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Abstract

Background: Systemic cancer therapies may induce infusion reactions (IRs) or
hypersensitivities. Metastatic colorectal cancer (mCRC) patients treated with
anti-EGFR therapies, including cetuximab and panitumumab, may be subject
to these reactions. We conducted a meta-analysis to estimate the IR incidence
in this population and identify variations in this incidence by patient or study
characteristics.

Methods: A systematic review was conducted to identify observational studies or
clinical trials of mCRC patients treated with anti-EGFR therapies that reported oc-
currences of IRs, hypersensitivity, or allergy/anaphylaxis. The objective of the study
was to estimate the incidence of IRs. Random effects models were used to meta-
analyze the incidence of IRs overall and stratified by therapy type, study design,
geographic location, RAS or KRAS mutation status, grade of reaction severity, and
terminology used to describe the reaction.

Results: The pooled estimate for IR incidence was 4.9% (95% confidence interval:
3.6%-6.5%). Lower-grade reactions were more common than higher-grade reactions
overall and the incidence of reactions among cetuximab patients was nearly four
times that of panitumumab patients (6.1% vs 1.6%).

Conclusions: IRs occur in approximately 5% of mCRC patients treated with anti-
EGEFR therapies, and the incidence varies significantly by grade of severity and ther-
apy type. Studies evaluating these outcomes should consider investigating survival

outcomes by IR status to determine its prognostic relevance.

KEYWORDS
anti-EGFR monoclonal antibody, infusion reaction, meta-analysis, metastatic colorectal cancer,

systematic review

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original

work is properly cited.

© 2019 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

5800 wileyonlinelibrary.com/journal/cam4

Cancer Medicine. 2019;8:5800-5809.


www.wileyonlinelibrary.com/journal/cam4
https://orcid.org/0000-0002-3091-6090
mailto:﻿
https://orcid.org/0000-0001-6827-1796
http://creativecommons.org/licenses/by/4.0/
mailto:lowek@amgen.com

BYLSMA ET AL

1 | INTRODUCTION
Colorectal cancer (CRC) is the third most commonly diag-
nosed cancer worldwide, and the public health burden of
treating this malignancy is well-recognized. Approximately,
20%-25% of new cases of colorectal cancer are metastatic
(mCRC) at diagnosis and up to 50% of all patients even-
tually develop metastatic disease.'™ During the last de-
cade, improvements in the treatment of mCRC patients
have increased the median survival from 12 to 21 months.’
Survival improvements can be attributed to the develop-
ment of the antiangiogenic agent bevacizumab and mono-
clonal antibody (mAb) therapies that target the epidermal
growth factor receptor (EGFR), primarily panitumumab and
cetuximab.®

Most systemic cancer treatments have the potential to
cause infusion reactions (IRs).7’9 These reactions can ei-
ther be IgE-mediated (allergic, type 1 hypersensitivity) or
non-IgE-mediated (anaphylactoid, nonallergic) and can
vary in severity.8 Although the exact mechanism for IR in
mAb therapy is unknown, possible mechanisms include cy-
tokine-release syndrome, type 1 hypersensitivity, IgG ana-
phylaxis, complement activation, or degranulation of mast
cells and basophils. 10 Reactions to platinum-based therapies
are adaptive and tend to occur after six to eight infusions,
while reactions to taxanes and mAbs generally occur on
the first or second infusion.'' Anaphylactic reactions tend
to occur within minutes of the infusion and increase in se-
verity, while symptoms of cytokine-release syndrome may
occur within 30-120 minutes of beginning the infusion.®
Early signs of an IR include changes in respiratory, cardiac,
or integumentary status.'? Other clinical manifestations can
include dizziness, confusion, anxiety, arthralgias, fever,
nausea, and Vomiting.8 Severe reactions typically result in
rapid onset of airway obstruction. Asthmatic or atopic pa-
tients may be at an increased risk of developing hypersen-
sitivity to therapy infusions, and other risk factors include
concurrent autoimmune disease, iodine or seafood allergies,
preexisting cardiac or pulmonary dysfunction, and taking
higher than standard drug doses.®

IR in response to anti-EGFR mAb drugs generally occur
far less frequently than other therapies, although the reported
range of incidence is wide (0%-33%)."> These proportions
have been reported to vary by drug, as the incidence of IR
associated with cetuximab ranged from 7.6%-33%, whereas
the proportions associated with panitumumab ranged from
0%-4%."* The cetuximab label reports IR incidence as occur-
ring in approximately 3% of patients,14 and the panitumumab
label reports an incidence of approximately 1%.1°

Research is needed to identify patients who are at risk of
IRs during treatment with anti-EGFR therapies. The global
incidence of IRs has yet to be summarized for mAbs against
EGFR in mCRC patients by study characteristics, including
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geographic location, study design (observational versus
clinical trial), gender, and other reported subgroups. Thus,
using information obtained from the published literature,
this systematic literature review provides a comprehensive,
worldwide assessment of the incidence of IR among mCRC
patients taking anti-EGFR mAb therapies by study and pa-
tient characteristics.

2 | MATERIALS AND METHODS
This systematic literature review and meta-analysis followed
the 2015 Preferred Reporting Items for Systematic Review
and Meta-Analysis Protocols (PRISMA-P).16

2.1 |
criteria

Literature search and eligibility

PubMed, Embase, Web of Science, ClinicalTrials.gov, and
The Cochrane Library databases were queried for relevant
peer-reviewed studies using the following search string
(with synonyms and closely related terms): “colorectal”,
“neoplasms”, “metastatic’, “EGFR”, “infusion reaction”,
“hypersensitivity” and “incidence”. The search strategy was
adapted to meet the search specifications of each included
database. Observational studies, randomized controlled tri-
als, or nonrandomized trials reporting proportion of patients
experiencing IR in adult mCRC patients treated with anti-
EGFR mAbD therapies published between 1 January 2000 and
16 December 2017 were included. As cetuximab was ap-
proved in the US in 2004 and panitumumab in 2006, studies
published prior to 2000 were unlikely to capture any relevant
trials or observational studies.'*!> Studies reporting the in-
cidence of hypersensitivity reactions, allergic reactions, and
anaphylaxis were also included. Case reports, editorials, let-
ters to the editor, comments, and practice guidelines were ex-
cluded as were studies not published in English and studies
conducted in pediatric or animal populations.

2.2 | Study selection

The same search string was run in multiple databases, re-
sulting in some duplicate studies that were removed. After
de-duplication across databases, the remaining articles were
screened at the levels of abstract and full text by at least
two reviewers. Where multiple publications reported on the
same cohort or trial, one reviewer evaluated all publica-
tions and selected the most updated and inclusive publica-
tion from each cohort/trial to avoid duplication. In addition,
the reference sections of relevant review publications were
screened to identify any additional articles that provided
pertinent data but were not captured in our electronic litera-
ture searches.
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2.3 | Data collection process

We abstracted information on study design characteristics,
population demographics, treatment data, outcomes, sex,
age, race, geographic location, years of study data collection,
length of follow-up, sample size, patient comorbidities, lo-
cation of the primary tumor, stage at diagnosis, and type of
therapy. The incidence of IR, hypersensitivity, and/or allergy/
anaphylaxis was abstracted as the outcome of interest. As a
measure of quality control, each abstraction was assessed for
accuracy by at least two independent reviewers.

2.4 | Risk of bias in individual studies

The Cochrane Risk of Bias Assessment Tool was used to
evaluate the risk of bias in individual studies.” The tool in-
cludes seven measures to evaluate the risk of selection bias,
performance bias, detection bias, attrition bias, reporting
bias, or other forms of bias. By conducting in-depth review
of these study parameters, we were able to determine if there
were qualitative differences within the studies that would
prevent the combining of quantitative data across the studies.
In addition, these measures of internal and external validity
provided a more comprehensive scientific foundation to in-
terpret the quantitative evidence.

2.5 | Quantitative data synthesis

In addition to the overall analysis of IR incidence, subgroup
analyses were conducted for several characteristics of interest,
including geographic location, study design, therapy, Grade,
KRAS status, dates study was conducted, median age, cate-
gory of study size, and percent male in cohort. Several stud-
ies included both a measure of overall IR incidence as well as
incidence of hypersensitivity and/or allergy/anaphylaxis. In
these cases, only the aggregate measure of IR incidence was
included in the overall analyses in order to prevent weighing
the study twice. However, additional measures were included
in their respective categories in the “Description of reaction”
subgroup analyses. Similarly, for the analysis of IR by grade,
if a study reported the incidence of reactions by severity
grade, each estimate was included in the respective subgroup,
whereas the estimate of all IR regardless of grade was used
in the overall analysis. Multiple studies only reported grades
3/4 adverse events. Although these estimates were included
in the overall analysis, the stratification by grade allows for
an evaluation of heterogeneity in the variation of incidence
by Grade of severity. If a study provided stratified estimates
by KRAS status, each estimate was included in the respective
KRAS subgroup, whereas multiple studies were conducted in
populations of solely KRAS wild-type patients and thus were
only included in the KRAS wild-type subgroup.

2.6 | Analysis

A narrative synthesis of the studies included in the review
was first performed. Meta-analyses for the overall incidence
of IRs as well as for subgroups were performed using random
effects models, which accounts for both within- and between-
study variability. Studies were weighted by the inverse of
their variance per the method proposed by DerSimonian and
Laird."® Statistical heterogeneity across studies for the overall
and subgroup analyses was assessed using the Cochran's Q
test and I° statistic, which indicate the percentage of variation
attributable to between-study hetelrogeneity.'9 Forest plots
were produced to illustrate the individual and summarized
incidence estimates and 95% confidence interval (CI).
Although the original analysis plan included a meta-anal-
ysis of overall and progression-free survival by IR status
(yes vs no), none of the studies included in the meta-analysis
reported survival in this manner. Therefore, we conducted
a hypothesis-generating exercise by comparing overall and
progression-free survival in studies reporting high incidences
of IR (>75th percentile of reaction incidence) with studies
reporting low incidences of IR (<75th percentile). An ob-
served trend in survival between these groups may encourage
research evaluating survival by IR status in future studies.

2.7 | Risk of bias across studies

Publication bias in the overall meta-analysis was assessed
using the methods described by Sterne and Egger and vis-
ually using a funnel plot of precision by logit event rate.”’
Egger's regression was used to test for the presence of publi-
cation bias. If the presence of publication bias was identified,
an analysis using the trim and fill method as described by
Duval and Tweedie®! was planned to evaluate the adjusted IR
incidence estimate adding in hypothetical “missing” (unpub-
lished) studies, acknowledging that this is a theoretical ex-
ercise. Comprehensive Meta-Analysis, Version 3.3.070 was
used to conduct the analyses.

3 | RESULTS

3.1 | Study selection

The process of study selection is demonstrated in the PRISMA
flow diagram of study inclusion (Figure 1). Briefly, 948
unique publications were identified from PubMed, Embase,
Web of Science, and the Cochrane Library. Abstract review by
two independent reviewers (LB and RD) resulted in full-text
assessment of 140 publications for relevant information. Ten
additional publications were identified through the review of
bibliographies of these articles. After final assessment, 48 arti-
cles (12 903 patients total) were included in the meta-analysis.
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FIGURE 1 PRISMA flow diagram of
study inclusion 5 Records identified Additional records Additional records Additional records
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<
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> No anti-EGFR monoclonal
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(n=10) More complete results for study
— | in another publication (n = 12)
Pediatric population (n= 1)
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3 qualitative and Other (n=11)
o quantitative (meta-
% analysis) synthesis
£ (n=48)

3.2 | Study characteristics

Study and patient characteristics for the 48 studies included
in the meta-analysis are demonstrated in Table S1. Most
of the studies were randomized or nonrandomized clini-
cal trials (n = 35; 73%) or observational studies (n = 12;
25%). One study (O’Neil 200722) included retrospective
results from both clinical trials and observational studies
at two centers. Eighteen (37.5%) studies were conducted in
Europe, 11 (23%) in the United States, 7 (15%) in Japan,
and 12 (25%) in other counties or multiple areas. Study sizes
ranged from 21 patients (Folprecht 2006>) to 2006 patients
(Yamaguchi 2014%%). Only one study included more female
patients (51.5%) than male (Emons 201125). The median
age of patients in the studies ranged from 54.6 years old
(Tang 2017%%) to 79 years old (Kienle 2015%"). Most stud-
ies evaluated cetuximab (n = 36; 75%) in at least one of
their arms while 15 studies (31%) included panitumumab
in one of their arms. Nineteen studies (40%) used pretreat-
ment medication, typically antihistamines and/or corticos-
teroids, before administration of the infusion.

3.3 | Risk of bias

The risk of bias in individual studies is presented in a sum-
mary graph in Figure 2. A low risk of bias was observed in
most studies in terms of attrition, reporting, and other biases.
Selection, performance, and detection biases were either not

described in many studies or were not applicable as in the
cases of open-label or observational studies, resulting in a
large proportion of “unclear or not applicable.” Several stud-
ies did not report funding sources or conflicts of interest, re-
sulting in a high risk of “other” bias.

3.4 | Meta-analysis of infusion
reaction incidence

The IR incidence summary estimate in studies of mCRC
patients treated with anti-EGFR mAB therapies was 4.9%
(95% CI: 3.6%-6.5%) (Table 1, Figure 3). Statistical het-
erogeneity was present in this analysis (P-value for het-
erogeneity [P-Het]: <0.001; I* value: 85.3%). The results
of sensitivity analyses by selected study characteristics are
shown in Table 1 The incidence of IR in patients treated
with cetuximab was nearly four times that of patients
treated with panitumumab (6.1% vs 1.6%; P = 0.001).
All studies reporting that patients received pretreatment
before infusion were conducted in patients receiving ce-
tuximab and all studies reporting that patients were not
pretreated before infusion were conducted in patients
given panitumumab; thus the results of this subgroup anal-
ysis were not more informative than the subgroup analysis
by therapy type.

The incidence of IR varied significantly by the terminology
used to describe the reaction (P = 0.024): studies reporting
“hypersensitivity” to infusions had the highest incidence of
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Risk of bias in individual studies
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reactions (8.0%) and studies reporting “infusion-related reac-
tions” had the lowest incidence (2.6%). Additionally, IR inci-
dence varied by grade of reaction. The incidence of Grade < 2
reactions was 8.9%, while the incidence of Grade > 3 reac-
tions was 2.8% and the incidence of all grades combined/grade
not specified was 6.2% (P < 0.001). A significant difference
was also observed by approximate quartiles of sample size,
with the highest incidence of reactions (13.7%) among stud-
ies with < 50 patients and the lowest incidence (2.7%) among
studies with > 200 patients. A univariate meta-regression was
run on study size as a continuous variable and demonstrated
a significant decrease of IR incidence with increase in study
sample size. No statistically significant differences were ob-
served within the subgroup categories of study design (clini-
cal trial vs observational), KRAS status (wild-type vs mutant),
dates study was conducted (pre- vs including vs post-2008),
percent male in cohort (<63% vs >63%), median age in cohort
(260 vs >60), or study location.

3.5 | Publication bias

A visual assessment of the funnel plot for the overall inci-
dence of IR (Figure 4) demonstrated some evidence of pub-
lication bias, as there were more studies on the left side of
the mean logit event rate than the right. Egger's regression
test confirmed the presence of possible publication bias (two-
tailed P = 0.044). Using Duval and Tweedie's method adding
in “missing” studies to the right of the mean, the adjusted
point estimate only differed from the original estimate in the
lower confidence level estimate (adjusted: 4.9%; 95% CI:
3.7%-6.5%), indicating the statistical robustness of the origi-
nal estimate.

3.6 | Survival analyses

The results of the exploratory survival meta-analyses by
higher vs lower incidence of IR are shown in Table 2. The
overall and progression-free survival among studies with IR

incidences < 75th percentile were not significantly differ-
ent than those with incidences > 75th percentile. However,
the studies with grade 3/4 IRs > 75th percentile had signifi-
cantly higher overall (19 vs 12.5 months) and progression-
free survival (8.3 vs 4.6 months) than studies with grade 3/4
IRs < 75th percentile.

4 | DISCUSSION

This systematic review and meta-analysis summarized the
available data on IRs in mCRC patients treated with anti-
EGFR mAbs, resulting in an overall incidence estimate of
nearly 5%. Statistically significant heterogeneity was present
in this analysis. Subgroup analyses were conducted to evalu-
ate potential sources of heterogeneity and identified signifi-
cant variation by therapy type, pretreatment status, reaction
description, study sample size, and grade of reaction.

The results of this study updated and expanded upon the
2012 systematic literature review by Song et al”® Although
narrative in nature, their review reported incidences for
cetuximab ranging from 7.6%-33% in clinical trials and
27%-32% in observational studies. We observed IR in-
cidences for cetuximab ranging from 0%-33% in clinical
trials and 0.65%-32% in observational studies. For pani-
tumumab studies, Song et al reported incidence propor-
tions ranging from 0%-0.7% among clinical trials and did
not identify any observational studies reporting IR. In the
current study, IR incidence reported among clinical trials
ranged from 0%-12% and observational studies ranged
from 0%-2.2%.

Egger's regression test demonstrated statistically signifi-
cant publication bias in the overall analysis as several stud-
ies reported no events of IRs. It would be expected that if a
study observed a very high incidence of IRs that it would
be reported. Indeed, we observed that studies with smaller
sample sizes reported larger incidences of IRs than studies
with larger sample sizes in both categorical and continuous
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TABLE 1 Meta-analysis of the incidence of infusion reactions by selected study characteristics

Incidence estimate (95%

Analysis N CI) P-Het; I? P-value”

Overall 61 4.9% (3.6%-6.5%) <0.001; 85.3%

Therapy
Panitumumab 15 1.6% (0.8%-3.3%) <0.001; 64.3% 0.001
Cetuximab 46 6.1% (4.6%-8.2%) <0.001; 85.7%

Description of reaction®
Infusion reaction 24 4.6% (2.9%-17.2%) <0.001; 88.0% 0.024
Infusion-related reaction 14 2.6% (1.7%-4.1%) 0.011; 52.6%
Hypersensitivity 16 8.0% (4.4%-14.2%) <0.001; 82.1%
Allergic reaction/anaphylaxis 15 3.1% (1.7%-5.7%) <0.001; 73.1%

Grade®
<2 12 8.9% (5.5%-14.0%) <0.001; 82.5% <0.001
>3 37 2.8% (1.9%-4.0%) <0.001; 76.9%
All Grades Combined/Grade Not Specified 26 6.2% (4.0%-9.3%) <0.001; 82.9%

Study design
Clinical trial 45 4.9% (3.5%-6.9%) <0.001; 81.7% 0.891
Observational 16 4.7% (2.7%-8.1%) <0.001; 89.6%

KRAS status”
Wild-type 13 4.2% (2.1%-8.3%) <0.001; 85.8% 0.570
Mutant 4 6.1% (2.0%-17.4%) 0.862; 0.0%

Dates study was conducted
Pre-2008 26 5.2% (2.9%-9.1%) <0.001; 88.7% 0.781
Includes 2008 16 4.1% (2.4%-6.8%) <0.001; 84.5%
Post-2008 14 51% (2.7%-9.3%) <0.001; 73.4%

Percent male in cohort
<63% 27 4.4% (3.2%-5.8%) <0.001; 66.9% 0.416
>63% 34 5.5% (3.4%-8.7%) <0.001; 88.3%

Median age in cohort
<60 20 5.7% (3.7%-8.8%) <0.001; 64.8% 0.438
>60 41 4.6% (3.2%-6.5%) <0.001; 88.7%

Study location
Europe 22 4.4% (2.7%-7.2%) <0.001; 83.2% 0.227 (large group”);

0.345 (small group®)

Southern Europe 5 10.8% (3.6%-28.1%) <0.001; 81.9%
Western Europe 4.2% (1.8%-9.2%) <0.001; 77.1%
Central/Eastern Europe 4 2.6% (0.7%-9.1%) 0.001; 80.5%
North America (USA and Canada) 15 7.1% (3.7%-13.1%) <0.001; 67.8%
USA 14 8.1% (4.3%-14.7%) <0.001; 66.0%
Asia 12 5.9% (5.0%-7.0%) 0.966; 0.0%
Japan 9 5.9% (5.0%-7.0%) 0.891; 0.0%
Multi-country 12 3.1% (1.5%-6.4%) <0.001; 94.0%

Study sample size
<50 22 13.7% (10.0%-18.4%) 0.418;3.2% <0.001
50-100 11 6.1% (3.3%-11.0%) <0.001; 75.2%

(Continues)
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Incidence estimate (95%

Analysis N* P-Het; I? P-value”
100-200 13 3.9% (2.5%-6.0%) 0.006; 56.9%
>200 15 2.7% (1.5%-4.7%) <0.001; 95.1%

Abbreviations: P-Het: P-value for heterogeneity.
“If multiple estimates from a study were provided for different subgroup categories, each estimate was included in its respective category.

bLarge Group: Europe, North America, Asia, Multi-country.
“Small Group: Southern Europe, Western Europe, Central/Eastern Europe, USA, Japan.

*N refers to the number of data points from unique treatment arms/cohorts included out of 47 studies.

The bolded p-values indicate p < 0.05.

Study name Therapy
Cunningham, 2004 [o! .
Cunningham, 2004 C # !
Lenz, 21 C
Saltz, 2004 & 7
Folprecht, 2006 G + high-dose 5-FU
Folprecht, 2006 G + low-di 5-FU
Lenz, 2i G
Bachet, 2007 C
Berlin, 2007 Panitumumab
Hecht, 2007 Panitumumab
Jonker, 2007 Ci o )
O'Neil, 2007 Ci clinical trial)
O'Neil, 2007 G UNC).
S Itz 2007 C vacizumab
G bevacizumab + irinotecan
Snuglakos 2007 Ci
Van Cutsem, 2007A Panitumumab
Van Cutsem’ 20078 Panitumumab
Canwr&ht, 2008 [
Lelli, 2008 C
Racca, 2008 C
Sobrero. 2008 G
ilke, 2008 C
Galal, 2009 Ci
Galal, 2009 C +
uro, 2 Panitumumab
Sastre, 2009 Cetuximab
Tol, 2009 Cetuximab
Boccia, 2010 Cetuximab
Doulllard 2010 Panitumumab
2010 - infusion-related reaction FOLFIRI + cetuximab
chrk 2010 - infusion-related reaction FOLFOX6 + cetuximab
Peeters, 2010 Panitumumab
Power, 2010 hypersensitivity Cetuximab
Power, 2010 Panitumumab
Bokemeger, 2011 Cetuximab
Cohn, 2011 Panitumumab
Emons, 2011 Cetuximab
Emons, 2011 Panitumumab
Wguel, 2011 Cetuximab
lerzbicki, 2011 Cetuximab
Akiyoshi, 2012 Panitumumab
Jehn, 2012 Cetuximab
Sm[th, 2012 Cetuximab + irinotecan
Smith’ 2012 Cetuximab + oxaliplatin
Douillard, 2014 FOLFOX4 + cetuximab group
Douillard’ 2014 UFOX + cetuximab group
acek, 2014 Cetuximab
Price, 2014 Cetuximab
Price, 2014 Panitumumab
Taira, 2014 Panitumumab
Yamaguchi, 2014 etuximab
Kienle, 2015 Cetuximab
Lakomy, 2015 Panitumumab
Hazama, 2016 Cetuximab (Biweekly)
Hazama, 2016 Cetuxlmab eeklyi/
Tsuiji, 2016
Gumus, 2017 Pannumumab
Nakamura, 2017 Cetuximab
Nakamura, 2017 Cetuxlmab +CPT11
2017 Cetuximab
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FIGURE 3 Meta-analysis of the incidence of infusion reaction

analyses. This may suggest the presence of the “small study
effect” in this analysis, a phenomenon where smaller stud-
ies show larger treatment effects than larger studies.”® Due to
the summary estimate of IR incidence being approximately
5% across all studies, it would be expected that most of the
smaller studies would report no events observed. Of the stud-
ies with a sample size < 50 patients (n = 22 treatment arms),
seven reported no IR events. We hypothesize that there may
be some publication bias present among the smaller studies
where either those with no IR events are not published, or
published smaller studies do not report a 0% incidence of IR.

Subgroup analyses also identified a higher incidence of
lower-grade IR (grade < 2) than higher-grade IR (grade > 3),
and a significant difference between terminology used to

describe reactions. Although the National Institutes of Health
have published within the Common Terminology Ceriteria for
Adverse Events a grading scale for severity infusion-related
reactions,” this scale may not be used globally and often grad-
ing criteria used to define IR severity in published studies are
unclear.® The terminology used to describe IR, for example,
“hypersensitivity,” “allergic reaction,” or “infusion-related re-
action,” also varies by package insert.® In this summary, we
were limited by how study investigators characterized and de-
fined IRs. Improved standardization of terminology and grad-
ing would aid both clinicians and researchers in the diagnosis
and evaluation of IRs.

The strength of this study includes the large body of sci-
entific evidence available to meta-analyze the incidence of
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FIGURE 4 Funnel plot of precision by logit event rate

TABLE 2 Meta-analysis for survival of mCRC patients by the proportion of patients with an infusion reaction

Opverall survival estimates

Progression-free survival estimates

Median months

Characteristic N 95% CI)

Proportion of cohort with infusion reaction

P-Het; I

Median months

N (95% CI) P-Het; I?

<75th percentile 21 12.2 (11.9-12.6) P <0.001; 95.6% 27 5.3(3.9-7.3) P <0.001;99.3%
>75th percentile 8 14.0 (9.2-21.3) P <0.001; 95.4% 9 4.76 (2.9-7.8) P <0.001;94.1%
Proportion of cohort with grade 3-4 infusion reactions
<75th percentile 16 12.5 (10.7-14.7) P <0.001;94.7% 20 4.6 (3.2-6.7) P < 0.001; 99.5%
>75th percentile 6 19.0 (17.7-20.3) P =0.770; 0.0% 8.3 (7.5-9.2) P < 0.001; 95.3%
Not reported 7 11.4(7.3-17.8) P <0.001;94.1% 9 4.8 (3.2-7.1) P < 0.001; 90.6%
IRs in anti-EGFR mAb-treated mCRC patients and iden- 5 | CONCLUSION

tify significant variations in incidence by several factors.
Multiple databases were searched to identify publications
and nearly 13 000 patients were included in these analyses.
There may be some publication bias present in these analy-
ses, particularly among the studies with small sample sizes,
and the meta-analysis of survival outcomes by IR status
was limited by the currently published data. Despite these
limitations, the results of these meta-analyses indicate that
IRs, although a relatively uncommon event, present a unique
challenge for providers and patients undergoing therapy
with anti-EGFR mAbs.

This systematic review and meta-analysis reported a sum-
mary incidence estimate for IRs of 5% among mCRC patients
treated with anti-EGFR mAbs. IR incidence was higher
among patients treated with cetuximab than panitumumab
and was lower among studies with larger sample sizes than
those with smaller sample sizes. Grades 1 and 2 reactions
were more common than higher-grade reactions. An evalua-
tion of survival by IR status is recommended for future trials
and observational studies to determine the prognostic value
of IRs in this population.
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