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Abstract: The combination of cytotoxic chemotherapy and antiangiogenic agents has become a 

conventional treatment option for patients with metastatic colorectal cancer. Ziv-aflibercept is a 

fusion protein which acts as a decoy receptor for vascular endothelial growth factor (VEGF)-A, 

VEGF-B, and placental growth factor (PlGF); it was approved in combination with 5-fluorouracil, 

leucovorin, and irinotecan (FOLFIRI) for the treatment of patients with metastatic colorectal 

cancer that is resistant to or has progressed after an oxaliplatin-containing fluoropyrimidine-based 

regimen. Herein we review the role of tumor angiogenesis as the rationale for antiangiogenic 

therapy, the clinical data associated with ziv-aflibercept, and its current role as a treatment option 

compared to other antiangiogenic agents, such as bevacizumab and regorafenib.
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Introduction
Colorectal cancer (CRC) is the fourth most common cause of death from cancer 

worldwide, accounting for approximately 8% of all cancer deaths.1 Nearly 25% of 

patients will present with distant metastases; up to half of those with earlier-stage 

presentations will eventually progress to metastatic disease.2 These patients currently 

carry a poor prognosis, with a 5-year survival rate of approximately 10%.3 Recent 

research in metastatic CRC (mCRC) has focused primarily on the addition of bio-

logical target-oriented therapies to combination cytotoxic chemotherapy regimens. 

The monoclonal antibody bevacizumab, which binds and blocks the proangiogenic 

factor vascular endothelial growth factor (VEGF)-A, was the first successful targeted 

therapy in mCRC and the first antiangiogenic agent approved for use in cancer. The 

incorporation of antiangiogenic agents into the treatment of mCRC has led to improved 

antitumor responses and increased survival. Ziv-aflibercept is a recombinant inhibitor 

of the VEGF pathway. This article aims to review the data supporting its use in mCRC 

and its role in current practice. It will also provide an overview of tumor angiogenesis, 

with a focus on the VEGF signaling pathway.

Tumor angiogenesis
Angiogenesis, the formation of new blood vessels from existing vessels, is an essen-

tial process in tissue development and growth. These blood vessels facilitate the 

delivery of necessary oxygen and nutrients, as well as the removal of waste products. 

Angiogenesis is normally finely coordinated through the balance and interaction of 

proangiogenic and antiangiogenic signaling pathways.4 Proangiogenic factors such as 
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VEGF are appropriately upregulated in a number of physi-

ologic settings, including embryogenesis, bone formation, 

wound healing, and ovarian follicle growth. Dysregulation 

of angiogenesis plays a key role in certain diseases, such as 

arthritis, psoriasis, macular degeneration, diabetic retinopa-

thy, and cancer. 5

Pathologic angiogenesis is a key component of cancer 

growth6 and a necessary process for tumor metastasis.7 Tumor 

growth beyond 2–3 mm has been shown to be dependent on 

angiogenesis.8 An angiogenic switch has been described as 

a discrete step in the progression of tumors, required before 

they develop the potential for increased size, invasion, and 

metastasis. This switch can involve the overexpression of 

proangiogenic factors and increased sensitivity to these 

factors.9

In the majority of cancers, tumor angiogenesis proceeds 

by promoting vessel dilation and perivascular detachment in 

normal vessels in the vicinity of the tumor. This leaves them 

susceptible to the migration of rapidly recruited endothelial 

cells necessary for sprouting angiogenesis and the formation 

of new blood vessels branching off from existing vessels.9,10 

Some tumors, such as astrocytomas, instead progress initially 

by growing along and co-opting normal blood vessels. As 

these tumors enlarge beyond the coverage of these co-opted 

vessels, they develop regions of hypoxia and necrosis. Factors 

triggered by these conditions, in turn, promote sprouting 

angiogenesis to support continued tumor growth.9,11 The 

blood vessels formed in tumors are irregular and tortuous. 

They form chaotically, without the hierarchy seen in normal 

vessels. This network is often leaky and predisposed to 

hemorrhage.9 Dysfunctional blood flow in these vessels may 

result in further ischemia, driving additional angiogenesis 

and leading to increased microvessel density. Intratumor 

microvessel density has been proposed as a prognostic factor 

in a number of cancers.12 The permeable vasculature may 

also provide accessibility for tumor cell invasion as a step 

in metastasis.13

The VEGF pathway
The VEGF signaling pathway is the best understood 

angiogenic pathway. The VEGF ligand family in humans 

consists of 5 glycoproteins, VEGF-A, VEGF-B, VEGF-C, 

VEGF-D, and placental growth factor (PlGF). These bind 

to three separate receptor tyrosine kinases (RTKs), VEGF 

receptor (VEGFR)-1 (FLT-1), VEGFR-2 (KDR/FLK-1), 

and VEGFR-3 (FLT-4), which are found primarily on the 

surface of vascular and lymphatic endothelial cells. Two 

neuropilins, NRP-1 and NRP-2, act as coreceptors for 

VEGFRs, increasing the binding affinity of their respec-

tive ligands.14

The role of VEGF-A, also known simply as VEGF or 

as vascular permeability factor (VPF), has been the most 

closely explored. VEGF-A binds to both VEGFR-1 and 

VEGFR-2. The VEGF-A/VEGFR-2 pathway is thought to be 

the dominant promoter of angiogenesis.15,16 The activation of 

VEGFR-2 triggers multiple intracellular signaling cascades, 

including those that promote endothelial cell proliferation, 

migration, survival, and the increase in vessel permeability 

necessary for new microvessel formation. VEGF-A also 

promotes mobilization of the necessary endothelial cell 

precursors from the bone marrow.17,18 Numerous processes 

modulate the expression and activity of VEGF-A. Several 

growth factors, such as transforming growth factor (TGF) 

α, TGFβ, basic fibroblast growth factor (bFGF), keratinocyte 

growth factor, insulin-like growth factor-1, and platelet-

derived growth factor have been shown to promote VEGF-A 

messenger ribonucleic acid (mRNA) expression.5 VEGF-A 

expression is also upregulated by several oncogenic muta-

tions, such as those in p53, RAS, SRC, and human epithelial 

growth factor receptor (HER)2. Oxygen tension also plays a 

key role in the regulation of VEGF-A. Hypoxia, a prevalent 

component of tumor growth, increases VEGF-A expression 

through the activation of hypoxia-inducible factors (HIF) 

HIF-1α and HIF-2α.13,19,20 Increased VEGF-A levels are 

seen in almost all malignancies,21,22 and increased expres-

sion is often found within the tumor cells themselves. The 

majority of tumor cells do not express VEGFR-2; VEGFR-2 

expression, however, is 3–5-fold higher in the vasculature 

of tumors than in normal tissue.23 This pattern supports a 

paracrine signaling loop between VEGF-A and VEGFR-2 

driving tumor angiogenesis.

The functions of VEGFR-1 with its respective ligands 

are less clearly understood. In addition to VEGF-A, 

VEGF-B and PlGF also bind with VEGFR-1. There is 

evidence that VEGFR-1 can act on angiogenesis in either 

a stimulatory or inhibitory fashion, depending on which 

ligand is bound.14,24,25 VEGFR-1-knockout mice die in utero 

due to excess proliferation and disorganization of blood 

vessels. By comparison, mice with a variant VEGFR-1, 

able to bind its ligands but lacking tyrosine kinase (TK) 

activity, do not show vascular defects. These findings 

highlight the critical negative regulatory role of VEGFR-1 

during embryogenesis and support a mechanism of action 

as a non-signaling decoy receptor, binding and sequester-

ing VEGF-A.26 VEGFR-1 binds VEGF-A with almost 

an order of magnitude higher affinity than VEGFR-2; 

www.dovepress.com
www.dovepress.com
www.dovepress.com


Biologics: Targets and Therapy 2014:8 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

15

Ziv-aflibercept in metastatic colorectal cancer

however, it has a 10-fold weaker tyrosine kinase activity 

than VEGFR-2.24

There is similar evidence of protumor activity of VEG-

FR-1; the mechanisms of this activity are still unexplained. 

In a model of human colorectal cancer in mice, ribozyme 

disruption of either VEGFR-1 or VEGFR-2 reduced 

tumor growth and metastasis. In a lung cancer model, both 

ribozymes inhibited primary tumor growth of lung cancer; 

however, only disruption of VEGFR-1 resulted in decreased 

pulmonary metastases.27 Similarly, pulmonary metasta-

ses from lung cancer xenografts were increased in those 

VEGFR-1-TK-deficient mice.24 VEGFR-1 is upregulated in 

a number of solid tumors and VEGFR-1-positivity predicts 

a poor prognosis, including recurrence and metastasis, in 

non-small-cell lung cancer and breast cancer.26

VEGFR-1  may play a more proangiogenic, protumor 

role in the presence of pathologically increased ligands. 

Xenografts of human PlGF-overexpressing murine lung 

cancer cells grow faster in VEGFR-1 wild-type mice than 

in VEGFR-1-TK-deficient mice.28 PlGF has been shown 

to promote angiogenesis in in vivo models.25 Loss of PlGF 

impairs angiogenesis in ischemia, wound healing, and in 

tumors. However, embryonic angiogenesis in PlGF-deficient 

mice is unaffected and these mice remain healthy and viable.29 

In normal conditions, PlGF expression is undetectable in 

most tissue, but it is upregulated in numerous pathological 

conditions.26 These findings suggest that PlGF plays a role in 

angiogenesis primarily in pathologic conditions only. PlGF 

levels are increased in a number of cancers and associated 

with stage, metastasis, and survival in certain malignancies.26 

Under certain settings, however, PlGF also appears to play 

an inhibitory role in tumor angiogenesis. In one study, lung, 

colon, and glioblastoma tumors transfected with PlGF grew 

slower in vivo than the same tumors without. Microvessel 

density was also decreased within the transfected tumors.30 

This range from proangiogenic to antiangiogenic activity can 

be explained, in part, by the varied interactions between PlGF 

and VEGF-A. PlGF can promote VEGF-A activity by binding 

to VEGFR-1 and preventing sequestration of VEGF-A. PlGF/

VEGFR-1 binding also appears to lead to transphosphoryla-

tion of VEGFR-2, markedly increasing angiogenic activity.31 

And, though notably weaker than VEGF-A/VEGFR-2 activ-

ity, PlGF does stimulate angiogenesis directly when binding 

to VEGFR-1. This proangiogenic relationship is generally 

prevalent when VEGF-A and PlGF are expressed by separate 

cells. Both factors, however, can be expressed simultaneously 

in the same cell.32 In this setting, VEGF-A and PlGF can form 

heterodimers, which demonstrate weaker angiogenic activity 

than VEGF-A homodimers. VEGF-A/PlGF heterodimers 

were observed in increased levels in the aforementioned 

PlGF transfected tumors.31,32

Like PlGF, VEGF-B appears to be largely dispensable 

during normal embryogenesis and development. VEGF-B-

deficient mice are generally viable and healthy through adult-

hood, though they do develop minor cardiac abnormalities.33 

This apparent role in cardiac development corresponds with 

the increased expression of VEGF-B seen in embryonic and 

adult myocardium.31 VEGF-B binding to VEGFR-1 does not 

appear to efficiently stimulate angiogenesis.25 It has, however, 

been seen to facilitate cell survival in normal vasculature.34 

Overexpression of VEGF-B is found in a number of solid 

tumor malignancies, where it is often associated with disease 

stage.26 Immunohistochemical evaluation of tumor tissue 

from CRC patients showed VEGF-B positivity in the intra-

tumor vessels of .80% of samples; however, most of this 

was seen on preexisting, not angiogenic vessels. VEGF-B 

was significantly correlated with hematogenous metastases.35 

These findings suggest that the role of VEGF-B in tumor pro-

gression is centered more on maintaining existing vasculature 

than on driving angiogenesis.

VEGF-C and VEGF-D bind to both VEGFR-2 and 

VEGFR-3. In adults, VEGFR-3 is expressed primarily on the 

lymphatic endothelium. Both VEGF-C and VEGF-D have 

been noted to promote lymphangiogenesis and lymph node 

metastasis through their binding with VEGFR-3.36,37 This 

appears to be the primary role of these ligands; however, both 

can also promote angiogenesis through their interaction with 

VEGFR-2.36,38 VEGF-C levels have been associated with poor 

prognosis in a number of cancers, including non-small-cell 

lung cancer and CRC.37,39,40

The VEGF pathways intersect with a number of other 

signaling pathways involved in the coordination of tumor 

angiogenesis. The angiopoietins (Ang-1, Ang-2, and Ang-4) 

interact with the RTKs tyrosine kinase with immunoglobulin-

like and EGF-like domains (Tie)1 and Tie2. Both Ang-1 and 

Ang-2 have been associated with protumor and antitumor 

angiogenic effects.41 Ang-2, found on endothelial cells, is felt 

to destabilize vessels and amplify the activity of VEGF-A.13 

Overexpression of Ang-2 and higher Ang-2:Ang-1 ratios 

were found to be correlated with poor prognosis in many 

cancers, including mCRC.41 Integrins expressed on varied 

cell surfaces also promote angiogenesis and interact with 

both the VEGF and Ang-Tie pathways.20

The Notch-signaling pathway consists of the ligands 

Jagged1, Jagged2, delta-like ligand (DLL) 1, DLL3, DLL4, 

and the Notch receptors, Notch1–4. DLL4 is upregulated 
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by VEGF-A, and is felt to represent a negative feedback 

mechanism to angiogenesis under physiologic conditions.16 

In tumor cells, however, the interaction between DLL4-

expressing and Notch1-expressing cells has been observed 

as a component of sprouting angiogenesis.41 Notch signaling 

has been shown to play a critical role in multiple cancers, 

including CRC.42 Increased DLL4 expression was found pref-

erentially in CRC endothelial cells and was associated with 

VEGF expression.43 Notch signaling has also been shown 

to promote angiogenesis via upregulation of VEGFR-3. 

This angiogenic activity proceeds independent of VEGF-A, 

VEGF-C, or VEGFR-2.44

Antiangiogenesis in metastatic  
colorectal cancer
VEGF signaling provides potential targets for antiangiogenic 

therapy in mCRC. Expression of the VEGF family members 

appears to be associated with the degree of angiogenesis and 

the biologic activity of CRC tumors. Of the VEGF ligands, 

VEGF-A is the most abundant in CRC cells.45 Increased 

levels of VEGF-A expression have been shown to be asso-

ciated with tumor stage, lymph node and liver metastases, 

and overall survival. 31,46,47 VEGF-C expression has been also 

associated with lymph node metastasis and poor prognosis in 

mCRC.37 Increased PlGF expression in CRC has also been 

associated with poor outcomes48 and PlGF levels may corre-

late independently with metastatic lymph node involvement, 

tumor stage, and patient survival.49 Correlations between 

VEGF-B and VEGF-D and clinical outcomes in CRC have 

been described, but these are inconsistent.47

Three antiangiogenic agents have been approved by the 

US Food and Drug Administration (FDA) for the treatment 

of mCRC: bevacizumab, ziv-aflibercept, and regorafenib. 

Bevacizumab is a recombinant humanized monoclonal 

antibody that binds to VEGF-A, preventing its binding to 

VEGFR-1 and VEGFR-2. Bevacizumab was approved for the 

first-line treatment of mCRC based on the results of a Phase III 

trial comparing irinotecan, bolus 5-FU, and leucovorin (IFL) 

plus bevacizumab to IFL alone in 813 patients with untreated 

mCRC.50 The addition of bevacizumab was associated with 

increased overall survival (OS) when compared to the control 

arm (median OS [mOS] 20.3 versus 15.6 months; hazard 

ratio [HR] 0.66; P,0.001). Progression-free survival (PFS), 

response rate (RR), and duration of response were all also 

significantly higher in the bevacizumab arm.

The subsequent E3200 study also demonstrated the benefit 

of bevacizumab in the second-line setting.51 Eight hundred 

and twenty-nine mCRC patients previously treated with 

fluoropyrimidine and irinotecan were randomized to one of 

three treatment arms: infusional 5-FU, leucovorin, oxaliplatin 

(FOLFOX4) and bevacizumab, FOLFOX4 alone, or bevaci-

zumab alone. The mOS in the FOLFOX4-bevacizumab arm 

was 12.9 months, compared to 10.8 months for the FOL-

FOX4-alone arm (HR 0.75; P=0.0011) versus 10.2 months 

for the bevacizumab-alone arm. Median PFS (mPFS) in the 

FOLFOX4-bevacizumab arm was 7.3 months, compared to 

4.7 months for the FOLFOX4-alone (HR 0.61; P,0.0001) 

and 2.7 months in the bevacizumab-alone arm.

Early studies with bevacizumab also established a set 

of class-associated adverse effects attributed to anti-VEGF 

therapy. Hypertension was the most documented of these 

toxicities. The prevalence and degree of hypertension was 

dose-dependent and seen more frequently in studies utilizing 

bevacizumab at doses higher than 5 mg/kg every 2 weeks or 

7.5 mg/kg every 3 weeks.52 Proteinuria was also seen in each 

study, which was generally mild and asymptomatic; rarely, 

it progressed to nephrotic syndrome or renal failure. Other 

associated adverse effects included impaired wound healing, 

hemorrhage, gastrointestinal perforation, arterial throm-

boembolism, and reversible posterior leukoencephalopathy 

syndrome. An association with venous thromboembolism 

(VTE) has been less well-defined. Pooled analysis and meta-

analysis did not show a significant increase in VTE when 

evaluating prior bevacizumab studies.53

Ziv-aflibercept, also known as VEGF Trap, is a recom-

binant fusion protein composed of extracellular domains 

from both VEGFR-1 and VEGFR-2 fused to the Fc(a) region 

of human IgG1.54 It was designed to act as a decoy VEGF 

receptor, binding VEGF-A, VEGF-B, and PlGF, subse-

quently preventing their interactions with VEGFR-1 and 

VEGFR-2. The studies evaluating ziv-aflibercept in mCRC 

are discussed below.

Regorafenib is a small-molecule multikinase inhibitor 

with broad activity, inhibiting multiple oncogenic kinases 

(KIT, RET, RAF), platelet-derived growth factor receptor 

(PDGFR), fibroblast growth factor receptor (FGFR), and 

VEGFR-1–3.55,56 Regorafenib was approved for the treat-

ment of mCRC patients previously treated with fluoropy-

rimidine, oxaliplatin, or irinotecan-based chemotherapy 

regimens, with prior anti-VEGF and/or anti-EGFR therapies. 

Regorafenib was evaluated in the Phase III CORRECT trial, 

which studied 760 patients with mCRC who had progressed 

during or within 3 months after the above therapies.56 The 

patients enrolled were heavily pretreated; 48.0% (n=365) 

had received four or more prior lines of systemic therapy for 

metastatic disease, and all had previously been treated with an 
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anti-VEGF-A agent. Patients on the study were randomized 

to either regorafenib or placebo. Treatment with regorafenib 

was associated with a significant increase in survival, with a 

mOS of 6.4 months in the regorafenib arm versus 5.0 months 

in the placebo arm (HR 0.77; P=0.052). mPFS and disease 

control rates were also significantly higher in the regorafenib 

arm. The most common grade 3 or 4 adverse events increased 

in the regorafenib arm were hand-foot skin reaction, fatigue, 

diarrhea, hypertension, and rash.

Ziv-aflibercept in colorectal cancer
Ziv-aflibercept was designed to be a high-affinity blocker of 

VEGF-A, with a favorable pharmacokinetic and immuno-

genicity profile.54 It is a fully-human soluble decoy receptor 

protein engineered by fusing the second immunoglobulin 

(Ig) domain of human VEGFR-1 and the third Ig domain of 

human VEGFR-2 with the constant region (Fc) of human 

IgG1.57 In vitro assays of ziv-aflibercept in human umbilical 

vein endothelial cells demonstrated the ability to completely 

block the phosphorylation of VEGFR-2 by VEGF-A, thereby 

blocking VEGF-A-induced cell proliferation. The binding 

kinetics of ziv-aflibercept were compared to bevacizumab and 

another anti-VEGF-A antibody, ranibizumab. Ziv-aflibercept 

was found to bind to VEGF-A with approximately 100-fold 

higher affinity than either bevacizumab or ranibizumab. As 

expected, PlGF-2 was also bound with high affinity by ziv-

aflibercept, but was not bound at all by either bevacizumab 

or ranibizumab. Ziv-aflibercept also showed markedly more 

potent blockade of VEGFR-1 or VEGFR-2 activation than 

either anti-VEGF-A antibody.58

A number of in vivo studies showed anti-tumor and 

anti-tumor vessel activity in a variety of tumor xenografts. 

As a single-agent, ziv-aflibercept led to decreases in tumor 

vessels and angiogenesis, tumor growth, and metastasis. Ziv-

aflibercept also demonstrated synergy with other systemic 

treatments in a number of studies, leading to greater inhibi-

tion of tumor growth and change in tumor vasculature. In 

two studies, one of fibrosarcoma and one of glioblastoma, 

ziv-aflibercept also enhanced the effects of radiotherapy.59

Phase I studies
An initial Phase I dose-finding study investigated single-

agent ziv-aflibercept in patients with advanced, refractory 

solid tumors or non-Hodgkin lymphoma. Forty-seven 

patients were given ziv-aflibercept intravenously every 

2 weeks in a dose-escalating schema from 0.3 to 7.0 mg/kg; 

seven of these patients had CRC.60 The treatment-related 

toxicities recorded were similar to those seen with other 

anti-VEGF agents, including bevacizumab. These included 

hypertension, proteinuria, and dysphonia and were gener-

ally noted to be reversible with discontinuation of the drug. 

These toxicities were more prevalent and more severe at 

doses of 4.0 mg/kg and greater. Three subjects were found 

to have partial responses by response evaluation criteria 

in solid tumors (RECIST) criteria; none of these were 

colorectal cancer patients. Maximal levels of VEGF-bound 

ziv-aflibercept complex and of free ziv-aflibercept were found 

at doses $2.0 mg/kg, indicating complete ligand blockade. 

On the basis of the toxicity and pharmacokinetic results, 

4 mg/kg every 2 weeks was established as the recommended 

Phase II dose (RPTD) for future studies.

Several Phase I studies have evaluated ziv-aflibercept 

in combination with cytotoxic chemotherapy regimens;59 

two of these focused primarily on patients with CRC. One 

dose-escalation trial studied ziv-aflibercept in combination 

with 5-fluorouracil, leucovorin, and irinotecan (FOLFIRI) 

in Japanese patients with mCRC who had undergone treat-

ment with at least one prior chemotherapy regimen.61 Sixteen 

patients were treated with ziv-aflibercept and FOLFIRI; 

ziv-aflibercept was dosed at two levels: 2 and 4  mg/kg. 

The PFS and RR at 4 mg/kg were 7.6 months and 7.8%, 

respectively. No dose-limiting toxicities were seen at either 

dose level. The most common grade 3 or 4 adverse events 

were neutropenia and hypertension. Based on the efficacy 

and safety data, 4 mg/kg every 2 weeks was the RPTD of 

ziv-aflibercept in combination with FOLFIRI for Japanese 

patients with mCRC.

Another study evaluated patients with advanced solid 

tumors when treated with ziv-aflibercept and irinotecan, 

5-flourouracil, and leucovorin (ILV5FU2).62 Of the 38 patients 

enrolled, 23 had CRC. Ziv-aflibercept was given in a dose-

escalating fashion at 2, 4, 5, or 6 mg/kg intravenously on 

day 1, followed by ILV5FU2 on days 1 and 2, cycled every 

2 weeks. Nine patients had partial responses, 5 of these at 

4 mg/kg; 6 of the partial responses were seen in CRC patients. 

Dose limiting toxicities of proteinuria, nephrotic syndrome, 

stomatitis, febrile neutropenia were noted, starting with 

2 patients at 4 mg/kg. Based on the pharmacokinetic studies, 

response rates, and toxicity data, a dose of 4 mg/kg every 

2 weeks was selected as the RPTD with ILV5FU2.

Following the dose-escalation stage of this study, a 

double-blind expansion stage randomized 27 new mCRC 

patients to ILV5FU2 and either ziv-aflibercept at 4 mg/kg 

every 2 weeks or placebo for cycle 1.63 All patients received 

ziv-aflibercept with ILV5FU2 for subsequent cycles. Four 

patients achieved partial responses and 17 patients maintained 
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stable disease. The most frequent grade 3 or 4 adverse events 

noted were neutropenia, fatigue, and hypertension; these were 

seen in ,40% of the patients treated.

Phase II/III studies
Three Phase II and III studies of ziv-aflibercept in mCRC 

have been completed (Table  1). The clinical activity of 

single-agent ziv-aflibercept was investigated in an open-label, 

two-stage, multicenter Phase II trial.64 Seventy-five patients 

with mCRC, who had progressed on at least one prior line 

of systemic therapy, were enrolled into two separate cohorts 

based on prior bevacizumab exposure. The patient popula-

tion accrued was heavily pretreated, with a median of two 

prior chemotherapy regimens with 81.3% (n=61) of patients 

previously treated with both oxaliplatin and irinotecan, and 

46.7% (n=35) patients had prior exposure to an epidermal 

growth factor receptor (EGFR)-inhibitor. Seventy-four 

patients received ziv-aflibercept intravenously at a dose of 

4  mg/kg every 2 weeks; 24 patients were enrolled in the 

bevacizumab-naïve cohort and 50 in the prior-bevacizumab 

cohort. The primary endpoint was a combination of objective 

response rate (ORR) and PFS at 16 weeks. No patients in the 

bevacizumab-naïve cohort achieved an objective response; 

five patients had stable disease at 16 weeks. In the prior-

bevacizumab cohort, one patient was found to have a partial 

response and six patients had stable disease at 16 weeks. 

mPFS in the bevacizumab-naïve cohort was 2.0  months 

versus 2.4 months in the prior-bevacizumab cohort. mOS 

was 10.4 months and 8.5 months, respectively. Without a ran-

domized control arm, evaluation of these results was limited; 

however, when compared to the best supportive care arms 

of previous large clinical trials in mCRC, this was not felt 

to represent meaningful single-agent activity.65,66 The most 

common grade 3 or 4 adverse events noted were hyperten-

sion, proteinuria, fatigue, and headache. Dose reduction of 

ziv-aflibercept was required in 12 patients and dosing was 

delayed due to toxicity in 20 patients. Ten patients discon-

tinued study treatment due to adverse events.

The AFFIRM trial was a randomized, non-comparative 

Phase II trial designed to evaluate the use of ziv-aflibercept 

in the first-line treatment of mCRC.67 Preliminary data from 

this study was presented at the European Society for Medical 

Oncology (ESMO) 14th World Congress on Gastrointestinal 

Cancer. Two hundred and thirty-six patients with previously 

untreated mCRC were randomized to receive either ziv-

aflibercept (4 mg/kg every 2 weeks) and modified FOLFOX6 

Table 1 Completed Phase II and III trials of ziv-aflibercept in metastatic colorectal cancer

Trial Patient population Treatments Results

Phase II
PMH Phase II  
Consortium64 
(NCT00407654)

Previously treated mCRC 
1+ prior lines of therapy  
(n=74) 
 
Two cohorts: 
bevacizumab-naïve (n=24) 
prior-bevacizumab (n=50)

Single-agent  
ziv-aflibercept

Bevacizumab-naïve: 
RR: 0% (0 PR, 5 SD at 16 weeks) 
mPFS: 2.0 months (95% CI 1.7–8.6) 
mOS: 10.4 months (95% CI 7.6–15.5) 
Prior-bevacizumab: 
RR: 2.0% (1 PR, 6 SD at 16 weeks) 
mPFS: 2.4 months (95% CI 1.9–3.7) 
mOS: 10.4 months (95% CI 6.2–10.6)

AFFIRM67 
(NCT00851084)

Treatment-naïve mCRC 
no prior systemic treatment  
(n=236)

mFOLFOX6 + ziv-aflibercept  
(n=119)‡

RR: 49.1% (95% CI 39.7–58.6%) 
PFS12: 25.8% (95% CI 17.2–34.4%)  
mPFS: 8.48 months (95% CI 
7.89–9.92)

mFOLFOX6 (n=117)‡ RR: 45.9% (95% CI 36.4–55.7%) 
PFS12: 21.2% (95% CI 12.2–30.3%) 
mPFS: 8.77 months (95% CI 
7.62–9.27)

Phase III
VELOUR68 
(NCT00561470)

Previously treated mCRC 
progression on or #6 months  
after prior oxaliplatin-containing  
regimen (n=1,226)

FOLFIRI +  
ziv-aflibercept  
(n=612) versus FOLFIRI + placebo  
(n=614)

RR: 19.8% versus 11.1% (P,0.001) 
mPFS: 6.90 versus 4.67 months  
(HR 0.758; P,0.0001)  
mOS: 13.50 versus 12.06 months  
(HR 0.817; P=0.0032)

Note: ‡Study was non-comparative, not powered to compare two treatment arms.
Abbreviations: CI, confidence interval; FOLFIRI, 5-fluorouracil, leucovorin, and irinotecan; mCRC, metastatic colorectal cancer; HR, hazard ratio; metastatic colorectal 
cancer; mFOLFOX6, modified 5-fluorouracil, leucovorin, and oxaliplatin; mOS, median overall survivial; mPFS, median progression-free survival; NCT, National Clinical 
Trials; PFS12, progression-free survival at 12 months; PMH, Princess Margaret Hospital; PR, partial response; RR, response rate; SD, stable disease.
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(mFOLFOX6; n=119) or mFOLFOX6 alone (n=117). While 

the patients enrolled were chemotherapy-naïve for metastatic 

disease, 97.5% had received prior adjuvant therapy. The 

mFOLFOX6 arm was included for calibration; the study 

was not powered to significantly compare the two arms. The 

primary endpoint of PFS at 12 months was 25.8% in the 

ziv-aflibercept arm and 21.2% in the mFOLFOX6-only arm, 

with mPFS of 8.48 months and 8.77 months, respectively. 

RR was 49.1% in the ziv-aflibercept arm and 45.9% in the 

mFOLFOX6-only arm. Grade 3–4 adverse events, includ-

ing hypertension, proteinuria, neutropenia, diarrhea, and 

infections, were seen with .5% higher incidence in the 

ziv-aflibercept arm.

VELOUR trial
Ziv-aflibercept was studied in combination with FOLFIRI 

in the Phase III VELOUR trial.68 This prospective, random-

ized, double-blind, multicenter, multinational study evaluated 

patients with mCRC previously treated with an oxaliplatin-

based chemotherapy regimen. In all, 1,226 patients were 

randomized either to treatment with FOLFIRI plus ziv-

aflibercept or FOLFIRI plus placebo. Patients were stratified 

by prior bevacizumab treatment and performance status; 853 

patients (69.6%) were bevacizumab-naïve and 373 patients 

(30.4%) had prior exposure. With respect to metastatic dis-

ease, 89.6% (n=892) of patients had received treatment, while 

10.4% (n=124) had been treated in an adjuvant setting only. 

In the experimental arm, ziv-aflibercept was dosed at 4 mg/

kg intravenously every 2 weeks, preceding FOLFIRI; placebo 

was also given intravenously prior to FOLFIRI.

The ziv-aflibercept arm showed significant improvement 

in the primary endpoint of OS, with mOS of 13.50 months 

compared to 12.06 months in the placebo arm (HR 0.817; 

P=0.0032). mPFS and ORR were also increased; 6.90 months 

versus 4.67  months (HR 0.758; P,0.0001) and 19.8% 

versus 11.1% (P,0.001), respectively. In subgroup analyses 

of the prior-bevacizumab patients, PFS was significantly 

improved in both. OS was significantly improved in the 

bevacizumab-naïve subset, but did not achieve significance 

in the prior-bevacizumab subset. Based on the results of 

this study, the FDA approved the use of ziv-aflibercept in 

combination with FOLFIRI for the treatment of patients 

with mCRC that is resistant to or that has progressed after 

an oxaliplatin‑containing regimen. Ziv-aflibercept was the 

first agent to demonstrate a survival benefit in this specific 

population.

Both antiangiogenic-associated and chemotherapy-

related adverse effects were seen with greater incidence in 

the ziv-aflibercept arm. Grade 3 or 4 adverse events were 

reported in 83.5% of patients in the ziv-aflibercept arm and 

62.5% of patients in the placebo arm. The antiangiogenic 

toxicities described were hypertension, hemorrhage, and 

arterial and venous thromboembolism; all were higher in the 

ziv-aflibercept arm. Similarly, grade 3 or 4 chemotherapeutic 

adverse events, including diarrhea, asthenia, stomatitis, and 

myelosuppression were also found in higher incidence with 

ziv-aflibercept treatment. Adverse events led to discontinu-

ation of treatment in 26.8% of patients in the ziv-aflibercept 

arm and 12.1% of patients in the control arm.

A prespecified subset analysis of elderly patients in 

VELOUR was presented at the ESMO 15th World Congress 

on Gastrointestinal Cancer.69 Of the 1,226 patients random-

ized in the VELOUR study, 438 patients (36%) were 65 

years or older. An analysis of these patients revealed that 

OS was non-significantly increased with median OS of 

12.6 months in the ziv-aflibercept arm and 11.3 months in 

the placebo arm (HR 0.853; 95% confidence interval [CI] 

0.682–1.066). PFS was also non-significantly greater, with 

a median PFS of 6.6 months and 4.4 months for the ziv-

aflibercept and placebo arms, respectively (HR 0.748; 95% 

CI 0.598–0.936). Dehydration was significantly associated 

with age (P=0.0058); all other adverse effects were similar 

in proportion to the overall patient pool.

Discussion
Folkman first described tumor angiogenesis over four 

decades ago.70 At that time, he postulated that antiangiogenic 

therapy could lead to decreased tumor growth and metastasis. 

The approval of bevacizumab for mCRC in 2004 marked the 

first approval of an antiangiogenic agent for the treatment of 

cancer. Since then, the landscape for antiangiogenic therapy 

in CRC has grown increasingly complex. In addition to the 

three FDA-approved drugs noted above, multiple newer 

agents targeting angiogenesis are currently under investiga-

tion in CRC.71,72 The role of ziv-aflibercept among these 

agents is unclear. No head-to-head clinical comparisons of 

ziv-aflibercept and bevacizumab, or other antiangiogenic 

agents, have been performed.

In a first-line setting, bevacizumab remains the only 

approved option for antiangiogenic therapy. Bevacizumab 

has been shown to improve survival in first-line treatment of 

mCRC in combination with IFL,50 FOLFIRI,73 and FOLFOX 

or XELOX (capecitabine [XELODA] and oxaliplatin)74 and 

currently represents a standard-of-care consideration for 

appropriate patients. AFFIRM currently represents the only 

evaluation of ziv-aflibercept in first-line treatment. As shown 
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above, the addition of ziv-aflibercept failed to show any clear 

benefit over cytotoxic chemotherapy (mFOLFOX6) alone; as 

noted, however, this study was not powered to demonstrate 

a significant difference.

Regorafenib is the only antiangiogenic agent evaluated as 

third-line or later treatment for mCRC. CORRECT showed 

a survival benefit with regorafenib in an extensively treated 

patient population, the majority of which had received three 

or more prior lines of systemic therapy. CORRECT also 

established regorafenib as the only antiangiogenic agent 

to date that has demonstrated a significant survival benefit 

as a single-agent in mCRC. Neither bevacizumab nor ziv-

aflibercept showed evidence of single-agent benefit in earlier 

studies.51,64

Second-line metastatic colorectal  
cancer therapy
The results from VELOUR would seem to make an argument 

for incorporating ziv-aflibercept into second-line therapy, 

particularly in patients who had progressed through bevaci-

zumab in the first-line. The more recently published results 

from the ML18147 (TML) trial have complicated this issue, 

however. This randomized Phase III trial addressed the role 

of bevacizumab continuation after disease progression.75 

Eight hundred and twenty patients with mCRC, who had 

progressed within 3  months of discontinuing first-line 

treatment with a bevacizumab-containing chemotherapy 

regimen, were randomized to second-line chemotherapy with 

or without bevacizumab. The choice of chemotherapy was 

determined by their prior treatment, with a change from 

irinotecan-based to oxaliplatin-based and vice versa. mOS 

improved to 11.1 months in the bevacizumab arm compared 

to 9.8 in the chemotherapy-only arm (HR 0.81; P=0.0062); 

mPFS was also significantly increased (5.7 months versus 

4.1 months; HR 0.68; P,0.0001). RR was low (5% versus 

4%) and not significantly different between the two arms. 

The FDA approved bevacizumab for its third indication in 

mCRC following the results of this trial (Table 2).

With these findings, there is currently no clear data to 

guide physicians when choosing between the addition of ziv-

aflibercept or bevacizumab in the second-line setting. In the 

absence of a prospective, comparative trial, most comparisons 

have to be made by inference. The improvements in OS and 

PFS seen with the addition of ziv-aflibercept in VELOUR 

are roughly similar to those seen with bevacizumab in E3200 

and ML18147. Of note, patients with prior bevacizumab 

exposure did have significantly improved OS in ML18147; 

as stated above, significance was not achieved in the prior-

bevacizumab subset analysis of VELOUR. The grade 3 and 4 

adverse events associated with ziv-aflibercept in VELOUR 

were also generally comparable to those with bevacizumab 

in earlier trials, with similar antiangiogenic-associated and 

chemotherapy-associated toxicities.76

Even prior to ML18147, questions arose regarding the 

costs and benefits of ziv-aflibercept versus bevacizumab. 

Without head-to-head comparison, discussions regarding 

this sensitive issue have become a part of the decision-

making landscape. At the 2013 American Society of 

Clinical Oncology (ASCO) Gastrointestinal Cancers 

Symposium, a cost-effectiveness analysis of bevacizumab 

plus chemotherapy versus ziv-aflibercept plus chemotherapy 

in mCRC patients previously treated with bevacizumab was 

presented.77 Bevacizumab and ziv-aflibercept were compared 

through an adjusted indirect treatment comparison, using the 

hazard ratios from ML18147 and VELOUR, respectively. The 

results of the analysis favored bevacizumab. Likely affected 

by similar facts, Sanofi-Aventis began offering discounts 

of approximately 50% on the official price of the drug in 

November 2012.

Anti-VEGF-A resistance
The key to finding a role for ziv-aflibercept may lie in exploit-

ing the unique aspects of its design and function. As described 

above, ziv-aflibercept does provide more potent binding of 

VEGFR-A and broader coverage of the VEGF pathway, with 

blockade of all the known ligands for VEGFR-1. One set-

ting where this extended activity might prove beneficial is 

in patients who have developed resistance to pure VEGF-A 

inhibitors. Numerous resistance mechanisms to bypass 

VEGF-A-blockade have been proposed. In a Phase II trial 

of FOLFIRI and bevacizumab in patients with previously 

treated mCRC, plasma levels of VEGF-C, VEGF-D, PlGF, 

and basic fibroblast growth factor (bFGF), were significantly 

elevated before or at the time of disease progression.78 

These factors have been associated with VEGF-A/VEGFR-

2-independent angiogenesis and have been implicated as 

potential mechanisms of anti-VEGF-A resistance. Increases 

in PlGF have been observed following anti-VEGF-A treat-

ment in numerous other studies79,80 and anti-PlGF was shown 

to inhibit angiogenesis and tumor cell motility in mice with 

VEGF-A-inhibitor-resistant tumors.81 If we were able to 

select those tumors in which PlGF is the driving force behind 

anti-VEGF-A resistance, ziv-aflibercept might be considered 

as a rational second-line antiangiogenic agent.

Given that ziv-aflibercept did not show dramatic responses 

in the prior-bevacizumab cohort of VELOUR, it is likely that 
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other pathways contributed to antiangiogenic resistance. 

In the absence of VEGF-A activity, binding of VEGF-C and 

VEGF-D to VEGFR-2 and VEGFR-3 has been shown to 

continue promotion of angiogenesis and tumor progression.82 

As noted above, upregulation of VEGFR-3 by Notch has 

also been found to allow angiogenesis independent of the 

VEGF-A/VEGFR-2 pathway.44 Similarly, bFGF has been 

shown to act as a compensatory angiogenic factor following 

VEGF-A inhibition.83 The presence of these and other alter-

native pathways might necessitate the addition of multiple 

antiangiogenic agents. With the potent binding of VEGF-A 

and VEGFR-1 ligands provided by ziv-aflibercept, combi-

nation treatment targeting VEGFR-2 and VEGFR-3 might 

provide more complete coverage of the VEGF pathways. 

This might be accomplished through antibodies target-

ing the RTKs or their ligands, through tyrosine kinase 

inhibitors, which tend to have broader, more nonspecific 

activity, or novel direct angiogenic inhibitors.84 Numerous 

Phase I and Phase II studies have explored combination 

antiangiogenic regimens involving bevacizumab,85 some 

of which have shown increased antitumor activity. These 

studies have suffered from increased incidence and severity 

of adverse events.

Predictive biomarkers
A critical step needed for the utilization of ziv-aflibercept, 

and for antiangiogenic therapy in general, is the identification 

of patients more likely to derive a benefit from treatment. 

Preliminary results presented from a post hoc multivariate 

analysis of the VELOUR data identified a subset of patients 

with better outcomes in the ziv-aflibercept treatment arm.86 

This subset was defined as patients with Eastern Cooperative 

Oncology Group (ECOG) performance status 0 or 1, with no 

more than one site of metastasis, and who had not experienced 

relapse during or within 6 months of completing oxaliplatin-

based adjuvant therapy. In the ziv-aflibercept arm, 404 of 612 

(66.0%) patients met these criteria, as did 406 of 614 (66.1%) 

in the placebo arm. Within this subset, mOS was more notably 

increased in the ziv-aflibercept arm compared to the placebo 

arm; 16.2 versus 13.1 months (adjusted HR 0.73; 95% CI 

0.61–0.86), respectively. mPFS also significantly improved; 

7.2 versus 4.8 months (adjusted HR 0.68; 95% CI 0.57–0.80). 

ORR was 23.7% in the ziv-aflibercept arm, compared to 11% 

in the placebo arm. While this clinical classification may prove 

useful in selecting patients for ziv-aflibercept treatment, evalu-

ation for associated predictive biomarkers would be far more 

valuable. As described above, measurement of the various 

angiogenic factors may provide some information regarding 

prognosis and response in CRC and other malignancies;87 

however, no predictive biomarkers for antiangiogenic therapy 

have yet been identified. Some potential biomarkers are being 

studied for bevacizumab;88 similar exploration is needed for 

ziv-aflibercept. Such exploration would ideally include genetic 

and molecular profiling of tumors, immunohistochemistry, 

and serial evaluation of circulating levels. It would also include 

re-evaluation at the time of progression to evaluate potential 

resistance mechanism.

Future directions
Rather than solely seeking to provide an alternative or 

improvement to bevacizumab, investigation of ziv-aflibercept 

in settings where bevacizumab has yet to show a benefit may 

prove fruitful. These include upfront therapy with a combi-

nation of either FOLFIRI or FOLFOX, adjuvant therapy in 

earlier-stage CRC,89 and following liver metastectomy.90,91 Of 

patients with only liver metastases in VELOUR, a subgroup 

Table 3 Selected approved and active trials of ziv-aflibercept in colorectal cancer

NCT number Trial name Phase

NCT01571284 Safety and quality of life study of aflibercept in patients with metastatic colorectal cancer previously  
treated with an oxaliplatin-based regimen

III

NCT01646554 Efficacy of FOLFOX Versus FOLFOX plus aflibercept in K-ras mutant patients with resectable liver  
metastases (BOS3)

II/III

NCT01652196 Aflibercept and FOLFOX6 treatment for previously untreated stage IV colorectal cancer II
NCT01661270 A study of aflibercept versus placebo with FOLFIRI in patients with metastatic colorectal cancer  

previously treated with an oxaliplatin chemotherapy (AFLAME)
III

NCT01661972 Phase I/II study of capecitabine plus aflibercept to treat metastatic colorectal cancer (X-TRAP) I/II
NCT01669720 Adjuvant aflibercept for metastatic colorectal cancer II
NCT01802684 OPTIMOX-aflibercept as first-line therapy in patients with unresectable metastatic colorectal cancer (VELVET) II
NCT01882868 A study of aflibercept in combination with FOLFIRI in patients with second-line metastatic colorectal  

cancer in Japan
II

NCT01889680 Safety and effectiveness study of chemotherapy and ziv-aflibercept to treat metastatic colorectal cancer II

Abbreviations: FOLFIRI, 5-fluorouracil, leucovorin, and irinotecan; FOLFOX4, 5-fluorouracil, leucovorin, and oxaliplatin; NCT, National Clinical Trials.
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analysis of these patients revealed a significant improvement 

in OS and PFS, when compared to the remainder of the study 

population (HR 0.649 versus 0.868). Review of ongoing 

national clinical trials reveals active trials exploring some 

of these questions (Table 3).

Conclusion
The addition of anti-angiogenic agents has provided a sig-

nificant, if limited, improvement in the treatment of mCRC. 

Ziv-aflibercept was approved for use in combination with 

FOLFIRI after demonstrating a survival benefit in patients 

that had progressed after an oxaliplatin‑containing regimen. 

These results are important both in supplying another 

option in the treatment of mCRC and for validating another 

mechanism of blockade in tumor angiogenesis. In practice, 

however, the clinic application of ziv-aflibercept amongst 

other antiangiogenic agents has yet to be clarified. Predic-

tive biomarkers are needed to help identify patients best 

suited for treatment with ziv-aflibercept. Research into the 

mechanisms of antiangiogenic research may also help guide 

the selection of ziv-aflibercept and the timing of its use.
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