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C olorectal cancer (CRC) is 
the third most common 
cancer in both men and 
women (Siegel, Naishad-

ham, & Jemal, 2013). In 2011, the 
global number of newly diagnosed 
cases worldwide was more than 1 
million, with 600,000 deaths world-
wide (Jemal et al., 2011). Although 
incidence and mortality rates in the 
United States have decreased over 
time, it is estimated that 102,480 
new cases of CRC will be diagnosed 
in 2013, with 50,830 deaths expected 
(Siegel et al., 2013).

Most cases of CRC arise spo-
radically; however, some risk fac-
tors include age, previous colonic 
polyps, and inflammatory bowel 
disease. Environmental factors such 
as consuming red meat, maintain-
ing a high-fat diet, and smoking 
can also predispose an individual to 
CRC. Hereditary syndromes such as 
Lynch syndrome and familial adeno-
matous polyposis are also associated 
with the development of CRC (Cun-
ningham et al., 2010).

Approximately 60% of CRC pa-
tients are diagnosed in the locally 
advanced or metastatic disease stage, 
with the latter carrying a poor prog-

nosis with approximately a 10% 
5-year overall survival rate (Wang & 
Lockhart, 2012). In the past 5 years, 
the main advancement in the treat-
ment of metastatic colorectal cancer 
(mCRC) was the addition of targeted 
treatments to palliative chemothera-
py. The epidermal growth factor re-
ceptor (EGFR)-directed monoclonal 
antibodies cetuximab (Erbitux) and 
panitumumab (Vectibix) have shown 
activity in patients with wild-type 
KRAS CRC. Bevacizumab (Avastin) is 
an antiangiogenic humanized mono-
clonal antibody against vascular en-
dothelial growth factor A (VEGF-A), 
which by normalization of tumor vas-
culature can improve drug delivery to 
the tumor (Cunningham et al., 2010).

ANGIOGENESIS
Angiogenesis, a complex process 

that results in the growth of new 
blood vessels from preexisting vascu-
lature, is a key step in cancer devel-
opment and progression. Neoplastic 
cells secrete proangiogenic factors 
that stimulate endothelial cell divi-
sion and migration. The increase in 
blood vessels is a consequence of an-
giogenic proteins that include VEGF, 
placental growth factors, and plate-
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let-derived growth factors, among others. These li-
gands interact extracellularly with their receptors, 
causing activation of downstream pathways that 
leads to vascular cell proliferation, differentiation, 
and migration (Ferrarotto & Hoff, 2012).

PHARMACOLOGY AND  
PHARMACOKINETICS

Ziv-aflibercept (Zaltrap) is a soluble recom-
binant fusion protein that was developed by fus-
ing sections of the second immunoglobulin (Ig) 
domain to VEGFR-1 and the third Ig domain of 
VEGFR-2 to the Fc portion of human IgG1. These 
soluble receptors bind to VEGF-A, VEGF-B, and 
PlGF (placental growth factor) ligands with high 
affinity; ziv-aflibercept functions as a decoy, pre-
venting their binding to native receptors and fur-
thermore inhibiting angiogenesis (Sanofi-Aventis, 
2012; Wang & Lockhart, 2012; Mitchell, 2012). 
Pharmacokinetic studies measured both free and 
VEGF-bound plasma concentrations of ziv-afliber-
cept by enzyme-linked immunosorbent assay (ELI-
SA). Evaluation of doses ranged from 2 to 9 mg/kg, 
where free ziv-aflibercept concentrations exhibit 
linear pharmacokinetics. For the specific US Food 
and Drug Administration (FDA)-approved dosage 
of 4 mg/kg every 2 weeks, the elimination half-life 
of free ziv-aflibercept was approximately 6 days 
(range, 4–7 days). Steady-state concentrations were 
achieved by the second dose of the drug, with an 
accumulation ratio of 1.2 (Sanofi-Aventis, 2012).

These pharmacokinetic parameters do not ap-
pear to be affected in patients with mild or moder-
ate hepatic impairment. There are no data regard-
ing patients with severe hepatic impairment (total 
bilirubin > 3 and any SGOT/AST elevation). Like-
wise, renal dysfunction had no effect on ziv-afliber-
cept clearance, which was demonstrated by five pa-
tients in the population pharmacokinetic analysis 
whose creatinine clearance was < 30 mL/min. The 
only factor that appeared to be of relevance was 
noted in patients weighing > 100 kg, as they expe-
rienced a 29% increase in systemic exposure com-
pared to patients weighing between 50 and 100 kg 
(Sanofi-Aventis, 2012).

CLINICAL DEVELOPMENT
Phase I

Several phase I trials of single-agent ziv-afliber-
cept as well as the agent in combination have been 
completed in solid tumors. The first phase I study 

published in 2010 by Lockhart and colleagues in-
cluded 47 patients with a variety of refractory solid 
tumors, 7 of whom had CRC. Ziv-aflibercept was 
administered intravenously in escalating doses 
from 3 to 7 mg/kg every 2 weeks. The dose-limiting 
toxicities in this study were proteinuria and rectal 
ulceration, seen at the dose of 7 mg/kg.

Responses were observed in four patients: 
three with ovarian cancer and one with malignant 
thymoma. Increased toxicity with higher doses, as 
well as VEGF saturation at doses ≥ 2 mg/kg, deter-
mined the recommended dose for phase II and III 
studies to be 4 mg/kg (Lockhart et al., 2010; Gaya 
& Tse, 2012; Wang & Lockhart, 2012). A recent re-
gional combination phase I trial in Japanese pa-
tients with mCRC also determined the ideal dose 
for further studies in this patient population to be 
4 mg/kg (Yoshino et al., 2012). 

Phase II
One multicenter, open-label trial studied 51 

patients with previously treated mCRC who were 
enrolled in one of two cohorts: bevacizumab-na-
ive or treated. The most common adverse reac-
tions were fatigue, hypertension, and proteinuria. 
It was concluded that ziv-aflibercept had modest 
activity against refractory/relapsed mCRC regard-
less of prior therapy with bevacizumab (Tang et 
al., 2008; Wang & Lockhart, 2012).

Another phase II trial (AFFIRM) evaluated 
230 patients with mCRC treated with modified 
FOLFOX6 (leucovorin, fluorouracil [5-FU], and 
oxaliplatin) plus aflibercept vs. control as first-line 
therapy. Preliminary results were disclosed at the 
2011 Deutsche Bank BioFEST conference: The 
progression-free survival (PFS) rate at 1 year was 
similar to that seen in the standard therapy arm 
(He et al., 2012; ClinicalTrials.gov, 2013). 

Phase III
Several phase III trials have studied the 

clinical efficacy of ziv-aflibercept in metastatic 

Use your smartphone to access infor-
mation regarding financial assistance 
for patients taking ziv-aflibercept.
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non–small cell lung cancer (NSCLC) as well as 
pancreatic, prostate, and colorectal cancers. The 
VANILLA study included treatment with gem-
citabine (Gemzar) plus ziv-aflibercept or placebo 
in 546 patients with metastatic pancreatic cancer 
(ClinicalTrials.gov, 2012). The trial was terminat-
ed early because it did not show an improvement 
in overall survival (OS) or PFS.

The VITAL study was conducted in patients 
with locally advanced or metastatic NSCLC re-
ceiving docetaxel plus ziv-aflibercept or docetax-
el plus placebo as second-line treatment (Ramlau 
et al., 2012). This study did not meet its primary 
endpoint of OS; however, it showed activity with 
an improved hazard ratio (HR) of 0.82 (95% con-
fidence interval [CI] = 0.716–0.937) and an objec-
tive response rate (ORR) of 23.3% (vs. 8.9% in the 
placebo arm). 

VENICE randomized 1224 metastatic andro-
gen-independent prostate cancer patients to re-
ceive docetaxel, prednisone, and ziv-aflibercept 
or docetaxel, prednisone, and placebo. The addi-
tion of ziv-aflibercept did not result in improved 
OS. Higher adverse events such as hypertension, 
infections, and hemorrhagic events were recorded 
in the study group (Tannock et al., 2013). 

VELOUR, the phase III trial that led to the 
FDA approval of ziv-aflibercept, compared ziv-
aflibercept plus leucovorin, 5-FU, and irinotecan 
(FOLFIRI) vs. placebo plus FOLFIRI in patients 
previously treated with an oxaliplatin-based regi-
men. The goal of this study was to establish statis-
tically improved overall and median survival with 
the addition of ziv-aflibercept—a VEGF trap and 
the first of its class—when combined with FOL-
FIRI in a second-line treatment setting (Van Cut-
sem et al., 2012).

The VELOUR study was a prospective, ran-
domized, multinational, double-blind parallel 
study that included 1226 patients who had docu-
mented disease progression while on or after com-
pletion of a single prior oxaliplatin-containing regi-
men, regardless of the timing of their progression. 
Patients who had previously been treated with 
irinotecan were excluded, but prior bevacizumab 
use was allowed. Patients were treated with IV 
ziv-aflibercept 4 mg/kg given over 1 hour on day 1 
every 2 weeks, followed immediately by FOLFIRI. 
If patients permanently discontinued either of the 
treatment components due to specific toxicities, 
they were allowed to receive the remaining constit-

uent. Patients in the study arm showed an improved 
median survival of 13.5 vs. 12.06 months (HR,  0.817; 
95% CI = 0.713–0.937; p = .0032).

Progression-free survival was also statistically 
improved: 6.9 vs. 4.7 months (HR, 0.758; 95% CI = 
0.661–0.869; p = .0001). Dose reduction or omission 
occurred in 17% of patients on the ziv-aflibercept/
FOLFIRI arm compared with 5% on the placebo 
arm. Cycle delays of 7 days or more also occurred in 
60% vs 43%, respectively (Van Cutsem et al., 2012).

INDICATION
In August 2012, ziv-aflibercept received FDA 

approval for use in combination with FOLFIRI 
in patients with mCRC that is resistant to or has 
progressed after receiving oxaliplatin-containing 
regimens such as FOLFOX (Sanofi-Aventis, 2012).

DOSING AND ADMINISTRATION
The manufacturer’s recommended dose is 4 

mg/kg given as an IV infusion over 1 hour to be ad-
ministered every 2 weeks. Ziv-aflibercept should be 
administered before any of the chemotherapeutic 
agents contained in the FOLFIRI regimen. Continu-
ation of this therapy must be based on patient toler-
ability; otherwise, therapy should continue until dis-
ease progression is observed (Sanofi-Aventis, 2012). 

SAFETY
There are no contraindications to the use of 

ziv-aflibercept; however, precautions with respect 
to several conditions accompany its endorsement: 
hemorrhage, gastrointestinal perforation, fistula 
formation, compromised wound healing, hyper-
tension, arterial thromboembolic events, and pro-
teinuria, among others (Sanofi-Aventis, 2012).

Adverse reactions from the phase III 
VELOUR study previously discussed were re-
ported. Adverse events led to permanent discon-
tinuation of treatment in 26.8% of the patients in 
the ziv-aflibercept arm and 12.1% of those in the 
control arm. Of these, the most common were as-
thenic conditions, diarrhea, hypertension, neutro-
penia, infections, stomatitis, and venous thrombo-
embolic events (Van Cutsem et al., 2012).

Similarly, the most common adverse reactions 
reported (≥ 20% incidence) were leukopenia, diar-
rhea, proteinuria, stomatitis, fatigue, thrombocyto-
penia, AST/ALT elevation, hypertension, decreased 
appetite and weight loss, epistaxis, abdominal pain, 
dysphonia, and headache. Grade 3/4 adverse events 
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were more commonly reported in the ziv-aflibercept 
arm: 83.5 % vs. 62.5%. Specifically, there was a higher 
incidence of hypertension, hemorrhage, thrombo-
embolic events, proteinuria, weight loss, and dys-
phonia observed in the study arm as compared to the 
control arm (Table 1).

A randomized, placebo-controlled trial of 
6 mg/kg every 3 weeks reported QTc effects. 
Eighty-seven patients with solid tumors were 
evaluated for the cardiac electrophysiologic effect 
of ziv-aflibercept. While no clinically significant 
changes were noted (defined as > 20 ms as cor-
rected for placebo), due to limitations in the study 
design a small increase in QTc cannot be excluded 
at this time (Sanofi-Aventis, 2012).

The potential of immunogenicity was ob-
served in patients with various cancers across 15 
studies, 1.4% (41/2862) of patients tested positive 
for antiproduct antibody (APA) at baseline. The 
incidence of APA development in patients receiv-
ing ziv-aflibercept was 3.1% compared to 1.7% re-
ceiving placebo. Of those who tested positive and 
with sufficient samples for further testing, neu-

tralizing antibodies were detected in 17 of 48 ziv-
aflibercept patients and in 2 of 40 placebo patients 
(Sanofi-Aventis, 2012).

DRUG INTERACTIONS
There have been no specific drug-drug inter-

action studies conducted for aflibercept, although 
population pharmacokinetic analyses found no 
clinically relevant drug-drug interaction between 
ziv-aflibercept and irinotecan or fluorouracil 
(Sanofi-Aventis, 2012).

IMPLICATIONS FOR THE FUTURE
Ziv-aflibercept is the second VEGF pathway tar-

geted agent approved for the treatment of mCRC. 
Although this agent was studied in numerous solid 
organ malignancies, its efficacy has only been con-
firmed in patients with mCRC. The VELOUR study 
showed that the addition of ziv-aflibercept to FOL-
FIRI in the second-line setting resulted in improved 
OS and PFS. This benefit does not come without add-
ed toxicity; therefore, it is important to identify pa-
tients who would benefit most from this VEGF trap.

Table 1. The VELOUR Study: Adverse Reactions in ≥ 20% of Patients With Metastatic Colorectal Cancer

Adverse event

Ziv-aflibercept/FOLFIRI
(n = 611)

Placebo/FOLFIRI
(n = 605)

All grades Grades 3/4 All grades Grades 3/4

Leukopenia 78% 16% 72% 12%

Diarrhea 69% 19% 57%  8%

Neutropenia 67% 37% 57% 30%

Proteinuria 62%  8% 41%  1%

AST elevation 62%  3% 54%  2%

ALT elevation 50%  3% 39%  2%

Stomatitis 50% 13% 33%  5%

Fatigue 48% 13% 39%  8%

Thrombocytopenia 48%  3% 35%  2%

Hypertension 41% 19% 11%  1.5%

Decreased weight 32%  3% 14%  0.8%

Decreased appetite 32%  3% 24%  2%

Epistaxis 28%  0.2%  7%  0%

Abdominal pain 27%  4% 24%  2%

Dysphonia 25%  0.5%  3%  0% 

Headache 22%  2%  9% 0.3%

Note. FOLFIRI = leucovorin, fluorouracil, and irinotecan; AST = aspartate aminotransferase; ALT = alanine 
aminotransferase.
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As new therapies are introduced, it is impera-
tive to understand their potential role in clinical 
practice. Several questions remain unanswered. 
For example, some suggest that since ziv-afliber-
cept has a much higher VEGF binding affinity than 
bevacizumab, it could possibly be efficacious in the 
adjuvant setting. However, bevacizumab has failed 
to show benefits when combined with chemother-
apy as adjuvant therapy in two large, randomized 
phase III trials (Wang & Lockhart, 2012). 

Another area to be explored is the combina-
tion of VEGF and EGFR blockade, where again, 
the anti-VEGF agent bevacizumab has produced 
disappointing clinical data.

It should be pointed out that in terms of its cur-
rent approval indication, controversy surrounded 
ziv-aflibercept regarding its high cost ($11,000/mo) 
a few months after its approval, as similar results 
have been obtained with bevacizumab (~1.4-month 
increase in OS) for half the cost (Bach, Saltz, & 
Wittes, 2012). In an unprecedented move, Sanofi-
Aventis acknowledged market resistance and stat-
ed it would not lower the price, but it would offer 
discounts of up to 50% (Pollack, 2012).

CONCLUSION
The treatment of mCRC remains a challenge for 

today’s clinicians. With the addition of promising 
new drugs to standard chemotherapy, we have been 
able to prolong the lives of patients with mCRC. 
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