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Abstract
Background: Over the last few years only one large random-
ized phase III study has tried to prospectively assess the 
safety of cetuximab and panitumumab in a head-to-head 
comparison. Despite the similar overall toxicity profile, ce-
tuximab and panitumumab retain peculiar safety character-
istics that deserve to be deeply investigated. Methods: We 
conducted a systematic review for randomized trials in 
PubMed, the Cochrane Central Register of Controlled Trials, 
SCOPUS, Web of Science, and EMBASE using the terms (“ce-
tuximab” or “panitumumab”) AND (“colorectal cancer” OR 
“colorectal carcinoma”). Data of adverse events were aggre-
gated to obtain pooled incidence rates of prespecified ad-
verse events. Incidence of skin toxicities was the primary 
outcome. A χ2 test was used for comparisons of proportions 
and an odds ratio (OR) was calculated for comparison. Re-
sults: A total of 38 studies were included for analysis. Cetux-
imab was associated with fewer G3–4 skin toxicities (OR = 

0.62, 95% CI 0.53–0.62; p < 0.001), slightly more frequent 
G3–4 acne-like rash (OR = 1.24, 95% CI 1.04–1.48; p = 0.04), 
and paronychia (OR 1.36, 95% CI 1.1–1.7), but fewer cases of 
skin fissures (OR = 0.64, 95% CI 0.44–0.93; p = 0.02) and pru-
ritus (OR = 0.45, 95% CI 0.35–0.58; p < 0.001) than PANI. Con-
clusions: In conclusion, this meta-analysis shows that cetux-
imab- and panitumumab-based chemotherapy have differ-
ent toxicity profiles in terms of the rate of severe adverse 
events. © 2018 S. Karger AG, Basel

Introduction

Cetuximab (CET) and panitumumab (PANI) are 
monoclonal antibodies targeting the epidermal growth 
factor receptor (EGFR) currently used for the systemic 
treatment of metastatic colorectal cancer patients alone 
or in combination with chemotherapy. Retrospective 
subset analyses of large randomized phase III trials have 
demonstrated that benefit from such biological agents is 
restricted to patients whose tumors do not contain muta-
tions in RAS genes [1].
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Despite a similar mechanism of action and an identical 
spectrum of activity (from first to more advanced lines of 
therapy), CET and PANI have some intrinsic differences, 
including a different chemical structure (PANI is a fully 
human monoclonal antibody whereas CET is mouse/hu-
man chimeric), a different schedule of administration (bi-
weekly for PANI vs. weekly for CET), and finally, differ-
ent toxicity profiles.

When used as monotherapy, typical toxicities associ-
ated with these agents are represented by weakness, mal-
aise, acneiform rash, nausea, and electrolyte disorders, as 
well as infusion reactions with CET. Particularly, skin re-
actions are very frequent and may be severe in patients 
treated with PANI or CET. Up to two-thirds of treated 
patients may experience acneiform-type rash, the most 
common side effect [2]. Electrolyte disorders (i.e., hypo-
magnesemia and hypokalemia) are also frequently en-
countered during treatment with CET or PANI. In a pro-
spective study, a progressive decrease in serum magne-
sium concentrations was seen in 97% of patients after 
initiation of treatment [3].

Over the last few years, only one large randomized 
phase III study has tried to prospectively assess the effi-
cacy and safety of CET and PANI in a head-to-head com-
parison [4]. Results of this trial demonstrated no signifi-
cant difference in overall survival in favor of either agent. 
Moreover, the incidence of adverse events (AEs) of any 
and high grade (G3–4) was similar across treatment 
groups. Despite the similar overall toxicity profile, CET 
and PANI retain peculiar safety characteristics that de-
serve to be deeply investigated. Therefore, the aim of this 
systematic review and meta-analysis was to describe the 
specific toxicities associated with each single anti-EGFR 
agent and eventually find possible differences in the inci-
dence of skin toxicities.

Methods

Data Source
This analysis was performed in accordance with the preferred 

reporting items for systematic reviews and meta-analyses  
(PRISMA) statement [5]. We conducted an electronic search of 

Records identified through
PubMed searching

(n = 565) 
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Additional records identified
through other databases

(n = 1,538) 

Records after duplicates removed
(n = 2,013) 

Records screened
(n = 2,103) 

Publications excluded
(n = 1,860)

because they were duplicates,
letters/reviews/commentaries,

or older updates of studies 

Full-text articles
assessed for eligibility

(n = 243) 

Full-text articles excluded
(n = 205), because they did
not reported toxicity,  were

not randomized or colorectal
cancer studies, or included

other biological or
experimental agents Studies included in

qualitative synthesis
(n = 38)  

Studies included in
quantitative synthesis

(meta-analysis)
(n = 38) 

Fig. 1. Flowchart of included studies.
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PubMed, EMBASE, SCOPUS, Web of Science, and The Cochrane 
Library from inception to June 2017. Searches were performed by 
using the keywords (“cetuximab” or “panitumumab”) AND 
(“colorectal cancer” OR “colorectal carcinoma”) and were limited to 
randomized clinical trials. In cases of duplicate publications, only the 
most complete, recent, and updated report of the study was included.

Study Selection 
Clinical trials that met the following criteria were included: (1) 

randomized phase II and III trials of CET or PANI alone or in 
combination at standard doses for advanced colorectal cancer pa-
tients including at least 50 patients; and (2) reporting events or 
event rate and sample size for any, all (G1–4), or high-grade (G3–
4) AEs, serious AEs (SAEs), dose reductions, treatment discon-
tinuation rate, or treatment-related deaths. We assessed 9 indi-
vidual AEs which were commonly reported in clinical trials. We 
did not include trials of anti-EGFR monoclonal antibodies com-
bined with experimental agents or trials not in the English lan-
guage. Independent reviewers (F.P. and G.T.) screened the reports 

for relevance. Then, full texts of the relevant articles were retrieved 
to assess eligibility. The references of relevant reports were also 
reviewed manually.

Data Extraction
The following information was recorded for each study: first 

author’s name, year of publication, trial phase, treatment setting, 
CET or PANI doses, number of patients available for analysis, 
Common Terminology Criteria for Adverse Events (CTCAE) ver-
sion, number of AEs including skin rash (acne-like rash or acne-
iform dermatitis), other skin toxicities, all skin toxicities, hypo-
magnesemia, diarrhea, fatigue, nausea, vomiting, stomatitis,  
infusion reactions, cardiotoxicity, venous thromboembolism, 
neurotoxicity, infections, anorexia, neutropenia G3–4, febrile neu-
tropenia, anemia, and thrombocytopenia (any, all, or high-grade 
AEs), treatment discontinuation, SAEs, and fatal SAEs (treatment-
related deaths). Any discrepancies between reviewers were re-
solved by consensus. The number of patients evaluable for toxicity 
was utilized as the number analyzed for each trial. 

Table 1. Characteristics of randomized cetuximab (CET) trials

First author, year Study type Patients,  
n

Setting Drug Dose Chemotherapy CTCAE 
version

Eng [15], 2016 phase II 59 pretreated CET 500 mg/m2 bw IRI 4.0
Douillard [14], 2014 phase II 301 1st line CET 400→250 mg/m2 w FOLFOX4/UFOX 3.0
Bokemeyer [10], 2015 phase III 179 1st line CET 400→250 mg/m2 w FOLFOX4 NA
Siu [26], 2013 phase III 750 pretreated CET 400→250 mg/m2 w – 3.0
Ye [32], 2013 phase II 70 1st line CET 400→250 mg/m2 w or

500 mg/m2 bw
FOLFOX6/FOLFIRI 3.0

Brodowicz [12], 2013 phase II 152 1st line CET 400→250 mg/m2 w or  
500 mg/m2 bw

FOLFOX 3.0

Tveit [29], 2012 phase III 381 1st line CET 400→250 mg/m2 w FLOX 2.0
Maughan [20], 2011 phase III 815 1st line CET 400→250 mg/m2 w FOLFOX/CAPOX 3.0
Moosmann [21], 2011 phase II 185 1st line CET 400→250 mg/m2 w CAPIRI/CAPOX 3.0
Folprecht [16], 2010 phase II 111 1st line CET 400→250 mg/m2 w FOLFOX6/FOLFIRI 2.0
Cunningham [13], 2004 phase II 329 pretreated CET 400→250 mg/m2 w ± IRI 2.0
Jonker [19], 2007 phase II 287 pretreated CET 400→250 mg/m2 w BSC 2.0
Borner [11], 2008 phase II 37 1st line CET 400→250 mg/m2 w XELOX 3.0

Sobrero [27], 2008 phase III 648 pretreated CET 400→250 mg/m2 w IRI 2.0
Segelov [25], 2016 phase II 26 pretreated CET 400→250 mg/m2 w IRI 4.0
Stintzing [28], 2012 phase II 50 1st line CET 400→250 mg/m2 w FOLFIRI 3.0
Ocvirk [22], 2010 phase II 155 1st line CET 400→250 mg/m2 w FOLFOX6/FOLFIRI 3.0
Venook [31], 2017 phase III 578 1st line CET 400→250 mg/m2 w FOLFOX6/FOLFIRI 3.0
Van Cutsem [33], 2014 phase III 599 1st line CET 400→250 mg/m2 w FOLFIRI 3.0
Elez [9], 2015 phase I–II 72 pretreated CET 400→250 mg/m2 w IRI 3.0
Heinemann [18], 2014 phase III open 

label
297 1st line CET 400→250 mg/m2 w FOLFIRI 3.0

Price [4], 2014 phase III 500
499

pretreated CET
PANI 

400→250 mg/m2 w
6 mg/kg bw

–
–

3.0

Primrose [23], 2014 phase II 129 1st line CET 400→250 mg/m2 w or  
500 mg/m2 bw

FOLFOX/CAPOX/
FOLFIRI

3.0

Garrett [17], 2013 phase II 118 pretreated CET 400→250 mg/m2 w IRI 3.0
Sclafani [24], 2015 phase II–III 111 pretreated CET 400→250 mg/m2 w IRI 3.0

CTCAE, Common Terminology Criteria for Adverse Events; IRI, irinotecan; FOLFOX or FOLFOX4 or FOLFOX6, fluorouracil bolus and infusion + 
oxaliplatin + folinic acid; FOLFIRI, fluorouracil bolus and infusion + irinotecan + folinic acid; FLOX, fluorouracil bolus + oxaliplatin; CAPOX or XELOX, 
capecitabine + oxaliplatin; CAPIRI, capecitabine + irinotecan; BSC, best supportive care; UFOX, UFT + oxaliplatin; PANI, panitumumab.
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Statistical Analysis
The principal summary measures were incidence and corre-

sponding 95% confidence intervals (CIs) of AEs, SAEs, treatment 
discontinuation, and treatment-related deaths. The proportion of 
patients with those adverse outcomes and 95% CIs were derived 
from each trial to provide an odds ratio (OR) for any event in CET 
vs. PANI arms. Statistical heterogeneity in results between trials in-
cluded in the meta-analysis was examined using Cochrane’s Q sta-
tistic, and inconsistency was quantified with the I2 statistic, which 
estimates the percentage of total variation across studies due to het-
erogeneity rather than chance [6]. The assumption of homogeneity 
was considered invalid for p values less than 0.10. We used a random-
effects model to produce a pooled overall estimate for incidence of 
the adverse outcomes. Differences in the incidences between the 2 
groups were assessed using Q statistics. We evaluated publication 
bias using funnel plots and Begg and Egger tests [7, 8]. A two-tailed 
p value of less than 0.05 was considered statistically significant. Sta-
tistical analyses were performed by using the comprehensive meta-
analysis program (version 3; Biostat, Englewood, NJ, USA).

Results

Our search strategy yielded 2,103 potentially relevant 
publications: 1,860 publications were subsequently ex-
cluded because they were duplicates, letters/reviews/com-
mentaries, or older updates of studies. This large propor-
tion of studies that needed to be excluded from analyses 
consisted of duplicates, reviews, cohort or retrospective 

studies, nonrandomized trials, noncolorectal cancer trials, 
and trials of anti-EGFR drugs combined with experimen-
tal therapy. This selection process and reasons for study 
exclusion are shown in a flow diagram (Fig. 1). Finally, a 
total of 38 trials with 10,379 patients were considered eli-
gible for the meta-analysis [9–44], including 12 phase III 
trials, 21 phase II trials, 1 phase I–II trial, 1 phase II–III 
trial, and 2 randomized open-label studies. Among them, 
25 and 13 trials were in the CET and PANI arms, respec-
tively (Tables 1, 2). Overall, 7,438 and 2,941 patients were 
analyzed in the CET and PANI arms, respectively. 

Among the CET studies, 4 were monotherapy trials, 21 
were studies of CET combined with doublet or single-
agent chemotherapy, and 1 trial compared CET alone or 
with chemotherapy. Conversely, among the PANI stud-
ies, 4 were monotherapy studies and 9 used a combina-
tion with single-agent or doublet chemotherapy. In the 
global population, the chemotherapy companion was iri-
notecan and oxaliplatin in 23 and 15 studies, respectively. 
There were more first-line studies in the CET arm than in 
the PANI arm (60 vs. 23%; p = 0.03). 

Comparison of Toxicities (Table 3): Skin Toxicities 
Events of all grades were available in 19 studies (62.8 

vs. 60.3% for CET and PANI arms, respectively; p = 0.06). 
Any grade skin toxicities were identical in the 2 arms 

Table 2. Characteristics of randomized panitumumab (PANI) trials

First author, year Study type Patients, 
n

Setting Drug Dose Chemotherapy CTCAAE 
version

Van Cutsem [44], 2007 phase III 231 pretreated PANI 6 mg/kg q14 BSC NA
Lacouture [37], 2010 phase II 95 pretreated PANI 6 mg/kg q14

9 mg/kg q21
FOLFIRI/IRI 3.0

Seymour [42], 2013 randomized, 
open label

230 pretreated PANI 6 mg/kg q14 IRI 3.0

Peeters [40], 2014 phase III 541 pretreated PANI 6 mg/kg q14 FOLFIRI 3.0
Price [4], 2014 phase III 499 pretreated PANI 6 mg/kg q14 – 3.0
Rivera [41], 2017 phase II 142 1st line PANI 6 mg/kg q14 mFOLFOX6 3.0

Van Cutsem [33], 2014 phase II 146 pretreated PANI 6 mg/kg q14 – NA
Douillard [35], 2014 phase III 546 1st line PANI 6 mg/kg q14 FOLFOX 3.0
Hecht [36], 2015 phase II 91 pretreated PANI 6 mg/kg q14 FOLFIRI 3.0
Kobayashi [39], 2015 randomized, 

open label
95 pretreated PANI 6 mg/kg q14 +/– IRI/FOLFIRI 3.0

Shitara [43], 2016 phase II 59 pretreated PANI 6 mg/kg q14 FOLFIRI 4.0
Kim [38], 2016 phase III 189 pretreated PANI 6 mg/kg q14 BSC 3.0
Carrato [34], 2017 phase II 77 1st line PANI 6 mg/kg q14 FOLFOX/FOLFIRI 3.0

CTCAE, Common Terminology Criteria for Adverse Events; BSC, best supportive care; FOLFIRI, fluorouracil bolus and infusion + 
irinotecan + folinic acid; IRI, irinotecan; FOLFOX or FOLFOX6, fluorouracil bolus and infusion + oxaliplatin + folinic acid.
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Table 3. Summary of results

Toxicity (all grades) CET
studies, n

% PANI
studies, n

% p value 
(χ2)

Odds ratio

All toxicities (G3–4) 12 62.8 7 60.3 0.06 1.1 (0.95–1.29)
Skin toxicity 5 83.6 6 84.4 0.99 1 (0.8–1.2)
Skin toxicity (G3–4) 11 15.7 8 23.2 <0.001 0.62 (0.53–0.62)
Acne-like rasha 8 85.3 8 77 <0.001 1.72 (1.42–2)
Acne-like rash (G3–4)a 17 16.2 9 13.3 0.04 1.24 (1.04–1.48)
Paronychia 2 23.1 7 18.1 0.006 1.36 (1.1–.7)
Dry skin 2 15.8 4 19.8 0.06 0.76 (0.57–1.10)
Skin fissures 1 8.5 3 12.8 0.02 0.64 (0.44–0.93)
Nail disorders 3 15.6 3 12.2 0.05 1.3 (0.99–1.78)
Pruritus 1 17.4 7 32 <0.001 0.45 (0.35–0.58)
Hypomagnesemia 6 23.7 7 32.7 <0.001 0.64 (0.55–0.75)
Hypomagnesemia (G3–4) 7 3 7 8.3 <0.001 0.34 (0.25–0.46)
Stomatitis 7 22.1 2 5.5 <0.001 4.8 (3.4–6.9)
Stomatitis (G3–4) 10 3 2 0.4 <0.001 7.1 (2.2–22.7)

Neutropenia (G3–4) 19 22.5 8 26.3 0.004 0.82 (0.7–0.94)
Febrile neutropenia 6 3.6 2 2.2 0.23 1.62 (0.7–3.5)
Nausea 5 34.1 7 30.8 0.09 1.16 (0.99–1.38)
Nausea (G3–4) 11 5.1 8 3.1 0.004 1.65 (1.17–2.3)
Vomiting 5 20 7 22 0.24 0.89 (0.73–1.08)
Vomiting (G3–4) 11 4.5 7 3.2 0.05 1.42 (1–2)
Diarrhea 7 37.1 8 36 0.53 1.05 (0.9–1.2)
Diarrhea (G3–4) 23 14.5 12 11.4 <0.001 1.3 (1.13–1.52)
Neurotoxicity (G3–4) 12 10 3 13.7 0.005 0.7 (0.54–0.89)
Fatigue 6 42.5 6 22.7 <0.001 2.52 (2.09–3.02)
Fatigue (G3–4) 16 8.4 9 5.6 <0.001 1.6 (1.32–2.09)
Thromboembolism (G3–4) 5 6.2 5 4.9 0.21 1.28 (0.87–1.88)
Infusion reactions 3 13.7 3 2.7 <0.001 5.7 (3.5–9.1)
Infusion reactions (G3–4) 14 3 3 0.5 <0.001 5.95 (2.8–12.8)

Anemia 4 48 3 5.2 <0.001 16.6 (11.4–24.3)
Anemia (G3–4) 8 3.5 4 2.9 0.44 1.2 (0.76–1.9)
Thrombocytopenia (G3–4) 9 2.4 2 7.5 0.8 1.12 (0.48–2.6)
Infections 5 22.4 2 12.5 <0.001 2 (1.55–2.6)
Infections (G3–4) 8 5.6 3 6.3 0.5 0.88 (0.62–1.26)
Anorexia 5 16 2 21.6 0.03 0.69 (0.49–0.96)
Anorexia (G3--4) 9 4.2 5 4 0.52 1.05 (0.62–1.75)
SAE 6 28.4 8 35.6 <0.001 0.62 (0.6–0.85)
Fatal SAE 10 2.9 10 4.5 0.004 0.64 (0.48–0.87)
Discontinuation 14 6.9 7 13.5 <0.001 0.47 (0.39–0.57) 
IRI-based CET 16 64 7 53.8 0.54
OXA-based CET 12 48 3 23 0.13
Monotherapy 4 16 4 30.7 0.29
First-line 15 60 3 23 0.03
Pretreated 10 40 10 77 0.03

Adverse events for cardiac disorders in PANI studies are not reported. Only 1 paper reported data for throm-
bocytopenia and neutropenia all grades in PANI and CET arms, respectively. CET, cetuximab; PANI, panitu-
mumab; SAE, serious adverse events; G, grade; OXA, oxaliplatin; IRI, irinotecan. a Sum of skin rash and acneiform 
dermatitis.
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(83.6 vs. 84.4%; p = 0.99), confirming the similar toxicity 
profile of both drugs. However, CET was associated with 
fewer G3–4 skin toxicities (15.7 vs. 23.2%; OR = 0.62, 95% 
CI 0.53–0.62; p < 0.001). Conversely, CET was associated 
with slightly more frequent G3–4 acne-like rash (16 vs. 
13%; OR = 1.24, 95% CI 1.04–1.48; p = 0.04) and paro-
nychia (23 vs. 18%; OR 1.36, 95% CI 1.1–1.7) but fewer 
cases of all-grade skin fissures (8.5 vs. 12.8%; OR = 0.64, 
95% CI 0.44–0.93; p = 0.02) and all-grade pruritus (17.4 
vs. 32%; OR = 0.45, 95% CI 0.35–0.58; p < 0.001) than 
PANI. 

Comparison of Toxicities (Table 3): Other Toxicities 
PANI was associated with an increased risk of G1–4 

and G3–4 hypomagnesemia (32.7 vs. 23.7% and 3 vs. 
8.3%, respectively) compared to CET, which showed a 36 
and 66% lesser risk of events. On the contrary, CET was 
associated with increased risk of all-grade (OR = 4.8, 95% 
CI 3.4–6.9; p < 0.001) and G3–4 stomatitis (OR = 7.1, 95% 
CI 2.2–22.7; p < 0.001), G3–4 nausea (OR = 1.65, 95% CI 
1.17–2.3; p = 0.004), G3–4 diarrhea (OR = 1.3, 95% CI 
1.13–1.52; p < 0.001), and all-grade (OR = 2.52, 95% CI 
2.09–3.02; p < 0.001) and G3–4 fatigue (OR = 1.6, 95% CI 
1.32–2.09; p < 0.001). Risk of any grade (20 vs. 22%) and 
G3–4 vomiting were similar (4.5 vs. 3.2%). Infusion reac-
tions (G1–4 and G3–4), anemia (all grades), and infec-
tions (G1–4 events) were also worse with CET (p < 0.001 
for all comparisons). Neutropenia G3–4 was less frequent 
with CET (22.5 vs. 26.3%; OR = 0.82, 95% CI 0.7–0.94;  
p = 0.004). Febrile neutropenia was 3.6 and 2.2% with 
CET- and PANI-based therapies, respectively (p = 0.23). 
G3–4 neurotoxicity was lower in the CET arm (OR = 0.7, 
95% CI 0.54–0.89; p = 0.005) with an absolute difference 
of –3.7%. In total, SAEs (28.4 vs. 35.6%), fatal SAEs (2.9 
vs. 4.5%), and treatment discontinuations (6.9 vs. 13.5%) 
were less frequently encountered when CET-based che-
motherapy was administered. 

Publication Bias
The Egger test was significant for acne-like rash G3–4 

in the PANI arm (p = 0.049). No other publication bias 
was found except for fatal SAE, where both the Begg and 
the Egger test were significant. 

Discussion

This analysis of 38 randomized studies indirectly 
compared the main toxicities associated with CET- and 
PANI-based therapy for advanced colorectal cancer and 

found a rate of AEs (more than 60% of patients per arm 
presented of at least one G3–4 toxicity episode) similar 
between the 2 agents and an identical proportion of all-
grade skin toxicity. By going deeply into some specific 
toxicity patterns, peculiar toxicity profiles emerge. In 
fact, the classical acneiform skin rash and paronychia 
were slightly worse with CET (8 and 5% more, respec-
tively). Conversely, pruritus, fissures, and G3–4 skin 
events were increased in the PANI arm. There are sev-
eral possible explanations. First, CET was marketed ear-
lier than PANI, in an era when data about preventive 
measures (antibiotics and topical emollient) were still 
not available. Second, the lower rate of G3–4 skin toxici-
ties registered with CET therapy may be due to the dif-
ferent schedule of administration (weekly vs. biweekly) 
and to the consequent use of higher doses of corticoste-
roids commonly prescribed for the prevention of allergic 
reactions. On the contrary, the different treatment set-
tings (i.e., more first-line trials with CET) of the 2 arms 
may justify the higher rates of skin rash, anemia, and fa-
tigue observed with CET, which are typical of subacute 
and delayed onset. In these cases, in fact, the median du-
ration of first-line treatment is usually longer as com-
pared to subsequent lines. As expected, allergic reactions 
were more frequent with CET (6-fold higher with an ab-
solute difference of 11% for all-grade events) due to its 
chemical structure (unlike PANI, CET is not a fully hu-
man monoclonal antibody). Other common toxicities 
suffered by patients with chemotherapy (stomatitis, nau-
sea, diarrhea, fatigue, anemia, and infections) were more 
frequent with CET-based therapy. This likely reflects the 
safety profile of the chemotherapy backbone in CET 
studies, which is often represented by irinotecan-based 
chemotherapy (included in 64% of studies). Hypomag-
nesemia, although a class effect, was also more common-
ly associated with PANI therapy (32.7 vs. 22.7% in CET-
treated patients). 

Despite this profile, fatal AEs leading to death during 
treatment and treatment discontinuations were 30 and 
50% more frequent, respectively, in the PANI trials. Un-
fortunately, there was no information about the reasons 
for hospitalizations or deaths except in rare cases (most 
were infections). Cardiovascular events were underre-
ported, but febrile neutropenia and infections were de-
scribed in up to 3 and 22% of cases, respectively. 

Both anti-EGFR monoclonal antibodies are respon-
sible for such a clinical scenario of AEs that requires 
some consideration. First, despite a high rate of severe 
toxicities, such AEs are generally manageable and pre-
dictable (e.g., skin and gastrointestinal toxicity, and al-
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lergic reactions). Second, data suggest that patients who 
develop any grade of skin rash and hypomagnesemia live 
longer than patients with no toxicity events [45, 46]. Ac-
neiform rash has been linked to better outcome in sev-
eral reviews and meta-analyses, which showed that a 
higher grade of skin rash is correlated with survival and 
response rate for both PANI and CET. It therefore rep-
resents both a predictive factor for response (activity) 
and a prognostic factor (efficacy). Patients that present 
an inflammatory response in the skin probably have a 
more efficient immune system and therefore live longer. 
Finally, the burden of toxicity is very similar for the 2 
drugs, as confirmed by the results of the “ASPECCT” 
monotherapy trial [4], which is the only currently avail-
able study assessing both agents in a head-to-head com-
parison. However, some distinctions exist and regard ei-
ther the type of skin toxicity (acute vs. chronic manifesta-
tions) or other general toxicities (e.g., gastrointestinal). 
This means that different factors other than the specific 
toxicity profile of the anti-EGFR antibody may be re-
sponsible for the difference observed. These include the 
duration or the line of treatment, the associated chemo-
therapy backbone, and the host immunity. For example, 
CET is able to induce the killing of tumor cells by direct 
action of the antibody (immune-mediated) cell-killing 
mechanisms [47]. This may explain the more frequent 
skin rash event with CET compared with PANI. Also, 
more CET-based trials were first-line trials (60 vs.23%), 
and consequently, they likely included patients who were 
more fit and with less tumor burden disease than the 
PANI studies.

Our study has several limitations. First, significant 
heterogeneity was observed in the incidence analyses al-
though we included only randomized trials of stage IV 
colorectal cancer patients. This may be related to the dif-
ferences in treatment combinations, line of therapy, pri-
or treatments, and sample size. We conducted all analy-
ses using the random-effects model to take into account 
the between-study variation. Second, this is a meta-anal-
ysis at study level; therefore, variables at the patient level 
were not incorporated into the analysis. Thus, we could 
not establish risk factors associated with the develop-
ment of toxicities. Third, as with any meta-analysis, the 
results described here are affected by the limitations of 
individual clinical trials that were selected for this meta-
analysis. In fact, underreporting of AEs, the CTC version 
used, and different management policies of toxicities en-
countered (proactive or not) may have adversely affected 
the rate of events reported. Finally, only one study used 
a direct head-to-head comparison between CET and 

PANI [4]. However, this meta-analysis systematically 
analyzed and pooled rates of all main toxicities reported 
in all randomized trials where CET and PANI (plus or 
minus chemotherapy) were compared to best supportive 
care, chemotherapy alone, or other investigational 
agents.

In conclusion, this meta-analysis shows that CET- 
and PANI-based chemotherapy, at the labeled doses 
commonly used in clinical practice, have a similar bur-
den of toxicity in terms of the rate of severe AEs. The 
largest amount of toxicity with anti-EGFR agents is der-
matological, with more than 80% of patients developing 
a cutaneous event. The rates of remaining toxicities are 
described at most in 20–30% of cases. Nevertheless, 
PANI is associated with a numerically higher rate of 
G3–4 skin toxicities, hypomagnesemia, fatal AEs, and 
treatment discontinuations. Conversely, CET is more 
frequently the cause of skin rash, infusion reactions, and 
gastrointestinal toxicity. Reasons for this different toxic-
ity profile seem to rely on the different chemical struc-
ture, the different associated chemotherapy regimen, the 
preventive measures implemented by investigators, and, 
last but not least, the intrinsic susceptibility of the indi-
vidual patient. 

Dermatological side effects of EGFR inhibitors should 
be taken into account accurately since they can cause itch, 
pain, and cosmetic discomfort that may compromise 
compliance to therapy if left untreated. Adequate and ex-
haustive information about management of these AEs to 
the treated subjects, preemptive measures to mitigate skin 
and other life-threatening events, balance of impact on 
quality of life, and efficacy should be the primary aims 
when prescribing these treatments. 

Statement of Ethics

This paper is a review and does not involve human or animal 
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