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Aflibercept in the treatment of patients with
metastatic colorectal cancer: latest findings

and interpretations

Patricia A. Tang and Malcom J. Moore

Abstract: Inhibition of angiogenesis is an established adjunct in the treatment of metastatic
colorectal cancer. Bevacizumab, a monoclonal antibody that binds to vascular endothelial
growth factor (VEGF) A, improves clinical outcomes when added to standard chemotherapy for
metastatic colorectal cancer. Unfortunately, the development of resistance is inevitable, and
novel therapeutic strategies are needed. Aflibercept is an intravenously administered fusion
protein of the human vascular endothelial growth factor receptor 1 (VEGFR1) and VEGFR2
extracellular domains. This antiangiogenic agent binds to VEGF A, VEGF B, and placental
growth factor 1 (PIGF1) and PIGF2 with high affinity and inhibits downstream signaling.
Common side effects of single agent aflibercept are similar to other antiangiogenic drugs and
include hypertension, proteinuria, fatigue, and headache. Recent clinical data regarding the
efficacy of aflibercept with standard chemotherapy for metastatic colorectal cancer, associated
adverse events, and future areas of research are reviewed.
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Introduction

Globally, colorectal cancer is the third most com-
mon cancer diagnosed in men, the second most
commonly diagnosed cancer in women, and was
estimated to lead to 608,000 deaths in 2008
[Ferlay ez al. 2010]. The majority of patients with
metastatic colorectal cancer (MCRC) cannot be
cured. The goals of therapy are palliative and focus
on prolongation of survival and maintenance of
quality of life. Standard cytotoxic chemotherapy
for MCRC includes fluoropyrimidine [capecit-
abine or 5-fluorouracil (5FU)] in combination
with irinotecan or oxaliplatin [Tournigand ez al.
2004; Sanoff er al. 2008]. Targeted therapies, that
block specific molecules involved with tumor pro-
gression, have increased treatment options for
MCRC. The regulation of angiogenesis is critical
for tumor growth and metastasis [Folkman, 1995].
The advent of antiangiogenic therapy was a major
breakthrough in the treatment of MCRC. This
review discusses the importance of angiogenesis in
MCRC and the clinical efficacy of aflibercept (ziv-
aflibercept, Zaltrap, Regeneron Pharmaceuticals,

Tarrytown, NY, USA and Sanofi-Aventis
Oncology, Bridgewater, NJ, USA), a novel antian-
giogenic drug in this devastating disease.

Inhibition of angiogenesis in metastatic

colorectal cancer

Physiologic angiogenesis is tightly regulated
[Folkman, 2003]. Signaling pathways that have
been implicated in the regulation of angiogenesis
include vascular endothelial growth factor
(VEGF), angiopoietins, Notch, and integrins
(reviewed by Carmeliet) [Carmeliet, 2005]. The
VEGF family consists of five growth factors:
VEGF A, VEGF B, VEGF C,VEGF D, and pla-
cental growth factor (PIGF) [Ellis and Hicklin,
2008]. A cascade of events occur when these
growth factors bind to the cell surface tyrosine
kinase receptors VEGFR1, VEGFR2, or
VEGFR3. VEGF A is the most proangiogenic
factor, and binding to VEGFR1 or VEGFR2
leads to endothelial cell proliferation, survival,
migration, invasion, recruitment of bone marrow
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Figure 1. A schema depicting the mechanisms of action of bevacizumab, aflibercept, and regorafenib in relation
to an endothelial cell with VEGFR1 and VEGFR2. Note, regorafenib is a multitargeted receptor tyrosine kinase
that also inhibits other receptors such as VEGFR3, TIE2, fibroblast growth factor receptor, and others that are
not shown here. (Illustration courtesy of Alessandro Baliani. Copyright © 2013. Adapted with permission from
Van Cutsem et al. [2012].] VEGF, vascular endothelial growth factor; VEGFR1, vascular endothelial growth factor
receptor 1; VEGFR2, vascular endothelial growth factor receptor 2; PIGF, placental growth factor.

progenitor cells, and increased vascular permea-
bility and vasodilation [Ellis and Hicklin, 2008].
Other VEGFs, such as VEGF B and PIGF, also
contribute to tumor-induced angiogenesis
(reviewed by Fischer and colleagues) [Fischer
et al. 2008]. PIGF binds to VEGFRI1 and has four
isoforms, PIGF1, PIGF2, PIGF3, and PIGF4
[Yang ez al. 2003]. The resultant peritumoral vas-
culature has functional and structural abnormali-
ties, including the absence of normal vascular

hierarchy and functional lymphatic vessels, leak-
ing of the endothelial layer, abnormal blood flow,
and increased interstitial pressure [Ellis and
Hicklin, 2008; Fukumura ez al. 2010].

VEGF inhibition with antiangiogenic drugs is
postulated to block new blood vessel formation,
decrease vascular permeability, and lead to capil-
lary regression [Ellis and Hicklin, 2008;
O’Connor et al. 2009]. Antiangiogenic drugs
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may also restore dendritic cell function and sen-
sitize tumor endothelial cells to chemotherapy.
In addition, delivery of chemotherapy is
improved through normalization of the vascula-
ture and decreased interstitial pressure [Jain,
2005; Jain ez al. 2009]. Bevacizumab, a monoclo-
nal antibody that binds to VEGF A, changed the
landscape of MCRC therapy (Figure 1). The
addition of bevacizumab significantly improved
outcomes when added to standard chemother-
apy for MCRC in the first- and second-line set-
ting [Hurwitz ez al. 2004, 2005; Kabbinavar ez al.
2005; Giantonio et al. 2007; Saltz et al. 2008;
Arnold ez al. 2012] (Table 1).

Inhibition of angiogenesis is associated with spe-
cific side effects. Hypertension is a class effect of
antiangiogenic drugs which is manageable with
standard antihypertensive medication. Grade
3/4 hypertension was observed in 4-16% of
patients treated with chemotherapy and bevaci-
zumab in the pivotal trials [Hurwitz ez al. 2004,
2005; Kabbinavar er al. 2005; Giantonio et al.
2007; Saltz ez al. 2008; Arnold ez al. 2012]. Other
severe adverse events associated with antiangio-
genic therapies such as bevacizumab occur less
frequently (<5%) and include proteinuria (grade
3/4 2%) [Wu er al. 2010], bleeding, delayed
wound healing, gastrointestinal perforation,
arterial thromboembolic events [Hurwitz ez al
2004, 2005; Kabbinavar et al. 2005; Giantonio
et al. 2007; Saltz et al. 2008; Arnold ez al. 2012].
Meta-analyses have demonstrated conflicting
results regarding the association between bevaci-
zumab and venous thromboembolic disease
[Scappaticci er al. 2007; Nalluri ez al. 2008;
Hurwitz et al. 2011].

Resistance to antiangiogenic therapy

It is difficult to ascertain the relative contribu-
tions of resistance to cytotoxic chemotherapy ver-
sus antiangiogenic therapy to clinical progression
that inevitably arises for patients. With respect to
inhibition of angiogenesis, two resistance mecha-
nisms have been proposed: intrinsic and adaptive.
Intrinsic resistance exists in tumors prior to treat-
ment, while adaptive resistance arises after an ini-
tial response to antiangiogenic therapy [Bergers
and Hanahan, 2008]. For both modalities, resist-
ance may develop via signaling through alternate
compensatory pathways, vascular remodeling,
protection of tumor vasculature through recruit-
ment of proangiogenic cells or increasing pericyte
coverage, increased ability to coopt normal

vasculature, and increased metastatic spread
[Bergers and Hanahan, 2008].

PIGF promotes angiogenesis and tumor growth
[Fischer et al. 2007;Yao et al. 2011]. PIGF may
mediate resistance to antiangiogenic drugs by
promoting proangiogenic signals when VEGF A
is blocked [Fischer ez al. 2007;Yao et al. 2011].
Treatment with bevacizumab and combination
chemotherapy is associated with an increase in
circulating PIGF levels in patients with MCRC
[Willett ez al. 2009; Kopetz ez al. 2010; Loupakis
et al. 2011]. PIGF1 and 2 immunohistochemi-
cal expression was associated with poor progno-
sis in a series of colorectal tumors (z = 94)
[Escudero-Esparza et al. 2009]. PIGF blockade
inhibited tumor growth in a human colon can-
cer xenograft model, demonstrating the thera-
peutic potential of PIGF inhibition [Fischer
et al. 2007].

Aflibercept

Aflibercept was designed to block angiogenesis by
binding VEGF A,VEGF B, PIGF1 and PIGF2 and
prevent downstream biological effects (Figure 1)
[Holash ez al. 2002]. It is a recombinant human-
ized fusion protein which consists of the extracel-
lular domains of VEGFR1 and VEGFR?2 with the
constant region (Fc) of human immunoglobin
G1 [Holash et al. 2002]. Aflibercept has a higher
VEGTF A binding affinity than bevacizumab [dis-
sociation constant (Kd) of ~1 pM] [Holash ez al.
2002] compared with around 500 pM for bevaci-
zumab [Ferrara er al. 2004]. The ability of afliber-
cept to bind to VEGF B and PIGF in addition to
the high binding affinity for VEGF A may provide
more complete blockade of angiogenesis.
Preclinically, treatment with aflibercept resulted
in tumor growth inhibition in a variety of xeno-
graft models, including human colon cancer
[Holash ez al. 2002; Kim ez al. 2002; Rudge et al.
2007; Gomez-Manzano et al. 2008]. Aflibercept
demonstrated synergistic activity with 5FU and
with irinotecan in animal models [Chiron ez al.
2007]. The level of VEGF-bound aflibercept is
considered to reflect the amount of endogenous
VEGF in normal and tumor tissues. Free afliber-
cept can bind to newly secreted VEGF. In vivo,
the biological effects of aflibercept correlated with
the presence of free aflibercept in excess of
VEGF-bound aflibercept [Rudge et al. 2007].
The efficacy and safety of aflibercept alone or in
combination with chemotherapy has been
explored in several clinical trials.
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Early phase clinical studies with aflibercept

Phase |

A phase I study evaluated intravenous aflibercept
at doses ranging from 0.3 to 7.0 mg/kg intrave-
nously every 2 weeks in 47 patients with advanced
solid tumors [Lockhart ez al. 2010]. Dose-limiting
toxicities included rectal ulceration and proteinu-
ria at the 7 mg/kg dose. Common drug-related
toxicities included dysphonia and hypertension
[Lockhart ez al. 2010]. Three objective responses
were observed. Aflibercept is cleared through
binding to VEGF and subsequent proteolysis of
the inactive VEGF-aflibercept complex through
Fc or pinocytotic mediated pathways [Dixon ez al.
2009]. Aflibercept has a dose-dependent half life
which ranges from 1.7 days at 0.3 mg/kg to 5.1
days at 7.0 mg/kg, with steady-state concentra-
tions not reached until at least 3 weeks after the
first dose [Lockhart ez al. 2010]. Despite the rela-
tively short half life, free aflibercept levels were in
excess of VEGF-bound aflibercept at aflibercept
doses of at least 2 mg/kg or greater (Table 2)
[Lockhart ez al. 2010]. This was interpreted to
represent binding of all available VEGF.

The utility of dynamic contrast-enhanced mag-
netic resonance imaging (DCE-MRI) as a sur-
rogate for tumor vasculature has been evaluated
as a predictive biomarker for antiangiogenic
drugs, including aflibercept. DCE-MRI param-
eters include area under the contrast agent time
curve 90 s post injection (AUC90) and volume
transfer constant (Kwans ), These are mixed
measures influenced by blood flow, vessel sur-
face area and permeability [Tofts ez al. 1999].
DCE-MRI was assessed at baseline, at 24 h,
and at 8 weeks to evaluate the impact of afliber-
cept on tumor vascularity and permeability
(n = 22) [Lockhart ez al. 2010]. Kwans was sig-
nificantly decreased in patients treated at all
aflibercept doses except for the 0.3 mg/kg and
4 mg/kg cohorts. There was a statistically sig-
nificant increase in AUC90 between baseline
and 24 h in the 0.3 mg and 7 mg/kg dose levels.
This change was suggestive of an increase in
tumor perfusion with aflibercept treatment,
although it did not appear to be dose related.
Ktrans Jevels were not significantly different
between patients with objective responses
(n = 3) and nonresponders, however the num-
ber of evaluable patients was small. The recom-
mended phase II dose (RPTD) of aflibercept
was 4 mg/kg every 2 weeks based on pharma-
cokinetics and drug-related toxicities.

Two phase I trials evaluated escalating doses of
aflibercept in combination with infusional 5FU,
folinic acid, and irinotecan (FOLFIRI) [Van
Cutsem et al. 2011;Yoshino ez al. 2012] (Table 2).
The primary endpoint was to determine the RPTD
of aflibercept in combination with FOLFIRI. Van
Cutsem and colleagues evaluated the regimen in
patients with advanced solid tumors [Van Cutsem
et al. 2011]; the response rate (RR) was 26% across
all aflibercept dose levels. The RR was lower (8.3%
at 4 mg/kg of aflibercept) in the parallel trial of
Japanese patients with MCRC who had received at
least one prior chemotherapy regimen [Yoshino
et al. 2012]. The most common severe (grade 3/4)
adverse events were neutropenia, hypertension, and
diarrhea. The pharmacokinetic profile of afliber-
cept was not affected by concurrent therapy with
FOLFIRI [Lockhart ez al. 2010; Van Cutsem et al.
2011;Yoshino ez al. 2012]. At doses of 4 mg/kg, free
aflibercept was present in excess of VEGF-bound
aflibercept for most patients, suggesting maximal
VEGTF blockade [Van Cutsem ez al. 2011;Yoshino
et al. 2012]. The recommended phase II dose of
aflibercept was 4 mg/kg in combination with
FOLFIRI based on the pharmacokinetics, safety
profile, and preliminary evidence of antitumor
activity [Van Cutsem ez al. 2011; Yoshino ez al.
2012].

This regimen was further evaluated in an expan-
sion cohort that randomized patients with
advanced solid tumors to FOLFIRI plus placebo
or aflibercept at 4 mg/kg for cycle 1, followed by
aflibercept plus FOLFIRI for all subsequent
cycles (Table 2) [Khayat ez al. 2013].The adverse
event profile was similar to the prior aflibercept
trials [Lockhart er al. 2010; Van Cutsem ez al.
2011; Yoshino er al. 2012]. Four patients had a
partial response (15%), and 54% had stable dis-
ease for over 3 months [Khayat ez al. 2013]. DCE-
MRI was performed at baseline, cycle 1, and cycle
2. No significant perfusion changes were observed
in response to aflibercept and there were no pre-
dictive baseline imaging characteristics (z = 21).
This is in contrast to the DCE-MRI changes
noted in the phase I aflibercept monotherapy
study [Lockhart er al. 2010]. The validity and
methodology of DCE-MRI as a biomarker for
assessing antiangiogenic therapy is the subject of
ongoing research. Preliminary data suggest that
DCE-MRI is not a promising predictive marker
for clinical benefit from aflibercept.

A phase I study evaluated infusional 5FU, folinic
acid, and oxaliplatin (FOLFOX) with escalating
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(Continued)

Table 2.
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doses of aflibercept (2-5 mg/kg) in patients with
advanced solid tumors (Table 2) [Limentani ez al.
2008]. No dose-limiting toxicities were observed
and the pharmacokinetic profile of aflibercept
was not affected by FOLFOX chemotherapy.
Objective responses were observed in 16% of
patients. The recommended phase II dose of
aflibercept was 4 mg/kg in combination with
FOLFOX. Given the efficacy of bevacizumab in
MCRUC, and the potent blockade of angiogenesis
induced by aflibercept, it was evaluated in MCRC.

Phase Il

The Princess Margaret Phase II Consortium con-
ducted a phase II study of aflibercept in patients
with MCRC who had received at least one
prior systemic therapy (Table 2) [Tang er al.
2012]. Patients were enrolled in two cohorts:
bevacizumab naive (z = 24) and prior bevaci-
zumab (7 = 51). The majority of patients (84%)
had received prior irinotecan- and oxaliplatin-
based chemotherapy and 46.7% of patients had
been treated with an epidermal growth factor
receptor (EGFR) inhibitor. The primary end-
point was a composite of RR and progression-free
survival (PFS) at 16 weeks. In the bevacizumab-
naive cohort, no responses were observed, 20.8%
of patients were progression free at 16 weeks, and
median PFS was 2.0 months (Table 2). In the prior
bevacizumab cohort, one patient had an objective
response (2.0%), PFS at 16 weeks was 12.0%, and
median PFS was 2.4 months. The most common
serious adverse events were consistent with prior
studies of aflibercept and antiangiogenic therapy in
general: hypertension (13.5%) and proteinuria
(6.8%). Pain attributed to aflibercept therapy (any
grade, including the combination of headache,
arthralgia, and myalgia) was observed in 74.3% of
patients. Treatment-related toxicity led to dose
reductions (16.2%), dose delays (27.0%), and dis-
continuation of treatment (13.5%).

There was no association between time interval
from the last dose of bevacizumab or best response
to prior treatment in the prior bevacizumab
cohort. The mean ratio of free to VEGF-bound
aflibercept was 1.82 (coefficient of variance 72%),
and the ratio was below one in 18% of patients
(8/44). There was no relationship between free to
VEGF-bound aflibercept ratio and clinical bene-
fit. One patient developed antiaflibercept anti-
bodies but did not have any clinical sequelae. In
contrast, antiaflibercept antibodies were not
detected in the preceding phase I trials of

aflibercept [Van Cutsem ez al. 2011;Yoshino ez al.
2012; Lockhart er al. 2010; Khayat ez al. 2013].
Hypertension is a mechanism-related adverse
event associated with antiangiogenic therapies.
No association was found between clinical benefit
(RR or 16-week PFS) from aflibercept and the
presence of hypertension. This is consistent with
results from an analysis of seven phase III trials of
bevacizumab; early treatment-related blood pres-
sure increases did not predict for benefit from
bevacizumab based on PFS or overall survival
[Hurwitz ez al. 2013].

Single agent aflibercept had limited activity in pre-
treated patients with MCRC. Similarly, monother-
apy with bevacizumab after progression on
irinotecan-based chemotherapy resulted in a PFS of
2.7 months and a RR of 3.3% [Giantonio et al.
2007]. Given the mechanism of action, randomized
trials evaluating the efficacy of aflibercept with com-
bination chemotherapy in MCRC were conducted
[Pericay et al. 2012;Van Cutsem et al. 2012].

The AFFIRM trial (Study of Aflibercept and
Modified FOLFOXG6 as First-Line Treatment in
Patients with Metastatic Colorectal Cancer) ran-
domized 236 chemotherapy-naive patients with
MCRC to FOLFOX with or without aflibercept
given at 4 mg/kg [ClinicalTrials.gov identifier:
NCT00851084] (Table 2) [Pericay er al. 2012].
The primary endpoint of this noncomparative
phase II trial was PFS at 12 months, as assessed by
an independent review committee (IRC). Patients
were treated until progression and preliminary
data were presented in abstract form. Baseline
patient characteristics were similar in both arms,
61% of patients were of good performance status
[Eastern Cooperative Oncology Group (ECOG)
status 0-1], and 97.5% had prior adjuvant ther-
apy. PFS at 12 months was similar in both arms
(FOLFOX aflibercept 25.8% wersus FOLFOX
21.2%). RR was also similar in both arms
(FOLFOX aflibercept 49.1% wersus FOLFOX
45.9%). Serious adverse events that were more
common in the aflibercept arm included hyper-
tension, proteinuria, neutropenia, diarrhea, and
infections. Biomarker data were collected and the
final results have not yet been published.

AFFIRM was a noncomparative phase II trial
conducted in chemotherapy-naive patients with
MCRC. The efficacy of bevacizumab was evalu-
ated in the same patient population in a phase III
placebo-controlled trial in combination with
oxaliplatin and a fluoropyrimidine in MCRC
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Table 3. Results of VELOUR, the phase lll clinical trial of aflibercept in metastatic colorectal cancer [Van

Cutsem et al. 2012].

Result FOLFIRI Aflibercept FOLFIRI Placebo  Hazard ratio (95% p value
4 mg/kg (n=612) (n=614) confidence interval)

Response rate 19.8% 11.1% N/A <0.001

Progression-free survival ~ 6.90 months (median) 4.67 months 0.758 <0.0001
(median) (0.661-0.869)

Overall survival 13.50 12.06 0.817 0.0032

(0.713-0.937)

Reason for discontinuing N/A N/A

treatment

Disease progression 49.8% 71.2%

Adverse events 26.6% 12.1%

Patient request 13.6% 7.3%

FOLFIRI, irinotecan, infusional 5-fluorouracil, leucovorin; N/A,

not applicable; NR, not reported.

(N016966, Table 1) [Saltz et al. 2008]. Median
PFS as assessed by the investigators, the primary
endpoint, improved from 8.0 months in the pla-
cebo group to 9.4 months with bevacizumab
[hazard ratio (HR) 0.83; 97.5% confidence inter-
val (CI) 0.72-0.95, p = 0.0023]. Bevacizumab did
not demonstrate a statistically significant improve-
ment in RRs as assessed by the IRC (38% bevaci-
zumab, 38% placebo) or overall survival compared
with patients treated with placebo [Saltz ez al
2008]. The optimal antiangiogenic partner for
FOLFOX appears to be bevacizumab.

Evaluation of aflibercept in the phase lll

setting

The pivotal phase III VELOUR trial (VEGF-
trap with irinotecan in colorectal cancer after
failure of oxaliplatin) [ClinicalTrials.gov identi-
fier: NCTO00561470] established the role of
aflibercept in MCRC [Van Cutsem ez al. 2012].
The VELOUR trial randomized 1226 patients to
FOLFIRI plus placebo or FOLFIRI plus afliber-
cept (Table 3). Inclusion criteria included the
presence of MCRC not amenable to potentially
curative treatment, an ECOG performance sta-
tus of 0—2, no prior therapy with irinotecan, and
progression while on or after completion of a
prior oxaliplatin-containing regimen. Patients
who relapsed within 6 months of finishing an
oxaliplatin-based adjuvant therapy were eligible,
however this comprised only 10% of the total
patients accrued, and the remaining patients had
received prior chemotherapy for metastatic dis-
ease. Approximately 98% of patients had good
performance status (ECOG 0-1) and 30% had

received prior treatment with bevacizumab. The
addition of aflibercept to FOLFIRI significantly
improved overall survival compared with pla-
cebo plus FOLFIRI (median survival 13.50 ver-
sus 12.06 months, HR 0.817; 95.34% CI
0.713-0.937; p = 0.0032). RR, assessed by an
IRC, was significantly improved with the addi-
tion of aflibercept to FOLFIRI compared with
placebo plus FOLFIRI (19.8% wversus 11.1%, p <
0.001).The rate of surgery for metastatic disease
was similar in both arms (2.0% aflibercept versus
1.6% placebo). A higher incidence of grade 3
and 4 adverse events associated with antiangio-
genic therapy were observed in the aflibercept
arm compared with placebo (Table 4), particu-
larly hypertension (19.3% versus 1.5%). A higher
incidence of grade 3 and 4 adverse events associ-
ated with chemotherapy was observed in the
aflibercept arm, including diarrhea (19.3% wver-
sus 7.8%), asthenia, stomatitis, infections, neu-
tropenia, and complicated neutropenia. The
most common reason for discontinuing chemo-
therapy was progression in both arms. More
patients stopped chemotherapy due to adverse
events in the aflibercept arm (26.6%) compared
with placebo (12.1%). A prespecified subgroup
analysis of the VELOUR trial revealed no signifi-
cant interaction between prior bevacizumab
therapy (bevacizumab-naive patients overall sur-
vival HR 0.788, 95.34% CI 0.669-0.927 versus
prior bevacizumab exposure overall survival HR
0.862, 95.34% CI 0.673-1.104; p value for
interaction = 0.5668).This was a subgroup anal-
ysis based on a prespecified stratification factor
and not the primary endpoint of the trial.
Aflibercept is the first biological therapy added

http://tag.sagepub.com
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Table 4. Summary of the most frequent adverse events (incidence >20% or >5% higher in aflibercept arm) in AFFIRM trial [Van
Cutsem et al. 2012]. Other anti-VEGF-associated events, and most frequent biologic abnormalities: safety population.

to FOLFIRI to demonstrate a statistically sig-
nificant improvement in survival after prior
treatment with an oxaliplatin-based regimen.

The role of aflibercept in context
The benefit of aflibercept is consistent with trials
evaluating the efficacy of bevacizumab in the

second-line setting [Giantonio et al. 2007; Arnold
et al. 2012] (Table 1). In ECOG 3200, the addition
of bevacizumab to FOLFOX after progression on
irinotecan-based chemotherapy  significantly
improved outcomes in patients without prior antian-
giogenic therapy [Giantonio et al. 2007]. The
MIL18147 trial demonstrated the utility of continu-
ing bevacizumab in combination with standard

http://tag.sagepub.com
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second-line combination chemotherapy in patients
who had received bevacizumab with their first-line
combination chemotherapy regimen (Table 1)
[Arnold ez al. 2012]. Patients who had progressed
within 3 months of stopping first-line chemotherapy
with bevacizumab were randomized to continuing
bevacizumab or not in conjunction with fluoropy-
rimidine-based combination chemotherapy. Choice
of oxaliplatin or irinotecan for second-line treat-
ment was dependent on the regimen used in first-
line treatment and was included as a stratification
variable. The study met its primary endpoint and
demonstrated a statistically significant improvement
in median survival with the addition of bevacizumab
to second-line chemotherapy (11.2 months of beva-
cizumab plus chemotherapy and 9.8 months of
chemotherapy, HR = 0.81, 95% CI 0.69-0.94;
unstratified log-rank test, p = 0.0062) (Table 1).
However, the RR was not significantly different
(5.4% for bevacizumab plus chemotherapy wersus
3.9% for chemotherapy, unstratified 2 test,
p = 0.3113). Serious (grade 3-5) adverse events
were higher in patients with the addition of bevaci-
zumab compared with chemotherapy alone (64%
bevacizumab plus chemotherapy versus 58% chem-
otherapy). More patients stopped treatment due to
adverse events in the bevacizumab arm (16% beva-
cizumab versus 9%), however the absolute differ-
ence was small. There was a small increase in grade
3-5 adverse events related to antiangiogenic drugs
(12% bevacizumab versus 6%). This pattern was
consistent with previously reported toxicities in
phase III trials evaluating bevacizumab and sug-
gested that these events were not increased when
continuing bevacizumab in the second-line setting.

The inclusion criteria in the ML18147 and
VELOUR trial were different which may have
influenced the outcomes [Arnold ez al. 2012;Van
Cutsem ez al. 2012]. The VELOUR trial included
patients regardless of the timing of progression on
oxaliplatin-based therapy [Van Cutsem er al
2012]. In contrast, the ML18147 trial excluded
patients who received less than 3 months of beva-
cizumab in the first-line setting or who developed
progression more than 3 months after the last
treatment with bevacizumab [Arnold ez al. 2012].
In both trials, the majority of patients had good
performance status (over 95% were ECOG 0-1)
[Arnold er al. 2012; Van Cutsem et al. 2012], and
thus may not be reflective of the general patient
population. While it appears that the toxicity pro-
file of bevacizumab is better than aflibercept in the
second-line setting, with similar efficacy, a defini-
tive comparison would require a phase III trial

with quality of life endpoints and a prospective cost
utility analysis. RRs were not significantly increased
with the addition of bevacizumab to second-line
chemotherapy in MCRC [Arnold ez al. 2012].The
increase in RR with FOLFIRI plus aflibercept
compared with FOLFIRI (19.8% aflibercept ver-
sus 11.1% placebo, p < 0.001) [Van Cutsem ez al.
2012] is interesting and metastectomy rates should
be evaluated in any prospective trials that compare
bevacizumab with aflibercept plus chemotherapy.

A cost-effectiveness analysis compared treatment
with bevacizumab with aflibercept in combination
with chemotherapy as second-line treatment in
patients with MCRC who had progressed on first-
line treatment containing bevacizumab [Morlock
et al. 2013]. An adjusted indirect comparison was
conducted using the Bucher method using hazard
ratios from ML18147 [Arnold et al. 2012] and
VELOUR [Van Cutsem ez al. 2012]. Direct patient
costs were estimated from wholesale drug acquisi-
tion costs and costs of treating toxicities were based
on Medicare. Results were presented in abstract
form and suggested that the addition of bevaci-
zumab was less costly compared with aflibercept
plus chemotherapy (US $39,104 less per treated
patient). Similar effectiveness was noted between
bevacizumab compared with aflibercept plus
chemotherapy [median overall survival 13.3 versus
12.5 months; HR 0.94 (95% CI 0.70-1.26); 0.498
versus 0.479 quality adjusted life years]. Adverse
event rates and costs were higher for aflibercept
compared with bevacizumab plus chemotherapy,
which were the primary drivers of the model. The
exact assumptions used for generating the model
are not available due to the preliminary nature of
the results. The initial cost of aflibercept was priced
to compete with the higher dose of bevacizumab
(10 mg/kg every 2 weeks) used in the ECOG 3200
trial. Most oncologists use bevacizumab at 5 mg/kg
every 2 weeks, similar to what was used in the
MI1.18147 trial [Arnold ez al. 2012]. Sanofi-Aventis
subsequently decreased the price of aflibercept by
50% [Ciombor et al. 2013]. Thus the validity of
this economic analysis is unclear. The health tech-
nology appraisal from the National Institute for
Health and Clinical Excellence for aflibercept in
combination with FOLFIRI should provide an
unbiased and current analysis on this topic.

Based on the results from the VELOUR trial, the
US Food and Drug Administration and the
European Commission approved aflibercept for
use in combination with FOLFIRI for patients
with MCRC whose condition has progressed
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following treatment with an oxaliplatin-containing
regimen. The clinical activity of aflibercept in the
subset of patients who have received prior bevaci-
zumab with oxaliplatin-based chemotherapy, in
addition to the MLL18147 trial results, suggest that
ongoing inhibition of angiogenesis provides clini-
cal benefit [Arnold er al. 2012; Van Cutsem ez al.
2012]. Another promising antiangiogenic agent is
regorafenib, an oral tyrosine kinase inhibitor of
VEGFR1, VEGFR2, VEGFR3, fibroblast growth
factor receptor, platelet-derived growth factor
receptor 3, TIE2, KIT, RET, RAF1, and BRAF
(Figure 1). Regorafenib was evaluated in patients
with MCRC who had already been treated with
fluoropyrimidine, oxaliplatin, and irinotecan-
based chemotherapy, antiangiogenic therapy, and
if applicable, EGFR inhibitors. Treatment with
regorafenib significantly improved overall survival
compared with placebo (median survival 6.4
months for regorafenib versus 5.0 months for pla-
cebo, HR 0.77, 95% CI 0.64-0.94, one sided p =
0.0052) in the phase III CORRECT trial
(Regorafenib Monotherapy for Previously Treated
Metastatic Colorectal Cancer) [Grothey er al.
2013]. Quality of life was similar between the two
arms. The optimal sequencing of antiangiogenic
agents in MCRC is unclear and warrants further
study. Until data from randomized controlled tri-
als are available, oncologists will make treatment
recommendations by balancing patient prefer-
ences with cost-effectiveness data and the toxicity
profiles of these antiangiogenic agents. In primar-
ily publically funded healthcare systems such as
Canada, cost-effectiveness data will play a major
role in the decision to reimburse regorafenib,
aflibercept, and bevacizumab after progression on
first-line chemotherapy with bevacizumab. The
best strategy is even more uncertain for patients
with Kras wild-type tumors, who also derive ben-
efit from EGFR inhibitors.

Unfortunately, there are no validated biomarkers
for benefit from antiangiogenic drugs (reviewed by
Lambrechts and colleagues) [Lambrechts er al.
2013]. Circulating levels of short VEGF A isoforms,
expression of neuropilin 1 and VEGFRI in tumors
or plasma, and genetic variants in VEGF A or its
receptors are promising candidates for predicting
benefit from bevacizumab and should be evaluated
in patients treated with aflibercept. Biomarkers to
identify patients who benefit from antiangiogenic
therapy are desperately needed, especially in view
of the small incremental improvements in clinical
outcomes observed in these recent trials.

Further trials with aflibercept are planned or
ongoing in MCRC. A phase III trial conducted in
Asia will evaluate the efficacy of aflibercept com-
pared with placebo with FOLFIRI in patients
whose condition has progressed on oxaliplatin-
containing chemotherapy [ClinicalTrials.gov
identifier: NCT01661270]. Aflibercept is also
being assessed in combination with capecitabine
in a phase I/II study [ClinicalTrials.gov identifier:
NCTO01661972]. A multicentre, open-label trial
of FOLFIRI plus aflibercept will assess safety and
quality of life of this regimen [ClinicalTrials.gov
identifier: NCT01571284]. Quality of life evalua-
tion from this trial will provide invaluable context
to the results of the VELOUR trial [Van Cutsem
et al. 2012], but will be challenging to interpret in
the absence of a control arm.

Conclusion

The combination of aflibercept with FOLFIRI
leads to a statistically significant improvement in
overall survival, PFS and RR in patients with
MCRC previously treated with an oxaliplatin-
based regimen [Van Cutsem et al 2012].
Biomarker evaluation from archival tumor speci-
mens from patients who participated in the
VELOUR study is planned [ClinicalTrials.gov iden-
tifier: NCTO01754272] and the results are eagerly
anticipated. Aflibercept is a valuable new treatment
option in combination with FOLFIRI for patients
with MCRC. Given the expanding armentarium
of agents for MCRGC, future trials should include
cost utility, quality of life, and biomarker analyses
to guide treatment decision making.
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