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Background: Results from several prospective clinical trials comparing anti-epidermal 

growth factor receptor (EGFR) therapy and anti-vascular endothelial growth factor (VEGF) ther-

apy plus chemotherapy for wild-type RAS metastatic colorectal cancer (mCRC) have been incon-

sistent. This meta-analysis aims to investigate the optimal choice for these target agents.

Methods: We searched for clinical trials in both electronic databases from inception until 

January 2018 and recent conference abstracts to identify prospective clinical studies comparing 

the efficacy of a VEGF inhibitor (bevacizumab) versus EGFR inhibitors (cetuximab or pani-

tumumab) on wild-type RAS (including its subset KRAS) mCRC. All analyses were conducted 

using RevMan 5.3 software.

Results: A total of 5 studies were included. EGFR inhibitors were associated with a significant 

benefit in terms of overall survival (OS) compared with VEGF inhibitors in wild-type KRAS or 

wild-type RAS populations, with hazard ratios (HRs) equal to 0.86 (95% CI: 0.78, 0.95; p=0.003) 

and 0.83 (95% CI: 0.72, 0.95; p=0.007), respectively. This survival benefit was limited to the first-

line setting. No difference was found for progression-free survival (PFS), whereas the objective 

response rate (ORR) was significantly increased in the wild-type RAS population (OR: 0.64; 95% CI: 

0.50, 0.82; p=0.0004). No difference in OS was noted between EGFR inhibitors versus a VEGF 

inhibitor plus the FOLFIRI regimen, whereas superior survival was noted for EGFR inhibitors plus 

the mFOLFOX6 regimen versus a VEGF inhibitor (HR: 0.75; 95% CI: 0.57, 0.98; p=0.04). PFS 

was significantly prolonged (HR: 1.48; 95% CI: 1.14, 1.92; p=0.003), whereas a trend favoring OS 

(HR: 1.23; 95% CI: 0.93, 1.63; p=0.14) was noted for a VEGF inhibitor in patients with right-sided 

tumors, with no difference in the ORR (OR: 0.85; 95% CI: 0.52, 1.38; p=0.51). However, left-sided 

tumors exhibited superior OS (HR: 0.71; 95% CI: 0.59, 0.85; p=0.0002), PFS (HR: 0.84; 95% CI: 

0.72, 0.98; p=0.03), and ORR (OR: 0.66; 95% CI: 0.48, 0.92; p=0.01) for EGFR inhibitors.

Conclusion: This meta-analysis suggests the superiority of anti-EGFR therapy compared with 

anti-VEGF therapy for mCRC with wild-type RAS. Primary tumor location should be taken into 

account in target drug selection. Further research is still needed to confirm which inhibitor may 

be a better choice when combined with different chemotherapy regimens.

Keywords: bevacizumab, cetuximab, panitumumab, colorectal cancer, meta-analysis

Introduction
Fluorouracil- and folinic acid-based cytotoxic chemotherapeutic combinations with 

either oxaliplatin (mFOLFOX6 regimen) or irinotecan (FOLFIRI regimen) have sig-

nificantly increased the life expectancy of patients with mCRC.1,2 Currently, therapies 

combining the mFOLFOX6 regimen or FOLFIRI regimen with biologic monoclonal 

antibodies further improve survival and are standard first-line treatments.3–5
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Bevacizumab is one of the major targeting agents that 

block the activity of VEGF-A and play an important antian-

giogenesis role in tumors. Several studies have demonstrated 

that the addition of bevacizumab to traditional chemothera-

peutic cytotoxic drugs provides survival benefits to patients 

with mCRC.3,6

EGFR inhibitors represent another essential class of 

targeted drugs used in mCRC. Cetuximab and panitumumab 

are examples of EGFR inhibitors currently approved by the 

US Food and Drug Administration (FDA). EGFR inhibitors 

can competitively and specifically bind to the receptor and 

block downstream signaling. However, mutations in RAS, 

a downstream gene, can induce constitutive activation of 

the intracellular pathway of the EGFR signaling cascade 

independent of EGFR, resulting in tumor proliferation, dif-

fusion, and primary anti-EGFR therapy resistance. The major 

RAS genes, KRAS, NRAS, and HRAS, are the most common 

oncogenes in CRC. A sizable body of research indicates 

that patients with a mutation in codons 12 and 13 of KRAS 

exon 2 do not respond to anti-EGFR therapy.4,7 Therefore, 

these agents are not suggested for the treatment of mCRC 

patients with KRAS mutations based on FDA recommenda-

tions. More recent studies have provided further evidence that 

KRAS mutations outside of exon 2 and NRAS mutations are 

also negative predictive markers for the efficacy of cetuximab 

and panitumumab therapy.8,9 A meta-analysis concluded 

that EGFR inhibitors provided significant clinical benefit in 

patients with wild-type RAS mCRC.10

Although the addition of a VEGF inhibitor or EGFR 

inhibitors to standard chemotherapy yields greater activity 

than cytotoxic chemotherapy alone and although this com-

bination regimen is commonly used in first- or second-line 

therapy, which inhibitor offers superior efficacy in com-

bination with chemotherapy for patients with wild-type 

KRAS, even wild-type RAS, mCRC remains controversial. 

Here, we performed this meta-analysis to review available 

clinical trial data to evaluate the efficacy of chemotherapy in 

combination with a VEGF inhibitor versus EGFR inhibitors 

in patients with wild-type RAS mCRC, including wild-type 

KRAS mCRC.

Methods
literature search
We searched for clinical trials published in electronic data-

bases (PubMed, Embase, and the Cochrane databases) from 

inception until January 2018. The following 4 search terms 

were used: “metastatic colorectal cancer”, “bevacizumab”, 

“cetuximab”, and “panitumumab”. We also manually 

searched conference abstracts from the ASCO and ESMO to 

update included studies and to search for additional eligible 

trials. We also assessed the references of the included studies 

for other potentially eligible studies.

study selection criteria
Eligible studies were required to meet the following inclusion 

criteria: 1) prospective clinical studies that compare the effi-

cacy of VEGF inhibitor (bevacizumab) and EGFR inhibitors 

(cetuximab or panitumumab) in mCRC patients regardless of 

the study regimen and number of previous treatments; and 

2) articles that were published in English.

Data extraction and quality assessment
The Cochrane Collaboration Guidelines guided the quality 

assessment of the studies, data collection, risk of bias 

evaluation, and analysis. Two review authors independently 

assessed all relevant articles retrieved for inclusion. All dis-

agreements between the 2 reviewers were resolved by con-

sensus or by a third investigator. The data of feasible studies 

were extracted according to the protocol of Cochrane. For 

each study, we extracted the following standard information 

from 2 populations (wild-type KRAS and wild-type RAS): 

the trial title, first author, year of publication, phase, target 

agents, combination chemotherapeutic regimen, number of 

included patients, number of previous treatments, primary 

tumor location, and main outcome of the treatment. Given 

that all published information adequately addressed the main 

questions, we did not ask for individual data.

Definitions of outcomes
The ORR was assessed according to the RECIST. PFS was 

defined as the time of study entry until the first evidence 

of disease progression or death for any cause, whichever 

occurred first. The time of study entry until death was 

defined as OS.

statistical analyses
All analyses were conducted using the program Review 

Manager Version 5.3, which was developed and is freely avail-

able from the Cochrane Collaboration. In this meta-analysis, 

dichotomous data (ORR) were assessed for statistical 

efficacy analysis using the odds ratio (OR) with 95% CI. 

Survival variables were evaluated using the hazard ratio 

(HR). Heterogeneity across studies was assessed using 

the I2 statistic. An I2 value ,25% indicated minimal het-

erogeneity, whereas a value from 25% to 50% indicated 

moderate heterogeneity. In this case, the fixed-effect model 
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was used for the meta-analysis. If there was a significant 

heterogeneity (I2.50%), a random-effects model was used. For 

all analyses, p-values ,0.05 were considered statistically signifi-

cant. Publication bias was judged using funnel plots. The quality 

of the studies was assessed using the Jadad quality score.

Results
search result
After the initial search of network databases, a total of 1,010 

publications were identified according to the search strategy. 

An additional 28 publications were identified from confer-

ence abstracts. Of these results, 1,018 publications were 

duplicates or not relevant to the topic and therefore excluded 

after screening the titles and abstracts. Of the 20 possibly eli-

gible publications, 3 were reviews and 3 were meta-analyses. 

Hence, the full texts of 14 publications were assessed in 

detail. One study26 was ongoing. In addition, 7 publications 

originated from the same study (FIRE-3),12,13 and 3 publica-

tions originated from another study (PEAK).14,15 Finally, 5 

studies were included in this analysis. Figure 1 presents the 

PRISMA Statement diagram for selection of results. Table 1 

summarizes the characteristics of the included studies. Of 

the 5 studies considered for the analysis, 2 publications 

were Phase III trials, and 3 publications were Phase II 

trials. CALGB/SWOG 80405,11 FIRE-3,12,13 and PEAK14,15 

were first-line studies comparing the treatment efficacy of 

chemotherapy combined with EGFR inhibitors versus a 

VEGF inhibitor in mCRC, whereas SPIRITT16 and WJOG 

6210G17 were designed to evaluate treatment outcomes 

between EGFR inhibitors and a VEGF inhibitor in mCRC 

refractory to first-line chemotherapy plus bevacizumab. All 

included studies were considered high-quality trials, with 

quality scores of all equal to 3.

Outcome of meta-analysis
All of the included studies were initially designed to inves-

tigate treatment outcomes of anti-EGFR therapy versus 

anti-VEGF therapy in a wild-type KRAS population and 

reported key efficacy data (Table 2). Therefore, we performed 

a meta-analysis of efficacy in this ITT population first. For 

the wild-type KRAS population, OS was significantly pro-

longed in patients receiving EGFR inhibitors compared to 

that in patients receiving a VEGF inhibitor, with a pooled 

HR equal to 0.86 (95% CI: 0.78, 0.95; p=0.003) (Figure 2A). 

However, no significant difference in PFS was observed (HR: 

0.98; 95% CI: 0.90, 1.08; p=0.71) (Figure 2B). To eliminate 

heterogeneity, analyses of the ORR excluded second-line 

studies. A trend of increased ORR was noted for EGFR 

Publications identified from
PubMed, Embase, and the Cochrane

database (n=1,010)

Additional publications identified
through conference abstracts

(n=28)

Excluded by screening title and
abstract (n=1,018): duplicate

articles or articles not relevant
to topic

Publications screened (n=20)

Full-text articles assessed in
detail (n=14)

Eligible studies finally included
(n=5)

Studies are ongoing or with
overlapping patients

Publications excluded (n=6):
reviews and meta-analyses

Figure 1 Flow chart for the selection of eligible studies.
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Table 1 Characteristics of the 5 included studies comparing chemotherapy combined with VEGF inhibitor versus EGFR inhibitors

Study Phase Treatment  
line

Year of  
study

Treatment regimen Response  
assessment

Quality  
scores

References

calgB/ 
sWOg 80405

iii First line 2017 cT (either mFOlFOX6 or FOlFiri) +  
cet vs cT + Bev

recisT 1.0 3 11

FIRE-3 iii First line 2014 FOlFiri + cet vs FOlFiri + Bev recisT 1.0 3 12, 13
PeaK ii First line 2014 mFOlFOX + Pan vs mFOlFOX + Bev recisT 1.0 3 14, 15
sPiriTT ii second line 2014 FOlFiri + Pan vs FOlFiri + Bev recisT 1.0 3 16
WJOg 6210g ii second line 2016 FOlFiri + Pan vs FOlFiri + Bev recisT 1.1 3 17

Abbreviations: VEGF, vascular endothelial growth factor; EGFR, epidermal growth factor receptor; CT, chemotherapy; FOLFIRI, folinate, fluorouracil, and irinotecan; Cet, 
cetuximab; Bev, bevacizumab; RECIST, The Response Evaluation Criteria in Solid Tumors; mFOLFOX, modified folinic acid-fluorouracil-oxaliplatin; Pan, panitumumab.

inhibitors, with a pooled OR of 1.10 (95% CI: 1.00, 1.43; 

p=0.05) (Figure 2C).

In subgroup analyses, OS remained prolonged for 

wild-type KRAS patients treated with EGFR inhibitors as 

first-line therapy (HR: 0.82; 95% CI: 0.74, 0.92; p=0.0005). 

However, this survival benefit disappeared in second-line 

therapy (HR: 1.10; 95% CI: 0.84, 1.43; p=0.49). Neither 

first-line nor second-line studies revealed significant dif-

ferences in PFS, with HRs equal to 0.97 (95% CI: 0.88, 

1.07; p=0.56) and 1.08 (95% CI: 0.82, 1.41; p=0.60), 

respectively.

With regard to chemotherapy regimen, no difference in 

OS was observed between EGFR inhibitors and a VEGF 

inhibitor combined with the FOLFIRI regimen (Figure 3A), 

whereas the analysis indicated a survival benefit for EGFR 

inhibitors combined with the mFOLFOX6 regimen compared 

with a VEGF inhibitor (HR: 0.75; 95% CI: 0.57, 0.98; 

p=0.04). Given the significant heterogeneity (I2=54%), a 

random-effects model was used (Figure 3B).

Of the 5 included studies, 4 studies reported the efficacy 

data of the wild-type RAS (Table 2). EGFR inhibitors also 

demonstrated a superior survival benefit in this population 

(HR: 0.83; 95% CI: 0.72, 0.95; p=0.007) (Figure 4A), but 

no difference in PFS was observed (HR: 0.97; 95% CI: 0.85, 

1.09; p=0.58) (Figure 4B). After the exclusion of a second-

line study (WJOG 6210G17) to minimize heterogeneity, the 

ORR was significantly increased in wild-type RAS mCRC 

treated with EGFR inhibitors compared with that treated with 

a VEGF inhibitor (OR: 0.64; 95% CI: 0.50, 0.82; p=0.0004) 

(Figure 4C).

Table 2 Efficacy outcomes from included studies for patients with wild-type KRAS and wild-type RAS metastatic colorectal cancer

Study Study arms Wild-type KRAS Wild-type RAS

N ORR (%) Median PFS, 
months

Median OS, 
months

N ORR (%) Median PFS, 
months

Median OS, 
months

calgB/sWOg 
8040511

cT + cet
cT + Bev

578
559

59.6
55.2

10.5
10.6

30.0
29.0

270
256

68.6
53.6

11.2
11.0

32.0
31.2

p.0.05 hr: 0.95 
(0.84–1.08)

hr: 0.88 
(0.77–1.01)

p,0.01 hr: 1.03 
(0.86–1.24)

hr: 0.88 
(0.72–1.08)

FIRE-312,13 FOlFiri + cet 297 62 10.0 28.7 199 65.3 10.3 33.1
FOlFiri + Bev 295 58 10.3 25 201 58.7 10.2 25

p=0.18 hr: 1.06 
(0.88–1.26)

hr: 0.77 
(0.62–0.96)

p=0.18 hr: 0.97 
(0.78–1.20)

hr: 0.70 
(0.54–0.90)

PeaK14,15 mFOlFOX + Pan 142 57.8 10.9 34.2 88 65 12.8 36.9
mFOlFOX + Bev 143 53.5 10.1 24.3 82 60 10.1 28.9

nr hr: 0.87 
(0.65–1.17)

hr: 0.62 
(0.44–0.89)

p=0.86 hr: 0.68 
(0.48–0.96)

hr: 0.76 
(0.53–1.11)

sPiriTT16 FOlFiri + Pan 87 32 7.7 18.0
FOlFiri + Bev 83 19 9.2 21.4

hr: 1.01 
(0.68–1.50)

hr: 1.06 
(0.75–1.49)

WJOg 6210g17 FOlFiri + Pan 59 46.2 6.0 16.2 46 52.5 7.4 18.9
FOlFiri + Bev 58 5.7 5.9 13.4 44 2.6 6.7 16.1

p,0.001 hr: 1.14 
(0.78–1.66)

hr: 1.16 
(0.76–1.77)

p,0.001 hr: 1.14 
(0.74–1.73)

hr: 1.21 
(0.74–1.99)

Abbreviations: ORR, objective response rate; PFS, progression-free survival; OS, overall survival; CT, chemotherapy; Cet, cetuximab; Bev, bevacizumab; HR, hazard ratio; 
FOLFIRI, folinate, fluorouracil, and irinotecan; Pan, panitumumab; mFOLFOX, modified folinic acid-fluorouracil-oxaliplatin; NR, not recorded.
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ORR
Study or
subgroup

309
171
76

556

Events

559
295
143

997

Total

345
184
82

611

Events

578
297
142

1,017

Total

56.7
28.8
14.4

100

Weight
(%)

0.83 (0.66, 1.06)
0.85 (0.61, 1.18)
0.83 (0.52, 1.32)

0.84 (0.70, 1.00)

OR M–H,
fixed, 95% CI

OR M–H,
fixed, 95% CI

Total (95% CI)

CALGB/SWOG 8040511

FIRE-312,13

PEAK14,15

Total events
Heterogeneity: χ2=0.01, df=2 (p=1.00); I2=0%
Test for overall effect: Z=1.96 (p=0.05)

EGFR inhibitorsVEGF inhibitor

0.01 0.1
Favors

(EGFR inhibitors)
Favors

(VEGF inhibitor)

1 10 100

Study or
subgroup

OS

–0.12783337
–0.26136476
–0.4780358

0.05826891
0.14842

Log (HR)

0.069213
0.111534
0.179706

0.175117
0.215667

SE

55.8
21.5
8.3
85.5

100

8.7
5.7
14.5

Weight
(%)

0.88 (0.77, 1.01)
0.77 (0.62, 0.96)
0.62 (0.44, 0.88)
0.82 (0.74, 0.92)

0.86 (0.78, 0.95)

1.06 (0.75, 1.49)
1.16 (0.76, 1.77)
1.10 (0.84, 1.43)

HR IV,
fixed, 95% CI

Heterogeneity: χ2=3.78, df=2 (p=0.15); I2=47%
Test for overall effect: Z=3.49 (p=0.0005)

Subtotal (95% CI)

First line

Second line

Subtotal (95% CI)

Total (95% CI)

CALGB/SWOG 8040511

FIRE-312,13

WJOG 6210G17
SPIRITT16

PEAK14,15

Heterogeneity: χ2=0.11, df=1 (p=0.75); I2=0%
Test for overall effect: Z=0.69 (p=0.49)

Heterogeneity: χ2=7.76, df=4 (p=0.10); I2=48%
Test for overall effect: Z=2.97 (p=0.003)
Test for subgroup differences: χ2=3.87, df=1 (p=0.05); I2=74.2%

0.01 0.1
Favors

(EGFR inhibitors)
Favors

(VEGF inhibitor)

1 10 100

PFS
Study or
subgroup

–0.05129329
0.05826891
–0.13926207

0.00995033
0.13102826

Log (HR)

0.064111
0.091568
0.149946

0.201818
0.192673

SE

53.1
26.0
9.7
88.8

100

5.4
5.9
11.2

Weight
(%)

0.95 (0.84, 1.08)
1.06 (0.89, 1.27)
0.87 (0.65, 1.17)
0.97 (0.88, 1.07)

0.98 (0.90, 1.08)

1.01 (0.68, 1.50)
1.14 (0.78, 1.66)
1.08 (0.82, 1.41)

HR IV,
fixed, 95% CI

HR IV,
fixed, 95% CI

Second line

Subtotal (95% CI)

Total (95% CI)

WJOG 6210G17
SPIRTT16

Subtotal (95% CI)

First line
CALGB/SWOG 8040511

FIRE-312,13

PEAK14,15

Heterogeneity: χ2=1.57, df=2 (p=0.46); I2=0%
Test for overall effect: Z=0.58 (p=0.56)

Heterogeneity: χ2=0.19, df=1 (p=0.66); I2=0%
Test for overall effect: Z=0.53 (p=0.60)

Heterogeneity: χ2=2.23, df=4 (p=0.69); I2=0%
Test for overall effect: Z=0.37 (p=0.71)
Test for subgroup differences: χ2=0.48, df=1 (p=0.49); I2=0%

0.01 0.1
Favors

(EGFR inhibitors)
Favors

(VEGF inhibitor)

1 10 100

A

B

C

HR IV,
fixed, 95% CI

Figure 2 Forest plots of the efficacy of anti-EGFR therapy versus anti-VEGF therapy in wild-type KRAS mcrc patients.
Note: (A) hr of Os, (B) hr of PFs, and (C) Or of Orr.
Abbreviations: EGFR, epidermal growth factor receptor; VEGF, vascular endothelial growth factor; mCRC, metastatic colorectal cancer; HR, hazard ratio; OS, overall 
survival; PFS, progression-free survival; OR, odds ratio; ORR, objective response rate.

Given the definite prognostic and predictive value, 

primary tumor location was also assessed as a stratified factor 

(Figure 5). The analyses were performed based on 3 studies 

(Table 3). In the wild-type RAS setting where the primary 

tumor originated on the right side, PFS was significantly 

prolonged (HR: 1.48; 95% CI: 1.14, 1.92; p=0.003), with a 

trend favoring OS (HR: 1.23; 95% CI: 0.93, 1.63; p=0.14) 

when a VEGF inhibitor was administered. However, no 
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FOLFIRIA
HR IV,
fixed, 95% CI

0.01 0.1 1 10

Favors
(VEGF inhibitor)

Favors
(EGFR inhibitors)

100

Total (95% CI)

Heterogeneity: χ2=5.14, df=3 (p=0.16); I2=42%
Test for overall effect: Z=1.01 (p=0.31)

mFOLFOX6B

0.136691
0.111534
0.175117
0.215667

SE

0.082216
0.179706

SE HR IV,
random, 95% CI

HR IV,
fixed, 95% CI

1.04 (0.80, 1.36)
0.77 (0.62, 0.96)
1.06 (0.75, 1.49)
1.16 (0.76, 1.77)

0.93 (0.81, 1.07)

HR IV,
random, 95% CI

0.83 (0.71, 0.98)
0.62 (0.44, 0.88)

0.75 (0.57, 0.98)

28.5
42.8
17.3
11.4

Weight
(%)

100

65.0
35.0

Weight
(%)

100

0.01 0.1 1 10

Favors
(VEGF inhibitor)

Favors
(EGFR inhibitors)

100

0.14842
0.05826891
–0.26136476

Log (HR)

0.03922071

–0.4780358
–0.18632958

Log (HR)

Total (95% CI)

Study or
subgroup

CALGB/SWOG 8040511

FIRE-312,13

SPIRITT16

WJOG 6210G17

Study or
subgroup

CALGB/SWOG 8040511

PEAK14,15

Heterogeneity: τ2=0.02; χ2=2.18, df=1 (p=0.14); I2=54%
Test for overall effect: Z=2.07 (p=0.04)

Figure 3 Forest plots of the HR of OS for wild-type KRAS mCRC patients receiving chemotherapy plus anti-EGFR therapy versus anti-VEGF therapy in (A) the FOlFiri 
subgroup and (B) the mFOLFOX6 subgroup.
Abbreviations: HR, hazard ratio; OS, overall survival; mCRC, metastatic colorectal cancer; EGFR, epidermal growth factor receptor; VEGF, vascular endothelial growth 
factor; FOLFIRI, folinate, fluorouracil, and irinotecan; mFOLFOX, modified folinic acid-fluorouracil-oxaliplatin.

χ

χ

χ

χ

χ

χ

Figure 4 (Continued)
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difference in the ORR (OR: 0.85; 95% CI: 0.52, 1.38; p=0.51) 

was noted for the VEGF inhibitor. In contrast, left-sided pri-

mary tumors demonstrated superior OS (HR: 0.71; 95% CI: 

0.59, 0.85; p=0.0002), PFS (HR: 0.84; 95% CI: 0.72, 0.98; 

p=0.03), and ORR (OR: 0.66; 95% CI: 0.48, 0.92; p=0.01) 

with EGFR inhibitors.

Discussion
EGFR and VEGF inhibitors are both monoclonal antibod-

ies sharing equal importance in mCRC treatment, but these 

inhibitors utilize completely different mechanisms. Anti-

VEGF therapy blocks the activity of VEGF-A and inhibits 

tumor angiogenesis. In CRC, RAS gene mutations upregulate 

VEGF expression and promote tumor angiogenesis. Thus, a 

VEGF inhibitor may be effective in either mutant or wild-

type RAS CRC. However, EGFR is upstream of RAS, and 

RAS gene mutations could activate the downstream signaling 

cascade independent of EGFR. Although EGFR is blocked, 

its downstream pathway remains active. Thus, EGFR 

inhibitors exhibit treatment benefits exclusively in wild-type 

RAS CRC. With these questions clarified, the clinical trials 

comparing treatment efficacy between EGFR inhibitors and 

VEGF inhibitors gradually included only wild-type RAS 

patients. However, the optimal target therapy remains less 

clear, specifically in wild-type RAS mCRC.

This meta-analysis indicates the survival benefit of 

OS in wild-type RAS populations receiving EGFR inhibi-

tors plus chemotherapy compared with VEGF inhibitors; no 

differences with respect to PFS were noted. Although the 

superiority in OS was comparable between the wild-type 

KRAS and RAS populations in our analysis, most published 

studies present evidence that exclusion of patients with any 

other RAS mutations allowed for the more selective use of 

EGFR inhibitors within a narrower group of mCRC patients 

who are most likely to benefit from treatment. Consider-

ing that 2 trials of second-line therapies recruited patients 

progressing on chemotherapy plus bevacizumab, we did 

not include these trials in the ORR analysis. A nonsignifi-

cant trend toward an improved ORR was demonstrated in 

the wild-type KRAS population with the addition of EGFR 

inhibitors, and this improvement became more pronounced 

in the wild-type RAS population, as expected.

The ITT population of all included trials was the wild-

type KRAS population, but the primary analysis of this 

setting revealed conflicting results based on efficacy data. 

Although extended RAS testing excluded more EGFR 

inhibitor-insensitive patients from the ITT population, the 

conclusions from subgroup analysis of the expanded wild-

type RAS cohort remain inconsistent. Three additional meta-

analyses compared the treatment effect of EGFR inhibitors 

versus a VEGF inhibitor. Specifically, 2 of these studies 

were conducted in a first-line setting and indicated a supe-

rior ORR and OS in wild-type RAS mCRC patients receiv-

ing EGFR inhibitors.18,19 Wang reported additional results 

including retrospective studies and second-line studies that 

demonstrated the advantage of anti-EGFR therapy versus 

anti-VEGF therapy for OS and ORR as a first-line therapy 

for wild-type KRAS and RAS mCRC.20 The present meta-

analysis adds to this information by updating efficacy data 

from randomized trials, not considering retrospective studies, 

taking primary tumor location into account, and providing 

more power and a valuable assessment. Of note, longer OS 

correlated with treatment line. A clear OS advantage was 

demonstrated in first-line therapy favoring EGFR inhibitors, 

but this improvement was not noted in second-line therapy, 

with an increased ORR and no significant effect on PFS. 

We attribute the cause of the discrepancy among OS, PFS, 

and ORR to 3 reasons. First, the mechanism may involve 

the sequence of different target drugs. In vitro and in vivo, 

acquired resistance to EGFR inhibitors is related to upregu-

lation of VEGF, and inhibition of VEGF signaling could 

overcome the resistance.21,22 Regarding treatment strategy, 

Figure 4 Forest plots of the efficacy of anti-EGFR therapy versus anti-VEGF therapy in wild-type RAS mCRC subpopulation: (A) hr of Os, (B) hr of PFs, and (C) Or of 
Orr.
Abbreviations: EGFR, epidermal growth factor receptor; VEGF, vascular endothelial growth factor; mCRC, metastatic colorectal cancer; HR, hazard ratio; OS, overall 
survival; PFS, progression-free survival; OR, odds ratio; ORR, objective response rate.
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Figure 5 Forest plots of the efficacy of anti-EGFR therapy versus anti-VEGF therapy in wild-type RAS mCRC stratified based on primary tumor location.
Note: (A) hr of Os, (B) hr of PFs, and (C) Or of Orr.
Abbreviations: EGFR, epidermal growth factor receptor; VEGF, vascular endothelial growth factor; mCRC, metastatic colorectal cancer; HR, hazard ratio; OS, overall 
survival; PFS, progression-free survival; OR, odds ratio; ORR, objective response rate.
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Table 3 Efficacy outcomes stratified by primary tumor location from 3 studies on patients with wild-type RAS metastatic colorectal 
cancer

Study Study arms Right-sided Left-sided

N ORR (%) Median PFS, 
months

Median OS, 
months

N ORR (%) Median PFS, 
months

Median OS, 
months

calgB/sWOg 
8040511

cT + cet
cT + Bev

71
78

42.3
39.7

7.5
10.2

13.7
29.2

173
152

69.4
57.9

12.7
11.2

39.3
32.6

p=0.73 hr: 1.64 
(1.15–2.36)

hr: 1.36 
(0.93–1.99)

p=0.005 hr: 0.84 
(0.66–1.06)

hr: 0.77 
(0.59–0.99)

FIRE-312,13 FOlFiri + cet 38 52.6 7.6 18.3 157 68.8 10.7 38.3
FOlFiri + Bev 50 50.0 9.0 23.0 149 61.7 10.7 28.0

p=0.81 hr: 1.44 
(0.92–2.26)

hr: 1.31 
(0.81–2.11)

p=0.19 hr: 0.90 
(0.71–1.14)

hr: 0.63 
(0.48–0.85)

PeaK14,15 mFOlFOX + Pan 22 63.6 8.7 17.4 53 64.1 14.6 43.4
mFOlFOX + Bev 14 50.0 12.6 21.4 54 57.4 11.5 32.0

p=0.33 hr: 1.04 
(0.50–2.18)

hr: 0.67 
(0.30–1.50)

p=0.37 hr: 0.68 
(0.45–1.04)

hr: 0.77 
(0.46–1.28)

Abbreviations: ORR, objective response rate; PFS, progression-free survival; OS, overall survival; CT, chemotherapy; Cet, cetuximab; Bev, bevacizumab; HR, hazard ratio; 
FOLFIRI, folinate, fluorouracil, and irinotecan; mFOLFOX, modified folinic acid-fluorouracil-oxaliplatin; Pan, panitumumab.

these results may support the administration of anti-VEGF 

therapy after resistance emerges to first-line EGFR inhibitors. 

Second, the accuracy of RECIST in the evaluation of the 

treatment outcome of target therapy remains controversial. 

This criterion cannot detect changes in tumor biology after 

anti-VEGF and anti-EGFR therapy. Finally, many clinical 

studies have demonstrated that earlier and better tumor 

response indicates better OS.

This meta-analysis has several limitations. Clinical and 

histologic features differ between right-sided and left-sided 

CRCs, which probably lead to the disparity in treatment 

outcomes based on the primary tumor site.23 CALGB/

SWOG 8040511 revealed that OS and PFS were prolonged 

in patients with wild-type KRAS mCRC originating on 

the left side who received cetuximab and in patients with 

primary tumors originating on the right side who received 

bevacizumab; however, OS and PFS were reduced in 

patients with primary tumors originating on the right side 

who received cetuximab.24 A retrospective analysis of 

FIRE-325 based on tumor side revealed results similar to 

those of CALGB/SWOG 80405.24 Our stratification analy-

sis also provided evidence that EGFR inhibitors exhibited 

superior efficacy in patients with left-sided primary tumor. 

Although our research based on primary tumor side only 

included 3 studies, target therapy is recommended based on 

location per current guidelines. Given that this additional 

covariate was not anticipated to affect the efficacy of target 

agents, another limitation of our study is that it relied on an 

unknown or imbalanced status of treatment arms based on 

tumor side distribution or between trials of included studies. 

In terms of the chemotherapy backbone, the imbalance in 

mFOLFOX6 and FOLFIRI regimens between treatment 

arms or included studies should also be taken into account. 

Interestingly, this analysis indicated that the treatment 

outcomes of EGFR and VEGF inhibitors were comparable 

when combined with the FOLFIRI regimen. However, 

improved survival was noted for anti-EGFR therapy in 

combination with the mFOLFOX6 regimen. However, the 

mFOLFOX6 regimen was only administered in the PEAK 

study14,15 and to the majority of patients (73%) in CALGB/

SWOG 80405.11 Therefore, the possibility that the survival 

benefits of EGFR inhibitors in the entire patient population 

are derived from the mFOLFOX6 regimen setting should 

be further explored. Given the possible interaction between 

chemotherapy regimens and target agents, this limitation of 

our study should be considered. Given that only 2 trials were 

included and that heterogeneity was present, it remains quite 

difficult to draw a definite conclusion that EGFR inhibitors 

are more effective than VEGF inhibitor in combination 

with mFOLFOX6. Whether anti-EGFR therapy represents 

a better choice for combination with the mFOLFOX6 

regimen requires further validation. Finally, there is insuf-

ficient information regarding subsequent therapy from each 

included trial, which would potentially affect our results, if 

an imbalance existed.

Conclusion
This meta-analysis suggests the superiority of anti-EGFR 

therapy compared with anti-VEGF therapy for treating wild-

type RAS mCRC, particularly for primary tumors that origi-

nate on the left side. Further research is still needed to confirm 

whether anti-EGFR or anti-VEGF represents a better choice 
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when combined with different chemotherapy regimens and 

to identify predictive markers of treatment efficacy.

Abbreviations
EGFR, epidermal growth factor receptor; VEGF, vascular 

endothelial growth factor; mCRC, metastatic colorectal 

cancer; OS, overall survival; PFS, progression-free survival; 

ORR, objective response rate; ITT, intention-to-treat; ASCO, 

American Society of Clinical Oncology; ESMO, European 

Society for Medical Oncology; PRISMA, Preferred Reporting 

Items for Systematic Reviews and Meta-analyses Statement; 

RECIST, Response Evaluation Criteria in Solid Tumors.
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