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Abstract: A meta-analysis of the FCGR2A H131R and FCGR3A V158F polymorphisms in patients with metastatic
colorectal cancer was performed to assess the association between these genetic polymorphisms and the clinical
efficacy and prognostic value of cetuximab-based therapies. A search of the PubMed and EMBASE databases iden-
tified 11 published studies including 907 patients treated with cetuximab-based regimens. The clinical response,
disease control rate (DCR), and prognosis were evaluated using a fixed or random effects model. Patients carrying
the FCGR2A 131R allele (HR and RR genotypes) had a better clinical response than those with the FCGR2A 131HH
genotype in the overall pooled analysis (HR+RR vs. HH; overall response rate (ORR) = 1.54; 95% confidence interval
(Cl) = 1.31-2.09; P = 0.01) and in subgroup analysis of patients who received cetuximab as a single agent (HR+RR
vs. HH; ORR = 1.77; 95% Cl = 0.95-3.28; P = 0.07). No significant association between the FCGR2A 131H/R poly-
morphism and DCR or prognostic factors was observed. Patients harboring the FCGR3A 158F allele had better DCR
than those with the FCGR3 158VV genotype (VF+FF vs. VV; DCR = 1.45; 95% Cl = 1.04-2.05; P = 0.03), whereas
no significant differences between the two groups were observed in the clinical response rate or prognostic factors.
Pooled analysis showed that FCGR3A V allele carriers had a better clinical response (VV+VF vs. FF; ORR = 0.59; 95%
Cl = 0.35-0.99; P = 0.05) and longer overall survival than those with the FCGR3A FF genotype (VV+VF vs. FF; HR =
0.79; 95% Cl = 0.64-0.97; P = 0.03). This meta-analysis showed that the FCGR polymorphism is associated with
treatment efficacy and the prognosis of patients with metastatic colorectal cancer treated with cetuximab.
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Introduction

The mortality rates of colorectal cancer (CRC)
have decreased in the last decade because of
the introduction of new targeted therapies such
as cetuximab; however, CRC remains the sec-
ond leading cause of cancer-related death
worldwide [1]. Furthermore, the clinical progno-
sis of patients with metastatic CRC (mCRC) is
unsatisfactory.

Cetuximab, a chimeric immunoglobulin 1 (IgG1)
monoclonal antibody (moAb) that targets the
epidermal growth factor receptor (EGFR), exerts
its antitumor effects through the RAS-RAF-
mitogen-activated protein kinase (MAPK) path-

way and the phosphoinositide 3-kinase-AKT
pathway [2-4], and its use is restricted to Kras
wild-type mCRC patients [5, 6]. However, the
presence of wild-type Kras type is not sufficient
to predict the tumor response to cetuximab.
Therefore, the identification of novel predictive
markers of the response to cetuximab is
necessary.

Recent studies showed that the interaction of
the Fc gamma receptor (FCGR) expressed on
immune effector cells (i.e., macrophages and
natural Killer cells) with the fragment crystalliz-
able (FC) region of the IgG1 MoAb has antitumor
effects mediated by antibody-dependent cellu-
lar cytotoxicity (ADCC) [7, 8]. In addition, the
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FCGR2A and FCGR3A polymorphisms are asso-
ciated with tumor response and ADCC in follicu-
lar lymphoma patients treated with rituximab
[9-11]. However, despite extensive research, no
consensus has been reached regarding the
relationship between FCGR polymorphisms
and the efficacy of cetuximab. Therefore,
whether FCGR polymorphisms modulate ADCC
induced by cetuximab, and whether these poly-
morphisms are associated with tumor response
and prognosis in mMCRC patients treated with
cetuximab-based therapies remains unclear.

To the best of our knowledge, the present meta-
analysis is the first to assess the value of FCGR
polymorphisms as molecular markers to pre-
dict the efficacy of cetuximab-based therapies
with the purpose of defining the subpopulation
of patients who might benefit from cetuximab
treatment.

Material and methods

Search strategy

To identify relevant studies assessing FCGR2A
and FCGR3A polymorphisms and cetuximab-
based therapies in mCRC patients published
before December 2014, a search of the English
literature was performed using the PubMed
and EMBASE databases with the following
terms: “colorectal cancer”, “colon cancer”, “rec-
tal cancer”, “cetuximab”, “gene variation”,
“genetic variation” and “polymorphism”. The
reference lists of the retrieved articles and
reviews were further screened manually to
identify relevant studies.

Eligibility criteria

The studies were considered eligible and
included in our meta-analysis when they met
the following inclusion criteria: (1) patients were
diagnosed with mCRC; (2) therapeutic regi-
mens contained cetuximab; (3) the associa-
tions between FCGR polymorphisms and prog-
nosis and tumor response were evaluated; (4)
the outcomes of interest were directly reported
or could be indirectly calculated from the avail-
able information. In cases in which studies
were duplicated, the most informative study
was included.

Studies were excluded if (1) the studies did not
involve any interest polymorphism, (2) the out-
comes of interest were not reported and it was
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impossible to calculate outcomes from the orig-
inally published data, (3) repeated studies were
based on the same database or patients.

Data extraction and quality assessment

Data extraction and quality assessment of the
included studies were performed independent-
ly by two authors (Xiaowan Chen and Jingxu
Sun), and disagreements were resolved through
discussion. The following information was
extracted: first author, year and country of pub-
lication, sample size and age of patients, type
of genetic variant, and evaluation criteria of
tumor response, Kras status, chemotherapy
regimens, and effect estimates with the corre-
sponding 95% confidence intervals (Cls). The
quality of the studies was determined using a
descriptive and qualitative approach, rather
than a quantitative one, with regard to the fol-
lowing aspects, which were largely consistent
with REMARK (Reporting recommendations for
tumor marker prognostic studies) guidelines
[12], patient characteristics, treatment details,
genotyping method, clinical endpoints, sample
size, measurement methods, and analysis
methods.

Statistical analysis

The odds ratio (OR) and corresponding 95% Cls
were calculated to assess the relationship
between overall response rate (ORR, defined as
the rate of complete response and partial
response rate) and FCGR polymorphisms in
MCRC patients treated with cetuximab. The
hazard ratio (HR) and corresponding 95% Cls
were calculated to assess the relationship
between prognosis (progression-free survival
[PFS] and overall survival [OS]) and FCGR poly-
morphisms in mMCRC treated with cetuximab.
When these statistical variables were not given
explicitly in studies, they were estimated from
available data using the methods reported by
Tierney et al. [13]. The overall analysis was per-
formed by including all the relevant studies.
Additional subgroup analysis was performed
according to the chemotherapy regimens (sin-
gle-agent cetuximab and combined cetuximab)
and Kras status (wild type).

Heterogeneity among studies was assessed
using the x>-based Q statistic and I statistic
[14]. Heterogeneity was considered statistically
significant when p for heterogeneity < 0.05
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and/or |2 > 50%. If heterogeneity existed, data
were analyzed using a random-effects model;
otherwise, a fixed-effects model was used [15].
Sources of heterogeneity were appraised by
subgroup analysis. Potential publication bias
was evaluated using Begg’'s and Egger’s tests
[16, 17].

All statistical analyses were performed using
RevMan 5.2 (Copenhagen: The Nordic Cochrane
Centre; The Cochrane Collaboration, 2012) and
STATA 12.0 analysis software (Stata Corpo-
ration, College Station, TX, USA). The two-sided
P value for statistical significance was set at
0.05 for all statistical tests.

Results
Summary of eligible studies

Atotal of 125 studies were initially identified. Of
these, 77 were duplicates and 48 were further
evaluated by full-text review. Thirty-seven stud-
ies were excluded because they did not include
polymorphisms of interest or did not assess
pharmacogenetic or prognostic outcomes of
interest. Finally, 11 studies met the inclusion
criteria and were included in the meta-analysis
(Figure 1).

The 11 studies analyzed were published
between 2007 and 2012 and were conducted
in the US, France, Spain, Netherlands, and
Korea. Ten studies assessed the prognostic
significance of FCGR2A and FCGR3A polymor-
phisms in mCRC patients treated with cetux-
imab-based therapies. One study only assessed
the prognostic significance of FCGR3A polymor-
phisms. Four studies evaluated cetuximab as a
single agent and seven studies evaluated com-
bined cetuximab regimens. The present study
included 907 mCRC patients (median sample
size, 76 [range, 35-127]). The baseline charac-
teristics of eligible studies were listed in Table
1A and 1B [18-33].

Quality assessment of eligible studies

All'included studies provided a detailed descrip-
tion of patient characteristics and treatments
received as well as the methods used for geno-
typing and outcome assessment. Clinical end-
points were clearly defined in four studies.
Three of the eligible studies portrayed simple
on statistical analysis. In terms of sample size,
four studies included less than 50 patients, five
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studies included 50-100 patients, and seven
studies included more than 100 patients.

Predictive value of FCGR2A H131R polymor-
phism

The association between the FCGR2A H131R
polymorphism and tumor response to cetux-
imab-based treatment was evaluated in six tri-
als including 571 individuals [19, 22, 23, 25,
29, 31, 32]. The pooled results showed a sig-
nificant association between the FCGR2A
H131R polymorphism and clinical response
rate (HR+RR vs. HH; ORR = 1.54; 95% CI =
1.31-2.09; P = 0.01), without significant hetero-
geneity (1> = 25.4%). In the subgroup analysis,
the FCGR2A R allele was associated with a bet-
ter tumor response to single-agent cetuximab
therapy (HR+RR vs. HH; ORR = 1.77; 95% Cl =
0.95-3.28; P = 0.07), although statistical sig-
nificance was not reached. By contrast, the
FCGR2A R allele was not associated with a bet-
ter tumor response to combined cetuximab
therapy (HR+RR vs. HH; ORR = 0.72; 95% CI =
0.11-4.67; P = 0.73) (Table 2). The results of
the analysis indicated that the FCGR2A H131R
polymorphism does not predict the response to
treatment regardless of the chemotherapy
regimens.

Four studies provided OS data [19, 22, 23].
There was no significant association between
the FCGR2A polymorphism and prolonged sur-
vival in mCRC patients (HR+RR vs. HH; HR =
1.02; 95% CI = 0.94-1.10; P = 0.66) (Table 3),
and a similar result was observed in patients
treated with single-agent cetuximab therapy
(HR+RR vs. HH; HR = 1.01; 95% CI = 0.94-1.09;
P = 0.77). Six studies provided PFS data [19,
22, 23, 25, 26, 31], and the result showed no
significant association between the FCGR2A
polymorphism and PFS in mCRC patients treat-
ed with cetuximab (HR+RR vs. HH; HR = 1.06;
95% Cl = 0.85-1.33; P = 0.58) (Table 3). In the
subgroup analysis according to chemotherapy
regimens, no significant association between
the FCGR2A polymorphism and PFS was
observed in patients treated with single-agent
cetuximab therapy (HR+RR vs. HH; HR = 0.87;
95% Cl = 0.66-1.15; P = 0.32) (Table 3).

Predictive value of FCGR3A V158F polymor-
phism

Seven studies assessed the relationship
between the FCGR3A polymorphism and tumor
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Database: PubMed and EMBASE

search terms:
‘colorectal neoplasm’
cetuximab’
‘polymorphism’

search resluts: 125 in total
PubMed (45) EMBASE (80)
screened on the base of
abstract and title

and PFS (VF+FF vs. VV; HR
=0.85;95% Cl =0.58-1.27;
P = 0.43). In the subgroup
analysis according to che-
motherapy regimens, the
FCGR3A F allele was not a
predictor of survival in

Figure 1. Study flow chart for selecting patients treated with sin-
the eligible publications.

gle-agent cetuximab or
combined cetuximab thera-
py (Table 5).

Seven studies assessed
the relationship between

the FCGR3A polymorphism
and cetuximab response by

77 duplicates removed comparing the V allele with

FF homozygotes [19, 22,

48 articles remained screening
on fulltext

23, 25, 27, 29, 31-33]. The
pooled analysis showed an
association that was not
statistically significant (VV+

37 not report:

VF vs. FF; ORR = 0.68; 95%
Cl = 0.421.09; P = 0.11)

polymorphisms of interest (Table 6); however, a signifi-
assess any pharmacogenetic cant relationship was found
or prognostic outcomes of interest between FF homozygotes

11 studies included in analysis

response by comparing the F allele to VV homo-
zygotes [19, 22, 23, 25, 27, 29, 31], and no sig-
nificant association was found (VF+FF vs. VV;
ORR = 0.98; 95% Cl = 0.68-1.42; P = 0.93)
(Table 4). In the subgroup analysis according to
chemotherapy regimen, no significant associa-
tion between the FCGR3A polymorphism and
tumor response was observed in the single-
agent subgroup (VF+FF vs. VV; ORR = 1.03;
95% Cl = 0.51-2.09; P = 0.93) or the combined
subgroup (VF+FF vs. VV; ORR = 0.97; 95% Cl =
0.63-1.48; P = 0.88) (Table 4). The FCGR3A F
allele was associated with better disease con-
trol (VF+FF vs. VV; DCR = 1.45; 95% Cl = 1.04-
2.05; P=0.03). Asimilar result was obtained in
patients treated with single-agent cetuximab
therapy. The effect of the F allele and VV homo-
zygotes on OS and PFS was assessed in four
and four studies, respectively. The pooled
results showed no association between the F
allele and OS (FF+VF vs. VV; HR = 0.88; 95% Cl
= 0.56-1.39; P = 0.59) or between the F allele

3283

and better tumor response
to single-agent cetuximab
therapy (VV+VF vs. FF; ORR
= 0.59; 95% ClI = 0.35-
0.99; P = 0.05) (Table 6).
There was no significant association between
the FCGR3A V allele and FF homozygotes
among patients treated with combined cetux-
imab therapy (VV+VF vs. FF; ORR = 1.26; 95%
Cl = 0.41-3.93) (Table 6). In terms of disease
control, no significant association was observed
in the comparison between the FCGR3AV allele
and FF homozygotes (VV+VF vs. FF; DCR =
1.16; 95% Cl = 0.74-1.82). In the subgroup
analysis according to chemotherapy regimens,
the FCGR3A V allele and FF homozygotes did
not predict disease control in single-agent
cetuximab therapy. The FCGR3A V allele was
associated with better disease control in com-
bined cetuximab therapy (VV+VF vs. FF; DCR =
2.06; 95% Cl = 0.92-4.61) in a limited number
of studies (only two eligible studies), although
statistical significance was not reached. Five
studies compared the effect of the V allele and
FF homozygotes on OS. The pooled results
showed a significant association between the V
allele and better OS (VV+VF vs. FF; HR = 0.79;
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Table 1A. Characteristics of eligible studies and baseline patients

AuthorYear Country varant_numper omena Mettoss G M e

Zhang-2007 USA FCGR2A 35 RECIST PCR-RFLP NS 64 phase Il
FCGR3A 35 PCR-RFLP

Lurje-2008 USA FCGR2A 100 WHO PCR-RFLP Both NS phase Il
FCGR3A 127 PCR-RFLP

Bibeau-2009 France FCGR2A 61 RECIST PCR-sequence separated 60 NS
FCGR3A 68 PCR-sequence

Paez-2010 Spain FCGR2A 104 RECIST Tag-PCR separated 64 phase Il
FCGR3A 104 Tag-PCR

Pander-2010 Netherlands FCGR2A 126 RECIST Taqg-PCR WT NS phaselll
FCGR3A 122 Tag-PCR

Zhang-2010 USA FCGR3A 65 NS PCR-RFLP NS NS phase Il

Dahan-2011 France FCGR2A 56 RECIST PCR-RFLP Both 60.2 NS
FCGR3A 56 PCR-RFLP

Hu-2011 European cancer centers FCGR2A 123 Dworak PCR-RFLP Both 61 NS
FCGR3A 101 PCR-RFLP

Park-2012 Korea FCGR2A 107 RECIST Taqg-PCR separated 56 NS
FCGR3A 107 Tag-PCR

Rodriguez-2012 Spain FCGR2A 44 RECIST Taqg-PCR Both 59.5 NS
FCGR3A 44 Tag-PCR

Etienne-2012 France FCGR2A 52 RECIST PCR-RFLP Both 63.3 NS
FCGR3A 52 Tag-PCR Both

95% Cl = 0.64-0.97; P = 0.03) (Table 7) Similar
tendencies were observed in the subgroup
analysis based on chemotherapy regimens
(single-agent cetuximab therapy: HR = 0.82;
95% Cl = 0.64-1.05, P = 0.12; combined cetux-
imab therapy: HR = 0.70; 95% Cl = 0.46-1.05, P
= 0.09). Four studies compared the effect of
the V allele and FF homozygotes on PFS, and
pooled analysis indicated no association
between FF homozygotes and PFS (VV+VF vs.
FF; HR = 0.88; 95% Cl = 0.70-1.12; P = 0.97)
(Table 7).

Publication bias

Begg’'s and Egger’s tests showed no evidence
of significant publication bias in our meta-anal-
ysis. The plot charts of publication bias analysis
were showed in Figure 2.

Discussion

Targeted therapies, including the anti-EGFR
antibody cetuximab, have shown efficacy in the
treatment of mCRC. The anti-tumor effect of
cetuximab, an 1gG1 mAb, may be mediated by
the ADCC mechanism. Binding of fragment C of
the mAb to the Fc receptors (FcR) on the sur-
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face of immune cells, such as macrophages
and natural killer cells, could trigger tumor cell
lysis. In vivo and in vitro experiments have
shown that FCGR2A and FCGR3A polymor-
phisms, in particular the H/R polymorphism at
position 131 of FCGR2A and the V/F polymor-
phism at position 158 of FCGR3A, affect the
affinity for human 1gG. Moreover, these poly-
morphisms influence the efficacy of therapeu-
tic IgG moAbs, as confirmed in studies of follic-
ular lymphoma patients and breast cancer
patients treated with rituximab. Although the
role of FCGR polymorphisms in the response of
mCRC to cetuximab therapy were investigated
previously, studies have shown inconsistent
results. The present meta-analysis was per-
formed to examine the results of these
studies.

The present meta-analysis showed that
patients carrying the FCGR2A 131R allele (HR
and RR genotype) had a better clinical response
than patients with the FCGR2A 131HH geno-
type in both overall pooled analysis and in sub-
group analysis in patients who received cetux-
imab as single agent. No significant association
was observed between the FCGR2A 131H/R
polymorphism and DCR or prognostic factors.
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Table 1B. Characteristics of eligible studies and baseline patients (continued)

Author-Year Previous chemotherapy Therapeutic method Originial
Zhang-2007 Two prior chemotherapy regimens/adjuvant therapy plus one chemotherapy regimen for metastatic disease Cetuximab (IMC 0144)
Lurje-2008 Two prior chemotherapy regimens/adjuvant therapy plus one chemotherapy regimen for metastatic disease Cetuximab (IMC 0144)
Bibeau-2009 capecitabine/oxaliplatin+bevacizumab/the same regimen plus cetuximab Cetuximab+lrinotecan NS
Paez-2010 at least one prior chemotherapy regimen Cetuximab/Panitumumab (EORTC)
Pander-2010 untreated capecitabine, oxaliplatin, bevacizumab, Cetuximab DCCG
Zhang-2010 at least one irinotecan-containing regimen for metastatic disease Cetuximab+Bevacizumab+lrinotecan/- BOND-2 study
Dahan-2011 untreated Cetuximab+lrinotecan/FOLFIRI/FOLFOX NS
Hu-2011 untreated Cetuximab+Radiation+5-FU/Capecitabine/Oxaliplatin 4 centers
Park-2012 at least one course of irinotecan-based chemotherapy Cetuximab NS
Rodriguez-2012 untreated Cetuximab+lrinotecan/Oxaliplatin NS
Etienne-2012 untreated Cetuximab+lIrinotecan+UFT NS

Abbreviations: WHO, World Health Organization; RECIST, Response Evaluation Criteria in Solid Tumors; PCR-RFLP, PCR-restriction fragment length polymorphism; WT, wild-type; Both, both include mutation KRAS and wild-type KRAS; sepa-
rated, wild-type KRAS and mutation KRAS were separated; NS, not state.
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Table 2. FCGR2A polymorphism (HR+RR vs. HH) and cetuximab based treatment efficacy

Response rate DCR

OR (95% Cl) P 12 (%) OR (95% Cl) P 12 (%)
All 1.54 (1.31-2.09) 0.006 25.4 0.97 (0.72-1.29) 0.825 23.8
single-C225 1.77 (0.95-3.28) 0.072 0.0 1.43 (0.63-2.07) 0.659 12.7
combined-C225 0.72 (0.11-4.67) 0.731 84.0 0.92 (0.66-1.28) 0.62 47.7
wt-Kras 1.44 (0.75-2.77) 0.273 25.9 1.61 (0.65-3.98) 0.30 12.8
mut-Kras — — — 0.57 (0.22-1.49) 0.26 34.8
Irinotecan — —_— — 0.50(0.13-1.87) 0.30 53.5
Non- Irinotecan 1.68 (1.22-2.31) 0.001 0.0 1.05 (0.77-1.42) 0.78 0.0
Oxaliplatin — — — — — —
Non-Oxaliplatin 1.54 (1.31-2.09) 0.006 25.4 1.04 (0.77-1.40) 0.81 0.0

Table 3. FCGR2A polymorphism (HR+RR vs. HH) and prognostic value of mCRC patients with cetux-
imab based treatment

0S PFS

HR (95% Cl) P 12 (%) HR (95% ClI) P 12 (%)
All 1.02 (0.94-1.10) 0.663 34.4 1.06 (0.85-1.33) 0.575 21.4
single-C225 1.01 (0.94-1.09) 0.771 26.4 0.87 (0.66-1.15) 0.322 0.0
combined-C225 — — — 1.51 (1.05-2.17) 0.026 0.0
wt-Kras — — — 1.29 (0.92-1.79) 0.137 0.0
mut-Kras — — — 1.18 (0.61-2.28) 0.628 33.0
Irinotecan — — — 1.51 (1.05-2.17) 0.026 0.0
Non-Irinotecan 1.01 (0.94-1.09) 0.771 26.4 0.87 (0.66-1.15) 0.322 0.0
Oxaliplatin —_— — —_— — — —
Non-Oxaliplatin 1.02 (0.94-1.10) 0.663 34.4 0.96 (0.74-1.23) 0.724 0.0

Table 4. FCGR3A polymorphism (VF+FF vs. VV) and cetuximab based treatment efficacy

Response rate DCR
OR (95% Cl) P 12 (%) OR (95% Cl) P 2 (%)
All 0.98 (0.68-1.42) 0.932 0.0 1.45 (1.04-2.05) 0.03 41.6
single-C225 1.03 (0.51-2.09) 0.933 14.4 1.66 (0.88-3.13) 0.116 28.7
combined-C225 0.97 (0.63-1.48) 0.881 0.0 0.81(0.16-4.21) 0.807 74.9
wt-Kras 0.73 (0.28-1.90) 0.520 0.0 1.24 (0.42-3.68) 0.70 7.2
mut-Kras 0.11 (0.01-1.12) 0.062 0.0 0.56 (0.02-17.33) 0.74 65.4
Irinotecan 0.97 (0.30-3.10) 0.954 0.0 — — —
Non-Irinotecan 0.99 (0.67-1.45) 0.944 0.0 1.61 (1.13-2.29) 0.008 0.0
Oxaliplatin — — — — — —
Non-Oxaliplatin 0.98 (0.68-1.42) 0.932 0.0 1.45 (1.04-2.05) 0.03 41.6
Patients harboring the FCGR3A 158F allele had were observed in the clinical response rate or
better DCR than those with the FCGR3 158VV prognostic factors. The results of pooled-analy-
genotype; however, no significant differences sis showed that FCGR3A V allele carriers had a
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Table 5. FCGR3A polymorphism (VF+FF vs. VV) and prognostic value of mCRC patients with cetuximab

based treatment

0S PFS

HR (95% Cl) P 12 (%) HR (95% ClI) P 12 (%)
All 0.88 (0.56-1.39) 0.593 50.8 0.85 (0.58-1.27) 0.434 66.6
single-C225 0.86 (0.65-1.14) 0.295 49.2 0.63 (0.30-1.33) 0.228 64.5
combined-C225 1.23 (0.39-3.94) 0.724 74.3 1.27 (0.70-2.32) 0.430 84.4
wt-Kras — — — 1.29 (0.64-2.62) 0.478 82.8
mut-Kras — — — — — —
Irinotecan 1.23 (0.39-3.94) 0.724 74.3 — — —
Non-Irinotecan 0.86 (0.65-1.14) 0.295 49.2 0.76 (0.64-0.90) 0.001 0.4
Oxaliplatin — — — — — —
Non-Oxaliplatin 0.88 (0.56-1.39) 0.593 50.8 0.85 (0.58-1.27) 0.434 66.6

Table 6. FCGR3A polymorphism (VV+VF vs. FF) and cetuximab based treatment efficacy

Response rate DCR

OR (95% Cl) P 12 (%) OR (95% Cl) P 12 (%)
All 0.68 (0.42-1.09) 0.106 0.6 1.16 (0.74-1.82) 0.51 45.4
single-C225 0.59 (0.35-0.99) 0.047 14.1 0.88 (0.51-1.53) 0.66 47.2
combined-C225 1.26 (0.41-3.93) 0.688 0.0 2.06 (0.92-4.61) 0.080 0.0
wt-Kras 0.81(0.42-1.54) 0.520 0.0 0.46 (0.18-1.16) 0.10 0.0
mut-Kras 1.54 (0.15-15.91) 0.716 0.0 1.12 (0.25-4.91) 0.885 54.5
Irinotecan 1.26 (0.41-3.93) 0.688 0.0 2.06 (0.92-4.61) 0.080 0.0
Non-Irinotecan 0.59 (0.35-0.99) 0.047 14.1 0.88 (0.51-1.53) 0.66 47.2
Oxaliplatin —_— —_— — — — —_—
Non-Oxaliplatin 0.68 (0.42-1.09) 0.106 0.6 1.01 (0.63-1.64) 0.954 375

Table 7. FCGR3A polymorphism (VV+VF vs. FF) and prognostic value of mCRC patients with cetuximab

based treatment

0S PFS

HR (95% ClI) P 12 (%) HR (95% Cl) P 12 (%)
All 0.79 (0.64-0.97) 0.026 0.0 0.88 (0.70-1.12) 0.299 37.4
single-C225 0.82 (0.64-1.05) 0.117 0.0 0.98 (0.75-1.27) 0.87 0.0
combined-C225 0.70 (0.46-1.05) 0.086 48.2 — — —
wt-Kras — — — — — —
mut-Kras — — — — — —
Irinotecan 0.70 (0.46-1.05) 0.086 48.2 — — —
Non-Irinotecan 0.82 (0.64-1.05) 0.117 0.0 0.98 (0.75-1.27) 0.87 0.0
Oxaliplatin — — — — — —
Non-Oxaliplatin 0.79 (0.64-0.97) 0.026 0.0 0.88 (0.70-1.12) 0.299 37.4

better clinical response and OS than FCGR3A
FF genotype carriers.

Our results indicated that FCGR3A 158V allele
and FCGR2A 131R allele carriers had a better
clinical response and FCGR3A 158F allele car-
riers had better DCR; however, the FCGR2A
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131R allele and the FCGR3A 158F allele did
not confer any benefits regarding OS or PFS.
Moreover, the OS of FCGR 158V allele carriers
was worse than that of patients with the FCGR
158FF genotype. One possible explanation for
this phenomenon is that an increase in the
tumor response rate does not always translate
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Figure 2. The plot chart of publication bias analysis. A. Funnel plot analysis of
6 studies on FCGR2A polymorphism (HR+RR vs. HH). B. Funnel plot analysis of
6 studies on FCGR3A polymorphism (VF+FF vs. VV). C. Funnel plot analysis of 5
studies on FCGR3A polymorphism (VV+VF vs. FF).

into overall survival benefits in patients with
mCRC, especially after exposure to targeted
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therapies. This means that
although patients treated
with cetuximab may show
an improved clinical resp-
onse; this does not allow
accurate prediction of the
ultimate benefit on surviv-
al. In addition, the evalua-
tion of cetuximab efficacy
by radiographic imaging is
limited because the effects
of targeted chemotherapy
do not always translate into
a change in tumor size. For
instance, bevacizumab, an
angiogenesis inhibitor, can
cause necrosis and cavita-
tion without tumor shrin-
kage.

Pharmacogenetic studies
have shown that these two
genetic polymorphisms (H-
131R and V158F) affect
the binding affinity of recep-
tors on immune cells to
human IgGs. The FCGR2A-
131H/H genotype has a
higher affinity for human
IgG2, and the FCGR3A V
allele has a higher binding
affinity for human I1gG1.
These results indicate that
immune effector cells bear-
ing the FCGR2A 131H allele
or the FCGR3A 158V allele
may mediate ADCC more
effectively. Studies on the
efficacy of IgGl-type mo-
noclonal antibodies con-
firmed this hypothesis by
demonstrating that that the
FCGR2A 131HH genotype
or the FCGR3A 158VV gen-
otype increase efficacy of
rituximab in lymphoma and
trastuzumab in advanced
breast cancer. However,
our pooled analysis results
were not consistent with
these conclusions. We fo-
und that FCGR2A 131R
allele carriers had a better
clinical response and FC-

GR3A 158F allele carriers had a better DCR.
This discrepancy could be attributed to the fact
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that the biodistribution of moAbs in metastatic
solid tumors is influenced by tumor burden, low
vascularity, and high interstitial pressure, which
may render ADCC ineffective because of poor
distribution of the moAb itself.

In the present subgroup analysis, we found that
patients who received cetuximab as single
agent had improved clinical response rate or
DCR, whereas the patients who received cetux-
imab combined with other chemotherapy drugs
showed no benefits. There are two possible
explanations for this discrepancy. First, all the
studies included in the meta-analysis were ret-
rospective studies, and most of the patients
involved were exposed to chemotherapies as
pretreatment. In patients who received cetux-
imab as a single agent, the immune effector
cells such as NK cells may have been killed by
cytotoxic drugs to varying degrees, which can
influence the total ADCC effect of cetuximab.
Moreover, the high affinity of the FCGR3A
V-allele results in increased activation of tumor
associated macrophages (TAMs) by cetuximab
through cross-linking of the Fc gamma recep-
tor. Therefore, the infiltration of TAMs could
have been altered in patients who received
chemotherapy prior to cetuximab, which may
result in the release of mediators, such as
VEGF and matrix metalloproteinase (MMPSs), to
the tumor microenvironment. A second possi-
ble explanation for this discrepancy is that in
several studies, patients were treated with
more than one type of IgG moAb, including bev-
acizumab and panitumumab in addition to
cetuximab. For instance, Paez et al. [25] includ-
ed patients treated with cetuximab or panitu-
mumab as monotherapy or in combination with
chemotherapy. In the study by Dahan et al.
[28], 13 patients pre-treated with bevacizumab
showed no response to cetuximab, and this
subgroup had a significantly decreased specific
survival compared with that of non-pretreated
patients. In the study by Zhang et al. [27],
patients received both cetuximab and bevaci-
zumab. The identified molecular biomarker
might select patients who would benefit either
from an individual antibody or from combined
anti-EGFR and anti-VEGF therapies, whereas it
cannot specifically predict the efficacy of cetux-
imab. Therefore, combination regimens of tar-
geted chemotherapies can influence the effi-
cacy of cetuximab, which decreases the speci-
ficity of FCGR polymorphisms for the selection
of patients.
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Although both our meta-analysis and the stud-
ies included demonstrated that individual poly-
morphisms of FCGR2A and FCGR3A are limited
as molecular biomarkers to predict the efficacy
of cetuximab for the treatment of mCRC, sev-
eral studies showed that the combined analysis
of FCGR2A and FCGR3A polymorphism could
enhance their predictive value regarding the
efficacy of cetuximab. Moreover, combined
analysis of KRAS mutation status and FCGR
polymorphisms was performed in some stud-
ies. Bibeau et al. showed that a single FCGR
polymorphism was not significantly associated
with response to cetuximab, whereas patients
with the FCGR2A 131HH and FCGR3A 158VV
genotypes tended to show a better clinical
response rate. The study by Zhang et al. sug-
gested that the association between cetuximab
efficacy and FCGR polymorphisms was more
significant when the analysis was based on the
combination of two polymorphisms (FCGR2A
131H allele and FCGR3A 158F allele compared
with FCGR2A 131RR genotype or FCGR3A
158VV genotype) rather than an individual
FCGR polymorphism.

The present meta-analysis had several limita-
tions. First, most of the studies included were
retrospective studies, which made variants
patients selected and affected the overall
pooled analysis. In addition, the sample size
was small, and the patients received cetuximab
as different line agents.

Conclusion

The present meta-analysis showed that the
FCGR polymorphism is a predictor of the effi-
cacy of treatment and the prognosis of patients
with metastatic colorectal cancer treated with
cetuximab.
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