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Abstract
Colorectal cancer (CRC) is the fourth most commonly diagnosed cancer and the second leading cause of cancer death in both men and women in the United States, with about 142820 new cases and 50830 deaths expected in 2013. Metastatic disease (mCRC) remains a challenge for oncologists worldwide due to aggressively and potential comorbidities involved. Recently, chemotherapy regimens containing 5- fluorouracil, leucovorin, oxaliplatin and irinotecan combinations are a standard of care in the metastatic disease. Currently, biological therapies involving vascular endothelial growth factor and epidermal growth factor receptor pathways, such as bevacizumab and cetuximab, emerged as good option for improve mCRC patient survival. Now, aflibcerpt plus standard chemotherapy was also approved in second line regimen for mCRC patients. Our review will discuss novel biological drugs and their indications for mCRC patients and will bring future perspectives in this regard.
( 2013 Baishideng. All rights reserved.
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Core tips: Metastatic colorectal cancer is a very aggressive disease. However, recent advances in chemotherapeutic protocols and targeted drugs emerged as value weapons for treat this set of patients. Our manuscript brings to the readers current trends and future perspectives in this field. 
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INTRODUCTION

Colorectal cancer (CRC) is the fourth most commonly diagnosed cancer and the second leading cause of cancer death in both men and women in the United States, with about 142820 new cases and 50830 deaths expected in 20131[]
. In Europe, CRC represents the second most common cancer and leading cause of cancer deaths, in both genders combined
 ADDIN EN.CITE 
[2]
. Consequently, CRC is considered as a prominent global health problem.
Usually, early CRC has no symptoms, which is why screening is so important. Moreover, almost symptoms (i.e., change in bowel habits, general abdominal discomfort, weight loss with no apparent cause, constant tiredness) are not well specific. Consequently, CRC might be diagnosed when a patient has symptoms or as a result of a screening program
 ADDIN EN.CITE 
[3]
. Colonoscopy is the main diagnostic tool for primary screening due to its great benefit on either flexible sigmoidoscopy and guaiac fecal occult blood test4[]
.

The 1-year and 5-years relative survival rates for patients with CRC are, respectively, 83.2% and 64.3%, considering all stages. Additionally, ten years after diagnosis, survival continues to decline to 57.6%
 ADDIN EN.CITE 
[5]
. The most important problem remains disease relapse following surgery since, commonly, it is the cause of death in these patients
 ADDIN EN.CITE 
[3]
. This fact becomes relevant when we observe that when CRC are detected at a localized stage, the 5-years relative survival rate is 90.1% and, after disease involves adjacent organs or lymph nodes, the 5-years survival rate falls to 69.2%. Moreover, when cancer has spread to distant organs, the 5-years survival rate is 11.7%
 ADDIN EN.CITE 
[5]
. 
Initially, many patients have metastatic disease (mCRC) not suitable for resection
 ADDIN EN.CITE 
[6]
. The majority of patients with mCRC cannot be cured, and the goals of chemotherapy for them are in order to prolong survival, improve quality of life and provide palliation, when applicable7[]
. During the last years, the outcome of these patients has been improved, with median survival reaching almost 24 mo
 ADDIN EN.CITE 
[6,8]
. 

The liver is the most common site of hematogenous metastasis in CRC and its appearing is a frequent event for patients with CRC and remains a major cause of cancer-related death 
 ADDIN EN.CITE 
[9]
. Approximately 25% of patients present synchronous liver metastasis at time of diagnosis, and another 25% of patients will develop liver metastases during the course of their disease, usually within a 2-years period after initial surgical treatment of their primary tumor10[]
. The only potentially curative treatment of patients with liver metastasis is surgical resection which results in a 5-years survival rate of 36%
 ADDIN EN.CITE 
[11]
. Nevertheless, 70% of these patients will suffer a relapse after resection of their hepatic metastasis, with the majority in the first 2 years but continuing to occur up to 10 years after such surgery12[]
.
Over the last years, the development and incorporation of agents that target angiogenesis in clinical practice led to improvements in the treatment of mCRC, with benefits in progression-free survival (PSF) and overall survival (OS) in these patients
 ADDIN EN.CITE 
[13]
. This paper aims to review the impact of known and new anti-angiogenic therapies in mCRC, especially those which targe vascular endothelial growth factor (VEGF) pathways. 
Angiogenesis and CRC – molecular mechanisms
Blood vessel formation comprises two main types: vasculogenesis and angiogenesis. During early embryonic development, vasculogenesis is the process responsible for the formation of the primary vasculature of the body, which consists in the formation of blood vessels from endothelial cell progenitors (i.e., hemangioblasts)
 ADDIN EN.CITE 
[14]
. On the other hand, angiogenesis is a complex and highly regulated biological process that refers to the formation of new vascular segments. During this process, occurs the combination of sprouting, splitting, and remodeling of the existing vessels15[]
. Physiologically angiogenesis occurs under tight regulation by a wide range of proangiogenic inducers, such as growth factors, chemokines, angiogenic enzymes, endothelial-specific receptors, and adhesion molecules as well as various antiangiogenic factors including angiostatin, endostatin, thrombospondin, canstatin, pigment epithelium-derived factor16[]
. As blood vessels are needed to supply nutrients and oxygen to tissues, angiogenesis plays an essential role in normal growth and development. Nevertheless, imbalances between the angiogenic mediators and inhibitors may result in development of pathologies, as cancer17[]
.

In order to tumors continue grow and metastasize, they need to continually acquire an adequate blood supply, which is accomplished by inducing angiogenesis18[]
. Since Folkman recognized, in the early 1970s, the therapeutic potential for the inhibition of angiogenesis process in cancer, angiogenesis has generated high research interest19[]
. Four decades later, angiogenesis remains an issue of great interest and has been the subject of intensive research. 

Figure 1 shows the mainly angiogenesis mechanisms toward VEGFpathways. The VEGF family, which plays a critical role in tumoral angiogenesis
 ADDIN EN.CITE 
[20]
, includes six members: VEGF-A, -B, -C, -D, -E and placental growth factor (PIGF)
 ADDIN EN.CITE 
[21]
. VEGF-A, also known as VEGF, is the most important member and it is the major physiologic and pathologic mediator of angiogenesis mechanism
 ADDIN EN.CITE 
[20]
. The VEGF-A gene, located on chromosome 6 (6p21.3), undergoes alternative splicing to yield mature isoforms of 121, 145, 165, 183, 189, and 206 amino acids
 ADDIN EN.CITE 
[22-24]
. In vivo, only three isoforms have been related to angiogenesis, VEGF121, VEGF145 and VEGF165. The latter, it has been demonstrated to be a predominant isoform secreted by malignant and benign cells
 ADDIN EN.CITE 
[25]
. VEGF signals, mainly through VEGF receptor 2 (VEGFR-2) which is tightly expressed by endothelial cells, are involved in angiogenesis. VEGF binds either to VEGF receptor 1 (VEGFR-1), with approximately 10 times the affinity of VEGFR-2 binding. However, its signal-transducing properties are extremely weak
 ADDIN EN.CITE 
[26]
. 
Most solid tumors present hypoxic regions as they grow and, thus, outweigh their blood supply. The results of the cellular adaptation to hypoxic microenvironment are aggressive disease, resistance to therapy, and decreased patient survival
 ADDIN EN.CITE 
[27]
. The hypoxia-inducible factor-1 (HIF-1 or HIF) transcription factor is the most important regulator of the hypoxic response, that up regulates expression of proteins involved in the regulation of several aspects of tumor biology, such as oxygen transport, iron metabolism, glycolysis, glucose transport, cell survival and proliferation, angiogenesis, invasion and metastasis
 ADDIN EN.CITE 
[28,29]
. VEGF is one of several proangiogenic factors directly activated by HIF-1 and acts to promote new blood vessels formation providing, therefore, the reestablishment of oxygen and nutrients supply
 ADDIN EN.CITE 
[27]
. 

Paracrine mechanisms generated through VEGF production by tumor cells may also influence angiogenesis pathways. However, those cells cannot adequately respond to VEGF directly since they do not have enough cell surface VEGF receptors for that purpose. In contrast, endothelial cells recruited during angiogenesis express numerous VEGF receptors, but produce little or no detectable VEGF ligand. In this context, the amount of VEGF necessary to propel angiogenesis comes from several host cells in human body, such as platelets, smooth muscle cells, and tumor-associated stromal cells, which, together, produce the necessary amounts of VEGF for angiogenesis to begin
 ADDIN EN.CITE 
[30-32]
. 
The other VEGFs family members are important for diverse mechanisms of new vessel creation. VEGF-B and PIGF binds to VEGFR-1 whereas VEGF-C and –D are specific ligands for VEGFR-2 VEGF receptor 3 (VEGFR-3), after proteolysis processing
 ADDIN EN.CITE 
[26]
. VEGF-B and PlGF act through VEGFR-1, which is capital for the organization of embryonic vasculature, but is not essential for endothelial cell differentiation
 ADDIN EN.CITE 
[33,34]
. VEGFR-1 is expressed in many non-endothelial cells such as monocyte/macrophages, dendritic cells, osteoclasts, pericytes and trophoblasts in the placenta. The value of VEGFR-1 expression in these cells remains unclear; however this receptor could play a regulatory role in cell survival
 ADDIN EN.CITE 
[26]
. Furthermore, recent studies have shown that VEGFR-1 is present and functional on CRC cells and its activation, by VEGF family ligands, can result in activation of processes involved in tumor progression and metastasis 
 ADDIN EN.CITE 
[33]
. VEGF-C and –D play an important role in lymphangiogenesis through VEGFR-2 and -3 binding
 ADDIN EN.CITE 
[26]
. Concerning VEGF-C, it is involved both in lymphangiogenesis and in promotion of metastasis to regional lymph nodes in multiple cancers, including CRC
 ADDIN EN.CITE 
[35]
. VEGF-D is also implicated in lymphangiogenesis and lymphatic metastasis
 ADDIN EN.CITE 
[36]
.
Angiogenesis is regulated not only by VEGF pathway but also by other pathways including: Notch, angiopoietins and integrins 
 ADDIN EN.CITE 
[20]
. The Notch pathway, an intercellular signaling pathway, influences many biological processes, including cell-fate determination, cellular differentiation, proliferation, survival and apoptosis
 ADDIN EN.CITE 
[37,38]
. There are four Notch cell-surface receptors (Notch-1, -2, -3 and -4) and five Notch membrane-anchored ligands [Jagged-1, Jagged-2, Delta-like (Dll)-1, -3, and -4], expressed by various cell types. Both ligand and receptor are transmembrane proteins with large extracellular domains that consist of epidermal growth factor (EGF)-like repeats. Notch is synthesized as a precursor protein that is processed in the Golgi before being transported to the cell surface, where it resides as a heterodimer. Interaction of Notch receptors with Notch ligands, between two bordering cells, initiates a series of successive proteolysis cleavages. The first cleavage, mediated by ADAM-family metalloproteases such as ADAM10 or TNF alpha-converting enzyme (TACE), generates a substrate for cleavage by the gamma-secretase complex. This cleavage leads to the release of Notch intracellular domain (NICD) from the cell membrane. This protein fragment is, then, translocate into the nucleus and it will operate as a cofactor in order to regulate transcription of Notch target genes39[]
. The induction of Dll4-Notch signaling acts as a mechanism intended to prevent excessive angiogenesis and to control the development of new blood vessels40[]
.
Vascular endothelial cells express Notch 1 and Notch 4 receptors and the Jagged-1, Dll1, and Dll4 ligands. Among these, Dll4 is expressed exclusively by endothelial cells
 ADDIN EN.CITE 
[20]
. Dll4 is usually induced by VEGF as a negative-feedback regulator of vascular growth. In contrast to VEGF blockade, which results in a loss of many tumor vessels and an apparent normalization of the remaining vessels of the tumor, DLL4 blockade results in a striking increase in these vessels. Paradoxically, this increased vascularity is associated with decreased tumor growth, even for tumors that are highly resistant to block of VEGF
 ADDIN EN.CITE 
[41]
. Since that VEGF induces Dll4 and Dll4 induces vascular quiescence and differentiation, and down-regulates VEGFR-2
 ADDIN EN.CITE 
[42]
, it is obvious that the balance of these two pathways may be important to the development and outcomes of therapeutic acting in these pathways43[]
. 
Recently, the angiopoietins have emerged as important regulators of angiogenesis16[]
. The human angiopoietin family comprises Ang-1, -2 and -3, all of which act as ligands for endothelial cell-specific tyrosine kinase receptor Tie2, expressed principally on the vascular endothelial cells
 ADDIN EN.CITE 
[44-46]
. 
Ang-1 which is predominantly expressed in perivascular cells such as pericytes, vascular smooth muscle cells, fibroblasts and tumor cells, binds to Tie2 receptor as an antagonist. Upon binding of Ang-1, Tie-2 receptor auto-phosphorylates leading to stimulation of various intracellular signaling pathways which promote endothelial cells survival signaling, the maintenance of an endothelial barrier and a quiescent vasculature. Mural cells, such as vascular smooth muscle cells and pericytes, constantly produce Ang-1 under physiological conditions, and maintain vascular stabilization and maturation
 ADDIN EN.CITE 
[47]
. On the other hand, Ang-2 produced by endothelium, acts as an antagonist for Tie2 by competing with Ang-1
 ADDIN EN.CITE 
[45]
. It induces vascular destabilization and vessel proliferation. VEGF and angiopoietins have complementary roles in angiogenesis. In the presence of VEGF, Ang-2 stimulates tumor angiogenesis by promoting vessel destabilization, whereas in the absence of VEGF Ang-2 promotes endothelial cell death and vessel regression
 ADDIN EN.CITE 
[48]
.
Blockade of Tie-2 pathway has been more difficult than blockade of the VEGF pathway, due to the complexity of agonistic and antagonistic ligands for the same receptor. Moreover, it has been a challenge to find and design effective and specific drugs against Tie-2 or angiopoietins
 ADDIN EN.CITE 
[20]
. 
Fibroblast growth factors (FGFs)/FGF receptors (FGFRs) signaling is involved in multiple cellular processes, such as proliferation, anti-apoptosis, drug resistance, and angiogenesis49[]
. FGFs are heparin-binding growth factors that are part of a family that comprises 23 members (FGF-1 to -23), which only 18 are functional ligands for FGFR in humans. The elements of FGFR family (FGFR-1 to -4) share a common domain architecture consisting of extracellular immunoglobulin-like domains and cytoplasmatic tyrosine kinase domain
 ADDIN EN.CITE 
[50]
. Although FGF1 and FGF2 were among the first molecules found that contribute to angiogenesis, some members of the VEGF ligand family and VEGFR are now accepted to play the main role to drive embryonic vascularization, angiogenesis and lymphangiogenesis
 ADDIN EN.CITE 
[51]
. Nevertheless, both FGFs and VEGF cooperate to promote angiogenesis. FGF-2 induces the expression of VEGF in vascular endothelial cells, while the block of VEGF reduces the expression of endogenous FGF-2, suggesting a positive feedback mechanism. Furthermore, inhibition of FGFR-1 and FGFR-2 activity can reduce tumor vascularization as well as VEGF expression. Therefore, promotion of angiogenesis by FGFs may be dependent of crosstalk between FGF-VEGF signaling pathways
 ADDIN EN.CITE 
[52]
.
EGF signaling is initiated by the binding of EGF family members to the extracellular domain of erythroblastic leukemia viral oncogene homologue (ErBb) receptors. The ErBb receptor tyrosine kinase family comprises 4 members namely EGF receptor (EGFR)/ERBB1/HER1, ERBB2/HER2, ERBB3/HER3 and ERBB4/HER4
 ADDIN EN.CITE 
[53]
. The major contributors of these receptors are a complex signaling cascade that modulates growth, signaling, differentiation, adhesion, migration and survival of cancer cells54[]
. 

The EGF family of peptides bind the ErbB receptors and on based in their receptor affinities are calssificated into 3 groups: in the first group, EGF, transforming growth factor-α (TGF-α), amphiregulin (AR), and epigen (EPG), specifically bind to EGFR; in the second group, betacellulin (BTC), heparin-binding EGF (HB-EGF), and epiregulin (EPR), which exhibit dual specificity, bind to both EGFR and ErbB4; the third group, which includes neuregulins (NRGs), forms two subgroups on the basis of their capacity to bind ErbB3 and ErbB4 (NRG-1 and NRG-2) or only ErbB4 (NRG-3 and NRG-4)
 ADDIN EN.CITE 
[53,
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55]
. On binding, ErBbs forms homo or heterodimers and initiate multiple pathways involving effectors including: rat sarcoma viral oncogene homologue (RAS)/mitogen-activated protein kinase, phosphatidylinositol 3-kinase-AKT, mammalian target of rapamycin, signal transducer and activator of transcription, SRC tyrosine kinase, phospholipase C-γ1/protein kinase C (PKC) and p27. The activation of these pathways plays a relevant role in several aspects of development and tissue homoeostasis54[]
. Increased EGFR signaling is particular common in several cancers, including CRC, through one or more of the family members56[]
. EGFR and its family members, due to their vast role in the progression of cancer, have emerged as attractive candidates for anti-cancer therapy. 

TREATMENT OF MCRC
Nowadays, there are many therapeutic strategies approved by the Food and Drug Administration (FDA) for the management of mCRC: 5-fluorouracil (5-FU), leucovorin (LV), irinotecan, capecitabine, oxaliplatin, regorafenib, ziv-aflibercept, and the monoclonal antibodies bevacizumab, cetuximab, and panitumumab. Within these drugs, only few have FDA-approved indications for use as monotherapies and reveal activity as single agents against CRC, namely, fluoropyrimidines (5-FU and capecitabine), irinotecan, cetuximab, and panitumumab. 
The combination chemotherapy is the only standard for first-line treatment of mCRC. Regardless of which regimen is used, outcome may be maximized in patients who receive, alone or in combination, 5-FU, LV, irinotecan, and oxaliplatin sometime during the course of treatment. These chemotherapy regimens have been extensively studied in phase II and III trials, both as first- and second-line therapies
 ADDIN EN.CITE 
[57,58]
. Table 1 and 2 summarizes current and future trials involved in mCRC anti-angiogenic therapies. 
Antiangiogenic drugs 
Bevacizumab is a humanized monoclonal antibody that binds and inactivates the biologic activity VEGF, preventing angiogenesis and, hence, tumor growth and proliferation. Bevacizumab contains human framework regions and the complementarity-determining regions of a murine antibody that inhibits all active isoforms of VEGF
 ADDIN EN.CITE 
[59]
. Currently, Bevacizumab is the only agent specifically targeting the VEGF pathway for the treatment of CRC60[]
. 
Within the past decades, many trials have been investigated bevacizumab in mCRC, with different active chemotherapy and biological agents, as well as exploring treatment setting, sequencing and duration
 ADDIN EN.CITE 
[61]
.
The phase II trial conducted by Kabbinavar et al62


[ ADDIN EN.CITE ]
 compared two doses of bevacizumab plus 5-FU/LV (low-dose bevacizumab: 5 mg/kg every 2 wk; high-dose bevacizumab: 10 mg/kg every 2 wk) with 5-FU/LV alone in 104 patients untreated. The treatment with bevacizumab (at both dose levels) plus 5-FU/LV when compared with the 5-FU/LV control arm resulted in higher response rate (RR) (control arm: 17%; low-dose arm: 40%; high-dose arm: 24%), longer median time to disease progression (control arm: 5.2 mo; low-dose arm: 9.0 mo; high-dose arm: 7.2 mo), and longer median survival (control arm: 13.8 mo; low-dose arm: 21.5 mo; high-dose arm: 16.1 mo). Based on these results, in the most subsequent phase III trials in mCRC the 5 mg/kg bevacizumab dosing is chosen
 ADDIN EN.CITE 
[61]
.
The phase III AVF 2107 trial (NCT00109070) randomized 813 patients to receive IFL plus either bevacizumab 5 mg/kg (n = 402) or placebo (n = 411), every 2 weeks. The addition of bevacizumab compared with IFL alone provided a clinically and statically improvement in median OS (20.3 mo vs 15.6 mo; HR = 0.66, P < 0.001), PFS (10.6 mo vs 6.2 mo, HR = 0.54, P < 0.001) and overall response rate (ORR) (44.8% vs 34.8%, P = 0.004)
 ADDIN EN.CITE 
[13]
. 
In the NO16966 phase III trial (NCT00069095), with 2 X 2 factorial design, 1401 patients with mCRC were randomized to FOLFOX or XELOX and then to bevacizumab or placebo. Median PFS was significantly increased when bevacizumab was added (9.4 mo in bevacizumab group vs 8.0 mo in placebo group; HR = 0.83, P = 0.0023). Median OS was 21.3 mo in the bevacizumab group and 19.9 mo in the placebo group (HR = 0.89, P = 0.077) and RR was similar in both arms. A planned subset analysis demonstrated a significantly improvement of PFS with bevacizumab in the XELOX subgroup (P = 0.0026) but did not reach the significant level when added to FOLFOX4 (P = 0.187). Safety results showed that grade 3 or higher adverse events were slightly higher in bevacizumab group (30% vs 21%)
 ADDIN EN.CITE 
[63]
.

In the phase III MAX study, 471 patients with previously untreated and unresectable mCRC were randomly assigned to the following arms: capecitabine alone; or capecitabine plus bevacizumab; or capecitabine, bevacizumab, and mitomycin. Median PFS was 5.7 mo for capecitabine arm, 8.5 mo for capecitabine-bevacizumab arm, and 8.4 mo for capecitabine-bevacizumab-mitomycin arm. Thus, there was a statistically improvement in PFS between the capecitabine arm and the other two arms (capecitabine versus capecitabine-bevacizumab: HR = 0.63, P < 0.001; capecitabine versus capecitabine-bevacizumab-mitomycin: HR = 0.59, P < 0.001)
 ADDIN EN.CITE 
[64]
. Presently, based on those results, bevacizumab was approved in United States and Europe for mCRC KRAS mutated in association with standard chemotherapy for first-line regimens or in second-line regimen for those KRAS-wild type patients previous treated with anti-EGFR drugs. Despite those interesting benefits reported in previous trials, researchers and clinicians should be aware for well managing of the toxicities, mainly hypertension and bleeding. 
Anti-EGFR agents 
Cetuximab and panitumumab are two EGFR inhibitors currently indicated as monotherapy in patients with wild-type KRAS tumors as a first or second-line treatment
 ADDIN EN.CITE 
[65]
. Only cetuximab is indicated in combination with irinotecan, and has been approved for use in first-line in Europe as mono-therapy or in combination with chemotherapy
 ADDIN EN.CITE 
[66]
. 
Cetuximab is a recombinant human-murine chimeric IgG1 monoclonal antibody that binds to the extracellular region of the EGFR with high specificity and with higher affinity than EGF on normal and tumor cells67[]
. 
A phase II clinical trial conducted by Tabernero et al68


[ ADDIN EN.CITE ]
 assessed 43 patients who received cetuximab and FOLFOX4 as first-line chemotherapy. RR was 79% and 72%, with 95% disease control; median PFS was 12.3 mo and median OS was 30 mo. Cetuximab did not increase the characteristic toxicity of FOLFOX4 and was collectively well tolerated. The most commonly reported grade 3 or higher adverse events were diarrhea, neutropenia, and paresthesia.

The OPUS study, also a phase II trial (NCT00125034), included 337 patients who were randomized to receive FOLFOX4 with cetuximab (n = 169) or alone (n = 168) in first-line chemotherapy
 ADDIN EN.CITE 
[69]
. In 93% of measured KRAS patient samples, 57% were KRAS-wild type. Patients whose tumors were KRAS-wild type who received cetuximab plus FOLFOX4 had a 2.6-fold increased odds of response (ORR: 57% vs 34%, OR = 2.551, P = 0.0027) and a 43% decrease the risk of disease progression (median PFS 8.3 mo vs 7.2 mo, HR = 0.567, P = 0.0064) compared with those who received FOLFOX4 alone. Also, median OS was improved by the addition of cetuximab to FOLFOX4 for patients in that group (22.8 mo vs 18.5 mo, HR = 0.855, P = 0.39). In the other hand, patients whose tumors carried mutations in KRAS who received cetuximab plus FOLFOX4 had a decreased odds of response (34% vs 53%, OR = 0.459, P = 0.0290) and a higher risk of disease progression (median PFS 5.5 mo vs 8.6 mo, HR = 1.720, P = 0.0153) compared with those who received FOLFOX4 alone
 ADDIN EN.CITE 
[70]
.
In the phase III CRYSTAL study (NCT00154102), were included 1198 patients who received cetuximab plus FOLFIRI (n = 599) or FOLFIRI alone (n = 599). The addition of cetuximab to chemotherapy reduced significantly the risk of progression by 15% (8.9 mo vs 8.0 mo, HR = 0.85, P = 0.048) and improved ORR (46.9% vs 38.7%, OR = 1.40, P = 0.048). On the other hand, no significant difference in median OS between the two treatment groups was observed (19.9 mo vs 18.6 mo, HR = 0.93, P = 0.31)
 ADDIN EN.CITE 
[71]
. In that study, it was detected KRAS and BRAF mutations in 37% and 6% of patients, respectively. The addition of cetuximab to FOLFIRI in patients with KRAS wild-type resulted in an improvement in median OS (23.5 mo vs 20.0 mo, HR = 0.796, P = 0.0093), median PSF (9.9 mo vs 8.4 mo, HR = 0.696, P =0.0012), and RR (57.3% vs 39.7%, OR = 2.069, P < 0.001) compared with FOLFIRI alone. These results showed the role of KRAS mutation status as a powerful predictive biomarker for the efficacy of cetuximab plus FOLFIRI. Concerning grade 3 or 4 adverse events, they were more common with use of regimen with cetuximab and they included skin reactions, infusion reactions and diarrhea
 ADDIN EN.CITE 
[72]
. 

In the phase III study NORDIC VII (NCT00145314), 571 patients with mCRC were randomized to one of the following three arms: continuous FLOX alone or with cetuximab or intermittent FLOX with continuous weekly cetuximab. No differences were found in RR, median PFS or OS in patients receiving cetuximab, either in KRAS-mutant or –wild-type73[]
.

In the phase III trial MRC COIN, 1630 patients were randomized to oxaliplatin-based chemotherapy (FOLFOX or XELOX) with or without cetuximab. The determination of KRAS mutation was performed in 1316 (81%) patients and it was identified in 729 (55%) patients
 ADDIN EN.CITE 
[74]
. Patients with wild-type KRAS tumors showed no improvements in median OS for cetuximab combined with chemotherapy when compared with chemotherapy alone (17.0 mo vs 17.9 mo, HR = 1.038, P = 0.68) or PFS (8.6 mo vs 8.6 mo, HR = 0.96, P = 0.60); however, there was an increase in ORR (57% vs 64%, P = 0.049). Furthermore, there was a potential benefit with improvement in PFS for wild-type KRAS patients who received cetuximab plus infused 5-FU (HR = 0.72, P = 0.037) but not cetuximab plus capecitabine (HR = 1.02, 95%CI: 0.82–1.26, P = 0.88)
 ADDIN EN.CITE 
[74]
. 
Based on those trials, cetuximab in addition with standard chemotherapy was approved in US and Europe for wild-type KRAS mCRC patients in first-line regimen. Importantly, it is mandatory monitoring toxicities profile such as skin rash, diarrhea, nausea and mucositis in order to provide a good tolerability for patients. Regular medical visits before each cycle and support medication could help in this concern. 
Panitumumab is a recombinant human IgG2к monoclonal antibody that binds EGFR and prevents receptor dimerization, tyrosine autophosphorylation of EGFR, and the activation of downstream signaling molecules
 ADDIN EN.CITE 
[75]
. 
The phase III trial PRIME (NCT00364013) included 1183 patients, with no prior chemotherapy for mCRC, which were randomly assigned to receive FOLFOX4 with or without panitumumab therapy. In the wild-type KRAS subgroup, panitumumab plus FOLFOX4 produced a significant improved median PFS compared with FOLFOX4 alone (9.6 mo ves 8.0 mo, respectively; HR = 0.80,P = 0.02). Nevertheless, a non-significant increase in median OS was found for panitumumab plus FOLFOX4 versus FOLFOX4 alone (23.9 mo vs 19.7 mo, respectively, HR = 0.83, P= 0.072). In the mutant KRAS subgroup PFS was significantly reduced in the panitumumab plus FOLFOX4 arm when compared with FOLFOX4 alone arm (HR = 1.29, P = 0.02), and median OS was 15.5 mo vs 19.3 mo, respectively (HR = 1.24, P = 0.068)
 ADDIN EN.CITE 
[76]
. 
As a conclusion, the use of cetuximab or panitumumab for wild-type KRAS mCRC patients will depend of the patient fitness, toxicity profile and drug wiliness in each circumstance. Both drugs are safe and proved to improve OS in metastatic setting. 
Double monoclonal antibody therapy 
 
The efficacy of bevacizumab and the anti-EGFR agents in first-line mCRC encouraged two clinical trials of double monoclonal antibody therapy
 ADDIN EN.CITE 
[77]
. 
In the phase III PACCE (NCT00115765) study, total of 1053 patients were randomized to receive first-line chemotherapy [oxaliplatin/5-FU/LV (n = 823 patients) or irinotecan/5-FU/LV (n = 230 patients)] and bevacizumab with or without panitumumab. The study was discontinued early after a planned interim analysis showed reduced PFS and increased toxicity in the panitumumab arm. In the final analysis, median PFS (10.0 mo vs 11.4 mo for the panitumumab and control arms, respectively HR = 1.27) and OS (19.4 mo vs 24.5 mo for the panitumumab and control arms, respectively) were shorter in the panitumumab arm in the entire study cohort as well as in the subset with wild-type KRAS. Grade 3/4 adverse events in the oxaliplatin (panitumumab vs control) cohort included skin toxicity (36% vs 1%), diarrhea (24% vs 13%), infections (19% vs 10%), and pulmonary embolism (6% vs 4%)[
 ADDIN EN.CITE 
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.

Similarly, in the phase III CAIRO2 trial, were randomly assigned 755 patients with previously untreated mCRC to capecitabine, oxaliplatin, and bevacizumab (CB regimen, n = 378 patients) or the same regimen plus weekly cetuximab (CBC regimen, n = 377 patients). The addition of cetuximab to XELOX plus bevacizumab resulted in shorter PFS in the entire study cohort (10.7 mo in the CB group vs 9.4 mo in the CBC group, P = 0.01) and in the wild-type KRAS subset compared with XELOX plus bevacizumab. No difference in OS (20.3 mo in the CB group vs 19.4 mo in the CBC group, P = 0.16) or ORR (50.0% in the CB group vs 52.7% in the CBC group, P = 0.49) was verified between treatment arms. Patients treated with cetuximab who had tumors bearing a mutated KRAS gene had significantly decreased PFS as compared with cetuximab-treated patients with wild-type KRAS tumors (8.1 mo vs 10.5 mo, P = 0.04) or patients with mutated KRAS tumors in the CB group (8.1 mo vs 12.5 mo, P = 0.003). Grade 3 or 4 adverse events were more frequent in the CBC group, which were attributed to cetuximab-related adverse cutaneous effects
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[79]
.
On the basis of these studies, double monoclonal antibody therapy with bevacizumab and an anti-EGFR agent is not recommended
 ADDIN EN.CITE 
[77]
.
Management of liver metastasis 
In order to determine the treatment strategy for hepatic metastases of CRC, it is important to verify the presence of one of three situations: metastasis are readily resectable; metastatic disease is initially considered to be unresectable, principally due to location; or whether the liver metastasis are unlikely ever to become resectable
 ADDIN EN.CITE 
[80]
. Surgical resection undoubtedly remains the gold standard for the treatment of resectable colorectal liver metastasis it improves patient’s prognosis if the metastasis are resectable. When surgery is not indicated for hepatic metastases, chemotherapy is the ﬁrst-choice treatment. In cases where surgical resection becomes possible and chemotherapy is effective, the long-term prognosis may be good81[]
. 
For patients with initially resectable disease, with good prognostic factors, one approach is immediate surgical resection and another is perioperative chemotherapy such as FOLFOX4
 ADDIN EN.CITE 
[82,83]
. Today, chemotherapy before surgery, even in patients with resectable metastases, can increase the complete resection rate, facilitate limited hepatectomies, improve postoperative recovery, treat micrometastases, provide a test of chemoresponsiveness, identify aggressive disease, spare ineffective therapy and prolong relapse-free survival
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.

In potentially resectable colorectal liver metastases neoadjuvant chemotherapy, infused 5-FU/LV, in combination with either irinotecan or oxaliplatin but also triple cytotoxic drug therapy, e.g., FOLFOXIRI, and more recently combination chemotherapy regimens with the targeted agents cetuximab and bevacizumab, should be considered to enhance the chance of cure of patient with initially unresectable liver metastases
 ADDIN EN.CITE 
[80,
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. 

In liver metastases those are unlikely to ever become resectable, palliative chemotherapy based on FOLFOX4/XELOX, FOLFIRI, with or without biological therapies should be considered. In this setting, the possibility of doing a resection should not be excluded82[]
. 

TARGET THERAPIES – OTHERS
Others drugs are also under investigation or were recently approved for the use in metastatic setting, as showed in Tables 1 and 2. Further down, we will discuss the main trials involved in each field.

Aflibercept 
Aflibercept (Ziv-aflibercept, VEGF-Trap) is a recombinant VEGFR-antibody protein generated by the fusion of second immunoglobulin (Ig) domain of the VEGFR-1 and the third Ig domain of the VEGFR2 to the Fc domain of human Ig G1 
 ADDIN EN.CITE 
[84]
. In contrast to bevacizumab, which only binds to VEGF-A and forms multimeric complexes, aflibercept traps the different isoforms of VEGF-A, with approximately 1000-fold higher affinity than bevacizumab. In addition, aflibercept binds to VEGF-B and PlGF
 ADDIN EN.CITE 
[85]
. This VEGF-Trap effectively suppresses tumor growth and vascularization in vivo, resulting in stunted and almost completely avascular tumors
 ADDIN EN.CITE 
[84]
.
To investigate the potential role of aﬂibercept in the ﬁrst-line treatment of mCRC with chemotherapy, the phase II AFFIRM trial (NCT00851084), were recruited 236 patients who never received therapy for mCRC or angiogenesis inhibitors. A total of 117 patients received mFOLFOX6 alone and 119 received mFOLFOX6 plus aflibercept (4 mg/kg IV every 2 wks). This study showed similar efﬁcacy of FOLFOX plus aflibercept vs FOLFOX alone with respect to ORR (49.1% vs 45.9%, respectively) and median PFS (8.48 mo vs 8.77 mo, respectively) 86[]
.
The purpose of phase III randomized, placebo-controlled clinical trial VELOUR (NCT00561470) was to investigate the efficacy and safety of the aflibercept plus FOLFIRI in the second-line treatment of mCRC after oxaliplatin failure. 614 participants were randomly assigned to receive aflibercept (4 mg/kg intravenously; 612 patients) or placebo (614 patients) every 2 wk in combination with FOLFIRI. Median OS was 13.50 mo for aflibercept and 12.06 mo for placebo (HR = 0.817, P = 0.0032). Adding aflibercept to FOLFIRI also increased PFS relative to placebo plus FOLFIRI (HR = 0.758, P = 0.0001), with median PFS times of 6.90 vs 4.67 mo, respectively. The ORR in the aflibercept group was 19.8% compared with 11.1% in the placebo group (P = 0.001). Grade 3/4 adverse events with at least 2% higher incidence with aflibercept versus placebo were diarrhea, asthenia/fatigue, stomatitis/ulceration, infections, hypertension, gastrointestinal/ abdominal pain, neutropenia/neutropenic complications and proteinuria
 ADDIN EN.CITE 
[87]
. Approximately one third of study participants had previously been treated with bevacizumab (187 in the placebo and 186 in the aflibercept group). Aflibercept produced a consistent trend towards prolonged OS (P = 0.7231) and PFS (P = 0.6954), regardless of prior use of bevacizumab. The incidence of adverse events in the aflibercept arm was similar in patients with prior bevacizumab (100%) to those without (98.9%), with a similar incidence of grade 3/4 events (82.5% and 83.9%, respectively). Results of this subgroup analysis showed that the addition of aflibercept to FOLFIRI lead to a consistent trend of increased OS and PFS, regardless of prior bevacizumab use88[]
. 

Brivanib 
Brivanib alaninate (BMS582664) is an oral, potent selective inhibitor of both the FGF and VEGF family of receptors
 ADDIN EN.CITE 
[89]
. Besides its antiangiogenic activity from blocking VEGFR-2 and -3, its ability to disrupt FGF receptor (FGFR) -1, -2 and -3 has been suggested to circumvent primary and/or acquired resistance to VEGF blockade, and block FGF-dependent tumor proliferation
 ADDIN EN.CITE 
[90]
. In preclinical studies using in vivo tumor xenograft models of CRC resistant to bevacizumab, it was established the strong antiangiogenic effects and antitumor activity of brivanib91[]
. Phase I studies evaluated brivanib in combination with cetuximab in advanced gastrointestinal malignancies, including CRC, and demonstrated good tolerability and some evidence of clinical activity
 ADDIN EN.CITE 
[92,93]
.
A phase III study (NCT00640471) was carried out to evaluate the combined use of brivanib and cetuximab without chemotherapy in third-line therapy for mCRC. A total of 750 patients were randomly assigned to treatment: 376 on brivanib plus cetuximab arm and 374 on placebo plus cetuximab arm. Patients included in this trial had wild-type K-RAS and had received prior fluoropyrimidine, and had been treated with irinotecan and oxaliplatin. Despite positive effects on PFS (5.0 mo in brivanib arm and 3.4 mo in placebo arm - HR = 0.72, P < 0.001) and objective response, cetuximab plus brivanib increased toxicity and did not significantly improve OS in patients with metastatic, chemotherapy-refractory, wild-type K-RAS colorectal cancer (8.8 mo in brivanib arm and 8.1 mo in placebo arm - HR = 0.88, P = 0.12). A total of 51 patients in brivanib arm and 27 patients in placebo arm had complete or partial response, yielding ORR of 13.6% and 7.2% for brivanib and placebo arms, respectively. The difference in ORR was statistically significant supporting the brivanib plus cetuximab combination (P = 0.004). The median duration of response was 5.8 mo in brivanib arm and 5.4 mo in placebo arm (P = 0.04). Incidence of grade 3 or higher adverse event was 78% in brivanib arm and 53% in placebo arm, particularly fatigue, hypertension, rash, abdominal pain, diarrhea, dehydration, and anorexia. Hematologic adverse events were uncommon in both arms
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[90]
.

Cediranib 
Cediranib (AZD2171) is a highly potent and selective inhibitor of the three VEGFR and has a half-life suitable for once-daily oral dosing
 ADDIN EN.CITE 
[94]
. Cediranib is currently in phase III development for the first-line treatment of mCRC. The clinical development program includes two global phase II/III studies (HORIZON II and HORIZON III) in the first-line treatment setting, and a phase II study in second-line treatment.
 HORIZON II (NCT00399035) is a randomized phase II/III trial aimed to compare chemotherapy (FOLFOX or XELOX) with cediranib or placebo as first-line therapy in patients with mCRC. In this study, cediranib plus chemotherapy significantly improved PFS (HR = 0.84) but not OS (HR = 0.94) or ORR, compared with placebo plus chemotherapy. 

HORIZON III (NCT00384176) incorporated a phase II/III study design. An end-of-phase-II analysis of efficacy and safety was undertaken to determine whether the study should continue into the phase III part. In this study, it was made a randomized comparison of mFOLFOX6 in combination with cediranib versus mFOLFOX6 in combination with bevacizumab as first-line chemotherapy in patients with mCRC. 

Ramucirumab 
Ramucirumab (IMC-1121B) is a fully humanized IgG1 monoclonal antibody that binds with high affinity to the extracellular VEGF-binding domain of VEGFR-2. Ramucirumab binds to a VEGFR-2 epitope, involved in ligand binding, and block VEGF ligands from binding this site and activating the receptor
 ADDIN EN.CITE 
[95]
. The inhibition of VEGF-stimulated VEGFR-2 activation provides to ramucirumab significant antitumor activity in a range of malignancies in animal models as single agents and in combination with other therapeutics96[]
.
Several studies assessing ramucirumab in mCRC are currently underway (Table 2), but still without reported results. In the phase II study (NCT00862784) participants were treated with ramucirumab (8 mg/kg infusions every 2 wk) in combination with mFOLFOX6 as first-line therapy. In other phase II study (NCT01111604) patients, with disease progression on an irinotecan-based, first-line chemotherapy regimen (FOLFIRI or CAPIRI), were received mFOLFOX-6 alone or in combination with ramucirumab (8 mg/kg infusions every 2 wk). The phase II study (NCT01079780) evaluated the combination of ramucirumab, cetuximab, and irinotecan versus cetuximab and irinotecan in patients with mCRC and progression following a bevacizumab-based regimen. A phase III study (NCT01183780) evaluates the role of ramucirumab, in combination with FOLFIRI chemotherapy, in patients with progression following first-line combination therapy with bevacizumab, oxaliplatin, and a fluoropyrimidine. Soon, ramucirumab may show its place in the current clinical practice scenario. 
Regorafenib 
Regorafenib (BAY 73-4506) is an oral multikinase inhibitor that blocks the activity of multiple protein kinases, including kinases involved in the regulation of tumor angiogenesis (VEGFR-1, -2, and -3, and angiopoietin-1 receptor), oncogenesis (KIT, RET, RAF1, BRAF, and BRAFV600E), and the tumor microenvironment (PDGFR and FGFR) 
 ADDIN EN.CITE 
[97]
. Preclinical studies (in vitro and in vivo) showed a broad spectrum of antitumor activity of Regorafenib as a result of its ability to block to several angiogenic, stromal and oncogenic kinases
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.
The phase III trial CORRECT (NCT01103323) investigated the use of regorafenib in 760 patients who had received all locally-approved standard therapies and had progressed during or within 3 mo after the last standard therapy. Patients were randomized in a 2:1 ratio to receive regorafenib (160 mg orally daily for 3 out of 4 k; n = 500) versus placebo for (3 wk on and 1 wk off; n = 253), respectively. Randomization was on the basis of pre-allocated block sizes and was stratified by previous treatment with VEGF-targeting drugs, time from diagnosis of metastatic disease (≥ 18 or < 18 mo), and geographical region. This study reported an increase in OS for regorafenib-treated patients against best supportive care, after progression on standard therapy (6.4 mo vs 5.0 mo, respectively - HR = 0.77, one-sided P = 0.0052). Also, median PFS was 1.9 mo vs 1.7 mo when compared with placebo (HR = 0.49, one-sided P < 0.000001). After the interim analysis, the study was unblinded and patients were allowed to cross over to the regorafenib arm. Treatment-related adverse events occurred in 93% patient assigned regorafenib and in 61% of those assigned placebo. The most common grade 3 or higher side effects related to Regorafenib were hand-foot skin reaction (17%), fatigue (10%), diarrhoea (7%), hypertension (7%), and rash or desquamation (6%)
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. Based on the CORRECT study, regorafenib received approval from the FDA in October 2012 for the treatment of chemorefractory mCRC patients. However, we believe that this drug should be provided only in a specific context due to the modest results reported on OS benefit and pharmaco-economic evaluation.
Semaxanib 
Semaxanib (SU5416) is a potent, specific and competitive (with respect to ATP) inhibitor of the tyrosine kinase activity of Flk-1/KDR. Semaxanib was shown to inhibit VEGF-dependent mitogenesis of human endothelial cells, without inhibiting the growth of a variety of tumor cells in vitro 
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. 
A clinical phase III study (NCT00004252) studied the combination of 5-FU/LV with semaxanib or alone, as a first-line therapy for mCRC patients. Although the study had already been completed, its results are not yet known.
Sorafenib 
Sorafenib is an oral multikinase inhibitor with anti-proliferative and anti-angiogenic effects. It inhibits the activity of the serine/threonine kinases c-Raf and B-Raf; the mitogen-activated protein kinases MEK and ERK; VEG; PDGFR; the cytokine receptor c-KIT; the receptor tyrosine kinases Flt-3 and RET; and the Janus kinase/signal transducer and activator of transcription (JAK/STAT) pathway
 ADDIN EN.CITE 
[102]
. In vivo and in vitro studies shown that sorafenib inhibits tumor growth and disrupts tumor microvasculature through antiproliferative, antiangiogenic, and/or proapoptotic effects
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. 
In the double-blind placebo-controlled phase II study RESPECT (NCT00865709), it was evaluated the addiction of sorafenib to mFOLFOX6. 198 patients were randomized to sorafenib (400mg BID) (n = 97) or placebo (n = 101), combined with mFOLFOX6 every 14 d. Median PFS was 9.1 mo for the sorafenib arm and 8.7 mo for the placebo arm (HR = 0.88, P = 0.46). Similar results were observed in the subgroup analyses: in patients with wild-type KRAS, the median PFS was 9.5 mo vs 9.2 mo, respectively (HR = 0.84), with corresponding medians of 7.8 mo vs 7.6 mo, respectively, in the mutant KRAS subgroup (HR = 0.96). In patients with wild-type BRAF, the median PFS was 9.2 mo vs 9.0 mo, respectively (HR = 0.91), and the median PFS for mutant BRAF was 8.6 mo vs 7.3 mo, respectively (HR = 0.89). There was no difference between treatment arms for median OS (17.6 mo in the sorafenib arm vs 18.1 mo in the placebo arm – HR = 1.13, P = 0.51). In patients with wild-type KRAS, median overall survival was 19.9 mo vs 16.8 mo, respectively (HR = 0.89), and 17.0 mo vs 19.4 mo, respectively, in patients with mutant KRAS (HR = 1.29). In patients with wild-type BRAF, median overall survival was 18.8 mo s 18.3 mo, respectively (HR = 1.09), and 13.9 mo vs 11.9 mo, respectively, in patients with mutant BRAF (HR = 0.46). The most common grade 3/4 adverse events in the sorafenib and placebo arms were, respectively, neutropenia (48% vs 22%), peripheral neuropathy (16% vs 21%), and grade 3 hand–foot skin reaction (20% vs 0%). Treatment discontinuation because of adverse events was 9% and 6%, respectively. Generally, dose intensity (duration and cumulative doses) was lower in the sorafenib arm than in the placebo arm. This study did not detect a PFS benefit with the addition of sorafenib to first-line FOLFOX6 for mCRC and KRAS and BRAF status did not seem to impact treatment outcomes. These results do not support further development of sorafenib in combination with mFOLFOX6 in molecularly unselected patients with mCRC
 ADDIN EN.CITE 
[104]
.
A clinical phase II study FOSCO (NCT00889343) studied the combination FOLFOX6 or FOLFIRI with sorafenib or alone, as a second-line therapy in mCRC patients. Although the study had already been completed, its results are not yet known.
Sunitinib 

Sunitinib malate (SUTENT) is an oral, multitargeted tyrosine kinase inhibitor that selectively inhibits the tyrosine kinases of VEGFR and PDGFR family members, as well as stem-cell factor receptor (KIT), glial cell line–derived neurotrophic factor receptor (rearranged during transfection; RET), colonystimulating factor receptor (CSF-1R), and FMS-like tyrosine kinase-3
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.
In a phase III trial (NCT00457691), 768 patients with mCRC were randomly assigned to intravenous FOLFIRI (every 2 wk) plus sunitinib (37.5 mg/d, 4 wk on, 2 wk off) (n = 386) or placebo (n = 382). Median PFS was 7.8 mo in the sunitinib plus FOLFIRI arm and 8.4 mo in the placebo plus FOLFIRI arm (HR = 1.095; P = 0.807), indicating a lack of superiority for sunitinib plus FOLFIRI. Median OS was 20.3 mo in the sunitinib arm and 19.8 mo in the placebo arm (HR = 1.171, one-sided stratified Log-rank P = 0.916). In addition, the ORR in the sunitinib arm failed to be significantly better than the ORR in the placebo arm (32% vs 34%; P = 0.683). The study failed to demonstrate superiority for FOLFIRI plus sunitinib. Sunitinib plus FOLFIRI was associated with more grade ≥ 3 adverse events and laboratory abnormalities when compared to FOLFIRI plus placebo [neutropenia (68% s 30%), diarrhea (16% vs 8%), thrombocytopenia (11% vs 1%), anemia, stomatitis, fatigue, hand-foot syndrome and febrile neutropenia)]. In addition, it was seen more deaths as a result of toxicity (12 vs 4), and signiﬁcantly more dose delays, dose reductions and treatment discontinuations occurred in the sunitinib arm 
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.
The phase II, open-label, single-arm study (NCT00668863) investigated oral sunitinib (37.5 mg/d 4 wk on, 2 wk off) combined with intravenous FOLFIRI (every 2 wk) for the first-line treatment of Japanese patients with unresectable or mCRC. Median PFS was 6.7 mo by independent review, 7.2 mo by investigator assessment. ORR was 36.6% by independent review and 42.3% by investigator assessment. There was a high incidence of adverse events such as neutropenia (97.2%), leukopenia (97.2%); thrombocytopenia (84.5%), diarrhea (78.9%), nausea (78.9%), decreased appetite (74.6%) and fatigue (66.2%). Furthermore, almost 20% of patients discontinued study treatment permanently, due to adverse events and over 90% required temporary interruptions of study treatment to perform treatment for related toxicities. The study was closed early when the concurrent phase III study of first-line sunitinib plus FOLFIRI in non-Japanese patients with mCRC was stopped due to futility, as discussed previous. 

Vatalanib 

The angiogenesis inhibitor vatalanib (PTK 787/ZK 222584; PTK/ZK) is a potent, orally active angiogenesis inhibitor that interferes with the kinase activity of all three VEGF receptor tyrosine kinases, acting as a competitive inhibitor at the ATP-binding site of the receptor kinase. This inhibition is reversible, highly selective for VEGFRs and translates to growth inhibition in a variety of different experimental tumor models. Although do not occur tumor regression, it was observed an attenuation of tumor growth
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. 
In the clinical phase III trial CONFIRM1 (NCT00056459), 1168 patients with untreated mCRC were randomly assigned 1:1 to receive FOLFOX4 plus vatalanib or placebo. This study showed the addition of vatalanib to FOLFOX4 did not improve PFS (7.7 mo in vatalanib arm and 7.6 mo in placebo arm: HR = 0.88, P = 0.118) or OS (21.4 mo in vatalanib arm and 20.5 mo in placebo arm: HR = 1.08, P = 0.260) and no statistically significant differences between the two treatment groups were observed in ORR (42% in vatalanib arm and 46% in placebo arm). Furthermore, vatalanib increased toxicity and more patients withdrew from treatment because of events other than disease progression in the vatalanib arm. Incidence of adverse event was 85.3% in vatalanib group and 77.5% in placebo group, particularly neutropenia, hypertension, and diarrhea. Concerning grade 3 or higher adverse events, the most notable differences were for hypertension (23.0% vs 6.8%, respectively), diarrhea (15.4% vs 11.1%, respectively), dizziness (7.4% vs 2.3%, respectively), and pulmonary embolism (5.7% vs 1.7%, respectively)
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.

The CONFIRM 2 (NCT00056446) was a phase III trial aimed to compare treatment with vatalanib plus FOLFOX4 versus placebo plus FOLFOX4 in patients with previously treated mCRC, whose disease had recurred or progressed during or within 6 mo of treatment with irinotecan in combination with a fluoropyrimidine. The median OS was 13.1 and 11.9 mo (HR = 1.00, P = 0.957). Median PFS was longer with vatalanib than with placebo (5.6 and 4.2 mo, respectively; HR = 0.83, P = 0.013). Treatment-related adverse events occurred in 81.4% patients assigned vatalanib arm and in 71% of those assigned placebo arm. The most common grade 3 or higher side effects related to vatalanib were neutropenia, hypertension, diarrhea, fatigue and nausea
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.

CONCLUSION
Nowadays, mCRC treatment remains a challenge for oncologist worldwide. Since last three decades, the mCRC treatment came from fluropirimidine based chemotherapy to the addition of innovative chemotherapies regimen combination, such as FOLFOX, FOLFIRI, XELOX, XELIRI, 5-FU + LV, and innovative biologic therapies, namely bevacizumab, cetuximab and panitumumab. More recently, aflibicert was approved for combination with standard chemotherapy in second line regimens for mCRC patients. Therefore, many options are now available with a powerful capacity to improve survival for metastatic patients. Thus, we should be aware for those previous mentioned innovative opportunities in order to fit them for each patient according to the adequate indication and tolerability. Also, pharmaco-economic studies are warranted in order to provide to public health entities useful tools that allow making right decisions, when willing those innovations for the patients toward the world.
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Figure 1 Main angiogenesis pathways throughout vascular endothelial growth factor and the interactions with anti-angiogenic target drugs. VEGF: Vascular endothelial growth factor .
Table 1 Clinical trials and main anti-angiogenic drugs in metastatic disease
	Clinical trial
	Phase
	Line
	Regimen
	Median PFS (mo)
	Median OS (mo)
	ORR (%)

	Aflibercept

	VELOUR

NCT0056147087


[ ADDIN EN.CITE ]

	III
	2nd
	FOLFIRI + aflibercept

vs
FOLFIRI + placebo
	6.90 vs 4.67

HR = 0.758, P = 0.0001
	13.50 vs 12.06

HR = 0.817, P = 0.0032
	19.8 vs 11.1

P = 0.001

	AFFIRM

NCT0085108486[]

	II
	1st
	mFOLFOX6 + aflibercept

vs
mFOLFOX6
	8.48 vs 8.77
	
	49.1 vs 45.9

	Brivanib

	NCT00640471

90


[ ADDIN EN.CITE ]

	III
	3rd
	cetuximab + brivanib

vs
cetuximab + placebo
	5.0 vs 3.4

HR = 0.72, P < 0.001
	8.8 vs 8.1 HR = 0.88, P = 0.12
	13.6 vs 7.2

P = 0.004

	Regorafenib

	CORRECT

NCT01103323

99


[ ADDIN EN.CITE ]

	III
	2nd
	Regorafenib

vs
placebo
	1.9 vs 1.7

HR = 0.49, P < 0.000001
	6.4 vs 5.0

HR = 0.77, P = 0.0052
	

	Sorafenib
	
	
	
	
	
	

	RESPECT

NCT00865709[107]
	II
	1st
	mFOLFOX6 + sorafenib

vs
mFOLFOX6 + placebo
	9.1 vs 8.7

HR = 0.88, P = 0.46
	17.6 vs 18.1

HR = 1.13, P = 0.51
	

	Sunitinib

	NCT00668863
	II
	1st
	
	
	
	

	NCT00457691108


[ ADDIN EN.CITE ]

	III
	1st
	FOLFIRI + sunitinib

vs
FOLFIRI + placebo
	7.8 vs 8.4

HR = 1.095, P = 0.807
	20.3 vs 19.8

HR = 1.171, P = 0.916
	32 vs 34

P = 0.683

	Valatanib

	CONFIRM1

NCT00056459110


[ ADDIN EN.CITE ]

	III
	1st
	FOLFOX4 + vatalanib

vs
FOLFOX4 + placebo
	7.7 vs 7.6

HR = 0.88, P = 0.118
	21.4 vs 20.5

HR = 1.08, P = 0.260
	42 vs 46

	CONFIRM 2

NCT00056446111


[ ADDIN EN.CITE ]

	III
	2nd
	FOLFOX4 + vatalanib

vs
FOLFOX4 + placebo
	5.6 vs 4.2

HR = 0.83, P = 0.013
	13.1 vs 11.9

HR = 1.00, P = 0.957
	


mCRC: Metastatic colorectal cancer; PFS: Progression-free-survival; OS: Overall survival; ORR: Overall response rate; FOLFIRI: 5-fluorouacil + leucovorin + irinotecan; mFOLFOX6: 5-fluoroaucil + leucovorin + oxaliplatin; HR: harzard ratio.

Table 2 Current clinical trials considering anti-angiogenic therapies for colorectal cancer
	
	Trial
	Phase
	Line
	Therapy/arms
	Status of trial

	Bevacizumab
	NCT01321957
	II
	1st
	FOLFOX + bevacizumab

vs
FOLFOX + bevacizumab + irinotecan
	Currently recruiting participants.

	
	NCT00819780
	II
	1st
	Panitumumab + mFOLFOX6

vs
Bevacizumab + mFOLFOX6
	Ongoing, but not recruiting participants.

	
	NCT01531595
	II
	1st
	3 cycles of XELOX + bevacizumab alternating with 3 cycles XELIRI + bevacizumab
	Currently recruiting participants.

	
	NCT01067053
	II
	1st
	Bevacizumab + capecitabine + oxaliplatin - 6 cycles; after the first 6 cycles of treatment, continuing only with bevacizumab and capecitabine
	Ongoing, but not recruiting participants.

	
	NCT01765582
	II
	1st
	FOLFOXIRI + bevacizumab

vs
sequential FOLFOXIRI + bevacizumab

vs
FOLFOX + bevacizumab
	Currently recruiting participants.

	
	NCT01006369
	II
	-
	FOLFOX6 + bevacizumab + hydroxychloroquine

vs
XELOX + bevacizumab + hydroxychloroquine
	Currently recruiting participants.

	
	NCT01417494
	II
	1st
	Chemotherapy (FOLFIRI, FOLFOX, LV5FU2) + bevacizumab

vs
Chemotherapy (FOLFIRI, FOLFOX, LV5FU2)
	Currently recruiting participants.

	
	NCT01532804
	II
	2nd
	FOLFOX6 + bevacizumab (day 1= day 15, 12 cycles)

vs
Raltitrexed + Oxaliplatin + Bevacizumab ( day 1 = day 21, 8 cycles)
	Currently recruiting participants.

	
	NCT00952029
	II/III
	1st
	FOLFIRI + bevacizumab and during the chemotherapy-free interval maintenance with bevacizumab

vs
FOLFIRI + bevacizumab and during the chemotherapy-free interval NO maintenance
	Currently recruiting participants.

	
	NCT01640405
	III
	1st
	mFOLFOX6 + bevacizumab

vs
FOLFOXIRI + bevacizumab
	Currently recruiting participants.

	Cetuximab
	NCT00444678
	II
	-
	Cetuximab + capecitabine + oxaliplatin
	Ongoing, but not recruiting participants.

	
	NCT01251536
	II
	1st
	Cetuximab (standard dose: 250 mg/m2 weekly)

vs
Cetuximab (dose escalation: days 22 and 29 - 350 mg/m2, from day 36 onwards - 500 mg/m2 weekly)
	Currently recruiting participants.

	
	NCT01718808
	II
	1st
	Cetuximab + capecitabine

vs
Cetuximab
	Currently recruiting participants.

	
	NCT01867697
	II
	1st
	Cetuximab (biweekly) + FOLFIRI (continuously)

vs
Cetuximab (biweekly) + alternating FOLFIRI and mFOLFOX6
	Currently recruiting participants.

	
	NCT00640081
	II
	1st
	Intermittent chemotherapy plus intermittent cetuximab treatment (12 wk), plus cetuximab followed by a period off all therapy; reintroduction of the same chemotherapy and cetuximab regimen (12 wk after initial progression off treatment)

vs
Intermittent chemotherapy plus continuous cetuximab treatment (12 wk), plus cetuximab followed by a period of withdrawal of the chemotherapy, but continued weekly cetuximab monotherapy with reintroduction of the same chemotherapy regimen to the cetuximab (12 wk after initial progression off chemotherapy treatment)
	Ongoing, but not recruiting participants.

	
	NCT00479752
	II
	1st
	FOLFOX4 + cetuximab (initial dose: 400 mg/m² in week 1, followed by weekly doses of 250 mg/m²)

vs
FOLFOX4 + Cetuximab (500 mg/m² every 2 wk)
	Ongoing, but not recruiting participants.

	
	NCT00482222
	III
	1st
	Oxaliplatin/fluoropyrimidine versus oxaliplatin/fluoropyrimidine + cetuximab pre and post surgery
	Currently recruiting participants.

	
	NCT00433927
	III
	1st
	FOLFIRI + cetuximab

vs
FOLFIRI + bevacizumab
	Ongoing, but not recruiting participants.

	
	NCT01228734
	III
	1st
	Cetuximab + FOLFOX4

vs
FOLFOX4
	Ongoing, but not recruiting participants.

	
	NCT01030042
	III
	2nd
	FOLFOX4 followed, after progression, by irinotecan + cetuximab

vs
Cetuximab + irinotecan
	Currently recruiting participants.

	Panitumumab
	NCT00885885
	II
	-
	Panitumumab + FOLFOX4

vs
Panitumumab + FOLFOX4
	Ongoing, but not recruiting participants.

	
	NCT01215539
	II
	1st
	Panitumumab + capecitabine + oxaliplatin
	Currently recruiting participants.

	
	NCT01126112
	II
	1st
	Panitumumab (6 mg/kg every 2 wk )
	Ongoing, but not recruiting participants.

	
	NCT00819780
	II
	1st
	Panitumumab + mFOLFOX 6

vs
Bevacizumab + mFOLFOX 6
	Ongoing, but not recruiting participants.

	
	NCT01328171
	II
	1st
	FOLFOXIRI + panitumumab

vs
FOLFOXIRI
	Currently recruiting participants.

	
	NCT01508000
	II
	1st
	mFOLFOX6 (6 cycles after and before surgery) + surgery

vs
mFOLFOX6 + bevacizumab (6 cycles after and before surgery) + surgery

vs
mFOLFOX6 + panitumumab (6 cycles after and before surgery) + surgery
	Not yet open for participant recruitment.

	
	NCT01814501
	II
	2nd
	5-FU + irinotecan + panitumumab
	Currently recruiting participants.

	
	NCT00940316
	II
	2nd
	Erlotinib + panitumumab + irinotecan (treatment repeats every 2 wk)

vs
Erlotinib + panitumumab (treatment repeats every 2 wk)

vs
Erlotinib + panitumumab
	Currently recruiting participants.

	
	NCT00364013
	III
	1st
	FOLFOX + panitumumab

vs
FOLFOX
	Ongoing, but not recruiting participants.

	
	NCT01910610
	III
	1st
	FOLFIRI + cetuximab, followed by oxaliplatin-based chemotherapy + bevacizumab

vs
OPTIMOX + bevacizumab, followed by irinotecan-based chemotherapy + bevacizumab, followed by anti-EGFR agent (cetuximab +/- irinotecan or panitumumab) with or without irinotecan
	Not yet open for participant recruitment.

	Aflibercept
	NCT01669720
	II
	2nd
	Aflibercept  iv (4 mg/kg every 2 wk)
	Currently recruiting participants.

	
	NCT01652196
	II
	1st
	Aflibercept iv + mFOLFOX 6 iv (days 1 and 15; repeat every 28 d)
	Currently recruiting participants.

	
	NCT01802684
	II
	1st
	Induction therapy (sequence #1)

Regimen : aflibercept + mFOLFOX7 - 6 cycles (3 mo) Maintenance after induction (sequence #2) First phase (sequence #2A)

Regimen : aflibercept + fluoropyrimidine (simplifed LV5FU2 or capecitabine) - 6 cycles (3 mo) Second phase (sequence #2B)

Regimen : aflibercept +/- fluoropyrimidine (simplifed LV5FU2 or capecitabine) - until PD or limiting toxicity Reintroduction (sequence #3)

Regimen : aflibercept + mFOLFOX7 - 6 cycles (3 mo) Maintenance after reintroduction (sequence #4)

Regimen : aflibercept + fluoropyrimidine - until PD or limiting toxicity
	Not yet open for participant recruitment.

	
	NCT01882868
	II
	2nd
	Aflibercept iv + FOLFIRI Aflibercept + FOLFIRI (every 2 wk)
	Currently recruiting participants.

	
	NCT01889680
	II
	1st
	mFOLFOX6 + aflibercept (every 14 d for 6 cycles) plus 5-FU/LV (every 14 d)

vs
mFOLFOX6 + aflibercept (every 14 d for 6 cycles) plus 5-FU/LV + aflibercept (every 14 d)
	Not yet open for participant recruitment.

	
	NCT01646554
	II/III
	1st
	mFOLFOX6 and SURGERY
6 cycles before and 6 cycles after surgery consisting in:

Hour 0: Oxaliplatin 85 mg/m² IV 2-h infusion

Hour 0: Folinic Acid 400 mg/m² (DL form) or 200 mg/m2 (L form) iv 2-h infusion

Hour 2: 5-FU 400 mg/m² iv V bolus over 2-4 min

Hour 2: 5-FU 2400 mg/m² given as a continuous infusion over 46 h.

On day 1 of a 14 d cycle

vs
mFOLFOX6 + aflibercept and surgery

6 cycles before and 6 cycles after surgery consisting in:

Hour 0: Aflibercept 4 mg/kg intravenous infusion 1-h

Hour 1: Oxaliplatin 85 mg/m2 2-h infusion

Hour 1: Folinic Acid 400 mg/m2 (DL form) or 200 mg/m2 (L form) 2-h infusion

Hour 3: 5-FU bolus 400 mg/m2 iv bolus over 2-4 min
Hour 3: 5-FU 2400 mg/m² given as a continuous infusion over 46 h.

Day 1 of a 14 day cycle
	Not yet open for participant recruitment.

	
	NCT01661270
	III
	2nd
	Aflibercept iv (day 1 of each cycle, every 2 wk) + FOLFIRI

vs
Placebo iv (day 1 of each cycle, every 2 wk) + FOLFIRI
	Currently recruiting participants.

	
	NCT01571284
	III
	2nd
	Aflibercept IV (every2 w ) + FOLFIRI
	Currently recruiting participants.

	
	NCT01670721
	III
	2nd
	Aflibercept IV (on day 1) + FOLFIRI administered as follows:

dI-leucovorin infusion over 2 h on day 1

Irinotecan: infusion over 90-min infusion, on day 1, followed by bolus 5-FU and 5-FU continuous infusion over 46 h infusion OR as individualized by physician's clinical judgment.

Treatment cycle to be administered every 2 wes.
	Currently recruiting participants.

	Brivanib
	NCT01367275
	II
	2nd
	Brivanib (800 mg orally daily days 1-14) + Irinotecan iv (180 mg/m2 on day 1)
	Ongoing, but not recruiting participants.

	Cediranib
	NCT00588900
	II
	2nd
	Irinotecan iv (days 1 and 8) + Cediranib oral (days 1-21)
	The recruitment status of this study is unknown because the information has not been verified recently.

	Ramucirumab
	NCT01111604
	II
	2nd
	mFOLFOX-6

vs
mFOLFOX-6 + ramucirumab ( 8 mg/kg iv infusion, administered every 2 wk)

vs
mFOLFOX-6 + icrucumab ( 15 mg/kg iv infusion, administered every 2 wk)
	Ongoing, but not recruiting participants.

	
	NCT01183780
	III
	2nd
	FOLFIRI + ramucirumab ( 8 mg/kg administered intravenously every 2 wk)
vs
FOLFIRI + placebo
	Currently recruiting participants.

	Regorafenib
	NCT01298570
	II
	2nd
	Regorafenib (160 mg, po, daily, per 7 day cycle) + FOLFIRI (day 1 and day 15 of each 28 d cycle)

vs
Placebo (oral administration, days 4-10 and days 18-24 of 28 day cycle +)+ FOLFIRI (day 1 and day 15 of each 28 d cycle)
	Currently recruiting participants.

	
	NCT01289821
	II
	1st
	Day 1 and day 15 of each cycle: 85 mg/m² oxaliplatin + folinic acid (either 400 mg/m² D/L-folinic acid or 200 mg/m² L-folinic acid), iv + 400 mg/m² 5 FU iv + 2400 mg/m² 5 iv.

Days 4 to 10 and days 18 to 24: regorafenib 160 mg (four 40 mg tablets).
	Ongoing, but not recruiting participants.

	
	NCT01875380
	II
	1st
	Regorafenib (orally, 160 mg per day for 3 wk, followed by 1 wk of rest)
	Not yet open for participant recruitment.

	
	NCT01103323
	III
	2nd
	Regorafenib (160 mg per oral once daily for 3 wk on 1 wk off of every 4 wk cycle)

Vs.

Placebo (per oral once daily for 3 wk on 1 wk off of every 4 wk cycle)
	Ongoing, but not recruiting participants.

	
	NCT01584830
	III
	2nd
	Regorafenib [3 wk on/1 week off (160 mg od po)]
Placebo [3 wk on/1 week off (160 mg od po.)]
	Ongoing, but not recruiting participants.

	
	NCT01853319
	III
	2nd
	Regorafenib (160 mg per oral every day for 3 wk of every 4 wk cycle)
	Not yet open for participant recruitment.

	
	NCT01538680
	III
	2nd
	Regorafenib (160 mg po every day for 3 wk on, 1 wk off).
	Expanded access is currently available for this treatment.

	semaxanib
	NCT00021281
	III
	1st
	Semaxanib iv (on days 1, 4, 8, 11, 15, 18, 22, 25, 29, 32, 36 and 39) + irinotecan iv , leucovorin calcium iv , fluorouracil iv (on days 1, 8, 15, and 22) (every 6 wk)

vs
irinotecan iv , leucovorin calcium iv , fluorouracil iv (on days 1, 8, 15, and 22) (every 6 wk)

vs
Semaxanib iv (on days 1, 4, 8, 11, 15, 18, 22, 25, 29, 32, 36 and 39) + irinotecan iv (days 1, 15 and 29) + leucovorin calcium iv , fluorouracil iv (on days 1, 2, 15, 16, 29 and 30).

vs
Irinotecan iv , leucovorin calcium iv, fluorouracil iv (on days 1, 8, 15, and 22) (every 6 wk)
	The recruitment status of this study is unknown because the information has not been verified recently.

	Sorafenib
	NCT01715441

NEXIRI 2
	II
	2nd
	Irinotecan 180 mg/m2 iv  with cross over to irinotecan and sorafenib combination at progression

vs
Sorafenib 400 mg twice daily with cross over to irinotecan and sorafenib combination at progression

vs
Irinotecan 120 mg/m2 iv at cycle 1, 150 mg/m² at cycle 2 and 180 mg/m² at cycle 3 + sorafenib 400 mg twice daily from cycle 1
	Currently recruiting participants.

	
	NCT01471353
	II
	2nd
	Sorafenib 200-400 mg po twice daily on days 1-21 (dose escalation schema) + capecitabine 1000 mg/m2 po twice daily on days 1-14 repeated every 21 d.
	Currently recruiting participants.

	
	NCT00826540
	II
	2nd
	Sorafenib twice daily on days 1-5 and 8-12 + bevacizumab iv on day 1
	Ongoing, but not recruiting participants.

	
	NCT00839111
	II
	2nd
	Sorafenib (400 mg twice daily from day 3 to day 14, day 17-28) + FOLFIRI
	The recruitment status of this study is unknown because the information has not been verified recently.

	
	NCT01290926
	II
	2nd
	Sorafenib (200 mg in the morning, 400 mg in the evening) + Capecitabine (850 mg/m2 twice daily)
	The recruitment status of this study is unknown because the information has not been verified recently.

	
	NCT00326495
	II
	2nd
	Oral sorafenib (400 mg by twice daily) plus cetuximab (400 mg/m2, week 1; 250 mg/m2 iv , weekly)
	Currently recruiting participants.

	sunitinib
	NCT00936832
	II
	1st
	FOLFIRI (on days 1, 15, and 29) + oral sunitinib (on days 1-28). (repeats every 6 wk)


	The recruitment status of this study is unknown because the information has not been verified recently.


Research at 25 July 2013 (http://clinicaltrials.gov.) 5-FU: 5-fluoraucil; FOLFIRI: 5-fluorouacil + leucovorin + irinotecan; mFOLFOX6: 5-fluoroaucil + leucovorin + oxaliplatin; HR: Harzard ratio.

Figure 1










































































VEGFR-1





VEGFR-2





VEGFR-3











Angiogenesis





Lynphangiogenesis





VEGF-B





PIGF





VEGF-A





VEGF-C


VEGF-D





Ramucirumab





Pathological angiogenesis?





Aflibercept





Tyrosine kinase inhibitor 





Bevacizumab





Endothelial cell





Endothelial cell









































VEGFR-2





Hypoxia









































HIF-1α


HIF-2α





VEGF-A producing cell





↑ expression of VEGF-A





VEGF-A









































Noch





Expression of DLL4





Prevention of  excessive angiogenesis





Tie2





Ang-1





Ang-2





Cell survival or


Vascular destabilization and vessel proliferation





Tyrosine kinase inhibitor 









































EGFRs





EGFs





Growth, differentiation, adhesion, migration and survival





Cetuximab Panitumumab 








61

