patients with mCRC are
potential candidates for VEGF inhibition. Currently US
Food and Drug Administration (FDA)-approved VEGF path-
way inhibitors and their specific targets include bevacizumab
(VEGF), ramucirumab (VEGFR-2), ziv-aflibercept (VEGF),
and regorafenib (VEGFR-1,2,3). Each of these agents has
been shown to improve survival.”'® In clinical practice,
bevacizumab is the preferred parenteral agent because ramu-
cirumab and ziv-aflibercept are more expensive and lack
additional clinical benefit beyond what bevacizumab may
offer. However, patients may ultimately develop resistance
to bevacizumab rendering the agent ineffective in some
instances.''"'? Regorafenib is beneficial in that is the only
FDA-approved orally bioavailable VEGF pathway inhibitor,
however its use is limited due to off-target side effects.
A number of new orally bioavailable molecules, including
rivoceranib, fruquintinib, and donafenib are under develop-
ment to address some of these challenges (NCT04073615,
NCT04067986, NCT03397199, NCT04322539, NCT0397
7090, NCT04179084, and NCT02870582).

Rivoceranib (Apatinib, YN968D)

Rivoceranib is approved in China for gastric cancer. It is
a small-molecule receptor tyrosine kinase inhibitor that
selectively inhibits VEGFR-2, and to a lesser degree, it
also inhibits the RET, c-kit, and c-Src tyrosine kinases.>*
It has been hypothesized that intracellular targeting of
VEGFR-2 may overcome resistance to bevacizumab,
which solely targets the ligand."® Rivoceranib was studied
in a Phase I trial of 46 patients with advanced solid malig-
nancies naive to VEGF inhibition.” Of the 36 evaluable
patients for response, 7 (18.9%) had a partial response
(PR), including 3 patients with colon cancer.” The largest
prospective study to date of rivoceranib in patients with
mCRC was conducted by Wang and colleagues.'® In this
study, 48 patients with mCRC who had failed standard
chemotherapies received rivoceranib 500 mg daily.'* Four
(8.3%) patients had a PR and 29 (60.4%) patients had stable
disease (SD), respectively.'’ Median progression-free sur-
vival (PFS) was 4.8 months and overall survival (OS) was
9.1 months."* Notably, receipt of prior anti-angiogenic ther-
apy had no impact on PFS and OS, supporting the theory

that rivoceranib may be effective when resistance has devel-
oped to other anti-angiogenic therapies.'* Additionally, riv-
oceranib exceeded the historical median PFS (1.7 months)
and OS (6.3 months) for best supportive therapy in the
third-line and beyond for mCRC.'® These results are corro-
borated by additional smaller studies in mCRC including
Guo and colleagues, (PFS 3.8 months, OS not reached),
Liang and colleagues, (PFS 4.8 months, OS 10.1 months),
and Li and colleagues, (PFS 3.7 months, OS 7.3
months)."*'® Adverse effects from rivoceranib were con-
sistent with inhibitors of the VEGF pathway and included
hypertension, proteinuria, and hand-foot syndrome.*'?
A multicenter phase I/II trial is underway in the United
States further evaluating the rivoceranib in mCRC
(NCTO04073615).

Fruquintinib (HMPL-013)

Another agent under development and currently approved
in China for mCRC is fruquitinib. Unlike rivoceranib,
fruquintinib is a small-molecule inhibitor of VEGFR-1,
-2, and —3."7 Fruquintinib was approved in China based
on the results of the Phase III FRESCO trial. In this trial,
416 Chinese patients with mCRC who had received at
least two prior lines of treatment were randomized to
receive fruquintinib 5 mg daily for 3 weeks on and
1 week off or placebo.'® The primary endpoint was
0S.'"® The median OS was 9.3 months in the fruquitinib
group and 6.6 months in the placebo group (P<0.001)."8
There was also significant improvement in median PFS
with fruquitinib, 3.7 vs 1.8 months (P<0.001).'® Similar to
rivoceranib, this study also found that OS was similar
among patients who had previously received VEGF inhi-
bitors compared to those who had not.'® There were no
new safety signals in this study with the expected adverse
effects
syndrome.'® While this study made great strides for the

of hypertension, proteinuria and hand-foot
Chinese population, the results are not generalizable to
other parts of the world where VEGF inhibitors are typi-
cally incorporated earlier in treatment compared to prac-
tice in China. Notably, the FRESCO-2 trial is underway
which is a global phase III trial in patients with mCRC
who have exhausted all standard treatment options
comparing fruquintinib to best supportive care
(NCT04322539). In June 2020, the FDA granted Fast
Track Designation for the development of fruquintinib,
based on the currently available positive data and pending
the additional results from FRESCO-2.
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Donafenib (CM4307)

The final novel VEGF pathway inhibitor, also being studied
in China, is donafenib. Donafenib is a small molecule inhi-
bitor of multiple tyrosine kinases including VEGFR, PDGFR,
and Raf.'® It is an analog of sorafenib, developed by sub-
stituting a trideuteriomethyl group for a methyl group, which
enhances the pharmacokinetic profile.'® The first-in-human
phase I trial included 25 patients, 8 of whom had colorectal
cancer.'” One colorectal cancer patient experienced a PR and
one experienced SD.'” Adverse effects included hand-foot
syndrome, rash, and diarrhea.'® The investigation of donafe-
nib in colorectal cancer was expanded via a phase III trial in
China which randomized patients with mCRC with no further
treatment options to donafenib 300 mg twice daily on Days
1-21 of a 28-day cycle versus placebo (NCT02870582). This
trial has been completed, but results are pending.

The Epidermal Growth Factor

Receptor (EGFR) Pathway

Inhibitors of the EGFR pathway were the second class of
targeted drugs introduced into the mCRC treatment paradigm.
The EGFR family consists of four receptor tyrosine kinases,
EGFR, HER2, HER3 and HER4 (Figure 1).° EGFR can be
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Figure | EGFR Pathways.

activated by a number of ligands, including epidermal growth
factor (EGF), transforming growth factor-a, betacellulin, and
heparin binding EGF-like growth factor.”® Once activated,
there are a number of downstream signaling cascades includ-
ing the MAPK (RAS/RAF/MEK/ERK), mTOR (PI3K/AKT/
mTOR), JAK/STAT3, and Wnt (APC/B-catenin).>*' These
downstream signaling cascades ultimately stimulate tumor cell
growth and survival.?® The initial pharmacologic target on the
EGFR pathway for mCRC was the EGFR receptor, with the
advent of the EGFR inhibitors cetuximab and panitumumab.
Although these anti-EGFR antibodies have been shown to
improve survival, not all patients with mCRC are candidates
for anti-EGFR antibodies. Approximately 40% of patients
with mCRC have KRAS mutations, which confer primary
resistance to cetuximab and panitumumab by constitutively
activating RAS downstream of EGFR.**** As such, use of
panitumumab or cetuximab is not recommended in patients
with KRAS mutations.>**> Other potential mechanisms for
primary resistance to anti-EGFR antibodies include alterations
in EGFR and EGFR ligands, NRAS mutations, BRAF muta-
tions, and PIK3CA mutations, all of which propagate signaling
despite EGFR blockade.***’ In addition to primary resistance,
many patients will ultimately develop acquired resistance to
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anti-EGFR antibodies. Acquired resistance may occur due to
secondary mutations in the signaling pathway or activation of
parallel signaling pathways. The MAPK (RAS/RAF/MEK/
ERK) pathway is the most researched anti-EGFR antibody
escape pathway. Up to 50% of patients treated with anti-EGFR
antibodies will develop acquired resistance due to secondary
KRAS mutations.”**” Secondary NRAS and BRAF mutations
have also been implicated in acquired resistance.”**” Tumors
may also take advantage of parallel signaling pathways to
survive. These pathways include the type 1 insulin-like growth
factor receptor (IGF-1R), mesenchymal-epithelial transition
factor receptor (MET receptor), and the human epidermal
growth factor receptor-2 (HER2).?**” Upon activation by
their respective ligands, these pathways are able to signal
cell effectors downstream of EGFR to stimulation cell prolif-
eration despite the fact that EGFR is not activated.”*?” Current
research is focused on quelling these resistance mechanisms in
order to restore sensitivity to EGFR inhibition.

Sotorasib (AMG 510)

As mentioned previously, R4S mutations cause sustained pro-
liferative signaling regardless of ligand binding to EGFR,
which confers primary resistance to currently available anti-
EGFR therapies.”® Unfortunately, multiple attempts to inhibit
RAS pharmaceutically have failed.”” Luckily, new promise is
emerging for patients with the Kirsten RAS (KRAS) p.G12C
1-4% 30,31

Sotorasib is a novel small molecule that irreversibly inhibits

mutation, comprising of colorectal cancers.
KRAS p.G12C, locking it in the inactive guanosine dipho-
sphate-bound ~ state*'? In the first-in-human phase
I CodeBreaK100 trial, sotorasib was studied in 129 patients
with the KRAS p.G12C mutation, including 42 patients with
advanced colorectal cancer.>'*? In the colorectal cancer cohort,
the overall response (ORR) and disease control (DCR) rates
were 7.1% and 73.8%, and the median duration of stable
disease was 4 months.®! Adverse effects included diarrhea,
fatigue, and nausea.’'*? Overall, the results from this study
was disappointing for the colorectal cancer cohort. One of the
explanations for these results is that KRAS pG12C-mutant
colorectal cancer cells may still become activated upstream
by EGFR despite RAS inhibition.*'** Future trials combining
sotorasib with an EGFR inhibitor may be warranted to ade-
quately treat patients with RAS mutations.*®

Encorafenib (LGX818)

The RAF protein lies downstream of RAS in the MAPK
signaling pathway, and mutations in RAF also confer primary
resistance to currently available anti-EGFR therapies.

Mutations in the BRAF' isoform are present in 5-10% of
colorectal cancers.”” The majority of BRAF mutations are
caused by a substitution of valine with glutamic acid at codon
600 (BRAF V600E).**** Patients with the BRAF V600E
mutation generally respond poorly to standard therapies and
have a worse overall prognosis.** BRAF inhibition alone in
colorectal cancer is ineffective.’® Resistance to BRAF inhi-
bition develops upstream via activation of EGFR and down-
stream via activations in MEK and ERK.* Recently, the
phase III BEACON CRC trial showed improved overall
survival with both the doublet of cetuximab and encorafenib
(a small molecule inhibitor of BRAF V600E, wild-type
BRAF, and CRAF), and the triplet combination of cetuximab,
encorafenib, and binimetinib (a small molecule inhibitor of
MEK1/2) compared to cetuximab plus chemotherapy in
the second-line and later setting.*>*® Although the doublet
and triplet arms were not directly compared in this trial,
clinical endpoints were very similar between these two
arms. The ORR as 26% with triplet therapy and 20% with
doublet therapy.®> The median PFS was 4.3 months with
triplet therapy and 4.2 months with doublet therapy and the
median OS was 9.0 months with triplet therapy and 8.4
months with doublet therapy.®® The rate of adverse events
were also similar between doublet and triplet therapy.*’
Adverse effects included diarrhea, nausea, vomiting, acnei-
form rash, and fatigue.>> This trial led to FDA-approval of
the doublet, and marked the first available BRAF-targeted
therapy for mCRC. However, the short PFS of approximately
4 months highlights that further research is needed to opti-
mize the treatment of these patients. The Phase Il ANCHOR-
CRC trial is underway examining cetuximab, encorafenib,
and binimetinib in the first-line setting for mCRC to see if
these agents given earlier in treatment will help improve
outcomes (NCT03693170).

Ulixertinib (BVD-523)

One proposed escape mechanism to explain the modest
PFS in the BEACON CRC trial may be the reactivation of
MEK or ERK signaling. To date, MEK inhibitors alone
have been unsuccessful in the treatment of colorectal
cancer. 283738 ERK, however, the terminal kinase of the
MAPK pathway, presents a new target for inhibition.
Inhibition of ERK may be effective in patients with pri-
mary resistance to EGFR inhibitors via constitutively
active RAS or RAF mutations and may also halt upstream
escape routes.”” Currently, there are no approved drugs
that inhibit ERK. Ulixertinib is a reversible, small mole-
cule ERK1/2 inhibitor under investigation.*® It was studied
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in a phase I trial of 162 patients with MAPK mutant
advanced solid tumors.*’ Twenty-six (19%) patients had
colorectal cancer, and 17 (13%) of those patients had
a BRAF mutation.® In the 101 patients who were evalu-
able for response, no patients had a CR and 14 patients had
a PR; responses in colorectal cancer patients were not
specifically reported.’* Patients with responses had
NRAS, BRAFV600E, and non-V600E BRAF mutant can-
cers. Adverse effects included rash, diarrhea, nausea, and
fatigue. A phase II trial is underway with pre-specified
cohorts for BRAF- or MEK/2-mutated colorectal cancer
(NCT04488003).

Besides the MAPK (RAS/RAF/MEK/ERK) pathway,
parallel pathways such as mTOR (PI3K/AKT/mTOR),
JAK/STAT3, and Wnt (APC/B-catenin) have also been
implicated in anti-EGFR resistance. Investigations are
underway to identify the best way to inhibit EGFR signal-
ing in mCRC patients (NCT03355066, NCT04303403,
NCTO01351103)

The Human Epidermal Growth
Factor Receptor 2 (HER2) Pathway

A second member of the EGFR signaling kinase receptors is
HER?2. Approximately 5% of patients with colorectal can-
cer have HER2 alterations, including mutations and
amplifications.* While there is no clear prognostic role
associated with HER2 amplification; it may be predictive
of resistance to anti-EGFR monoclonal antibodies.***'
HER2 has no known ligands and instead relies upon dimer-
ization with either EGFR, HER3, or HER4 to activate
downstream signaling.?>*° Similar to EGFR, HER2 acti-
vates similar downstream signaling cascades that ultimately
promote cell proliferation and survival.***' Interestingly,
HER?2 alterations tend to be mutually exclusive with muta-
tions in the MAPK (RAS/RAF/MEK/ERK) and mTOR
(PI3K/AKT/mTOR) signaling pathways.** Multiple phase
II trials have shown favorable results for anti-HER2 thera-
pies in mCRC, including trastuzumab, pertuzumab, lapati-
nib, and trastuzumab-emtansine.** ** However, there are no
currently FDA-approved therapies for HER2 positive color-
ectal cancer.

Tucatinib (ONT-380)

Tucatinib is an orally-administered small-molecule that
inhibits phosphorylation of both HER2 and HER3, resulting
in downstream inhibition of MAPK and mTOR signaling
pathways.*> Tucatinib is an analog of lapatinib, but

distinguishes itself from lapatinib in that it is highly specific
for HER2, whereas lapatinib inhibits both HER2 and
EGFR.*® Tucatinib is FDA-approved for metastatic HER2
positive breast cancer, although research is underway to
evaluate tucatinib in HER2 positive colorectal cancer. In
a phase I study of 50 patients with advanced HER2 positive
cancers, 6 patients (12%) had colorectal cancer.*’” Of the 35
patients evaluable for response, 3 (9%) of patients had a PR
and 20 (57%) of patients had SD.*” The MOUNTAINEER
trial was a phase II trial that included 26 patients with HER2
positive mCRC who had not received prior anti-HER2
therapy. In this trial, tucatinib 300 mg daily was combined
with trastuzumab (a humanized anti-HER2 monoclonal
antibody) 8 mg/kg on day 1 of cycle 1, then 6 mg/kg
every 3 weeks thereafter.*' Trastuzumab synergizes with
tucatinib by binding HER2 extracellularly.*® Twenty-two
patients were evaluable, and 12 (55%) of patients had a PR
or CR.* The most common treatment-related adverse
events were AST and/or ALT elevation and diarrhea.*’
There is a phase I study underway examining the impact
of tucatinib plus trastuzumab and oxaliplatin-based che-
motherapy for HER2 positive Gastrointestinal Cancers
(NCT04430738).

Trastuzumab Deruxtecan (T-DXd,
DS-8201)

Another drug indicated for metastatic breast cancer that is
being explored for colorectal cancer is trastuzumab derux-
tecan. This is an antibody-drug conjugate composed of
trastuzumab, a cleavable linker, and DXd, a topoisomerase
[ inhibitor payload.® The phase II DESTINY-CRCOI trial
included patients with RAS-wild type, HER2-expressing
mCRC, who had received at least two prior lines of
therapy.® Patients received trastuzumab deruxtecan
6.4 mg/kg every 3 weeks in 3 cohorts: (A: HER2 THC 3+
or IHC 2+/ISH+; B: IHC 2+/ISH—; C: IHC 1+).>° Seventy-
four patients were enrolled, 53 in cohort A, 7 in cohort B,
and 18 in cohort C.°° The overall response rate was 45.3%
(24/53 patients) in cohort A, including 1 CR.*° The median
PFS was 6.9 months.’® Notably, 16 patients had received
prior anti-HER?2 therapy, and of those, 7 (43.8%) had a PR
or CR. This shows that trastuzumab deruxtecan can over-
come trastuzumab resistance, likely due to less reliance on
the homogeneity of HER2 positivity and the ability to kill
neighboring HER2 negative cells (known as the “bystander
effect”).”>>! No responses were observed in cohorts B or
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C.% Adverse effects included neutropenia, anemia, and
interstitial lung disease.”®

Opverall, there are many challenges but steady progress
is being made to refine our understanding of the best
therapeutic application of medications to inhibit the
VEGF, EGFR, and HER2 pathways to improve outcomes
in mCRC patients.

New Targets
Berzosertib (M6620, VX-970, VE-822)

Berzosertib is a first-in-class ataxia—telangiectasia and
Rad3 related (ATR) inhibitor.”> ATR, along with ataxia-
telangiectasia mutated (ATM), are members of the phosphati-
dylinositol-3 kinase-related kinase (PIKK) family of protein
kinases, which regulate the DNA damage response (DDR).>?
ATR is recruited to damaged single-stranded DNA, whereas
ATM is recruited to damaged double-stranded DNA.>* Upon
recruitment, ATR and ATM alert the cell of the DNA damage
and subsequently promote homologous recombination
repair.”® The DDR pathway is integral to maintain a healthy
genome and defects in the DDR pathway can promote
oncogenesis.”> One of these defects may include loss of
ATM?>® Loss of ATM places higher reliance on ATR for
DNA repair and cell survival.’? This led to the hypothesis
that ATR inhibition in ATM-deplete tumors may sensitize
those tumors to conventional chemotherapy.® A phase I trial
included 40 patients with advanced solid tumors and examined
berzosertib monotherapy (17 patients) and berzosertib in com-
bination with carboplatin (23 patients).> All 17 patients were
evaluable in the monotherapy arm.>* One patient with mCRC
and ATM loss achieved CR with berzosertib monotherapy and
maintained this response for 29 months.>® Five patients on
monotherapy achieved SD.>* Twenty-one patients were evalu-
able who received combination therapy.”® One patient in the
combination therapy group had a PR lasting 6 months and
notably, this patient was previously platinum-resistant.>*
Fifteen patients in the combination therapy group had SD.*
Approximately 7% of patients with colorectal cancer have
ATM mutations, so this represents an exciting new target and
also introduces a novel means to overcome platinum
resistance.>*

Onvansertib (NMS-P937, NMS-1,286,937,
PCM-075)

Onvansertib is a novel orally bioavailable polo-like kinase 1
(PLK1) inhibitor.> Polo-like kinases (PLK) are responsible
for regulating mitosis within the cell cycle.”>*° There are five

PLK isoforms, PLK-1, =2, -3, —4, and —5.” PLKI is
uniquely integral to carrying out proper mitotic functions
such as: mitotic entry, spindle formation, cytokinesis, and
mitotic exit.>>>” Deregulated PLK1 leads to mitotic errors,
genetic instability, and tumorigenesis.’®>” Overexpression of
PLK1 has been described in multiple tumor types, including
colon cancer, and is associated with poor prognosis.”>>*
PLK1 inhibition induces a G2/M cell cycle block and sub-
sequent cell death.”® The first-in-human phase I study eval-
vating onvansertib included 19 adults with advanced or
metastatic tumors, 4 of whom had colorectal cancer.>® Of
the 16 patients evaluable for efficacy, 5 (31.2%) patients
achieved SD, including 2 patients with colorectal cancer
and no patients achieved a response.’® Interestingly, 3 of
the 5 patients with SD had KRAS-mutations.”® Adverse
effects included myelosuppression, nausea, hypokalemia,
hypocalcemia, and hypophosphatemia.®® A phase Ib/II trial
is currently underway to examine onvansertib in combination
with FOLFIRI and bevacizumab for mCRC patients with
a KRAS mutation (NCT03829410). In May 2020, the FDA
granted Fast Track designation for onvansertib in KRAS-
mutated mCRC.

Masitinib (ABI010)

Masitinib is an inhibitor of multiple tyrosine kinases, predo-
minantly c-Kit, but to a lesser extent, it also inhibits platelet-
derived growth factor receptor o and [, Lyn, and fibroblast
3.8 C-Kit, also known as the stem cell
factor receptor, is responsible for regulating hematopoiesis,

growth factor receptor

and also plays a role in mast cell activation.’® Increased mast
cell activity is linked to poor prognosis in colorectal cancer,
however the role of c-Kit in colorectal cancer is less
clear>®%! A phase Ib/Il trial studied masitinib plus
FOLFIRI in 18 irinotecan-naive patients with mCRC.®' The
initial masitinib dose was 9 mg/kg, but that was later reduced to
6 mg/kg to minimize the risk for toxicity.®! The ORR was 28%,
including 1 patient with a CR.®' Median PFS was 6.2 months
and median OS was 17.6 months.®! Adverse effects were not
reported in this trial, but a prior phase I study noted nausea,
vomiting, and diarrhea as the most common adverse effects.>®
A phase II/I1I study is currently underway to compare masiti-
nib plus FOLFIRI to best supportive care in patients with
mCRC who have received at least 3 prior treatments
(NCT03556956).

Adavosertib (AZD 1775, MK-1775)

Adavosertib is a first-in-class inhibitor of the WEE] kinase.®>
WEEL! works along the G2/M checkpoint and prohibits cells
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with DNA damage from proceeding into mitosis.”> More
specifically, WEEI inactivates cyclin-dependent kinase 1
(CDK1) in response to DNA damage, resulting in cell
cycle arrest to allow for DNA repair.®® Inhibition of WEEI,
therefore, leads to increased CDK1 activity which allows for
cells with aberrant DNA to enter mitosis, ultimately leading
to lethal DNA damage.®> A phase I study examined adavo-
sertib in 25 adult patients with refractory or metastatic solid
tumors.®* Twenty-one patients were evaluable for response,
and 4 (19%) patients had a PR.®* Adverse effects included
myelosuppression, nausea, and vomiting.®> A Phase I study
is currently underway exploring adavosertib in RAS or
BRAF mutated mCRC (NCT02906059).

Novel Combinations
VEGF Inhibitor Combinations

There is a great need to improve outcomes in patients with
mCRC. Currently, the two last line agents mCRC are triflur-
idine/tipiracil and regorafenib. Although both of these agents
were shown to statistically improve OS, the PFS is poor at
~1.5 months for both agents, and the ORR is even lower at
~1% of patients.** There are multiple investigations under-
way examining novel VEGF pathway inhibition with con-
ventional chemotherapy, including trifluridine/tipiracil, to
improve outcomes in mCRC. Pfeiffer and colleagues
reported a phase I trial of 93 patients who received bevaci-
zumab plus trifluridine/tipiracil or trifluridine/tipiracil alone
in the last-line setting for mCRC.%> Median OS was signifi-
cantly improved with the combination, 9.4 months vs

6.7 months, P = 0.028.°> Median PFS was also longer with
the combination, 4.6 months vs 2.6 months, P = 0.001.%°
However, response rates were still low, only one (2%)
patient in the combination group had a PR, and no patients
in the monotherapy group had a PR.®> Regardless, this
combination approach does seem to be promising and there
are a few ongoing trials examining the role of VEGF path-
way inhibitors in conjunction with either conventional che-
motherapy or trifluridine/tipiracil in hopes of improving
outcomes in this last line setting. Additionally, the
FOLFIRINOX-R trial is looking at the combination of regor-
afenib and FOLFIRINOX in the first-line setting for mCRC.
Results from each of these trials will be very insightful and
will hopefully approve outcomes for these patients [Table 1].

Immunotherapy Combinations
Immunotherapy is another attractive area for research in
mCRC. Results from the KEYNOTE-177 trial were practice-
changing after showing that pembrolizumab doubled PFS
compared to chemotherapy plus bevacizumab or cetuximab
in the first-line treatment of microsatellite deficient mismatch
repair/microsatellite  instability-high ~ (AMMR/MSI-high)
mCRC.% Similarly, the CheckMate 142 trial, which combined
nivolumab with ipilimumab in the first-line treatment of
dMMR/MSI-H mCRC, also found a high ORR of 60%.%
While this is a huge success for the approximately 5% of
patients with mCRC who are dIMMR/MSI-H, immunothera-
peutic options are still lacking for patients with proficient
mismatch stable  (pMMR/MSS)
mCRC.**%

repair/microsatellite

Table | VEGF Inhibitor and Chemotherapy Combinations Under Investigation

Categories Study Drugs Population Phase | Outcomes in | Trial Identifier
CRC

VEGFi + Rivoceranib + Trifluridine/ | mCRC I Results pending | NCT04073615

Chemotherapy tipiracil

VEGFi + Rivoceranib + S-1 mCRC 1l Results pending | NCT03397199

Chemotherapy

mTKI VEGFi + Regorafenib + mCRC | Results pending | REMETY:

Chemotherapy Trifluridine/tipiracil NCT03305913

mTKI VEGFi + Regorafenib + Irinotecan mCRC, Ll Results pending | NEXT-RIGIRI:

Chemotherapy A/A CCND| genotype of NCT03829462
rs603965 CCND |/

mTKI VEGFi + Regorafenib + RAS-mutated mCRC I Results pending | FOLFIRINOX-R:

Chemotherapy FOLFIRINOX NCT03828799

Abbreviations: mCRC, metastatic colorectal cancer; mOS, median overall survival; mPFS, median progression-free survival; mTKI, multiple tyrosine kinase inhibitor;

VEGFi, VEGF inhibitor.
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One novel combination being explored for the pMMR/
MSS mCRC population is VEGF inhibition plus immune
checkpoint inhibition. It’s been proposed that VEGF inhibitors
may enhance lymphocyte activation by reducing tumor-
associated macrophages and regulatory T cells which typically
block lymphocyte activation.®””® Therefore, by blocking the
VEGF pathway, sensitivity to immunotherapy may be
restored in pPMMR/MSS tumors.”” The REGONIVO and
REGOMUNE trials both examined regorafenib in combina-
tion with a checkpoint inhibitor, and both had promising ORR
>30%.”""" Gou and colleagues published preliminary results
from their phase II trial in China of fruquintinib plus sintilimab
(a programmed death 1, PD-1, inhibitor), and described
a lower ORR of 15%.”* A phase Ib trial of fruquintinib and
genolimzumab (a PD-1 inhibitor) is ongoing and it will be
interesting to see if this trial corroborates these results.””
Finally, the phase II AtezoTRIBE study is examining the
combination of  bevacizumab, atezolizumab, and
FOLFOXIRI in the first line setting for mCRC irrespective
of microsatellite status.®” A list of the ongoing trials exploring
immunotherapy combinations for mCRC is in Table 2.

Besides the VEGF pathway, the combination of the
MAPK pathway inhibition and immunotherapy is also
being evaluated. The rationale behind this is that MAPK

inhibition increases antigen expression and lymphocyte infil-
tration and also reduces immunosuppressive cytokines in the
tumor microenvironment.”> The combination of atezolizu-
mab, vemurafenib, and cobimetinib (a PD-L1 inhibitor,
BRAF inhibitor, and MEK inhibitor) was recently studied
in 514 patients with advanced BRAF V600E mutated mel-
anoma and was shown to improve PFS compared to vemur-
afenib and cobimetinib alone.”* On the basis of this and
other pre-clinical trials, ongoing studies are exploring
a similar approach for mCRC. In addition, the phase II
AVETUX-CRC trial examined the combination of
FOLFOX, cetuximab, and avelumab (a PD-L1 inhibitor) in
patients with R4AS/BRAF-wildtype mCRC. The intention to
treat protocol included 39 patients, and the ORR was found
to be 79.5%, with 6 complete and 25 partial responses.”
Ongoing trials examining the combination of MAPK inhibi-
tion and immunotherapy are listed in Table 3.

Conclusion

In general, we are encouraged by the fact that mCRC
patients are living longer; however, there are still many
opportunities to enhance therapeutic outcomes for these
patients. A better understanding of disease biology, drug
resistance patterns, escape pathways, and optimal treatment

Table 2 VEGF Inhibitor and Immunotherapy Combinations Under Investigation

Categories Study Drugs Population Phase | Outcomes in CRC Trial Identifier
VEGFi + PD-li Fruquintinib + Sintilimab Refractory mCRC Il ORR 15% NCT04179084
mPFS 108 days
VEGFi + PD-li Fruquitinib + mCRC Ib Results pending NCT03977090
Genolimzumab
VEGFi + PD-li Rivoceranib + mCRC Il Results pending NCT03912857
Camrelizumab
VEGFi + PD-1i + Bevacizumab + Sintilimab + | RAS-mutated mCRC L} Results pending NCT04194359
Chemotherapy XELOX
VEGFi + PD-LIi + Bevacizumab + unresectable mCRC Il Results pending AtezoTRIBE:
Chemotherapy Atezolizumab + FOLFOXIRI NCT03721653
mTKI VEGFi + PD-1i | Regorafenib + Nivolumab Advanced gastric or Ib ORR 36% REGONIVO, EPOCI603:
colorectal cancer mPFS 7.9 months NCT0340687 |
mTKI VEGFi + PD- Regorafenib + Avelumab pMMR/MSS mCRC Il ORR 30% REGOMUNE:
Lli mPFS 3.6 months mOS | NCT03475953
10.8 months
mTKI VEGFi + PD-1i | Regorafenib + Advanced or mCRC 1 Results pending NCT03657641
Pembrolizumab

Abbreviations: CRC, colorectal cancer; mTKI, multi-tyrosine kinase inhibitor; VEGFi, VEGF inhibitor;

PD-Lli, PD-LI inhibitor; PD-I, PD-I inhibitor; FOLFOXIRI,

fluorouracil, oxaliplatin, irinotecan; ORR, overall response rate; mPFS, median progression-free survival.
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Table 3 MAPK Inhibitor and Immunotherapy Combinations Under Investigation

Categories Study Drugs Population Phase | Outcomes | Trial Identifier
in CRC

EGFRi + PD-LIi + Cetuximab + Avelumab + RAS/BRAF WT Il ORR 79.5% | AVETUX-CRC:

Chemotherapy FOLFOX mCRC NCTO03 174405

BRAFi + MEKi + PD-li Dabrafenib + Trametinib + BRAF V600E-mutated mCRC Il Results NCT0366843 |
Spartalizumab pending

MEKi + PD-1i £ Binimetinib + pMMR/MSS Ib Results KEYNOTE-651:

Chemotherapy Pembrolizumab * mCRC pending NCT03374254
Chemotherapy

BRAFi + EGFRi + PD-li Encorafenib + Cetuximab + | pMMR/MSS and BRAF V600E-mutated | I/1I Results NCT04017650
Nivolumab unresectable or mCRC pending

BRAFi + MEKi + PD-li Encorafenib + Binimetinib + | pMMR/MSS and BRAF V600E-mutated | I/1l Results NCT04044430
Nivolumab mCRC pending

Abbreviations: BRAFi, BRAF inhibitor; EGFRi, EGFR inhibitor; MEKi, MEK inhibitor; ORR, overall response rate; PD-1i, PD-1 inhibitor; PD-L1i, PD-ligand | inhibitor; WT, wild type.

combinations will help elicit better responses for these
patients. Multiple studies are underway with many promis-
ing strategies to improve outcomes for patients with mCRC.
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