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ancer of the colon and rectum caused an estimated 49,960 deaths

in the U.S. in 2008!. The addition of biologic agents and targeted

therapies to cytotoxic chemotherapy regimens, combined with better
surgical techniques and advanced imaging, has led to improved outcomes
among patients with metastatic colorectal cancer (mCRC) over the past
decade. However, not all patients respond to these therapies and many
develop resistance and, ultimately, disease progression. There is therefore an
urgent need to better select patients who can benefit from these treatments.

Angiogenesis plays an important role in the development, invasion and
metastasis of colorectal and other solid tumors?. In colorectal cancer,
increased angiogenesis in the primary tumor is associated with poor
prognosis, relapse, and metastasis3. The predominant mediator of tumor
angiogenesis is vascular endothelial growth factor (VEGF), an endogenous
cytokine that stimulates endothelial cells to proliferate and migrate from
pre-existing vessels toward VEGF-expressing tumors cells to form new
vascular tubes. VEGF production is driven primarily by hypoxia in the tumor
microenvironment, but may also be stimulated independently by acquired
genetic mutations2. Other growth factors implicated in angiogenesis in

CRC include fibroblast growth factor (FGF), transforming growth factor-o
(TGF-a), epidermal growth factor (EGF), and platelet-derived growth factor
(PDGF)3. Additionally, colorectal tumors underexpress the endogenous
angiogenesis inhibitor thrombospondin-1 (TSP-1); tumor deficiency of this
protein correlates with increased microvessel density, poor prognosis, and
hepatic recurrence3.

The liver is the preferred metastasis site for CRC, at least partly due its
favorable microenvironment for tumor development and an abundance of
certain angiogenic growth factors that, while necessary for tissue regeneration
following injury or resection, facilitate tumor angiogenesis in the setting of
advanced CRC3. Experimental studies indicate that angiogenesis in liver
metastases is initiated when tumors co-opt sinusoidal endothelial cells lining
the periphery of the metastatic lesion. Vessels formed by these cells are
typically convoluted, fenestrated, and lack a basement membrane3.

Antiangiogenic agents specifically designed to target the VEGF pathway
include monoclonal antibodies that bind and sequester circulating angiogenic
proteins, and small molecule, orally administered multi-targeted tyrosine
kinase inhibitors (TKIs) that disrupt intracellular angiogenic signaling by
binding competitively to the ATP binding sites on VEGF receptors (VEGFR-
1, -2, and -3) and related growth factors, notably platelet-derived growth
factor receptor (PDGFR) and stem cell factor receptor (c-Kit). The epidermal
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growth factor receptor (EGFR) has also been correlated with increased tumor
pathogenesis and angiogenesis resulting from deregulation of numerous cell
functions 4. Cetuximab (Erbitux®), a chimeric monoclonal antibody against
EGFR, directly inhibits tumor growth and may also exert antiangiogenic
effects by blocking ligand-induced phosphorylation of EGFR on tumor vessel
endothelial cells, thereby inhibiting their proliferation>. mCRC patients are
now selected for treatment with EGFR inhibitors based on KRAS mutation
status—presence of the mutated form of this gene results in the constitutive
activation of the EGFR extracellular ligand, and thereby renders anti-EGFR
therapy ineffective®.

Clinical Evidence for Antiangiogenic Therapy
Anti-VEGF Monoclonal Antibodies

Bevacizumab (Avastin®; BV), a humanized monoclonal antibody against
VEGE-A, was first approved for mCRC in combination with IFL
chemotherapy (irinotecan/bolus 5-FU/leucovorin) after a randomized

phase 3 trial showed that this combination significantly improved progression
free survival (PFS) and overall survival (OS) versus chemotherapy alone

in previously untreated patients’. Following on this data, the ECOG

E3200 trial established the efficacy of BV 10 mg/kg plus FOLFOX (5-
FU/leucovorin/oxaliplatin) in the second-line mCRC setting®. A more
recent randomized phase 3 trial (NO16966) assessed the addition of BV

to the more modern FOLFOX4 or XELOX (capecitabine and oxaliplatin)
regimens in front-line mCRC?. The primary pooled analysis from this trial
(BV vs. placebo-containing arms) showed only a modest PFS advantage with
the addition of BV (9.4 mo. vs. 8.0 mo., P=0.0023), and no significant
improvement in OS (21.3 mo. vs. 19.9 mo)?. A subset analysis did show

a significant PFS improvement relative to placebo with BV plus XELOX
(P=0.0026). In a retrospective exploratory analysis, however, PFS was
significantly improved in both BV arms for patients who remained on thera-
py, suggesting a possible advantage of continuing BV until progression?.

Whether mCRC patients may derive some clinical benefit from continuing
on a BV-containing regimen in the context of disease progression is contro-
versial and, as of yet, unproven. In a large non-randomized, non-prospective
observational study (BRiTE), continuation of BV beyond first progression
significantly improved median OS compared with systemic therapy without
BV (31.8 mo. vs. 19.9 mo.)10. Several prospective randomized trials are now
looking at this question. These include the phase 3 Intergroup Bevacizumab
Continuation Trial/SWOG 0600 trial of irinotecan-based chemotherapy
(CT) with continuation of BV or weekly cetuximab; the phase 3 AIO
0504/GMT trial comparing CT with or without BV in 572 second-line
mCRC patients who progressed on a first-line BV-containing regimen!l;
and SPIRITT, a randomized phase 2 trial comparing FOLFIRI (irinote-
can/infusional 5-FU/leucovorin) plus BV to FOLFIRI plus the anti-EGFR
antibody panitumumab (Vectibix®) in 210 second-line mCRC patients with
wild-type (non-mutated) KRAS!2.

Anti-VEGF-EGFR Combination Therapy

Experimental evidence has suggested that combined blockade of the VEGF
and EGFR pathways may have synergistic anti-tumor effects!3. In the clinical
setting, a phase 2 study (BOND-2) showed some initial promise in the form
of prolonged time-to-progression with the addition of BV to cetuximab and
irinotecan in a small number of irinotecan-refractory mCRC patients!4.
These results, however, were starkly contradicted by two much larger ran-

domized phase 3 studies—PACCE and CAIRO2. In PACCE, investigators
added panitumumab 6 mg/kg to BV 5 mg/kg plus either oxaliplatin or
irinotecan in 1,053 previously untreated mCRC patients!>. Surprisingly,
this combination worsened both PES and OS. CAIRO2, which evaluated
the combination of BV 7.5 mg/kg plus capecitabine and oxaliplatin with
or without cetuximab in 755 patients with previously untreated mCRC,
produced similar results!e. Compared with BV plus CT, the cetuximab-
containing arms had equivalent response rates (=0.49), significantly worse
PFS (9.4 mo. for CT-BV-cetuximab vs. 10.7 mo. for CT-BV; P=0.01),
and reduced median OS (19.4 vs. 20.3 mo., P=0.16)16. Patients in the
anti-VEGF/EGFR combination arms in both studies also had an increased
incidence grade of 3/4 toxicities. Also of note, when stratified by KRAS
mutation status, patients with wild-type tumors did not fare any better
receiving panitumumab or cetuximab combined with BV.

Two ongoing Phase 3 trials in mCRC with cetuximab-BV combination
arms—S0600 in second-line mCRC and the North American Intergroup
trial C80405 in untreated mCRC—are responding differently to this new
data. Investigators on S0600 will be re-initiating accrual without the original
combination cetuximab-BV treatment arms; C80405, in contrast, is retaining
its anti-VEGF/EGFR combination arms, but is requiring that all patients
have KRAS wild-type tumors.

Tyrosine Kinase Inhibitors

Thus far, VEGFR TKIs have produced limited results for mCRC, but a num-
ber of phase 3 trials are underway. Sunitinib (Sutent®), approved for the
treatment of renal and gastrointestinal stromal tumors, is being evaluated in
two first-line trials: a multinational, randomized phase 3 trial with or without
FOLFIRI, as well as a randomized phase 2 trial of sunitinib plus FOLFOX
vs. BV plus FOLFOX. Cediranib (AZD2171, Recentin®) has shown initial
promise for the treatment of glioblastomal”, and is now the investigational
agent in two randomized phase 3 trials in front-line mCRC: HORIZON II
(cediranib or placebo plus either FOLFOX or XELOX); and HORIZON II1
(cediranib plus FOLFOX compared with BV plus FOLFOX). Sorafenib
(Nexavar®), approved for liver and renal cancers, is in phase 2 development
for mCRC. Another small molecule agent, axitinib, is being combined with
chemotherapy (FOLFOX and FOLFIRI) and BV, and also compared against
CT-BV in two separate phase 2 trials in mCRC.

Side Effects of Antiangiogenic Therapy in mCRC
Hypertension is the primary side effect of all VEGF inhibitors and can
usually be effectively managed with anti-hypertensive medications when
treated early and aggressively. BV therapy has been commonly associated with
thromboembolic events, and infrequently with episodes of GI perforation,
reversible posterior leukoencephalopathy, hemorrhage, nasal septum perfora-
tion, and delayed wound healing, which is of particular concern in the
neoadjuvant mCRC setting. Results from a non-randomized phase 2 study in
56 mCRC patients showed that treatment with BV 5 mg/kg plus XELOX
prior to resection of liver metastases with curative intent did not affect
wound healing or liver regeneration when BV was discontinued 5 weeks prior
to surgery and reinstated 5 weeks post-surgery!8. Current recommendations
suggest discontinuing BV at least 4-6 weeks prior to liver resection!®.
Toxicities from multi-targeted VEGFR TKIs are typically more diverse than
monoclonal antibodies, possibly due to the relative non-specificity of these
agents, and may include diarrhea, fatigue, nausea, hypertension, stomatitis,

The Angiogenesis
Foundation

PO Box 382111 Cambridge, MA 02238
:617.576.5708 f:617.576.5808 www.angio.org

mucosal inflammation, hand-foot skin reaction, and  (Gaest editors:
hair and nail changes?0. Cardiac events, including a
variety of ECG changes and reduced LVEF have
been reported with both sunitinib and sorafenib?!.
Patients on sunitinib may also require monitoring
for hypothyroidism?22.

Future Directions

Despite the multiple therapeutic advances in the
treatment of mCRC, only 10% of patients with
surgically unresectable disease are expected to be
alive at 5 years. Therefore, the majority of mCRC
patients continue to receive therapy with only pal-
liative intent. The continued pursuit of novel agents
and the validation of predictive therapeutic bio-
markers is clearly needed. The KRAS mutation is the
first universally accepted predictive marker in
mCRC, but applies only to EGFR inhibitors. While
preclinical research has shown that VEGF levels and
VEGFR-2 expression may be both predictive and
prognostic, there is no consistent data correlating
VEGF/VEGEFR-2 expression with outcome or effica-
cy. Small studies in a number of tumor types have
indicated a correlation between the development o
hypertension and clinical response with VEGF inhibitors, however prospec-
tive trials are needed to determine the significance of this data3 24. In the
CONFIRM-1 trial involving vatalanib (PTK787/ZK), elevated levels of lac-
tate dehydrogenase (LDH), a marker of hypoxia and increased angiogenesis,
was predictive of response2>. Other potential biomarkers include circulating
endothelial progenitor cells (CEPs)—CEP levels decrease during anti-VEGF
therapy, which may reflect shedding of non-viable tumor endothelial cells;
angiopoietins—ligands that bind competitively to Tie-2 receptor, the activa-
tion of which promotes angiogenesis and vascular maturation; and tumor

endothelial markers (TEMs), which are overexpressed in colorectal tumor
cells26,
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Numerous antiangiogenic therapies are in development. Phase 1 and 2
clinical trials include agents that neutralize hepatocyte growth factor (HGF);
an agent that blocks both VEGF and FGF-mediated signaling; and a
thrombospondin-1 (TSP-1) mimetic. TSP is an endogenous inhibitor of
angiogenesis, and loss of TSP-1 via the PI3K signaling pathway is one of the
first steps in angiogenesis2¢. Other agents of interest in mCRC are selective
angiopoietin antagonists that inhibit Tie-2-dependent stimulation of
endothelial cells. One agent, AMG 386, a selective angiopoietin-1, -2-neu-
tralizing peptibody, is being evaluated in a randomized, placebo-controlled
phase 2 trial in second-line mCRC. Despite the majority of mCRC patients
being non-curative, the number of promising therapies in clinical trials
should be cause for optimism.
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Targeting Cells and Pathways in Metastatic Colorectal Cancer

During tumor angiogenesis, endothelial cells recruit pericytes to stabilize blood vessels perfusing tumors. Endothelial cells
also provide paracrine factors to tumor cells, which in turn, release growth factors that sustain angiogenesis. Antiangiogenic

agents target key pathways in proliferating endothelial cells, pericytes, and tumor cells.
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