
Abstract. Background/Aim: Although weekly administration
of cetuximab is the standard regimen in patients with
metastatic colorectal cancer (mCRC), the efficacy and safety
of a biweekly regimen is a pending issue. We conducted this
meta-analysis to compare the efficacy and safety of a biweekly
vs. a weekly regimen of cetuximab in the treatment of mCRC.
Patients and Methods: We conducted a comprehensive
electronic literature search up to January 2020 to identify
studies directly comparing the efficacy and safety of biweekly
cetuximab administration and conventional weekly
administration in patients with mCRC. We then performed a
meta-analysis using random-effects models to calculate risk
ratios and mean differences with 95% confidence intervals.
Results: Four studies with a total of 381 patients were included
in this meta-analysis. The meta-analysis showed that biweekly
administration conferred equivalent efficacy, including
objective response rate, disease-control rate, progression-free
survival, and overall survival, as well as safety, including skin
toxicity, gastrointestinal toxicity, and hematologic toxicity,
compared with weekly administration in patients with mCRC.
Conclusion: Results from this meta-analysis support the
administration of biweekly instead of weekly cetuximab, which
is beneficial for both patients and health resources.

Cetuximab, an IgG1 human/mouse chimera-type monoclonal
antibody, binds to the extracellular domain of the epidermal
growth factor receptor (EGFR), inhibiting ligand binding and
downstream signaling (1). In preclinical models, cetuximab

was found to promote apoptosis, angiogenesis, and
metastasis, and inhibit tumor cell proliferation (2, 3).
Furthermore, antitumor antibody-dependent cell-mediated
cytotoxicity is also known to play a role in the mode of
action of cetuximab (4).

The clinical efficacy of weekly cetuximab in patients with
metastatic colorectal cancer (mCRC) has been demonstrated
in randomized phase II and III clinical trials, either as
monotherapy, or in combination with oxaliplatin- and
irinotecan-based chemotherapy regimens in first- and
subsequent-line treatment (5-10). Cetuximab is approved in
several countries for clinical use in patients with mCRC.
National Comprehensive Cancer Network (NCCN)
Guidelines® version 2.2020 suggest that both weekly and
biweekly (every 2 weeks) cetuximab are indicated in
combination with oxaliplatin- and irinotecan-based therapy
or monotherapy in KRAS/NRAS/BRAF wild-type patients. In
contrast, only conventional weekly cetuximab has been
approved in Japan for initial IV infusion of 400 mg/m2 on
day 1 infused over 120 min followed by weekly doses of
250 mg/m2 infused over 60 min.

A pharmacokinetic study by Tabernero et al. (11)
demonstrated no significant differences between weekly
cetuximab of 250 mg/m2 (following an initial dose of 400
mg/m2) and biweekly cetuximab of 500 mg/m2 in
combination with irinotecan. Considering that many
commonly used chemotherapy agents for mCRC are
administrated on a biweekly basis, the synchronization of the
administration of cetuximab administered on an every-2-
weeks schedule commonly implemented for chemotherapy
would be more convenient for the patient and most likely
reduce the overall medical cost and effort of healthcare
providers. However, the studies investigating the clinical
efficacy and safety of biweekly cetuximab compared with
standard weekly cetuximab are limited. Therefore, we
conducted a meta-analysis regarding this issue to determine
if the clinical data support the use of biweekly cetuximab.
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Patients and Methods
Search strategy. A comprehensive electronic literature search was
conducted with the cutoff of January 2020 using MEDLINE
(PubMed), the Cochrane Central Register of Controlled Trials
(CENTRAL), and Google Scholar. The search was limited to
English language and human studies. Two independent
investigators (A.M. and S.J.) performed the search using the
keyword terms “cetuximab” AND “colorectal” AND (“biweekly”
or “every 2 weeks”), and discrepancies were resolved by
consensus. Reference lists of all relevant articles were hand-
searched for additional studies that had been initially overlooked
using this search strategy. The quality of the included studies was
assessed using the Jadad score (12) and the Newcastle-Ottawa
scale (NOS) (13) for randomized controlled trials (RCTs) and
observational studies, respectively. Studies were considered to be
of high quality if they had a Jadad score ≥3 or were ≥7 on NOS.
Systematic review and meta-analysis were performed under the
recommendations of preferred reporting items for systematic
reviews and meta-analyses (PRISMA) 2015 (14). No ethical
approval or patient consent was required because all analyses were
based on previously published data.

Inclusion and exclusion criteria. We defined the inclusion and
exclusion criteria a priori. Published studies were included if they
included mCRC patients and met the following criteria: they were
RCTs or other direct comparative studies evaluating predefined
outcomes in patients who were treated with biweekly cetuximab or
weekly cetuximab. Case reports or reports with incomplete data
were excluded.

Data extraction and outcome measures. Baseline information was
extracted from the original studies, including first author, country,
study design, recruitment period, sample size, concomitant
chemotherapy regimen, age, gender, performance status, primary
site, EGFR status, RAS status, treatment line, treatment cycles, dose
of cetuximab, and follow-up period. Outcome measures used were
objective response rate (ORR), disease-control rate (DCR),
progression-free survival (PFS), and overall survival (OS), as well
as adverse events (skin toxicity, gastrointestinal, and hematological). 

Statistical analysis. Pooled risk ratios (RR), representing the risks
of an adverse event occurring with biweekly cetuximab compared
with weekly cetuximab, were calculated using the DerSimonian–
Laird random-effects model along with 95% confidence intervals
(95%CIs) (15, 16). Considering the between-study heterogeneity, a
“random-effects” meta-analytical technique was applied, resulting
in a more conservative calculated RR than that obtained with a
fixed-effects model. An RR of <1 favored the biweekly group, and
the point estimate of the RR was considered statistically significant
at p<0.05 if the 95%CI did not include the value 1. The mean
difference (MD) was used as the effect measure for continuous
variables, and continuous variables were pooled using the inverse
variance method. Data analysis was performed using Review
Manager (RevMan) v5.3 software (Cochrane Collaboration,
Copenhagen, Denmark). Study heterogeneity was measured using
the χ2 and I2 statistics, with p<0.05 and I2≥50% indicating
heterogeneity (17). Publication bias was estimated using visual
inspection of a funnel plot, and asymmetry was assessed formally
using the Begg’s rank correlation test.

Results

Study selection and characteristics of included studies. The
initial systematic literature search identified 292 citations.
One hundred eighty-six and 80 studies were excluded because
of duplication of titles and abstract screening, respectively.
Twenty-two of 26 studies were excluded after full-text
review. The remaining four studies (18-21) (published 2008-
2016) were finally included in the meta-analysis. A PRISMA
flow diagram of the detailed literature search and selection
process is shown in Figure 1. The included studies consisted
of one RCT (18), two prospective cohort studies (19, 21), and
one retrospective observational study (20). The sample sizes
of the four studies varied from 40 to 152. The number of
studies in each treatment line of cetuximab were as follows:
first, 2; third, 1; and second/fourth, 1. Cetuximab was
administrated concomitantly with irinotecan in two studies,
FOLFOX4 (5-fluorouracil, leucovorin, and oxaliplatin) in one
study, and XELOX (capecitabine plus oxaliplatin) in one
study. All four studies reported our predefined outcomes, but
median PFS and OS in Mrabti et al. (20) was not available
for meta-analysis because 95%CIs were not provided with the
data. Of the 381 patients included in the meta-analysis, 195
(51.2%) were treated with biweekly cetuximab and 186
(48.8%) were treated weekly. Baseline characteristics of the
included studies are shown in Table I.

Comparisons of treatment efficacy. The ORR in biweekly
and weekly treatment groups from all four studies (18-21)
were 43.1% (84/195) and 35.5% (66/186), respectively. The
meta-analysis for ORR demonstrated no significant
difference between the two groups, with a pooled RR of 0.93
(95%CI=0.74-1.18, p=0.57) (Figure 2A). Moderate between-
study heterogeneity was observed (χ2=6.65, I2=55%,
p=0.08). No significant publication bias was observed using
the Begg’s test (p=1.000). Sensitivity analysis by omitting
one study in each turn to detect the source of heterogeneity
showed that the study by Mrabti et al. (20) was the source,
but the result of meta-analysis with omitting the data was
consistent. The DCR in biweekly and weekly groups from
all four studies (18-21) was 83.1% (162/195) and 72.6%
(135/186), respectively. The meta-analysis showed a
significantly better DCR in the biweekly group than in the
weekly group, with an RR of 0.64 (95%CI=0.42-0.98,
p=0.04), without significant between-study heterogeneity
(χ2=3.30, I2=9%, p=0.35) (Figure 2B) and publication bias
(Begg’s test; p=0.174).

In the analyses of PFS and OS, data from three studies
(18, 19, 21) were available. No significant differences were
observed in PFS and OS between the biweekly and weekly
groups [PFS: MD (95%CI)=0.03 (–1.02-1.08); p=0.96, OS:
MD (95%CI)=1.10 (–6.70-8.91), p=0.78, respectively].
Although PFS analysis did not show significant between-
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study heterogeneity, OS analysis showed moderate
heterogeneity (PFS: χ2=1.42, I2=0%, p=0.49, OS: χ2=6.11,
I2=67%, p=0.05, respectively) (Figure 3A and B).

Comparisons of adverse events. Meta-analyses of all four
studies (18-21) regarding adverse events between the
biweekly and weekly groups are shown in Table II. No
significant differences in adverse events, including grade 3
or 4 skin toxicity, gastrointestinal toxicity, hematologic
toxicity, and any grade of skin toxicity, were observed
between the two groups. Meta-analysis of any grade of skin
toxicity had moderate between-study heterogeneity, but
others had no heterogeneity.

Discussion

The current meta-analysis aimed to compare the treatment
efficacy and safety between biweekly cetuximab and
conventional weekly cetuximab in patients with mCRC. The
results demonstrated that both efficacy and safety of
biweekly cetuximab were at least equivalent to weekly
administration. It is noteworthy that DCR, among the
predefined outcomes, was increased in the biweekly
administration group.

The efficacy of monoclonal antibodies against EGFR was
investigated initially in animal studies in the 1980s. In 2004,
cetuximab was approved by both the US FDA and the EMA
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Figure 1. Flow chart of selection of studies for inclusion in the meta-analysis. 



for use in EGFR-expressing (K)RAS-unselected
chemorefractory mCRC. In 2013, extended RAS testing was
required by the FDA and EMA for predicting response to
anti-EGFR agents, cetuximab, and panitumumab. To date,
>480,000 patients with mCRC have received cetuximab-
based therapy worldwide (>240,000 patients have received
panitumumab) (22). Anti-EGFR agents, which bind to the
extracellular domain of EGFR, block the ligand binding-
induced receptor dimerization and subsequent tyrosine kinase
activation (1). Cetuximab-induced inhibition of EGFR
signaling results in downregulation of downstream targets,
including phosphorylated mitogen-activated protein kinase
(pMAPK) and pAkt. It is also associated with inhibition of
Ki67 and increased p27 expression (23, 24). Cetuximab, in
particular, is also able to induce natural killer cell-driven
antibody-dependent cellular cytotoxicity against tumor cells
(4). The standard weekly cetuximab regimen in patients with
mCRC as monotherapy or in combination with oxaliplatin-
and irinotecan-based chemotherapy has shown efficacy in
first- and subsequent-line treatments (5-10). However,
weekly cetuximab administration does not match with the
administration of chemotherapy regimens with which
cetuximab is commonly combined (e.g. FOLFIRI and
FOLFOX are given on an every-2-weeks basis). The efficacy
and safety of biweekly cetuximab administration have been
pending issues.

The pharmacokinetic data demonstrated that cetuximab
has a long terminal half-life (110 hours), allowing
administration on a biweekly schedule. Indeed, active serum
concentrations of cetuximab were maintained throughout the
2-week dosing period with such a regimen (25, 26). The
feasibility of biweekly cetuximab administration was
previously evaluated in a two-part phase I dose escalation
study (11, 27). This study showed that cetuximab may be
safely administrated as a monotherapy or in combination
with FOLFIRI at doses of 400-700 mg/m2 on a biweekly
schedule. A cetuximab dose of 500 mg/m2, not 400 mg/m2,
every 2 weeks exhibited predictable pharmacokinetics that
were similar to those of the conventional weekly dose
regimen of 250 mg/m2 (following an initial dose of 400
mg/m2). At steady state, the mean area under the plasma
concentration-time curve (AUC) of the 500 mg/m2 dose over
a 2-week period was twice that of the 250 mg/m2 dose over
a 1-week period, indicating that exposure to cetuximab was
similar with the two dosing regimens. A pharmacodynamics
study investigating markers of EGFR signaling, such as
pEGFR, pMAPK, Ki67, and p27 protein expression from
skin biopsies demonstrated no major differences in the
inhibition of EGFR signaling between weekly and biweekly
regimens of cetuximab administration (11, 27).

Based on these pharmacological backgrounds, several
single-arm clinical trials have been conducted and reported
the efficacy and safety of a biweekly cetuximab regimen
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Figure 3. Meta-analysis of progression-free survival (A) and overall survival (B) between biweekly cetuximab and weekly cetuximab in patients
with metastatic colorectal cancer.

Figure 2. Meta-analysis of objective response rate (A) and disease-control rate (B) between biweekly cetuximab and weekly cetuximab in patients
with metastatic colorectal cancer.



(500 mg/m2) in patients with mCRC as monotherapy or in
combination with oxaliplatin- and irinotecan-based
chemotherapy, such as OPTIMIX-ACROSS, NORDIC-7.5,
and CELINE studies (28-30). Recently, the combination of
a triple-drug chemotherapy regimen (FOLFOXIRI) with
biweekly cetuximab as a first-line treatment of mCRC
showed promising activity along with safety concerns in a
single-arm phase II trial (31) and a randomized trial (32).

However, studies examining a direct comparison of efficacy
and safety between biweekly cetuximab and conventional
weekly cetuximab are limited. Among the included studies in
our meta-analysis, the largest randomized phase II study by
the Central European Cooperative Oncology Group (CECOG)
(18) compared the efficacy and safety of FOLFOX4 plus
biweekly cetuximab with weekly cetuximab in the first-line
treatment of patients with KRAS wild-type mCRC. Of the 152
randomized eligible patients, 75 were treated weekly and 77
biweekly; ORRs (53% vs. 62%), PFS (median: 9.5 vs. 9.2
months), OS (median: 25.8 vs. 23.0 months), and DCR (both
87%) were comparable. Frequencies of grade 3/4 adverse
events in the two groups were similar. Notably, the higher
single dose of cetuximab in the biweekly regimen did not lead
to any increased incidence of allergic reactions or infusion-
related reactions. It is noteworthy that this trial was not
statistically powered to establish non-inferiority of the
biweekly regimen; therefore, we conducted a meta-analysis
with an integration of related studies to make a current
conclusion. The given results from this meta-analysis strongly
support the findings of the randomized phase II study (18).
The reason for the preferable DCR in the biweekly regimen is
unknown. This result may suggest the better application of this
regimen in the salvage setting considering the deteriorated
patients’ status and the therapeutic goal.

Cetuximab is unlikely to interact with other anti-cancer
agents, although its rather long half-life and subsequent
retention in the body has resulted in investigations of potential
interactions between weekly cetuximab and irinotecan (25,
33). Czejka et al. (34) investigated the pharmacokinetics of
irinotecan and the metabolite in combination with biweekly
cetuximab in patients with mCRC and demonstrated that no

significant pharmacokinetic interaction was observed between
irinotecan and biweekly cetuximab.

This study has several limitations that must be taken into
account. Only one randomized study was included in this
meta-analysis, and the sample size of all included studies
was relatively small. Therefore, there may have been
considerable selection bias. All included studies were
conducted before the general application of extended RAS
testing, which may mislead the given results regarding
current clinical settings.

In conclusion, biweekly administration of cetuximab with
equivalent efficacy and safety to conventional weekly
cetuximab would be beneficial for both patients and health
resources.
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