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Background: Colorectal cancer (CRC) poses a significant global health burden. Cetuximab, an epidermal growth factor receptor
(EGFR)-targeting monoclonal antibody, and irinotecan, a topoisomerase I inhibitor, are established therapeutic agents for CRC.
Although cetuximab can be administered as monotherapy or in combination with irinotecan, the differences in efficacy and safety
between these treatment strategies remain unclear. Therefore, this meta-analysis aimed to comprehensively compare the efficacy
and safety between cetuximab alone and cetuximab plus irinotecan for treating patients with CRC.
Methods: Studies about randomized controlled trials on cetuximab monotherapy or combination therapy with irinotecan for
treating CRC were retrieved from Cochrane Library, PubMed, and China National Knowledge Infrastructure (CNKI) since
inception until 1 April 2024. The subjects were categorized into combination andmonotherapy groups. The quality assessment of
literature was analyzed using Cochrane risk-of-bias tool. ReviewManager Software was utilized for meta-analysis. Progression-
free survival (PFS) and grade 3–4 adverse events (AEs) were applied as primary outcome indicators. Overall survival (OS),
objective remission rate (ORR) and disease control rate (DCR) were used as secondary outcome indicators.
Results: Six studies and 875 CRC patients were finally included. Meta-analysis results showed that the combination group had
a longer PFS than the monotherapy group (hazard ratio [HR] = 0.69, 95% confidence interval [CI]: 0.42–1.16, p = 0.16), while
there was no significant difference in OS between the two groups (HR = 0.84, 95%CI: 0.70–1.00, p = 0.05). The incidence of grade
3–4 AEs was higher in the combination group than in the monotherapy group (relative risk [RR] = 1.38, 95% CI: 1.17–1.64, p
= 0.0002). In addition, the DCR of the combination group was significantly higher than that of the monotherapy group (RR =
1.45, 95% CI: 1.16–1.81, p = 0.001), while the ORR was not significantly different between the two groups (RR = 1.12, 95% CI:
0.96–1.31, p = 0.13).
Conclusion: Our findings indicate that cetuximab plus irinotecan confers higher anti-tumor protection than the monotherapy,
with a compromise in an evidently increased risk of severe adverse events. The trade-off between efficacy and toxicity must be
carefully considered in clinical decision-making.
Registration number: CRD420251124881.
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Introduction

Colorectal cancer (CRC) is one of the most preva-
lent malignant tumors worldwide and is a leading cause
of cancer-related mortality in both China and the United
States, with the CRC incidence rate showing trend of in-
crease in China [1]. As the conventional treatment for
early-stage CRC, surgical resection is generally effective
[2], but its efficacy diminishes in intermediate or advanced
stages, which is when most CRC patients are initially diag-
nosed [3]. For patients experiencing unsatisfactory surgical
outcomes or who are ineligible for a resection, combined
chemoradiotherapy, targeted therapy and immunotherapy
can be used to prolong survival and improve quality of life
[2,4].

Cetuximab is a monoclonal antibody that can specifi-
cally bind to epidermal growth factor receptors (EGFRs) in
many cancers. While providing more diverse treatment op-
tions, cetuximab—particularly when combined with other
drugs—offers high-degree specificity during treatment,
making it a promising candidate in personalized therapy for
CRC [5]. With a deeper understanding on the molecular
heterogeneity of CRC, clinicians can now tailor treatment
plans based on specific genetic mutations in tumors [6], and
intriguingly, cetuximab can be used for targeted therapies
for B-Raf proto-oncogene, serine/threonine kinase (BRAF)-
mutant CRC [7]. First-line chemotherapy combined with
cetuximab improves progression-free survival (PFS), over-
all survival (OS), and objective response rate (ORR) in Rat
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sarcoma (RAS)-wildtype (WT) CRC patients [8]. RAS mu-
tations are associated with resistance to EGFR inhibitors
[9,10].

Irinotecan is a common chemotherapeutic drug for
CRC. It is a DNA topoisomerase I inhibitor that prevents
the DNA replication of cancer cells by inducing fragmen-
tation of DNA single strands [11]. A single-arm clinical
trial showed that cetuximab plus irinotecan was therapeu-
tically more effective in patients with RAS and BRAF WT
metastatic CRC compounded by drug resistance [12]. De-
spite the reported efficacy of cetuximab combined with
irinotecan, it has been found that treated patients with
the cancer generally experienced relatively poor remission,
with only a small portion of them showing controlled sta-
tus of disease progression [13]. Currently, the therapeutic
effect of cetuximab combined with irinotecan on CRC has
not been fully clarified.

In this study, we collected research literature on the
treatment of CRC using cetuximab alone or together with
irinotecan to analyze whether the combination of the two
drugs can improve the therapeutic efficacy and prolong the
survival time of the patients, as well as to explore whether
this treatment option can meet the therapeutic demand of
CRC patients. Accordingly, this meta-analysis aimed to
provide a reference for clinical management of CRC using
medications.

Methods

Literature Retrieval
According to the Preferred Reporting Items for Sys-

tematic Reviews and Meta-Analyses (PRISMA) statement,
studies on randomized controlled trials, which were pub-
lished since the database inception until 1 April 2024, were
retrieved from public databases, including Cochrane Li-
brary, PubMed, and China National Knowledge Infrastruc-
ture (CNKI). Only articles in English were collected. In-
cluded literature was screened according to the PRISMA
2020 protocol (PRISMA Checklist, Supplementary Table
1). Firstly, following the principle of PICOS, articles were
independently selected by two reviewers based on their sub-
ject headings and keywords (Search Strategy, Supplemen-
tary Table 2). When there was a disagreement in decision
between the two reviewers on the same article, a third re-
viewer would be responsible for making the final decision.

Literature Screening
Inclusion Criteria

(1) Subjects: pathologically confirmed CRC; (2)
Types: randomized controlled trials on CRC; (3) Interven-
tions: a prospective study on efficacy comparison of cetux-
imab alone or together with irinotecan for CRC patients;
(4) Outcome indicators: the results including any of the fol-
lowing indicators: ORR, disease control rate (DCR), PFS,
OS, and incidence of grade 3–4 adverse events (AEs) dur-

ing drug treatment in CRC patients; (5) For the same clini-
cal trial that has been reported multiple times, only the most
updated study with the most comprehensive data will be se-
lected.

Exclusion Criteria
(1) A single-arm trial; (2) Animals and cells as sub-

jects; (3) Published in the form of overviews, guidelines,
personal cases, conferences, expert experiences, editorials,
technical reports, letters, etc.; (4) Repeated studies; (5) Un-
true, incomplete and unobtainable data; (6) Poor quality of
the publications; (7) Unofficially approved drug used in the
study.

Quality Assessment
The finally included studies were determined by two

reviewers after screening conducted based on inclusion and
exclusion criteria. When there was disagreement on results,
a third senior staff member would make the final decisions.
The Cochrane Randomized Trials Risk of Bias Assessment
[14] was used for quality assessment by three reviewers.
There were mainly six fields for assessment, including ran-
dom sequence generation (selection bias), allocation con-
cealment (selection bias), blinding of participants and per-
sonnel (performance bias), blinding of outcome assessment
(detection bias), incomplete outcome data (attrition bias),
and selective reporting (reporting bias). In each field, the
risk of bias was graded as “low risk”, “unclear risk”, and
“high risk”. A paper was considered to be of good qual-
ity if all assessments of risk of bias for all included studies
were of “low risk”. If one of the assessments was of “high
risk”, the paper was considered to be of low quality. The
risk-of-bias graph and the risk-of-bias summary were plot-
ted using ReviewManager Software (version 5.3, Cochrane
RevMan, London, UK).

Data Extraction
Two reviewers were responsible for extracting the ba-

sic information of the included studies after reading the full
article. Herein, the basic information included: the first
author, publication time, sample size, intervention meth-
ods and duration, gender proportion, age range, Eastern
Cooperative Oncology Group (ECOG) performance sta-
tus score, proportion of people with liver metastasis, lung
metastasis and lymph metastasis, primary outcome indica-
tors (PFS and grade 3–4 AEs), and secondary outcome in-
dicators (OS, ORR and DCR) in the cetuximab monother-
apy group and combination therapy group (cetuximab plus
irinotecan).

Statistical Analysis
Review Manager Software (version 5.3, Cochrane

RevMan, London, UK) was utilized for conducting meta-
analysis, and the outcome data extracted for this study were
categorical variables. ORR, DCR and AEs were used as
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Fig. 1. A flowchart of literature searching and screening.

statistical effect sizes and calculated with relative risk (RR)
and 95% confidence interval (95% CI). PFS and OS were
applied as statistical effect sizes measured by hazard ratio
(HR) and 95% CI. The threshold of p-value less than 0.05
was considered statistically significant. The results of the
heterogeneity analysis in this study were judged according
to the results of the I2 test. When I2 < 50%, a fixed-effects
model was employed. When I2 > 50%, there was signif-

icant heterogeneity, and thus a random-effects model was
employed. In addition, when fewer than five studies were
included, the fixed-effects model was still used regardless
of the magnitude of heterogeneity [15]. The Stata Soft-
ware (version 12, Stata Corp., Lakeway Drive, TX, USA)
was employed to perform subgroup analyses and sensitivity
analysis.
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Table 1. Summary of baseline information of patients from the included literature.

Literature Treatment
Sample
size

Male
Age
(years)

ECOG performance
status (≥1 grade)

Liver
metastasis

Lung
metastasis

Lymph
metastasis

Treatment
course

Cunningham et al. (2004) [16]
Cetuximab + Irinotecan 218 143 (66%) 26–82 NA NA NA NA

3 months
Cetuximab 111 63 (57%) 39–84 NA NA NA NA

Saltz et al. (2007) [17]
Cetuximab + Irinotecan 43 26 (60%) 43–86 NA NA NA NA

NA
Cetuximab 40 26 (65%) 24–80 NA NA NA NA

Nakamura et al. (2017) [13]
Cetuximab + Irinotecan 19 13 (68%) 37–83 4 (21%) 12 (63%) 9 (47%) 7 (37%)

NA
Cetuximab 10 8 (80%) 58–50 6 (60%) 5 (50%) 7 (70%) 3 (30%)

Segelov et al. (2016) [18]
Cetuximab + Irinotecan 26 20 (77%) 48–85 16 (62%) 16 (62%) 14 (54%) 10 (38%)

6 months
Cetuximab 25 19 (76%) 49–82 15 (60%) 19 (76%) 17 (68%) 10 (40%)

Shapiro et al. (2018) [19]
Cetuximab + Irinotecan 25 18 (72%) 38–76 18 (72%) 18 (72%) 11 (44%) 10 (40%)

6 months
Cetuximab 21 13 (62%) 41–75 14 (67%) 15 (71%) 13 (62%) 5 (24%)

Pinto et al. (2024) [20]
Cetuximab + Irinotecan 154 99 (64.3%) 34–79 35 (22.7%) 18 (11.7%) NA NA

3 months
Cetuximab 183 126 (68.9%) 22–82 38 (20.8%) 15 (8.2%) NA NA

Notes: ECOG represents Eastern Cooperative Oncology Group; NA represents unavailable information; the values for age are expressed as ranges, while all other parameters, except
sample size and age, are expressed as n (%).
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Results

Literature Retrieval
A total of 593 relevant publications was identified

through systematic screening. Based on the inclusion and
exclusion criteria, six studies were finally included. A flow
chart depicting the processes of literature screening is pre-
sented in Fig. 1.

Basic Features and Quality Assessment of the
Included Studies

There were a total of 875 enrolled patients in the six
included studies, with 57%–80% of males who aged 22–
86 years and had CRC. After categorization, 485 patients
were assigned to the combination therapy group, while 390
patients were to the monotherapy group. The basic infor-
mation of patients is detailed in Table 1 (Ref. [13,16–20]).

The six included studies are randomized controlled
trials, in which randomized grouping methods were em-
ployed. Of the included studies, two reported allocation
concealment [18,19], while four utilized blinding method
[13,16,17,20]. Our assessments showed that all six studies
have complete outcome data, showing no signs of selective
reporting. Therefore, the quality of the included literature in
this meta-analysis was generally high. The quality-related
results are presented in Fig. 2 (Ref. [13,16–20]).

Outcomes of Meta-Analysis
PFS and OS

There were five studies reporting PFS and OS out-
comes. A random-effects model was adopted despite the
significant heterogeneity of PFS outcomes (I2 = 87% and p
< 0.00001). The meta-analysis data showed that PFS was
higher in the combination group than in the monotherapy
group, but the difference was not statistically significant
(HR = 0.69, 95% CI: 0.42–1.16, p = 0.16). The heterogene-
ity in OS outcomes was low, as reflected by I2 = 0% and p
= 0.88; therefore, a fixed-effects model was applied. There
was no significant difference in OS between the combina-
tion and monotherapy groups (HR = 0.84, 95% CI: 0.70–
1.00, p = 0.05), as shown in Fig. 3 (Ref. [13,16,18–20]).

Grade 3–4 AEs
The outcomes of grade 3–4 AEs were reported in

all six included studies. Compared with the monotherapy
group, the combination group suffered from significantly
higher incidence rate of grade 3–4 AEs (RR = 1.38, 95%
CI: 1.17–1.64, p = 0.0002, Fig. 4 (Ref. [13,16–20])). Be-
sides, no significant heterogeneity was found among these
studies (I2 = 0%, p = 0.93, Fig. 4).

ORR and DCR
The outcomes of ORRwere reported in only four stud-

ies. Despite heterogeneity detected (I2 = 85%, p = 0.001),
a fixed-effects model was selected. The meta-analysis out-

comes showed no significant difference in ORR between
the two groups (RR = 1.12, 95% CI: 0.96–1.31, p = 0.13,
Fig. 5 (Ref. [13,16,19,20])). Only three studies reported
DCR, and a fixed-effects model was chosen despite hetero-
geneity (I2 = 79%, p = 0.009). The results of the meta-
analysis revealed a significantly higher DCR in the combi-
nation group relative to the monotherapy group (RR = 1.45,
95% CI: 1.16–1.81, p = 0.001, Fig. 5).

Reporting Bias
The Begg’s test and Egger’s test were applied to ex-

plore publication bias of the included literature. The results
of Begg’s test and Egger’s test for PFS, OS, AEs, ORR, and
DCRwere p = 0.624 and p = 0.557, p = 0.624 and p = 0.863,
p = 0.188 and p = 0.231, p = 0.602 and p = 0.167, and p =
0.602 and p = 0.685, respectively. These results indicated
that there was no significant publication bias for any of the
outcomes in the included literature.

Heterogeneity
Patients were categorized into three groups (RASWT,

N/A, KRAS G13D mutation) according to whether they
carried RAS mutation or not, and subgroup analyses were
performed to assess the source of heterogeneity. For PFS,
heterogeneity was significantly lower in the KRAS G13D
mutation subgroup (I2 = 0%, p = 0.893), suggesting that
patients carried RAS mutation may be a possible source
of heterogeneity (Fig. 6 (Ref. [13,16,18–20])). For ORR,
heterogeneity was also reduced in the RAS WT subgroup
(Supplementary Fig. 1A). For DCR, the three studies were
evenly distributed among the three subgroups, so no further
descriptions were provided (Supplementary Fig. 1B).

Sensitivity Analysis
Sensitivity analyses were performed for each outcome

data (Table 2, Ref. [13,16–20]). For grade 3–4 AEs, the
combined results of the remaining literature data remained
unchanged after excluding all literature individually, indi-
cating robust results. For PFS, after excluding the study of
Pinto et al. 2024 [20], the combined results of the remaining
four studies showed that the combination group displayed
better outcomes than the monotherapy group. For OS, after
excluding Cunningham et al. 2004 [16] or Segelov 2016
et al. [18], the remaining four studies showed better com-
bined results in the combination group. However, we noted
that the combined results of the remaining four studies had
a p-value of 0.05 (Supplementary Fig. 2). For ORR, af-
ter excluding the study of Pinto et al. 2024 [20], the re-
maining two studies exhibited better combined results in
the combination group. For DCR, after excluding the study
of Cunningham et al. 2004 [16], the combined results of
the remaining two studies showed no significant difference
between the two groups.
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Fig. 2. A summary of bias risk assessments for included studies. (A) Graph on risk of bias. (B) Summary of risk of bias.

Discussion

Cetuximab is frequently used in combination with
chemotherapeutic drugs such as oxaliplatin and irinotecan

to treat CRC, and it has a good therapeutic effect on un-
resectable or metastatic cancer [21]. Cetuximab has been
confirmed to potentiate the cytotoxic effect of irinotecan on
cancer cells via inhibiting EGFR and the downstream RAS-
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Fig. 3. Pooled analysis of PFS (A) and OS (B). Abbreviations: OS, Overall survival; PFS, Progression-free survival.

Fig. 4. Pooled analysis of grade 3–4 AEs. Abbreviations: AEs, Adverse events.

Fig. 5. Pooled analysis of ORR (A) and DCR (B). Abbreviations: DCR, Disease control rate; ORR, Objective remission rate.

https://www.discovmed.com/


139

Fig. 6. Heterogeneity analyses of PFS. Abbreviation: DL, Dersimonian and Laird; PFS, Progression-free survival.

RAF-MEK-ERK signaling pathway, exerting a stronger
anti-cancer effect [22]. Irinotecan can be used in the third-
line treatment for patients who suffered from RAS and
BRAF WT metastatic CRC and had cetuximab resistance
[12]. Regrettably, our meta-analysis revealed that there was
no significant difference in PFS, OS, or ORR between the
monotherapy group and the combination group, with the
latter also featuring significantly higher AE incidence.

However, through sensitivity analysis, we found that
excluding the study of Pinto et al. [20], the pooled results of
the remaining data supported longer PFS in the combination
group. This is probably due to the emphasis of Pinto et al.’s
study [20] on patients with disease under control, with an
objective to use cetuximab monotherapy as a de-escalation
treatment to maintain efficacy. Therefore, when evaluat-
ing efficacy in patients with malignant tumor progression,
our results demonstrated that the combination treatment can
prolong PFS in patients. Additionally, our results supported
previous findings that cetuximab was not suitable for CRC
patients with RAS mutations [23].

The results of the sensitivity analysis seem to indicate
the limited reliability of our findings regarding OS. How-
ever, when we carefully examined the remaining data after
excluding the studies of Cunningham et al. [16] or Segelov
et al. [18], we found that the p-values were all 0.05. A p-
value of 0.05 is commonly used as the threshold for statisti-
cal significance; however, its interpretation remains a topic
of ongoing debate within the statistical community [24]. In

this study, after comprehensive consideration of all opin-
ions, we reached the conclusion that there was no signifi-
cant difference in OS between the two groups, which was
definite even when including the data from Cunningham et
al. [16] or Segelov et al. [18]. Herein, the combined ther-
apy regimens primarily targeted patients with intermediate-
stage or advanced-stage CRC. Treatment for advanced pa-
tients primarily aims to control tumor progression, allevi-
ate tumor-induced pain, and improve the patient’s quality
of life. In a study comparing the efficacy of EGFR tyrosine
kinase inhibitors combined with dual-drug chemotherapy
versus bevacizumab combined with dual-drug chemother-
apy in RAS WT metastatic CRC patients, there is no statis-
tically significant difference in OS for patients with right-
sided tumors [25], consistent with our results.

It is important to note that the addition of irinotecan
to the cetuximab treatment regimen significantly increased
the incidence of adverse reactions in patients, indicating a
higher burden of treatment-related complications. This un-
derscores the need for clinicians to carefully consider safety
when prescribing combined therapies. In a study of enco-
rafenib plus cetuximab (EC) with or without chemotherapy
(oxaliplatin, leucovorin, and fluorouracil [mFOLFOX6])
for BRAFV600E-mutated CRC, EC+mFOLFOX6 resulted
in adverse events at grade 3 or above in over half of the pa-
tients [26], further highlighting toxicity risk associated with
combined therapy.
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Table 2. Sensitivity analysis of outcomes.
Study Estimate 95% confidence interval

Grade 3–4 AEs

Pinto et al. (2024) [20] 1.502 1.142 1.974
Cunningham et al. (2004) [16] 1.710 1.381 2.117
Nakamura et al. (2017) [13] 1.755 1.407 2.188
Saltz et al. (2007) [17] 1.695 1.372 2.093
Segelov et al. (2016) [18] 1.847 1.436 2.376
Shapiro et al. (2018) [19] 1.653 1.320 2.070
Combined 1.697 1.376 2.093

PFS

Pinto et al. (2024) [20] 0.552 0.448 0.681
Cunningham et al. (2004) [16] 0.752 0.419 1.350
Nakamura et al. (2017) [13] 0.693 0.387 1.240
Segelov et al. (2016) [18] 0.680 0.368 1.258
Shapiro et al. (2018) [19] 0.787 0.451 1.371
Combined 0.694 0.416 1.158

OS

Pinto et al. (2024) [20] 0.874 0.694 1.102
Cunningham et al. (2004) [16] 0.800 0.640 0.999
Nakamura et al. (2017) [13] 0.837 0.698 1.003
Segelov et al. (2016) [18] 0.828 0.688 0.997
Shapiro et al. (2018) [19] 0.856 0.712 1.029
Combined 0.838 0.702 1.001

ORR

Pinto et al. (2024) [20] 2.306 1.340 3.966
Cunningham et al. (2004) [16] 0.953 0.827 1.098
Shapiro et al. (2018) [19] 0.983 0.856 1.129
Combined 0.996 0.868 1.143

DCR

Cunningham et al. (2004) [16] 1.000 0.768 1.302
Nakamura et al. (2017) [13] 1.325 1.080 1.625
Shapiro et al. (2018) [19] 1.524 1.163 1.997
Combined 1.272 1.045 1.548

Abbreviations: AEs, Adverse events; DCR, Disease control rate; ORR, Objective remission
rate; OS, Overall survival; PFS, Progression-free survival.

In the present paper, the combined results of ORR and
DCR are not discussed in detail. The sensitivity analysis
indicated that our results are not definitive and may be in-
fluenced by data from large-scale clinical studies. In sum-
mary, the combination of cetuximab and irinotecan demon-
strates significant efficacy in improving PFS in patients,
particularly in RAS WT patients. However, clinical use of
drug combinations requires the formulation of personalized
treatment plans for each patient, taking into full consider-
ation the negative impact of adverse reactions on patients’
quality of life.

There are some limitations in the present meta-
analysis. First, the number of included studies is small,
possibly because cetuximab with or without irinotecan is
not a popular research protocol in recent years, or the ap-
plication of the stringent inclusion and exclusion criteria
had filtered out many studies during the literature retrieval
process. Second, treatment efficacy may be influenced by
factors such as climate, socioeconomic conditions, and di-
etary habits, which can vary significantly across popula-
tions. Since all included studies were published in English

and conducted in Europe and the United States, the findings
may not be fully generalizable to CRC patients in China
or other regions in the world. Finally, the included studies
fail to meet the requirements for subgroup analysis based
on whether CRC patients had metastases. Therefore, it is
unable to distinguish the specific effects of cetuximab plus
irinotecan on metastatic and non-metastatic cancers.

Conclusion

In conclusion, cetuximab in combination with irinote-
can is more effective in the treatment of CRC when com-
pared to cetuximab monotherapy. However, this combined
therapy increases the incidence of grade 3–4 AEs, elevat-
ing complication-related risks in the patients. Therefore,
cetuximab plus irinotecan should be used with caution, tak-
ing into account EGFR expression, RAS mutation status,
and the patients’ physical condition.
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