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Abstract: Colorectal cancer is one of the leading causes of cancer deaths worldwide. Due to 

targeted therapy, overall survival (OS) of metastatic colorectal cancer (mCRC) patients has been 

significantly increased over the past decade. However, the best sequencing of the therapeutic 

agents to be used in RAS wild-type subgroup is still under research. To determine the efficacy 

of targeted therapy, we collected randomized controlled trials which included patients receiving 

anti-epidermal growth factor receptor (EGFR) monoclonal antibody as first-line therapy in RAS/

KRAS wild-type mCRC. In our study, we found that OS was significantly improved by anti-

vascular endothelial growth factor (VEGF) agent after first-line anti-EGFR therapy. Our results 

revealed that it is a sensible treatment strategy to try anti-VEGF agent after first-line combination 

therapy with anti-EGFR monoclonal antibody for RAS/KRAS wild-type mCRC.
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Introduction
Colorectal cancer (CRC) is one of the leading causes of cancer deaths worldwide. 

Before 2003, chemotherapy was extensively used for metastatic colorectal can-

cer (mCRC). Cytotoxic agents, especially irinotecan or oxaliplatin coupled with 

fluorouracil [FU], were proved to be effective in the treatment of mCRC and regarded 

as standard therapeutic regimens.1 Over recent years, targeted therapy has been 

shown to improve outcomes in patients with mCRC when added to chemotherapy 

regimens.

Targeted therapeutic drugs act on specific cellular pathways that drive tumor growth. 

The epidermal growth factor receptor (EGFR) is one of the 4 transmembrane growth 

factor receptor proteins and overexpressed in CRC cells. Stimulation of EGFR pathways 

could promote tumor cell motility, adhesion, and metastasis.2 Expression of EGFR has 

been associated with poor prognosis and decreased survival in patients with mCRC. Thus, 

anti-EGFR therapy is an important treatment option for these patients. Panitumumab and 

cetuximab are the 2 anti-EGFR monoclonal antibody drugs approved by the US Food and 

Drug Administration for the treatment of mCRC. In addition to EGFR-targeted therapies, 

vascular endothelial growth factor (VEGF)-targeted therapies have also proven clinical 

benefits in the treatment of patients with mCRC by inhibiting angiogenesis.3,4

RAS is a family of related proteins involved in transmitting signals within cells. 

RAS proteins are important downstream effectors in MAPK pathway that couples 

EGFR with intracellular signaling cascades. KRAS mutation is the most common RAS-

mutated clone. KRAS mutations have been described in codons 12 and 13 (exon 2), 
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and in rare cases, in codon 61 (exon 3). These mutations 

activate EGFR signaling pathway, making anti-EGFR thera-

peutic agents ineffective.5

In the last decade, many clinical trials have been imple-

mented to assess the efficiency of targeted therapy in mCRC. 

The addition of cetuximab and FOLFIRI (irinotecan in 

combination with FU and leucovorin [LV]) as first-line 

treatment was used in both CRYSTAL and FIRE-3 studies. 

In CRYSTAL study, overall survival (OS) was only 

23.5 months in KRAS wild-type and 28.4 months in RAS 

wild-type patients, which was shorter than that in FIRE-3 

study (28.7 and 33.1 months, respectively). It is intriguing 

that these trials using targeted therapies as first-line therapy 

for mCRC have shown substantial variations in the reported 

median OS. We speculated that OS was related to the per-

centage of patients who received subsequent treatment and 

the percentage of patients treated with both antibodies. The 

percentage of patients who received second-line treatment 

was similar in CRYSTAL and FIRE-3 study (65% vs 69%). 

In FIRE-3 study, about 32% of patients received bevaci-

zumab, an anti-VEGF agent, after they failed to respond to 

cetuximab; this proportion is more than that in CRYSTAL 

study. Similarly, both PRIME and PEAK trials evaluated 

the efficacy of panitumumab plus FOLFOX (oxaliplatin in 

combination with FU and LV) as initial treatment for mCRC. 

OS was much longer in PEAK study, while the first-line 

progression-free survival (PFS) was similar. The percentage 

of patients who received second-line treatment was similar 

in PRIME and PEAK study (58.8% vs 63%), but the second-

line use of bevacizumab was different.

Based on the preliminary data, we analyzed the published 

trials to investigate the influence of targeted therapy on OS. 

We hope our results could help to make an evidence-based 

clinical decision of using targeted therapy in KRAS/RAS 

wild-type mCRC patients.

Methods
Identification of eligible studies
We systematically searched 2 search engines, the Cochrane 

Library and PubMed, from inception to July 15, 2017. 

We also performed handsearches of European Society for 

Medical Oncology (ESMO) and American Society of Clinical 

Oncology (ASCO) to identify any additional relevant trials. 

All relevant publications were reviewed, and duplications 

of articles from the 2 search strategies were eliminated. 

The search was conducted by 2 investigators (QTZ and 

CXF). Any disagreements were resolved by consensus with 

involvement of a third author (CWS).

Search strategy
CENTRAL (the Cochrane Library):

 #1 (colorect* or colon* or rect* or anal* or anus* or intestin* 

or bowel*) near/3 (carcinom* or neoplas* or adenocar-

cinom* or cancer* or tumor* or tumour* or sarcom*)

 #2 MeSH descriptor: [Colorectal Neoplasms] explode 

all trees

 #3 (#1 or #2)

 #4 (epidermal growth factor or EGR or EGFR or ErbB-1 

or HER1 or Cetuximab or Panitumumab)

 #5 MeSH descriptor: [Epidermal Growth Factor] explode 

all trees

 #6 MeSH descriptor: [Receptor, Epidermal Growth Factor] 

explode all trees

 #7 (#4 or #5 or #6)

 #8 MeSH descriptor: [Neoplasm Metastasis] explode all 

trees

 #9 metasta* or stage 4 or stage IV

 #10 (#8 or #9)

 #11 (#3 and #7 and #10)

PubMed:

#1 colorectal neoplasms [MeSH Terms]

#2 colorect or colon or rect or anal or anus or intestin or 

bowel [All Fields]

#3 (#1 or #2)

#4 Receptor, Epidermal Growth Factor [MeSH Terms]

#5 epidermal growth factor or EGR or EGFR or ErbB-1 or 

HER1 or Cetuximab or Panitumumab [All Fields]

#6 (#4 or #5)

#7 Clinical Study [ptyp]

#8 (#3 and #6 and #7)

inclusion criteria
All human-associated studies were included if they met the 

following criteria: 1) involving patients receiving anti-EGFR 

monoclonal antibody in combination with chemotherapy 

as first-line therapy; 2) involving KRAS or RAS wild-type 

patients; 3) randomized controlled trials; and 4) the following 

data could be obtained or speculated: OS, PFS, the percent-

age of patients receiving both antibodies, and the percentage 

of patients treated with any subsequent therapy (including 

chemotherapy or targeted therapy).

Data extraction and statistical analysis
Two investigators (QTZ and CXF) extracted data indepen-

dently and reached a consensus on all the items. For each 

study, the following information was collected: first author, 

publication year, first-line regimen, recruitment period, 
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gene status, number of patients, OS, PFS, the percentage of 

patients receiving both antibodies, the percentage of patients 

treated with any subsequent therapy, and the percentage of 

patients receiving EGFR-targeted therapy beyond progres-

sive disease (PD). All statistical analyses were conducted 

with Stata version 11.2 software.

Results
A total of 926 articles (all published) were identified from 

PubMed and the Cochrane Library. Among them, 873 dupli-

cated and unrelated articles were excluded. Of the remain-

ing 53 articles, 14 were excluded because the required data 

were unavailable. One ongoing study (TAILOR) reported 

in ESMO was included by handsearching. Finally, 9 clinical 

trials containing 11 subgroups were eligible for our study 

(Figure 1).

Data synthesis and missing data 
statement
Not all included trials reported complete number of patients 

with subsequent therapy. One author (QTZ) contacted 

researchers via email to request further information. Unfor-

tunately, we failed to get the original data from these trials. 

The detailed characteristics of the 9 studies are presented 

in Table 1. Detailed description of each included trial is 

discussed next.

CRYSTAL study investigated the efficacy of FOLFIRI 

plus cetuximab in the initial treatment of mCRC. In this 

trial, number of patients, PFS, and OS were obtained from 

an article by Van Cutsem et al, published in 2011.6 The per-

centage of patients treated with any subsequent therapy and 

the percentage of patients receiving EGFR-targeted therapy 

beyond PD were obtained from the original article by Van 

Cutsem et al, published in 2009.7 The CRYSTAL study did 

Figure 1 Flow diagram illustrating literature search and evaluation. T
ab
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not report the number of patients who received bevacizumab; 

however, bevacizumab was approved by the European Union 

at the end of 2004, and we speculated that the use of bevaci-

zumab in second-line treatment should be rare in 2004–2005, 

which was the recruit time for CRYSTAL study.

COIN trial assessed the effect on OS by adding cetuximab 

to oxaliplatin and fluoropyrimidine chemotherapy in arm B. 

Maughan et al8 reported that a total of 169 KRAS wild-type 

patients in arm B received any second-line therapy, among 

which 21 received EGFR-targeted therapy. Thus, the percent-

age of patients treated with any subsequent therapy was 47% 

(169/362), and the percentage of patients receiving EGFR-

targeted therapy beyond PD was 5.8% (21/362). COIN study 

did not report the number of patients who received beva-

cizumab. However, only 8 patients received other therapy 

except irinotecan, fluoropyrimidine, oxaliplatin, and EGFR- 

targeted therapy; thus, the percentage of patients receiving 

both antibodies should be ,2% (8/362).

OPUS study compared the efficacy of cetuximab plus 

FOLFOX-4 with FOLFOX-4 alone as first-line therapy for 

mCRC. Bokemeyer et al listed all poststudy anticancer treat-

ments in Annals of Oncology.9 A total of 8 patients received 

EGFR-targeting agents (cetuximab), and 13 patients received 

VEGF-targeting agents (bevacizumab). Thus, the percentage 

of patients who received both antibodies was 16% (13/82), 

and the percentage of patients receiving EGFR-targeted 

therapy beyond PD was 10% (8/82). Though researchers 

listed all post-study anticancer treatments, they did not 

report the number of patients who received second-line 

therapy, because a patient could receive more than one of 

these agents. Since first-line regimen contained cetuximab, 

oxaliplatin, and 5-FU/folinic acid (FA), we speculated that 

bevacizumab, irinotecan, and other agents were used as 

second-line therapy by 78% (64/82) of patients. However, 

this is not an accurate data.

NORDIC-VII trial investigated the efficacy of cetuximab 

when added to bolus FU/FA and oxaliplatin (Nordic FLOX), 

administered continuously or intermittently, in previously 

untreated mCRC. The influence of KRAS mutation status on 

treatment outcome was also investigated. Tveit et al reported 

that second- or third-line treatment was administered in 

67.3% of patients in KRAS wild-type group.10 We assumed 

that second- or third-line treatment was distributed equally 

in both arms, and thus, percentage of patients with any 

subsequent therapy was about 65%. Tveit et al also reported 

that bevacizumab was administered in 17.0% and 15.0%, 

and cetuximab in 12.4% and 11.2% of the patients in the 

2 arms, respectively. We also used the data in KRAS wild-

type population for analysis (the percentage of patients 

receiving both antibodies was about 16%, and the percent-

age of patients receiving EGFR-targeted therapy beyond 

PD was about 12%).

PRIME study evaluated the efficacy of panitumumab 

plus mFOLFOX as initial treatment for mCRC. In 2014, 

Douillard et al reported final results from PRIME in 

Annals of Oncology,11 in which they described that, in the 

KRAS wild-type subset, 12.9% of patients received anti-

EGFR-containing therapy and 58.8% of patients received 

chemotherapy. The percentage of patients with any subse-

quent therapy was replaced by the percentage of patients 

with chemotherapy for analysis (58.8%). Since researchers 

did not report any VEGF-targeting therapy, we speculated 

that very few patients used bevacizumab (,1%).

FIRE-3 trial was a randomized Phase III trial which 

compared the efficacy of FOLFIRI in combination with 

cetuximab or bevacizumab in patients with wild-type KRAS 

exon 2 tumors. Results of FIRE-3 were published in Lancet 

Oncology,12 in which Heinemann et al reported that second-

line anticancer therapy was administered to 204 patients, beva-

cizumab was administered to 95 patients, and EGFR antibody 

was administered to 33 patients. Thus, the percentage of 

patients with any subsequent therapy was 68.7% (204/297), the 

percentage of patients receiving both antibodies was 31.99% 

(95/297), and the percentage of patients receiving EGFR 

monoclonal antibody beyond PD was 10.4% (33/362).

PEAK study compared panitumumab with bevacizumab 

while using mFOLFOX6 as the backbone chemotherapy. 

Subsequent anti-EGFR monoclonal antibody therapy was 

received by 21% of patients, and anti-VEGF therapy was 

received by 40% of patients. Similar to PRIME study, PEAK 

study only gave data of patients who received chemotherapy 

(63%). This data was used as the percentage of patients with 

any subsequent therapy for analysis.

AIO KRK-0104 investigated the efficacy of cetuximab 

combined with capecitabine and irinotecan or capecitabine 

and oxaliplatin in the first-line treatment of mCRC. Similar 

to NORDIC-VII, Moosmann et al only reported second-

line treatment in intention-to-treat population rather than in 

KRAS wild-type population.13

TAILOR is an open-label, randomized, multicenter 

Phase III trial that confirmed the efficacy of FOLFOX-4 plus 

cetuximab in the first-line treatment of Chinese patients with 

RAS wild-type mCRC. The results were first reported in 

ESMO World Congress on Gastrointestinal Cancer in 2016.

effects of interventions
We analyzed the relationship between OS and the percent-

age of patients with any subsequent therapy, the percentage 
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of patients receiving both antibodies, and the percentage 

of patients receiving EGFR-targeted therapy beyond PD. 

Figure 2 shows the relationship between OS and the per-

centage of patients receiving both antibodies. The results 

supported the idea that the OS was significantly affected by 

both targeted therapies (P=0.0233). On the contrary, there 

is no correlation between OS and the percentage of patients 

with any subsequent therapy (P=0.8181, data not shown) or 

the percentage of patients receiving EGFR-targeted therapy 

beyond PD (P=0.0722, data not shown). Our results sug-

gested that, after receiving anti-EGFR monoclonal antibody 

as first-line therapy, OS was correlated with subsequent 

availability of anti-VEGF therapy.

Discussion
Due to targeted therapy, the OS of mCRC patients has been 

significantly increased over the past decade, approaching 

about 30 months. A recent study has established that indi-

viduals with RAS wild-type mCRC have superior response 

to anti-EGFR monoclonal antibody therapy compared with 

RAS mutant subgroup.5 However, studies comparing the 

efficacy of first-line monoclonal antibodies in mCRC have 

yielded conflicting results, and the best sequencing of these 

agents in RAS wild-type subgroup is still under research. 

A recent meta-analysis reported that, compared with anti-

VEGF therapy, OS was improved by first-line anti-EGFR 

therapy in both KRAS wild-type and RAS wild-type patients, 

suggesting that anti-EGFR monoclonal antibodies may be a 

real alternative to anti-VEGF therapy as initial treatment for 

advanced CRC.14 Derangere et al found that VEGF-A could 

induce resistance toward cetuximab cytotoxicity on 3 KRAS 

and NRAS wild-type colon cancer cell lines, suggesting that 

a previous anti-VEGF therapy could decrease anti-EGFR 

efficacy.15 In our study, we found that after first-line anti-

EGFR therapy, OS was improved by subsequent anti-VEGF 

agents in patients with confirmed KRAS wild-type mCRC, 

which is consistent with the National Comprehensive Cancer 

Network (NCCN) guidelines.

However, there are still some shortcomings in our review. 

First of all, some studies were excluded because of incom-

plete data. For instance, CALGB/SWOG 80405 trial,16 a 

well-designed randomized Phase III study, was conducted 

to demonstrate a benefit for a cetuximab-containing regimen 

compared with a bevacizumab combination in KRAS exon 

2 wild-type tumors. This trial has reported OS and PFS in 

cetuximab-containing first-line regimen. However, it did not 

give any information on subsequent treatment. Although we 

tried to contact researchers via email twice, we failed to get 

any information. Similarly, the CAIRO2,17 CECOG,18 and 

PACCE19 studies were excluded for the same reason. We 

believe that conclusion would be more convincing if those 

trials were included.

In addition, most of the trials in our study reviewed 

patients with confirmed KRAS wild-type tumors instead of 

RAS wild-type tumors. In 2006, Lievre et al20 demonstrated 

that KRAS mutation is a predictor of resistance to cetuximab 

therapy and associated with a worse prognosis. However, 

a population of patients with KRAS wild-type tumors still 

did not respond to cetuximab; therefore, the influence of 

other downstream mutations on the efficacy of cetuximab 

Figure 2 Regression plot and relationship between percentage of patients receiving both antibodies.
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was studied. De Roock et al found that BRAF and NRAS 

mutations were also significantly associated with a low 

response rate.21 More recently, in 2015, a meta-analysis 

revealed that ~20% of KRAS exon 2 wild-type tumors har-

bored one of the new RAS mutations. Anti-EGFR therapy 

could improve both PFS and OS in patients harboring tumors 

without any RAS mutations, while no PFS or OS benefit 

was observed in those harboring tumors with the new RAS 

mutations.5

Furthermore, our review did not take primary tumor 

sidedness into account. Over recent years, we realized that 

primary tumors arising from the left and right sides of the 

colon have distinct clinical and molecular characteristics. 

CALGB/SWOG 80405 trial provided strongest evidence 

for the predictive value of primary tumor sidedness and 

response to EGFR inhibitors in the first-line treatment. 

OS was prolonged with cetuximab vs bevacizumab in the 

left-sided primary group but shortened in the right-sided 

primary group. In the 2017 NCCN guidelines,22 cetuximab 

or panitumumab was recommended for KRAS/NRAS wild-

type and left-sided tumors only.

OS after first-line therapy was affected by regimens of 

subsequent chemotherapy or targeted therapy. As for che-

motherapy, irinotecan and oxaliplatin alone or coupled with 

FU and LV are cornerstone drugs for patients diagnosed 

with advanced CRC. The same controversy of choosing the 

2 kinds of cytotoxic agents happened in the period before 

targeted therapies existed, when only chemotherapy could be 

used. In 2005, Grothey et al found that a strategy of making 

all active agents available to patients with advanced CRC 

appears to be more important than the use of irinotecan- or 

oxaliplatin-based combination therapy upfront.23 So, we 

believe that subsequent chemotherapy might not be a deter-

minate factor affecting OS.

In our review, we found that OS was significantly 

improved by anti-VEGF agent after first-line anti-EGFR 

therapy. The results revealed that it is a sensible treatment 

strategy to try anti-VEGF agent after first-line combination 

therapy with anti-EGFR monoclonal antibody for RAS/

KRAS wild-type mCRC.
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