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Abstract Angiogenesis is a complex biologic process
critical to growth and proliferation of colorectal cancer.
The safety and efficacy of various anti-angiogenic
agents have been investigated in many treatment set-
tings. Bevacizumab, an anti-vascular endothelial growth
factor agent, has efficacy in both the first-line setting
and beyond progression in metastatic colorectal cancer.
The decoy vascular endothelial growth factor receptor
aflibercept has been approved in combination with 5-
fluorouracil-, leucovorin-, and irinotecan-based chemo-
therapy in metastatic colorectal cancer patients whose
disease has progressed on a prior oxaliplatin-based che-
motherapy regimen. The multikinase inhibitor regorafe-
nib is modestly effective in the refractory colorectal
cancer set t ing but confers signif icant toxici ty.
Ramucirumab, an anti-vascular endothelial growth factor
receptor 2 molecule, has efficacy in combination with 5-

fluorouracil, leucovorin, and irinotecan after disease pro-
gression on a first-line bevacizumab-, oxaliplatin-, and
fluoropyrimidine-containing regimen. Questions regard-
ing optimal treatment setting, predictive biomarkers of
response, and cost-effectiveness of these anti-angiogenic
agents and others are as yet unanswered.
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Abbreviations
5-FU 5-Fluorouracil
ALK Activin-receptor like kinase-1
BEAMing Beads, emulsions, amplification and

magnetic
CI Confidence interval
CRC Colorectal cancer
DCE-MRI Dynamic-contrast-enhanced magnetic reso-

nance imaging
DCR Disease control rate
DFS Disease-free survival
DLT Dose-limiting toxicity
DVT Deep venous thrombosis
EGFR Epidermal growth factor receptor
FGFR Fibroblast growth factor receptor
FDA Food and Drug Administration
FOLFOX 5-Fluorouracil, leucovorin, and oxaliplatin
FOLFOX4 Oxaliplatin 85 mg/m2, leucovorin 200 mg/m2,

and fluorouracil 400 mg/m2 bolus plus
500 mg/m2 22-h continuous infusion on day1;
leucovorin 200 mg/m2 plus fluorouracil
400 mg/m2 bolus plus 600 mg/m2 22-h con-
tinuous infusion on day 2

Topical Collection on Translational Colorectal Oncology

* Richard M. Goldberg
richard.goldberg@osumc.edu

Kristen K. Ciombor
Kristen.Ciombor@osumc.edu

1 Division of Medical Oncology, Department of Internal Medicine,
The Ohio State University Comprehensive Cancer Center, Arthur G.
James Cancer Hospital & Richard J. Solove Research Institute,
A445A Starling Loving Hall, 320 West 10th Avenue,
Columbus, OH 43210, USA

2 Division of Medical Oncology, Department of Internal Medicine,
The Ohio State University Comprehensive Cancer Center, Arthur G.
James Cancer Hospital & Richard J. Solove Research Institute, 460
West 10th Avenue, Suite D920, Columbus, OH 43210, USA

Curr Colorectal Cancer Rep (2015) 11:378–387
DOI 10.1007/s11888-015-0292-3

http://crossmark.crossref.org/dialog/?doi=10.1007/s11888-015-0292-3&domain=pdf


FOLFIRI 5-Fluorouracil, leucovorin and irinotecan
HR Hazard ratio
ICER Incremental cost-effectiveness ratio
IFL Irinotecan, bolus fluorouracil, and leucovorin
IV Intravenous
KRAS Kirsten ras oncogene
mCRC Metastatic colorectal cancer
mFOLFOX6 Modified FOLFOX (oxaliplatin 85 mg/m2,

leucovorin 400 mg/m2, 5-FU 400 mg/m2 bo-
lus, and 5-FU2400 mg/m2 over 46 h)

MTD Maximum tolerated dose
NICE National Institute for Health and Care

Evidence
NSABP National Surgical Adjuvant Breast and Bowel

Project
ORR Overall response rate
OS Overall survival
PDGFR Platelet-derived growth factor receptor
PR Partial response
PlGF Placental growth factor
PFS Progression-free survival
SD Stable disease
TBD To be determined
VEGF Vascular endothelial growth factor
XELOX Capecitabine and oxaliplatin

Introduction

Angiogenesis, or the formation of new blood vessels, is a
critically important process in tumor growth and proliferation
[1]. For decades, the process by which cancers cause new
blood vessel formation has been studied in the hope that an-
giogenesis could be therapeutically inhibited, thereby halting
tumor growth. Angiogenesis, however, is an extremely com-
plex and likely biologically variable process that is a result of
the interplay of multiple pro- and anti-angiogenic factors and
several intricate and overlapping signaling pathways. Key
players in angiogenesis include the vascular endothelial
growth factor (VEGF) family, which consists of growth fac-
tors such as VEGF-A, VEGF-B, VEGF-C, VEGF-D, and pla-
cental growth factor (PlGF), and receptors such as VEGF
receptor (VEGFR) 1, VEGFR-2, and VEGFR-3 [2]. Other
important players in tumor angiogenesis include platelet-
derived growth factor receptor (PDGFR), fibroblast growth
factor receptor (FGFR), and c-kit, among others. Within the
last decade, many studies have demonstrated the survival ben-
efit for patients with metastatic colorectal cancer (mCRC)
treated with anti-angiogenic therapies that target these impor-
tant growth factors and receptors. This review will discuss
recent evidence regarding the varying mechanisms and effica-
cy of anti-angiogenic agents in colorectal cancer.

Bevacizumab (Avastin®, Genentech)

The first anti-angiogenic agent to be approved for use in met-
astatic colorectal cancer was bevacizumab (Table 1). This
agent is a humanized monoclonal antibody that binds to
VEGF-A and prevents its binding to the VEGF receptor [3].
A randomized phase III trial of first-line irinotecan, bolus
fluorouracil, and leucovorin (IFL) plus either bevacizumab
5 mg/kg intravenously (IV) or placebo every 2 weeks resulted
in the demonstration of an overall survival (OS) benefit (me-
dian OS, 20.3 vs. 15.6 months, hazard ratio (HR) 0.66,
p<0.001) and progression-free survival (PFS) benefit (median
PFS, 10.6 vs. 6.2 months, HR 0.54, p<0.001) for the
bevacizumab arm [4]. Several other studies then confirmed
the efficacy of bevacizumab in combination with standard
first- and second-line chemotherapy regimens in the treatment
of bevacizumab-naïve patients with metastatic colorectal
cancer [5, 6].

It was unknown, however, whether continuation of an anti-
angiogenic therapy such as bevacizumab beyond disease pro-
gression on a first-line bevacizumab-containing regimen con-
ferred any advantage. It was hypothesized that bevacizumab
resistance was unlikely to occur at the same time or via the
same mechanism as resistance to cytotoxic chemotherapy.
Data from observational registry studies such as BRiTE and
ARIES appeared promising in this regard [7, 8], but prospec-
tive data for bevacizumab beyond progression was needed. As
a result, the phase III TML (ML18147) trial was undertaken to
answer this question [9••]. This trial randomized 820 mCRC
patients to second-line chemotherapy with or without
bevacizumab 2.5 mg/kg per week equivalent (either 5 mg/kg
every 2 weeks or 7.5 mg/kg every 3 weeks intravenously).
Median overall survival was 11.2 months for the bevacizumab
arm and 9.8 months for chemotherapy alone (HR 0.81, 95 %
confidence interval (CI) 0.69–0.94; unstratified log-rank test,
p=0.0062). As expected from an anti-angiogenic agent such
as bevacizumab, grade 3 or higher bleeding, gastrointestinal
perforation, and venous thromboembolism were more com-
mon in the bevacizumab arm. This study confirmed the sur-
vival benefit to the continuation of bevacizumab beyond dis-
ease progression with first-line therapy, although debates have
ensued regarding whether the statistically significant survival
advantage translates into a meaningful or cost-effective pro-
longation of life.

Unlike the findings in multiple studies of patients with
metastatic colorectal cancer, bevacizumab has not been found
to improve outcomes in patients with early stage disease. In
the National Surgical Adjuvant Breast and Bowel Project
(NSABP) trial C-08, 2673 patients with stage II or III colon
cancer were randomized to modified 5-fluorouracil,
leucovorin, and oxaliplatin (mFOLFOX6) for 6 months ver-
sus mFOLFOX6 for 6 months plus bevacizumab 5 mg/kg for
12 months beginning concurrently with chemotherapy [10,
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11]. The addition of bevacizumab to mFOLFOX6 did not
result in an overall significant increase in disease-free survival
(DFS; 78 vs. 75 %, HR 0.93, 95 % CI 0.81–1.08, p=0.35) or
5-year overall survival (83 vs. 81 %, HR 0.95, 95 % CI 0.79–
1.13, p=0.56). Overall survival in the subset of stage III pa-
tients was also not improved with the addition of bevacizumab
(HR 1.0, 95 % CI 0.83–1.21, p=0.99). This was despite an
early separation of the DFS curves favoring the bevacizumab-
containing arm of the study; however, the delay in progression
disappeared soon after the bevacizumab was discontinued,
suggesting that it was exerting a cytostatic effect but that dis-
ease progression resumed once the agent was stopped.

The European AVANT trial also failed to show a benefit to
the addition of bevacizumab in early stage colon cancer [12].
In this study, 2867 patients with stage III disease were ran-
domized to FOLFOX4 (oxaliplatin 85 mg/m2, leucovorin
200 mg/m2, and fluorouracil 400 mg/m2 bolus plus 500 mg/
m2 22-h continuous infusion on day 1; leucovorin 200 mg/m2

plus fluorouracil 400 mg/m2 bolus plus 600 mg/m2 22-h con-
tinuous infusion on day 2) every 2 weeks for 12 cycles,
bevacizumab 5 mg/kg plus FOLFOX4 every 2 weeks for
12 cycles plus bevacizumab monotherapy 7.5 mg/kg every
3 weeks (8 cycles over 24 weeks), or bevacizumab 7.5 mg/kg
plus XELOX (oxaliplatin 130 mg/m2 on day 1 plus oral cap-
ecitabine 1000 mg/m2 two times daily on days 1–15) every
3 weeks for 8 cycles followed by bevacizumab monotherapy
7.5 mg/kg every 3 weeks (8 cycles over 24 weeks). The DFS
hazard ratio for bevacizumab-FOLFOX4 versus FOLFOX4
was 1.17 (95 % CI 0.98–1.39, p = 0.07), and for
bevacizumab-XELOX versus FOLFOX4 was 1.07 (95 % CI
0.90–1.28, p=0.44). The OS hazard ratio for bevacizumab-
FOLFOX4 versus FOLFOX4 was 1.27 (95 % CI 1.03–1.57,
p=0.02), and for bevacizumab-XELOX versus FOLFOX4
was 1.15 (95 % CI 0.93–1.42, p=0.21), indicating a potential
detrimental effect with bevacizumab plus oxaliplatin-based
adjuvant therapy in stage III colon cancer patients. As a result
of these studies, bevacizumab is not indicated in the adjuvant
treatment of patients with colon cancer.

Despite the clear survival benefit of bevacizumab in meta-
static colorectal cancer, biomarkers to predict response to ther-
apy or to select appropriate patients for its use have not yet
been discovered. As reviewed by Lambrechts et al., chal-
lenges to the development of validated biomarkers predictive
of bevacizumab treatment outcome include the sheer number
of molecules and pathways involved in tumor angiogenesis,
the heterogeneous effect of bevacizumab on tumors and the
development of resistance, and the limitations in obtaining
serial biopsies or samples from patients receiving therapy in
a multitude of clinical settings [13]. Potential biomarkers of
interest at various stages of development include that of cir-
culating levels of VEGF-A, expression of neuropilin-1 and
VEGFR1 in tumors or plasma, genetic variants in VEGFA or
its receptors, and imaging biomarkers such as dynamic-

contrast-enhanced magnetic resonance imaging (DCE-MRI)
[13]. Development of validated biomarkers predictive of re-
sponse to bevacizumab therapy or to that of other anti-
angiogenics is greatly needed.

Aflibercept (Zaltrap®, Sanofi)

Additional efforts to target the VEGF pathway by employing
other agents have been explored for the treatment of colorectal
cancer. For example, aflibercept is a fully humanized recom-
binant fusion protein composed of portions of the extracellular
domains of VEGF receptors 1 and 2 fused to the Fc portion of
human immunoglobulin G1 (Table 1) [14]. As a decoy VEGF
receptor, it prevents ligands such as VEGF-A, VEGF-B, pla-
cental growth factor (PlGF)-1, and PlGF-2 from binding and
activating their respective receptors. Aflibercept binds with a
higher affinity to VEGF-A than bevacizumab, and since PlGF
levels can increase with exposure to other anti-VEGF agents,
aflibercept was hypothesized to potentially overcome resis-
tance to other anti-VEGF therapies.

Early clinical investigation of aflibercept included a phase I
study of 47 patients with advanced solid tumors who received
aflibercept in doses ranging from 0.3 to 7.0 mg/kg intrave-
nously every 2 weeks [15]. From the results of this study,
the chosen recommended phase II dose of aflibercept was
4.0 mg/kg IV every 2 weeks. A phase I trial of aflibercept in
combination with irinotecan, 5-fluorouracil, and leucovorin
was undertaken in patients with advanced solid tumors [16].
Though not the primary endpoint, 9 of 34 evaluable patients in
this study had a partial response (PR), and 22 patients had
stable disease; 7 of the PRs were seen in patients who had
received irinotecan previously. Subsequent double-blind ex-
pansion cohort of this phase I study confirmed efficacy of this
regimen [17]. Including crossover, 4 of 26 patients (anal, co-
lon, ovarian, and liver cancers) had PRs, and 17 patients had
stable disease.

As a result of these early studies, more trials with
aflibercept as a single agent and in combination with cytotoxic
chemotherapy were performed in patients with colorectal can-
cer. A phase II study of single agent aflibercept in patients
with refractory colorectal cancer demonstrated little efficacy
but showed significant toxicity in this population [18]. At the
same time, an international, randomized double-blind phase
III trial named VELOUR investigated the efficacy of
aflibercept versus placebo in combination with 5-
fluorouracil (5-FU), leucovorin, and irinotecan (FOLFIRI) in
patients with metastatic colorectal cancer (mCRC) who had
progressed on an oxaliplatin-based regimen [19••]. A total of
1226 patients were included in the efficacy analysis, of which
nearly one third had previously received bevacizumab.
Patients in the aflibercept plus FOLFIRI arm had longer over-
all survival than patients receiving placebo plus FOLFIRI
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(median OS, 13.50 vs. 12.06 months, p=0.0032; HR=0.817,
95.34 % CI, 0.713–0.937). PFS was also increased with
aflibercept (median PFS, 6.90 vs. 4.67 months, p<0.001;
HR=0.758; 95 % CI, 0.661–0.869), and response rate was
better with aflibercept as well (19.8 vs. 11.1 %, p=0.001).
Grade 3 and 4 toxicities were reported at a higher incidence
in the aflibercept arm, including diarrhea, stomatitis, infec-
tions, neutropenia, and thrombocytopenia, as well as anti-
VEGF-treatment-related toxicities such as hypertension,
bleeding, arterial thromboembolism, and proteinuria. Due to
these side effects, 26.8 % of patients in the aflibercept arm
permanently discontinued study treatment compared with
12.1 % of patients in the placebo arm. As a result of
aflibercept’s efficacy in VELOUR, this agent was approved
in combination with FOLFIRI for patients with mCRC who
had progressed on a prior oxaliplatin-based chemotherapy
regimen by the US Food and Drug Administration (FDA) in
August 2012 and by the European Medicines Agency in
February 2013.

Many questions regarding the optimal role of aflibercept in
mCRC remain. The VELOUR trial did not contain a FOLFIRI
plus bevacizumab arm, a current standard, because the data
supporting the use of bevacizumab beyond first-line disease
progression was not yet available at the time of trial accrual.
Prespecified subgroup analyses from VELOUR did not reveal
particular patient groups that benefited more from the addition
of aflibercept to chemotherapy [20]. Furthermore, many sub-
sequent studies have been unable to identify particular bio-
markers of response with which to select patients for
aflibercept therapy. Clinical trials investigating the potential
role of aflibercept in adjuvant CRC therapy, in combination
with chemotherapy for maintenance treatment of mCRC, in
combination with oxaliplatin-based chemotherapy in front-
line treatment of mCRC, and others (including biomarker
studies), are ongoing.

Regorafenib (Stivarga®, Bayer)

Regorafenib is an oral multikinase inhibitor that targets
VEGFR1-3, TIE2, KIT, RET, RAF, PDGFR, and FGFR,
among other kinases involved in tumor angiogenesis, onco-
genesis, and the tumor microenvironment (Table 1) [21]. This
multi-pronged approach was hypothesized to benefit patients
with mCRC once preclinical colorectal cancer models showed
anti-tumor activity [21]. A first-in-man, phase I dose-
escalation study of regorafenib in patients with advanced solid
tumors was performed, with 53 patients receiving doses be-
tween 10 and 200 mg daily on a 21 days on, 7 days off sched-
ule every 28 days [22]. The most common regorafenib-related
grade 3 or 4 adverse events included hand-foot skin reaction,
desquamation/rash, hypertension, and diarrhea, and the fre-
quency of these toxicities increased with increasing dose level.

Under the dose-escalation schema, the maximum tolerated
dose level for single agent regorafenib was found to be
160 mg once daily in a 21 days on, 7 days off schedule. In
terms of efficacy, 35 of 47 (66 %) evaluable patients had
disease control, defined as partial response or stable disease,
with one mCRC patient having a PR at the 220-mg dose. An
expansion cohort was then formed, consisting of an additional
23 patients withmCRC treated at the 160-mg dose; [23] a total
of 38 mCRC patients were treated with regorafenib in this
study. A total of 22/38 (58 %) of patients developed grade 3
or higher regorafenib-related adverse events, with 6/25 pa-
tients treated at the 160 mg dose level permanently
discontinuing regorafenib due to treatment-related adverse
events. Best responses of the 27 evaluable patients included
one partial response (4 %) and 19 patients (70 %) with stable
disease.

Despite the significant toxicity of regorafenib in the phase I
study, its development moved into phase III testing in an in-
ternational setting. In the CORRECT trial, 753 patients with
refractory metastatic colorectal cancer were randomized to
either regorafenib 160 mg daily for the first 3 weeks of each
4-week cycle or placebo [24••]. The primary endpoint of over-
all survival was met at a preplanned interim analysis, with
median OS of 6.4 months in the regorafenib group and
5.0 months in the placebo group (HR 0.77, 95 % CI 0.64–
0.94, one-sided p=0.0052). Median progression-free survival
was 1.9 months in the regorafenib group and 1.7 months in the
placebo group (HR 0.49, 95 % CI 0.42–0.58, p<0.0001).
Significantly, 93 % of patients receiving regorafenib had
treatment-related adverse events compared to 61 % of those
receiving placebo, with hand-foot skin reaction, fatigue, diar-
rhea, hypertension, and rash being the most common toxicities
seen. On the basis of these data, the US FDA approved rego-
rafenib for the treatment of patients with metastatic colorectal
cancer previously treated with fluoropyrimidine-, oxaliplatin-,
and irinotecan-based chemotherapy, anti-VEGF therapy, and
anti-EGFR therapy if KRAS wild type on September 27,
2012.

Another international phase III trial of regorafenib versus
placebo for patients with treatment-refractory metastatic colo-
rectal cancer, CONCUR, was undertaken to determine wheth-
er a broader Asian patient population might benefit differently
from regorafenib [25••]. A total of 204 patients were treated
on this study. Overall survival in this trial was significantly
better with regorafenib than with placebo to a greater extent
than CORRECT, with median OS of 8.8 months in the rego-
rafenib arm and 6.3 months in the placebo arm (HR 0.55,
95 % CI 0.40–0.77, one-sided p=0.00016). Median PFS with
regorafenib in CONCUR was also better than with placebo
(3.2 vs. 1.7 months, respectively; HR 0.31, 95 % CI 0.22–
0.44, p<0.0001). Adverse events and frequencies seen were
similar to the prior study, with hand-foot skin reactions (74 %
in CONCUR vs. 47 % in CORRECT) and hyperbilirubinemia
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(37 % in CONCUR vs 20 % in CORRECT) both more prev-
alent in CONCUR. It has been hypothesized that the larger
benefit of regorafenib seen in CONCUR could be due to dif-
ferences in receipt of prior VEGF-directed drugs. In
CORRECT, all patients had received prior bevacizumab and
EGFR antibodies (for KRAS wild-type cancers), whereas on-
ly 41 % of patients in CONCUR had received biologics [24••,
25••]. An exploratory analysis of CONCUR showed that the
HR for overall survival favoring regorafenib was 0.31 (95 %
CI 0.19–0.53) in the portion of patients who had not received
prior targeted therapy, compared to a HR of 0.78 (95 % CI
0.51–1.19) for the population more similar to that of
CORRECT. This raises the hypothesis that perhaps regorafe-
nib could have more benefit in the less heavily pretreated
mCRC patient population.

Accordingly, clinical trials investigating the safety and ef-
ficacy of regorafenib in combination with chemotherapy in
earlier stage settings have been undertaken. A phase Ib study
of regorafenib in combination with chemotherapy in first- or
second-line treatment of mCRC was performed in which 45
patients received standard 5-fluorouracil, leucovorin, and
oxaliplatin (FOLFOX) or FOLFIRI plus regorafenib 160 mg
on days 4–10 of every 2-week cycle [26]. Grade 3 or higher
drug-related adverse events occurred in 32/45 patients (71 %),
including neutropenia and leukopenia, hand-foot skin reac-
tion, and hypophosphatemia. Seven out of 38 evaluable pa-
tients achieved a partial response (FOLFOX, n=4; FOLFIRI,
n=3), and 26 patients had stable disease as their best response
(FOLFOX, n=14; FOLFIRI, n=12). Given the historical data
for disease control utilizing FOLFOX and FOLFIRI, the ad-
dition of regorafenib to cytotoxic chemotherapy in his trial
was of limited efficacy.

More recently, regorafenib was combined with modified
FOLFOX (mFOLFOX6) in first-line treatment of mCRC pa-
tients in a phase II study [27]. In the CORDIAL trial, 54
patients with mCRC were treated with mFOLFOX6 every
2 weeks at standard doses and regorafenib 160 mg on days
4–10 and 18–24 of each 28-day cycle. The primary endpoint
of objective response rate (ORR) was 43.9 %, with no com-
plete responses seen; disease control rate (DCR) was 85.4 %.
Median PFSwas 8.5 months, andmedianOSwas not reached.
Although this was a single-arm study, the mFOLFOX6 plus
regorafenib regimen did not appear to improve ORR over
historical controls. Importantly, treatment-emergent adverse
events led to dose modifications in 51 patients (96.2 %), with
discontinuation of a component of study treatment required by
19 patients (35.8 %) and discontinuation of full study treat-
ment in 4 patients (8 %).

Like with aflibercept, studies are also currently underway
to investigate the potential efficacy of regorafenib in the adju-
vant colorectal cancer setting. Other settings of ongoing in-
vestigation include regorafenib in combination with
radioembolization in patients with liver metastases,

regorafenib in combination with other targeted therapies such
as the next-generation activin-receptor like kinase-1 (ALK)
inhibitor PF-03446962, and regorafenib in combination with
FOLFIRI in the second-line setting, among others.
Furthermore, the phase II ReDOS study is currently evaluat-
ing differing doses of regorafenib and strategies to optimally
manage resultant hand-foot syndrome symptoms.

Finally, much remains to be discovered regarding potential
biomarkers predictive for response to regorafenib. Thus far, no
single biomarker has been identified to predict efficacy of
regorafenib, and current investigations have shifted to develop
molecular signatures to predict response. For example,
Tabernero et al. recently reported an analysis of circulating
DNA utilizing beads, emulsions, amplification, and magnetic
(BEAMing) technology that showed a trend toward clinical
benefit with regorafenib defined by KRAS and PIK3CA mu-
tational status [28]. Much additional work is needed to pro-
spectively clarify the patients who have the greatest opportu-
nity to benefit from regorafenib, particularly given its known
toxicities.

Ramucirumab (Cyramza®, Eli Lilly)

Ramucirumab is a fully human immunoglobulin G1monoclo-
nal antibody that binds with high affinity to the extracellular
VEGF-binding domain of VEGFR2, thereby blocking VEGF
ligands from binding and activating the receptor (Table 1)
[29]. During development, it was thought that this approach
would lead to more complete target inhibition, given that all
VEGF ligands would be blocked from binding to VEGFR2. A
phase I study was therefore performed in which 37 patients
with advanced solid tumors were treated with weekly doses of
intravenous ramucirumab [30]. The maximum tolerated dose
(MTD) of ramucirumab was determined to be 13 mg/kg after
dose-limiting toxicities of hypertension and deep venous
thrombosis at 16 mg/kg. A total of 22 patients (60 %) experi-
enced grade 3 or higher adverse events, including hyperten-
sion, abdominal pain, anorexia, vomiting, headache, and deep
venous thrombosis (DVT), among others. In terms of efficacy,
4 of 27 patients (15 %) with measurable disease had a PR, and
11 out of 37 patients (30 %) had PR or stable disease (SD)
lasting at least 6 months. Interestingly, serum VEGF-A levels
at 7 days after treatment were 1.5- to 3.5-fold higher than
pretreatment concentrations, validating the hypothesis that
ramucirumab could effectively prevent binding of VEGF li-
gands to VEGFR2. Furthermore, dynamic-contrast-enhanced
magnetic resonance imaging (DCE-MRI) demonstrated de-
creased tumor perfusion and vascularity in 9 of 13 patients
(69 %): 5 of 7 receiving weekly treatment in this study and
4 of 6 in another trial receiving treatment every 2 to 3 weeks
[31]. This latter phase I trial treated 25 advanced solid tumor
patients with ramucirumab at escalating doses from 6 to
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20 mg/kg every 2 or 3 weeks [31]. Treatment-related adverse
events were as expected for an anti-angiogenic agent, and no
dose-limiting toxicities (DLTs) were seen. Ramucirumab has a
relatively long half-life of 110–160 h, and trends were seen
toward elevated VEGF-A and a transient decline in soluble
VEGFR-2 with ramucirumab treatment. A total of 15 out of
25 patients (60%) had stable disease, including 3 patients with
colorectal cancer. This study led to a recommended phase II
ramucirumab dose of 8 mg/kg every 2 weeks and 10 mg/kg
every 3 weeks.

After the initial phase I trials of ramucirumab in all tumor
types, a small phase Ib study evaluated the safety of
ramucirumab in combination with second-line FOLFIRI in
six Japanese patients with mCRC [32]. This trial also aimed
to confirm the recommended dose of 8 mg/kg ramucirumab
every 2 weeks in combination with standard FOLFIRI. One
patient had a PR and four had SD; importantly, only one
patient had a DLT with grade 2 proteinuria and grade 4 neu-
tropenia. These results, in combination with the phase II trial
results showing that the pharmacokinetics of irinotecan and its
metabolite were not affected when administered with
ramucirumab, [33] led to phase III testing of ramucirumab in
mCRC.

In the randomized, placebo-controlled phase III RAISE
trial, ramucirumab was evaluated in combination with
second-line FOLFIRI in 1072 metastatic colorectal cancer pa-
tients [34••]. Patients enrolled in this study all had disease
progression on first-line bevacizumab, oxaliplatin, and
fluoropyrimidine therapy and were treated with either
8 mg/kg IV ramucirumab or placebo every 2 weeks. Median
OS was 13.3 months for the ramucirumab arm compared to
11.7 months for the placebo arm (HR 0.844, 95 % CI 0.730–
0.976, log-rank p=0.0219), with similar off-study systemic
therapy post-protocol specified therapy being fairly similar
among the two groups. PFS was also longer in the
ramucirumab group (5.7 vs. 4.5 months, HR 0.793, 95 % CI
0.697–0.903, log-rank p=0.0005). Patients achieving objec-
tive responses to therapy were similar in the groups receiving
ramucirumab and placebo (13.4 vs. 12.5 %, p=0.63).
Frequency of grade 3 or worse adverse events was higher in
the ramucirumab arm (79 vs. 62 %), including neutropenia,
febrile neutropenia, hypertension, diarrhea, and fatigue,
among others; no new safety signals were identified.

As a result of the RAISE trial data, on April 24, 2015, the
FDA approved ramucirumab in combination with FOLFIRI
for metastatic colorectal cancer patients whose disease had
progressed on a first-line bevacizumab-, oxaliplatin-, and
fluoropyrimidine-containing regimen. These results con-
firmed the efficacy of continuing anti-angiogenic therapy after
disease progression. Despite the hazards inherent in cross-trial
comparisons, the hazard ratios for OS and improvement in OS
were similar in the RAISE, TML, and VELOUR trials [9••,
19••, 34••]. Thus far, biomarkers predictive for response to

ramucirumab in mCRC have not been identified, although this
work is underway. Additional questions regarding the optimal
role of ramucirumab in other treatment lines or in combination
with oxaliplatin-containing regimens have not yet been defin-
itively answered [35].

Other Anti-angiogenics in Development
for Colorectal Cancer

Cost-Effectiveness of Anti-angiogenics for mCRC

In addition to understanding the optimal biologic role of anti-
angiogenics in mCRC, navigating the cost effectiveness of
these expensive agents is imperative. As the incidence of
CRC increases and patients are living longer with mCRC,
the cost of anti-angiogenics in relation to their efficacy must
be addressed. One systematic review by Lange et al. evaluated
published analyses of cost-effectiveness and cost-utility stud-
ies involving monoclonal antibody use for colorectal cancer
[39•]. The incremental cost-effectiveness ratios (ICERs) for
first-line treatment with bevacizumab plus chemotherapy are
very high. In some countries with socialized medicine sys-
tems, regulatory bodies charged with balancing cost and effi-
cacy have made the judgment that bevacizumab does not have
sufficient benefit to be judged as cost-effective in the treat-
ment of mCRC [39•]. Few cost-effectiveness analyses have
been performed in the USA, however [40, 41].
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Other anti-angiogenic agents are also being developed and
tested for the treatment of metastatic colorectal cancer beyond
those already discussed. For example, nintedanib (Ofev®,
Boehringer Ingelheim), a potent, oral multikinase agent that
inhibits VEGFR1-3, FGFR1-3, PDGFR-α/β, RET, and Flt3
[36], currently seems promising given early phase trial results
and the biologic hypothesis that it could potential overcome
resistance to previous anti-VEGF treatments given its multiple
targets (Table 1). A phase I accelerated dose-escalation trial of
nintedanib in 61 patients with advanced solid tumors showed
that nintedanib-related adverse events were frequent but gen-
erally manageable, with a maximum tolerated dose of 250 mg
for one time and two times daily dosing [37•]. One patient
with colorectal cancer had a partial response, and 24 out of
30 advanced CRC patients (80 %) on this trial achieved stable
disease for at least 8 weeks. Interestingly, clinically relevant
effects of nintedanib on tumor blood flow and permeability in
colorectal cancer patients evaluable for DCE-MRI analysis
were seen [38]. Further studies of nintedanib with chemother-
apy or versus placebo for refractory CRC are ongoing.
Clinical data on other anti-angiogenic agents in development
for the treatment of mCRC are awaited.



Another study by Wade et al. published the clinical and
cost-effectiveness evidence for aflibercept in combination
with FOLFIRI for mCRC, as evaluated by the Evidence
Review Group and the National Institute for Health and
Care Evidence (NICE) in the UK [42]. Ultimately, the NICE
Appraisal Committee concluded that aflibercept in combina-
tion with FOLFIRI could not be considered a cost-effective
use of National Health Service resources for treating mCRC
resistant to or that had progressed after an oxaliplatin-
containing regimen.

In the USA, the pricing of aflibercept even when compared
to bevacizumab has been controversial as well. Despite a sim-
ilar benefit, aflibercept was initially priced approximately two
times that of its competitor bevacizumab, leading to a New
York Times editorial in which some oncologists refused to
prescribe aflibercept based on its inferior cost-effectiveness
[43]. Ultimately, this public outcry led to 50 % discounts on
aflibercept offered to doctors and hospitals from Sanofi. As
newer anti-angiogenics are approved and more widely used,
attention should be paid by physicians and the public alike on
cost-effectiveness of therapy. Development of biomarkers to
prospectively predict effectiveness of therapy in particular pa-
tient populations would be very valuable in this regard.

Conclusions

Given the importance of angiogenesis in solid tumors such as
colorectal cancer, attempts to inhibit this process are critical to
the successful treatment of such cancers. Development of the
anti-angiogenic agents discussed in this article represents sig-
nificant advances in the understanding of the biology of an-
giogenesis and its intricate pathways. The relatively modest
improvements in survival for patients with metastatic colorec-
tal cancer treated with these agents suggest that their use has
not yet been optimized. A better understanding of primary and
acquired resistance to these agents, perhaps through as yet
unknown mechanisms of action or compensatory pathways,
is needed. Prospective selection of patients most likely to ben-
efit from these agents, perhaps from development of validated
predictive biomarkers, is also imperative. Finally, cost-
effectiveness of anti-angiogenic agents must continue to be
evaluated in light of their efficacy, particularly in the era of
rapidly rising cancer treatment costs.
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