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ABSTRACT
Objectives  Despite remarkable advances in the treatment 
of oesophageal cancer (OC), the role of antiepidermal 
growth factor receptor (anti-EGFR) agents in treating OC 
remains controversial. Herein, a systematic review and 
meta-analysis were conducted to elucidate the efficacy 
and safety of anti-EGFR agents in patients with OC.
Design  Meta-analysis of randomised controlled trials 
(RCTs) identified by searching the PubMed, Embase, Web 
of Science, ​ClinicalTrials.​gov, Cochrane Library, Chinese 
Biology Medicine, China National Knowledge Infrastructure 
and Wanfang Data Knowledge Service Platform databases 
from inception to December 2019. We followed the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses guidelines.
Setting  RCTs from any country and healthcare setting.
Participants  Patients with OC.
Interventions  Combination therapy with anti-EGFR 
agents and conventional treatments versus conventional 
treatments alone in patients with OC.
Primary and secondary outcome measures  Overall 
survival (OS) and progression-free survival (PFS) were 
primary outcome measures, and objective response rate 
(ORR), disease control rate (DCR) and treatment toxicities 
were secondary outcome measures.
Results  In total, 25 RCTs comprising 3406 patients 
with OC were included. Overall, anti-EGFR treatment 
significantly improved the OS (HR: 0.81, 95% CI 0.74 to 
0.89, p<0.00001), ORR (relative risk (RR): 1.33, 95% CI 
1.16 to 1.52, p<0.0001) and DCR (RR: 1.22, 95% CI 1.11 
to 1.34, p<0.0001) but not PFS (HR: 0.91, 95% CI 0.76 
to 1.08, p=0.26). Anti-EGFR treatment was significantly 
associated with higher incidences of myelosuppression, 
diarrhoea, acne-like rash and hypomagnesaemia.
Conclusions  Overall, anti-EGFR agents have positive 
effects on OS, the ORR and DCR in OC. However, 
considering the high incidence of adverse effects, such 
as myelosuppression, diarrhoea, acne-like rashes and 
hypomagnesaemia, careful monitoring of patients with OC 
is recommended during anti-EGFR treatment.
Trial registration number  CRD42020169230.

INTRODUCTION
Oesophageal cancer (OC) is the seventh 
most common cancer type and the sixth 

leading cause of cancer-related mortality, 
accounting for approximately 1 in 20 cancer-
related deaths worldwide in 2018.1 However, 
the incidences of OC and mortality rates vary 
considerably, as demonstrated by a twofold 
to threefold difference in statistical data 
between different geographical regions.2 OC 
is common in Eastern and Southern Africa, 
but the highest incidence rates have been 
reported in East Asia, with those in Mongolia 
and China being among the top five world-
wide.1 2 These highest risk areas are called the 
‘oesophageal cancer belt’, with squamous cell 
cancers showing a dominance of 90%, while 
adenocarcinoma being predominant in the 
people of European descent.1

OC is diagnosed in later stages in 80% 
of the patients, and typically, few patients 
benefit from single-modality treatments, such 
as surgery (5-year overall survival (OS) of 
15%–20%), chemotherapy (CT; 5-year OS of 
15%–45%) and radiotherapy (RT; 5-year OS 
of 0%–15%).3 Therefore, chemoradiotherapy 

Strengths and limitations of this study

►► This meta-analysis is the first attempt to summarise 
the evidence of the efficacy and safety of anti-EGFR 
agents in combination with conventional treatments 
versus conventional treatments alone for oesopha-
geal cancer.

►► Eight databases, a manual search and unpublished 
studies were retrieved to identify the eligible studies.

►► Quality of the eligible studies was assessed using 
the Cochrane Handbook for Systematic Reviews and 
Meta-Analysis.

►► This study has been registered a priori and fol-
lowed the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses guidelines.

►► Publication, reporting or selection bias cannot be 
ruled out because of the lack of access to individual 
patient data.
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(CRT; 5-year OS of 26%) has become a standard of care 
for OC. However, controlling locoregional recurrence or 
persistent disease remains a major challenge.4 The use 
of higher radiation doses, combination of various CT 
regimens and RT or other combination therapies (eg, 
surgery and neoadjuvant CT) have failed to achieve any 
improvement.5–8 Therefore, the addition of novel thera-
pies to conventional single or multimodality treatments is 
urgently needed.

The epidermal growth factor receptor (EGFR) signal-
ling pathway is implicated in the proliferation, invasion, 
angiogenesis and survival of cancer cells.9 Moreover, over-
expression of the EGFR in OC has been associated with a 
poor prognosis.10 Previous studies have shown synergistic 
effects between EGFR inhibitors and conventional treat-
ments.11 12 Hence, there is a strong rationale for testing 
EGFR-targeting drugs to design an effective treatment 
strategy against OC. Tyrosine kinase inhibitors (TKIs) 
and monoclonal antibodies (mAbs) are two promising 
classes of anti-EGFR drugs. mAbs bind to the extracel-
lular domain of the EGFR and compete with endogenous 
ligands to block the ligand-binding region and ligand-
induced EGFR tyrosine kinase activation.13 TKIs reversibly 
compete with adenosine 5’ triphosphate (ATP) to bind to 
the intracellular catalytic domain of EGFR tyrosine kinase 
and inhibit EGFR autophosphorylation and downstream 
signalling.13 Various anti-EGFR agents, such as cetux-
imab,14 15 nimotuzumab,16 17 panitumumab,18 erlotinib19 20 
and gefitinib,21 22 are used for treating OC. However, the 
role of anti-EGFR agents in combination with conven-
tional treatments is controversial, and toxicity associ-
ated with these agents is variable and uncertain.14–17 19–22 
Moreover, there is no clear evidence that combination of 
anti-EGFR agents and conventional treatments is supe-
rior to conventional treatments alone for OC. To address 
this research gap, we conducted a systematic review and 
meta-analysis of randomised controlled trials (RCTs) to 
evaluate the efficacy and safety of anti-EGFR agents in 
combination with conventional treatments versus conven-
tional treatments alone in patients with OC.

METHODS
Literature search strategy
A literature search of the following databases (from 
inception to December 2019) was performed by two 
authors to identify eligible studies: PubMed, Embase, 
Web of Science, ​ClinicalTrials.​gov, the Cochrane Library, 
Chinese Biology Medicine, China National Knowledge 
Infrastructure and the Wanfang Data Knowledge Service 
Platform. Furthermore, a manual search using the refer-
ence lists of all the retrieved articles and relevant jour-
nals was conducted to identify additional eligible studies. 
Unpublished studies were retrieved from the System for 
Information on Grey Literature database to reduce publi-
cation bias. Combinations of Medical Subject Headings/
Emtree terms and free-text terms were used to search 
the above databases. The location of the primary OC site 

included typical endoscopic measurements of each region 
from the incisors (range: from 15 to 42 cm), starting from 
the upper oesophageal sphincter to the proximal 2 cm 
of the cardia.23 The following main search terms were 
used: ‘oesophageal neoplasms’, ‘epidermal growth factor 
receptor inhibitor’, ‘cetuximab’, ‘panitumumab’, ‘nimo-
tuzumab’, ‘erlotinib’, ‘gefitinib’, ‘randomised controlled 
trial’ and ‘clinical trial’. The full search strategies used 
are presented in online supplemental data S1.

Two authors independently screened the studies based 
on the selection criteria. Initially, each title and abstract 
were screened, and the full text of the eligible studies was 
retrieved. Any disagreements between the two authors 
during the selection process were settled by discussion 
and consensus with a third author.

Inclusion and exclusion criteria
Eligible studies were included if they met the following 
criteria: (1) patients with histologically confirmed OC; 
(2) anti-EGFR treatment versus conventional treatment 
(defined as any single- or multimodality treatment for 
OC, such as surgery, CT, RT or any combination of these); 
(3) RCT; and (4) HRs with 95% CIs reported for OS 
and/or progression-free survival (PFS), or sufficient data 
provided to calculate these values.

Repeated studies, reviews, comments, letters, case 
reports, meeting abstracts, study protocols or animal 
studies were excluded. Duplicate and incomplete data 
were also excluded.

Data extraction and quality assessment
Data extraction and quality assessment were carried out 
by two independent authors, and discrepancies were 
resolved by discussion and consensus with the third 
author.

The extracted information for each eligible study 
included the name of the first author, publication year, 
country, study design, enrolment period, sample size, 
mean/median age of patients (range, years), treatment 
protocol and major clinical outcomes (OS, PFS, objective 
response rate (ORR), disease control rate (DCR) and 
grade 3–5 toxicities).

The quality of each eligible study was assessed using 
the Cochrane Handbook for Systematic Reviews of Inter-
ventions V.6.0 (​www.​training.​cochrane.​org/​handbook). 
Random sequence generation, allocation concealment, 
blinding, incomplete outcome data and selective outcome 
reporting were examined to categorise each eligible study 
as having a: (A) low, (B) moderate or (C) high risk of bias.

Statistical analysis
The primary outcomes were OS and PFS, expressed as 
the HR with a 95% CI, which were calculated from the 
number of observed deaths minus the number of esti-
mated deaths and its variance.24 OS was defined as the time 
from diagnosis to death or to the last follow-up, and PFS 
was defined as the time from diagnosis to the first docu-
mented recurrence. Both OS and PFS data were obtained 

https://dx.doi.org/10.1136/bmjopen-2020-046352
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from Kaplan-Meier curves using Engauge Digitizer V.10.8 
(http://​sourceforge.​net/​projects/​digitizer/). Secondary 
outcomes, including ORR, DCR and haematological and 
non-haematological toxicities, were expressed as relative 
risk (RR) ratios with 95% CIs using the Mantel-Haenszel 
method. ORR was defined as the rate of partial response 
(PR) and complete response (CR), and DCR was defined 
as the rate of PR, CR and stabilisation.

Statistical heterogeneity across studies was evaluated 
using the χ2 test, with a level of significance set at p<0.1, 
and quantified with the I2 statistic. The fixed-effects model 
was used if the heterogeneity test showed no statistical 
significance (I2 <50%; p>0.1); otherwise, the random-
effects model was adopted. Publication bias was assessed 
by inspecting funnel plots for asymmetries and outliers. 
Sensitivity analysis was conducted to explore the robust-
ness of the results by excluding certain studies to recal-
culate the pooled HR and RR estimates. Five studies were 
excluded because of small sample sizes or treatments with 
surgery and/or induction CT.14 20 25–27 A subgroup analysis 
was performed based on the various treatment regimens.

All analyses were conducted using Review Manager 
V.5.3 (Cochrane Collaboration, Oxford, UK). A two-
sided p value <0.05 was considered significant for all anal-
yses, except heterogeneity tests. This study was reported 
according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses guidelines.28

Patient and public involvement
Patients and/or the public were not involved in the 
design, conduct, reporting or dissemination plans of this 
research.

RESULTS
Study selection
A total of 1374 records were identified by searching 
the databases, and no additional records were found 
using other sources. After removing duplicates, 1298 
records remained. Based on the screening of the titles, 
952 records were excluded as not meeting the eligibility 
criteria. Next, the remaining 346 abstracts were further 
evaluated, of which 301 records were excluded as they 
were reviews (n=114), non-RCTs (n=108, including case 
reports, meeting abstracts, letters, editorials and news), 
animal studies (n=3), or studies on other cancers and 
drugs (n=76) unrelated to this study. After screening 
the remaining 45 full-text articles, 20 records were 
excluded as they were non-RCTs (n=5), ongoing studies 
(n=2), studies on other cancers and drugs (n=8) or 
studies without outcomes (n=5). Finally, 25 RCTs were 
included in the quantitative synthesis for this meta-
analysis. The flow diagram of the selection process is 
shown in figure 1.

Figure 1  Flow diagram of the selection process of relevant studies. RCTs, randomised controlled trials.

http://sourceforge.net/projects/digitizer/
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Study characteristics
The eligible studies were published between 2009 and 
2018, and a total of 3406 patients were included in this 
meta-analysis. The sample sizes of the studies ranged 
from 16 to 225 patients. In total, 1699 patients were in 
the anti-EGFR arm and 1707 patients were in the non-
anti-EGFR arm. The age of the patients ranged from 
26 to 87 years. Seventeen studies were conducted in 
China,19–21 25–27 29–39 three in the UK22 40 41 and one each 
in the USA,15 Germany,11 Switzerland,14 Cuba17 and 
Brazil.16 Two studies from the UK were performed on 
the same group of patients, and the study periods partly 
overlapped.40 41 However, each study analysed different 
outcomes. In the anti-EGFR arms, the patients were 
administered anti-EGFR agents, including cetuximab, 
nimotuzumab, erlotinib or gefitinib, in combination with 
surgery, CT, RT or CRT. In the non-anti-EGFR arms, the 
patients underwent only surgery, CT, RT or CRT. The basic 
characteristics of the 25 selected studies are presented in 
online supplemental table S1.

Quality assessment
The quality assessment data for each study are shown in 
table 1. Briefly, among the 25 RCTs, 1 study was rated as 
level A,22 17 studies as level B15 20 21 25–27 29–39 and 7 studies 
as level C.1 14 16 17 19 40 41 Eleven of the included studies 
were assessed to have a low risk of random sequence 
generation,14–16 22 29 31 37–41 and six studies used allocation 
concealment.11 14 16 22 40 41 Only one study reported the 
blinding of participants and outcome assessment.22 All 
the studies were assessed to have a low risk of bias because 
they addressed incomplete outcome data and selective 
reporting. No other source of bias was identified in these 
studies.

Efficacy analysis
Fifteen studies11 14–16 19 22 26 30 32 33 35 37–40 were included 
in the analysis of OS, which showed significant improve-
ment in the anti-EGFR arm (HR: 0.81, 95% CI 0.74 to 
0.89, p<0.00001; I2=40%, p=0.05) (figure 2). A subgroup 
analysis indicated that the administration of anti-EGFR 
agents in combination with CT, CRT or RT improved 
the OS of patients with OC. Both anti-EGFR mAbs and 
TKIs, especially nimotuzumab and erlotinib, significantly 
improved the OS (online supplemental figure S1).

Six studies11 14 22 26 36 40 were included in the evaluation 
of PFS, which demonstrated no significant difference 
between the anti-EGFR and control arms (HR: 0.91, 95% 
CI 0.76 to 1.08, p=0.26; I2=53%, p=0.06) (figure  3). A 
longer PFS was observed in patients treated with nimo-
tuzumab, but no significant differences were found for 
other treatments (online supplemental figure S2).

Analysis of 16 studies11 17 20 21 26 27 29–31 33–39 that eval-
uated the ORR indicated that the ORR significantly 
increased in the anti-EGFR arm (RR: 1.33, 95% CI 
1.16 to 1.52, p<0.0001; I2=70%, p<0.0001) (online 
supplemental figure S3). A higher ORR was reported 
in patients with OC who received anti-EGFR agents in 

combination with CT, CRT, surgery or RT. Both anti-
EGFR mAbs and TKIs, especially nimotuzumab and 
erlotinib, significantly increased the ORR (online 
supplemental figure S4).

Fifteen studies11 17 20 21 26 29–38 that analysed the DCR 
showed that the DCR was significantly improved in the 
anti-EGFR arm (RR: 1.22, 95% CI 1.11 to 1.34, p<0.0001; 
I2=70%, p<0.0001) (online supplemental figure S5). 
Combination treatment with anti-EGFR agents and CT or 
RT resulted in a higher DCR. Anti-EGFR mAbs and TKIs, 
particularly cetuximab and erlotinib, decreased the risk 
of DCR (online supplemental figure S6).

Safety analysis
Six types of haematological toxicities were analysed 
in this meta-analysis, including anaemia, leucopenia, 
neutropaenia, thrombocytopaenia, lymphopaenia and 
myelosuppression. The results of the pooled analysis 
demonstrated that there was no significant association 
between anti-EGFR agents and the increased risk of 
haematological toxicities, except for myelosuppression 
(RR: 0.42, 95% CI 0.21 to 0.86, p=0.02) (online supple-
mental figure S7). A subgroup analysis revealed that the 
addition of anti-EGFR agents to CT was associated with 
an increased risk of myelosuppression compared with 
that of CT alone, whereas no significant difference was 
found in the case of CRT. Additionally, among patients 
who received anti-EGFR mAbs, only those treated with 
nimotuzumab displayed a significant difference in the 
incidence of myelosuppression (RR: 0.39, 95% CI 0.18 to 
0.83, p=0.02) (online supplemental figure S8).

Eight non-haematological toxicities were reported, 
namely cardiac toxicity, gastrointestinal toxicity, dermato-
logical toxicity, pulmonary toxicity, renal toxicity, consti-
tutional symptoms, infection and laboratory findings. 
The results indicated statistically significant differences 
for dermatologic toxicity (RR: 9.83, 95% CI 3.54 to 27.28, 
p<0.0001) and laboratory findings (RR: 1.59, 95% CI 1.05 
to 2.42, p=0.03) in the anti-EGFR arm, whereas no signifi-
cant differences were observed for other nonhaematolog-
ical toxicities (online supplemental table S2). A subgroup 
analysis confirmed that patients who received anti-EGFR 
treatment had higher incidences of diarrhoea, acne-like 
rashes and hypomagnesaemia than those in the control 
group (online supplemental table S2). Higher incidences 
of diarrhoea, acne-like rashes and hypomagnesaemia 
were observed in patients who received anti-EGFR agents 
in combination with CRT than in those who received CRT 
alone (online supplemental figures S9–S11). Increased 
risks of diarrhoea, acne-like rashes and hypomagne-
saemia were found among patients who received anti-
EGFR mAbs, especially cetuximab (online supplemental 
figures S9–S11). Additionally, anti-EGFR TKIs, particu-
larly erlotinib, increased the incidence of acne-like rash 
(online supplemental figure S10), whereas gefitinib was 
associated with an increased risk of diarrhoea (online 
supplemental figure S9).
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Sensitivity analysis
For sensitivity analysis, studies by Ruhstaller et al,14 Chen et 
al,25 Chen et al,20 Sun and Chen26 and Wu et al 201427 were 
excluded. No significant changes in the pooled estimates 
of OS, PFS, ORR and DCR indicated that the results were 
statistically stable and reliable (online supplemental table 
S3). No other sensitivity analysis had any effect on the 
results.

Publication bias
A funnel plot of the included studies, which was used to 
assess the possibility of publication bias, showed an asym-
metry, thereby indicating that the publication bias existed 
(figure 4, online supplemental figures S12, and S13).

DISCUSSION
OC, a malignant digestive system neoplasm with a poor 
prognosis, is regarded as a threat to public health. 
Currently, anti-EGFR agents are commonly used as 
valuable therapeutic options for OC. However, various 
studies have published contradictory results regarding 
these agents. Therefore, we conducted this meta-analysis 
of RCTs to evaluate the efficacy and safety of combina-
tion therapy with anti-EGFR agents and conventional 
treatments compared with those of conventional treat-
ments alone. To the best of our knowledge, this is the 
first meta-analysis to evaluate the benefits and toxicities 
of anti-EGFR and non-anti-EGFR treatment strategies 
for OC. The findings of this meta-analysis indicated that 

anti-EGFR including treatments might be more effective 
than non-anti-EGFR treatments in terms of prolonging 
the OS and increasing the ORR and DCR in patients with 
OC. However, anti-EGFR agents may be associated with 
higher incidences of myelosuppression, diarrhoea, acne-
like rashes and hypomagnesaemia.

The addition of anti-EGFR agents to CT, CRT or RT 
regimens significantly improved the OS of patients with 
OC. Because CRT is the standard treatment approach for 
OC, the combination of anti-EGFR agents with CT or RT 
was not considered in this meta-analysis, owing to limited 
availability of studies. According to this meta-analysis, the 
addition of anti-EGFR agents to CRT may be an important 
strategy to improve clinical outcomes in patients with 
OC. Most importantly, anti-EGFR mAbs and TKIs, espe-
cially nimotuzumab and erlotinib, significantly improved 
the OS. The clinical benefits of nimotuzumab may be 
explained by its ability to directly inhibit the EGFR signal-
ling pathway, which results in an antiproliferative effect 
on tumour cells.42 Furthermore, nimotuzumab enhances 
the sensitivity of tumour cells to RT and CT,43 which may 
explain the positive results obtained in this study. The 
combination of erlotinib with conventional treatments 
for OC is still controversial because of the limited number 
of RCTs that tested this TKI. TKIs have been demon-
strated to induce G1/S phase cell cycle arrest in various 
cancers. Studies have also reported that TKIs inhibit the 
growth of OC cells,44–47 which might explain the signifi-
cant improvement of OS in the present study. However, 

Figure 2  Forest plot of the overall survival of patients with oesophageal cancer in the anti-EGFR arm versus the non-anti-
EGFR arm. Anti-EGFR, antiepidermal growth factor receptor.

Figure 3  Forest plot of the progression-free survival of patients with oesophageal cancer in the anti-EGFR arm versus the non-
anti-EGFR arm. Anti-EGFR, antiepidermal growth factor receptor.

https://dx.doi.org/10.1136/bmjopen-2020-046352
https://dx.doi.org/10.1136/bmjopen-2020-046352
https://dx.doi.org/10.1136/bmjopen-2020-046352
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cetuximab did not significantly increase the OS, which 
was consistent with the data from a previous report.48 It 
has been suggested that the reduced efficacy of cetux-
imab in combination with CRT is due to proinflammatory 
and antitumour proliferative effects of this mAb.49 More-
over, cetuximab may limit the free radical-induced DNA 
damage by platinum drugs,50 which could also explain 
the non-significant outcomes in this meta-analysis. For 
gefitinib, no improvement in OS was observed either, 
which was consistent with the results of a previous meta-
analysis.51 Currently, there is no evidence that gefitinib 
can suppress EGFR, which indicates its limited clinical 
efficacy.

In this meta-analysis, there was no significant improve-
ment in the PFS outcome in the anti-EGFR arm, which was 
consistent with the results of a previous meta-analysis.52 A 
longer PFS was only confirmed for nimotuzumab combi-
nation therapy, as also reported by Jing et al.53 The biolog-
ical characteristics of nimotuzumab differ from those of 
other anti-EGFR agents, which might explain its different 
clinical effects.

With regard to the ORR and DCR, significant differ-
ences were noted between the anti-EGFR and non-anti-
EGFR arms. Both anti-EGFR mAbs and TKIs, especially 
nimotuzumab, cetuximab and erlotinib, caused signifi-
cant differences in the ORR and DCR for OC. However, 
previous studies have reported different ORRs and 
DCRs.54

Regarding the ORR, our results were consistent with 
those of some studies that indicated a significant advan-
tage of combining anti-EGFR agents with CT, CRT or 
RT.55 56 Furthermore, an ORR of 47.8% has been previ-
ously reported in the nimotuzumab group compared 
with 15.4% in the control group.17 Additionally, anti-
EGFR TKIs have been found to be superior to conven-
tional therapy in terms of the ORR.57 Our meta-analysis 
indicated that erlotinib significantly increased the ORR. 
However, no combined data on the ORR have been 
reported for OC. It remains unknown whether erlotinib 
therapy is better than other treatment strategies owing to 
insufficient and conflicting homogeneity studies.

The DCR was greatly improved when anti-EGFR agents 
were combined with CT or RT; however, this result 
could not be confirmed as only few studies reported this 
outcome. Erlotinib and cetuximab demonstrated notable 
beneficial effects on the DCR in OC, which was consistent 
with the results of previous studies.48 57 Most meta-analyses 
have only reported results for mAb and TKI therapy, 
without specifying the individual drugs; therefore, it was 
impossible to verify the effectiveness of each drug.

This meta-analysis confirmed that patients with OC had 
higher incidences of myelosuppression, diarrhoea, acne-
like rashes and hypomagnesaemia in the anti-EGFR than 
in the non-anti-EGFR arm, which was consistent with the 
data of previous studies.58 59 An increased risk of myelo-
suppression was confirmed for combination therapy with 
anti-EGFR agents and CT. In particular, this meta-analysis 
showed that nimotuzumab increased the risk of myelo-
suppression. This finding might be due to the ability of 
nimotuzumab to enhance the sensitivity of tumour cells 
to CT.43 However, these findings should be interpreted 
with caution because of the lack of sufficient high-quality, 
multicentre, large-sample RCTs.

Non-haematological toxicities, such as diarrhoea, acne-
like rashes and hypomagnesaemia, occurred more often 
in patients with OC who received anti-EGFR agents with 
CRT than in those who received CRT alone. Furthermore, 
the combination of cetuximab or gefitinib with conven-
tional treatment resulted in a higher risk of diarrhoea than 
conventional treatment alone. The underlying mecha-
nisms of diarrhoea-causing effects of anti-EGFR mAbs 
and TKIs remain poorly understood and might be due 
to multiple factors, including altered gut motility, colonic 
crypt damage, changes to the intestinal microbiota and 
altered colonic transport.60 A plausible explanation could 
be the inhibition of the EGFR pathway in enterocytes.61 
Thus, a better understanding of the underlying mecha-
nisms may help in the identification of new approaches to 
the prophylaxis, risk reduction and development of more 
effective management of diarrhoea.

Acne-like rash is the most common side effect of anti-
EGFR agents,62 and this meta-analysis confirmed that anti-
EGFR mAbs and TKIs, such as cetuximab and erlotinib, 
could induce acne-like rashes. The mechanism leading to 
skin toxicity is not well known but undoubtedly involves 
the activation of associated signalling pathways, particu-
larly the RAS/RAF/MEK/ERK pathway, which affects cell 
cycle regulation, including the proliferation and differ-
entiation of epidermal cells.63 Skin toxicity often leads to 
physical and psychological discomfort, which may result 
in treatment interruptions, dose modifications or even 
non-adherence to anticancer therapies.62 Therefore, it 
is imperative to understand skin toxicities and develop 
proper approaches to control or relieve their adverse 
effects in patients.

An increased incidence of hypomagnesaemia was 
confirmed for cetuximab, in accordance with the data 
of another report.48 Hypomagnesaemia, a frequent side 
effect of cetuximab, is a serious electrolyte abnormality 

Figure 4  Funnel plot of publication bias.



8 Zhang L, et al. BMJ Open 2021;11:e046352. doi:10.1136/bmjopen-2020-046352

Open access�

associated with an increased risk of seizures and cardiac 
events.64 The exact mechanism of cetuximab-induced 
hypomagnesaemia has not been well elucidated. Some 
studies have indicated that EGFR is strongly expressed 
in the kidney, particularly in the ascending limb of the 
loop of Henle, where 70% of the filtered magnesium 
is reabsorbed, and cetuximab might interfere with the 
magnesium transport by blocking EGFR.64 65 However, 
hypomagnesaemia is often overlooked because of its non-
specific symptoms, which are attributed to underlying 
tumours or previous CT regimens.66 Consequently, serum 
magnesium should be monitored during cetuximab-
based therapy.

Several limitations should be considered when inter-
preting the results of this meta-analysis. First, we lacked 
access to individual patient data, which might have 
caused publication, reporting or selection bias. Second, 
because of the insufficient number of studies conducted, 
different anti-EGFR agents and conventional treatments 
were included in this meta-analysis, which increased clin-
ical heterogeneity of the data. Subsequently, subgroup 
and sensitivity analyses were performed to improve the 
reliability of our results. Third, the methods were unclear, 
especially in the domain of ‘allocation concealment and 
blinding’, which might have affected the overall meth-
odological quality of the included studies. High method-
ological quality of RCTs is needed for further research. 
Finally, considering all these limitations, the results of 
this meta-analysis should be interpreted with caution, and 
further research is necessary to verify the effects of anti-
EGFR therapy in OC.

In conclusion, this meta-analysis indicated that the 
addition of anti-EGFR agents to multimodal therapy 
was beneficial for patients with OC in terms of their OS, 
ORR and DCR. Therefore, anti-EGFR agents may be 
recommended as a treatment option for OC to improve 
treatment outcomes. The results of this study may help 
establish an optimum therapeutic regimen for OC. 
However, considering the higher incidences of myelo-
suppression, diarrhoea, acne-like rashes and hypomagne-
saemia when using the combination of anti-EGFR agents 
and multimodal therapy, careful monitoring of patients 
and effective management of their condition are recom-
mended. Further high-quality, large-scale, multicentre 
studies are needed to confirm the efficacy and safety of 
anti-EGFR agents in patients with OC.
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