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Abstract

Severe infusion reactions (SIRs) at rates of 5% or less are known side effects of bio-

logical agents, including mAbs such as cetuximab. There are currently no prospec-

tively validated risk factors to aid physicians in identifying patients who may be at

risk of experiencing an SIR following administration of any of these drugs. A retro-

spective analysis of 545 banked serum or plasma samples from cancer patients par-

ticipating in clinical trials of cetuximab was designed to evaluate whether the

presence of pretreatment IgE antibodies against cetuximab, as determined by a

commercially available assay system, is associated with SIRs during the initial ce-

tuximab infusion. Patients with a positive test indicating the presence of pretreat-

ment antibodies had a higher risk of experiencing an SIR; however, at the

prespecified cutoff utilized in this analysis, the test has a relatively low-positive

predictive value (0.577 [0.369–0.766]) and a negative predictive value of 0.961

(0.912–0.987) in an unselected patient population. Data collected in this large ret-

rospective validation study support prior observations of an association between

the presence of pretreatment IgE antibodies cross-reactive with cetuximab and

SIRs. Further analysis of the test’s ability to predict patients at risk of an SIR would

be required before this assay could be used reliably in this patient population.

Introduction

Infusion reaction is a known side effect of monoclonal

antibodies (mAbs) such as trastuzumab, rituximab,

bevacizumab, infliximab, cetuximab, and panitumumab.

Current labels [1–6] indicate that mild-to-moderate reac-

tions occur in 3–40% of patients with severe infusion

reactions (SIRs) occurring in ≤5%. There are no known

prospectively validated predictive factors for experiencing

an SIR following administration of any of these drugs.

Drug-induced infusion reactions are systemic hypersen-

sitivity reactions (HSRs). HSRs are classified based on the

mechanisms involved and the time to induce the reaction

[7]. Type I HSRs, immediate or anaphylactic reactions, are

typically mediated by IgE, which binds to its receptor on

basophils and mast cells, releasing immune mediators that

evoke a multi-organ systemic response. Type II and III

HSRs are mediated by IgG antibodies and the formation of

immune complexes. Type IV HSRs are mediated by T cells.

In addition to HSRs mediated through specific recognition

of the antigen by the immune system, nonimmune-medi-

ated pseudoallergic reactions, which resemble immune sys-

tem-mediated reactions, are commonly seen with mAbs.

The current cetuximab label states that SIRs (National

Cancer Institute Common Toxicity Criteria Grades 3

and 4) occurred in 2–5% of 1373 patients receiving
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cetuximab in registrational clinical trials, with a fatal out-

come in one patient [5]. SIRs requiring medical interven-

tion and discontinuation were associated with rapid onset

of airway obstruction, hypotension, shock, loss of

consciousness, myocardial infarction and/or cardiac arrest

(anaphylaxis or infusion-related reaction in the current

Common Terminology Criteria for Adverse Events) [5].

Approximately 90% of cetuximab-induced SIRs were

associated with the first infusion and occurred despite the

use of prophylactic antihistamines. SIRs generally devel-

oped within 1 h after the initial infusion, but also

occurred after several hours or with subsequent infusions.

Safety monitoring in ongoing cetuximab trials and

postmarketing pharmacovigilance reports support the

2–5% rate of SIRs reported in the current labeling. How-

ever, a few retrospective case series suggested a higher

prevalence of SIRs in a southeastern area of the United

States (U.S.) [8–10].
The acuteness and severity of symptoms associated with

cetuximab-induced SIRs suggested a Type I reaction medi-

ated by preexisting IgE antibodies cross-reactive with

cetuximab. A potential association between anti-cetuximab

IgE and SIR was first investigated in a retrospective analy-

sis that examined pretreatment serum samples from 76

patients treated with cetuximab [11]. Patients were

enrolled primarily in Tennessee, Arkansas, and North

Carolina—a geographic area with a seemingly higher inci-

dence of SIRs following cetuximab administration [8–10].
Twenty-five patients had SIRs, and 17 had IgE antibodies

cross-reactive with cetuximab in their pretreatment sam-

ples. One of 51 patients who did not experience an SIR

had IgE antibodies cross-reactive with cetuximab

(P < 0.001). Although correlation of pretreatment IgE

cross-reactive with cetuximab with SIRs does not prove

causation, these results support the hypothesis that preex-

isting IgE antibodies cross-reactive with cetuximab may be

a potential risk factor for severe IgE-mediated Type I HSR.

Galactose-a-1,3 galactose (alpha-gal), present on both

Fab segments of cetuximab, was identified as the critical

epitope that cross-reacts with the preexisting IgE antibod-

ies [11]. No other epitopes have been identified. Alpha-

gal is a carbohydrate commonly expressed on nonprimate

mammalian proteins. The reasons for the presence of IgE

antibodies binding alpha-gal in some individuals are not

well understood. In 2011, tick bites were described as a

possible cause of IgE antibody responses to alpha-gal

[12]. A recent report described a cohort of patients with

IgE antibodies to alpha-gal who experienced delayed

symptoms of anaphylaxis, angioedema, or urticaria after

eating mammalian meat [13].

We present the results of a retrospective matched-control

and cohort evaluation of cancer patients participating in

clinical trials of cetuximab, designed to (1) evaluate

whether the presence of pretreatment IgE antibodies

against cetuximab is associated with SIR during initial infu-

sion and (2) evaluate the positive predictive value (PPV),

negative predictive value (NPV), sensitivity, and specificity

of the Phadia ImmunoCAP Specific IgE System, which is

designed to detect anti-cetuximab IgE using ImmunoCAP

Allergen c360, Cetuximab. The ImmunoCAP Specific IgE

System was developed by Phadia as an in vitro quantitative

assay for the measurement of allergen-specific IgE in

human serum or plasma [14, 15]. This large retrospective

validation study highlights the potential of biomarkers to

personalize the management of treatment toxicity. The

results suggest that quantitative measure of anti-cetuximab

IgE rather than simply its presence or absence may be

important, and thus highlight the complexity of designing

the most appropriate assay to enable accurate prediction of

those patients most at risk for an HSR.

Methods

The primary objective was to assess the association between

occurrence of SIRs in patients receiving their initial

infusion of cetuximab and presence of pretreatment IgE

antibodies cross-reacting with cetuximab. Additional objec-

tives included determining the sensitivity and specificity of

the Phadia ImmunoCAP Allergen c360 Cetuximab test.

The study was conducted in accordance with the Decla-

ration of Helsinki and the International Conference on

Harmonisation, Good Clinical Practices, Good Epidemiol-

ogy Practices, and applicable regulatory requirements.

Protocols and informed consent forms from the original

sponsored clinical trials included in this retrospective

analysis were approved by investigators’ institutional

review boards before each study was initiated and were

reviewed to confirm that language was included allowing

the retrospective use of clinical data as well as testing of

serum, plasma, or whole blood samples for IgE antibodies

cross-reactive with cetuximab. Written informed consent

was obtained from all patients prior to any tests or evalu-

ations in the original trials.

Study design and treatment

This was a retrospective case–control analysis of serum or

plasma samples from 19 previously conducted Bristol-

Myers Squibb/ImClone–sponsored cetuximab clinical trials

(Table 1); samples were obtained before administration of

cetuximab. The study schema is provided in Figure 1.

Eligibility criteria

Eligible patients included adults who had been previously

treated with cetuximab in a clinical trial, with an
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appropriate sample collected prior to receiving their ini-

tial infusion. Patient samples from a previous study [11]

were used to develop the ImmunoCAP assay and were

therefore excluded from this analysis to allow indepen-

dent validation. Documentation of the presence or

absence of an SIR during the initial infusion of cetuximab

was required. Serum/plasma sample volume had to be

adequate to obtain a valid readout from the ImmunoCAP

Allergen c360 Cetuximab test and to yield an interpretable

result for the presence of anti-cetuximab-IgE. Patients

who received chimerized or murine mAb therapy before

receiving cetuximab were not eligible.

Matching controls consisted of patients who were

treated with cetuximab at the same site where a patient

who experienced an SIR was treated, but who had no

documented reference to the signs or symptoms of an

SIR either during or following their initial infusion.

Assessments

A review of each patient’s study records was performed

by 2 independent medical reviewers blinded to the test

results for IgE antibodies cross-reactive with cetuximab

and to each other’s assessments. In cases with discordant

assessments, a review of the source data by a third

blinded medical reviewer was requested, and their assess-

ment was deemed final.

A patient was considered to have an SIR if they met all

of the following criteria:

1 Onset of an infusion reaction within 1 h of the initial

cetuximab infusion.

2 Presence of at least one sign and/or symptom indicat-

ing SIR and described using the terms hypotension,

hypoxia, angioedema, unarousable, or unresponsive.

Other described signs and symptoms that were clini-

cally consistent with hypotension—hypoxia, angioe-

dema, or unarousable or unresponsive states—were

interpreted as indicating these terms, even if the spe-

cific term was not reported in the study record.

3 Need for at least 1 parenteral medication to treat the SIR.

4 Discontinuation of further cetuximab treatment per

decision of the patient’s physician.

Assays for the presence of IgE antibodies cross-reactive

with cetuximab were performed using ImmunoCAP Aller-

gen c360, Cetuximab, developed by Phadia. The Immuno-

CAP Specific IgE test is based on the principle of a

sandwich fluorescence enzyme-linked immunosorbent

assay, in which the allergen of interest (e.g., cetuximab)

reacts with IgE in a sample taken from a patient. The

cetuximab ImmunoCAP does not use streptavidin coating.

Cetuximab is covalently coupled to the solid phase, non-

specific IgE is washed away, and enzyme-labeled antibodies

against the specific IgE are added to form a complex. After

incubation, the unbound enzyme-linked anti-IgE is washed

away and a developing agent is incubated with the bound

complex. Fluorescence is then measured with higher fluo-

rescence indicative of greater amounts of specific IgE in the

original sample. Results are evaluated based on conversion

of fluorescence to concentration using a calibration curve.

The limit of quantitation of the ImmunoCAP assay is

0.1 kUA/L, and this value was used as the predefined cutoff

for the current study. Of note, no prior clinical data were

available with the newly developed assay because the prior

study used a different assay with a different detection limit

(0.35 kUA/L) but with same control curve and units and

calibrators [11]. For a sample to be assigned as IgE positive,

the measured amount of IgE antibodies cross-reactive with

cetuximab had to be >0.10 kUA/L; a sample was categorized

as IgE negative if the measured amount was ≤0.10 kUA/L.

The serum, plasma, or whole blood samples for all patients

were analyzed by Phadia personnel who were fully blinded

to the patients’ clinical data. The detection limit was chosen

as cutoff in both the current and prior study, as routinely

done for other Phadia ImmunoCAP assays.

Statistical analyses

To address the primary objective and control for the

possible confounding influence of geographic location as

Table 1. Cetuximab studies on which patients included in the current

IgE analysis were enrolled.

Indication

Number

of patients

receiving

cetuximab

Number

of samples

available

Bristol-Myers Squibb studies

CA225-004 Advanced cancer 40 35

CA225-005 Advanced cancer 39 21

CA225-006 Colorectal cancer 638 20

CA225-014 Colorectal cancer 50 6

CA225-046 Ovarian cancer 25 4

CA225-058 Non-small cell lung cancer 165 2

CA225-081 Non-small cell lung cancer 57 10

CA225-099 Non-small cell lung cancer 325 8

CA225-100 Non-small cell lung cancer 64 2

ImClone studies

CP02-0038 Colorectal cancer 30 23

CP02-0141 Colorectal cancer 57 34

CP02-0144 Colorectal cancer 346 282

CP02-9813 Head and neck cancer 21 3

CP02-9814 Pancreatic cancer 41 11

CP02-9815 Head and neck cancer 211 21

CP02-9816 Head and neck cancer 9 9

CP02-9823 Colorectal cancer 46 46

CP02-9925 Non-small cell lung cancer 35 5

CP02-9932 Non-small cell lung cancer 31 3
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observed by O’Neil et al. [8], a matched case–control
design with clinical site matching cases to controls was

used. For each patient with an SIR identified as a case

patient, one or more controls were matched from the

same site. A conditional logistic regression model was

used to assess the association between the occurrences of

SIRs and the presence of IgE antibodies cross-reactive

with cetuximab. The resulting odds ratio and its 95%

confidence interval (CI), along with the P value, were

computed.

Secondary objectives were evaluated from all treated

patients with IgE samples. Performance characteristics,

including sensitivity, specificity, PPV, and NPV, were

computed along with 95% CIs using the binomial distri-

bution. The IgE antibodies cross-reactive with cetuximab

biomarker status frequencies were summarized by geo-

graphic location.

Sensitivity was defined as the proportion of treated

patients with an SIR who tested IgE positive. Specificity

was defined as the proportion of treated patients without

an SIR who tested IgE negative. PPV was defined as the

proportion of the total number of IgE-positive patients

who had an SIR, whereas NPV was defined as the

proportion of the total number of IgE-negative patients

who did not have an SIR.

Results

Patient disposition

Serum or plasma samples from 545 patients were ana-

lyzed for pretreatment IgE antibodies cross-reactive with

cetuximab and the association of those antibodies with

SIRs. The 545 patients consisted of 155 case–control
patients and an additional 390 patients who were not

matched to cases. Twenty patients with case–controls met

the protocol-defined criteria of SIR and were included in

the analysis; one additional patient with an SIR had no

matching control available and was not included in the

assessment of the primary objective. The remaining 524

patients did not meet the criteria for SIRs.

The demographics of all 545 patients and the subset of

155 case–control patients are summarized in Table S1.

The study population included patients with colorectal,

head and neck, or lung cancer. Characteristics were

generally similar in all patients versus the case–control

545 cetuximab-treated patients from whom
banked serum or plasma samples were available

135 patients
without

SIRS
(matched
controls*)

20 patients
with SIRS

(cases)

1 patient
with SIR 
(with no
matched
control)

389 patients
without

SIRs

* Matched controls: patients 
treated with cetuximab at the
same site where an SIR case
was treated and who had no
reference in their study records
to signs or symptoms of a
severe SIR during or following
their first infusion of cetuximab

155 matched
case-control patients

390 patients not
matched to cases

Figure 1. Study schema showing the 545 cetuximab-treated patients from whom banked serum or plasma samples were available. SIR, severe

infusion reaction.
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subgroup and across those who experienced an SIR versus

those who did not. Due to the small number of samples

available from each location and the retrospective nature

of the data, the correlation between the geographic loca-

tion and the incidence of SIR could not be assessed. The

frequency and percentage of patients who experienced an

SIR by site are shown in Table S2.

IgE cross-reactivity and association with
SIRs

In the subset of patients with site-matched controls, 58%

of patients who tested positive for IgE cross-reactive with

cetuximab experienced an SIR (PPV), whereas 96% of

those who did not test positive did not experience an SIR

(NPV) (Table 2). The odds of a patient who tested posi-

tive for the presence of cetuximab IgE antibodies having

an SIR was 62 times that of a patient who tested negative

(P ≤ 0.0001) (Table 2). The sensitivity of the assay was

0.750 (95% CI, 0.509–0.913), whereas the specificity was

0.919 (95% CI, 0.859–0.959).
For all patients with IgE measurements combined, 99%

of the patients with samples who tested negative for IgE

antibodies cross-reactive with cetuximab did not experi-

ence a severe HSR (NPV), and 40% of the patients who

tested positive for IgE antibodies cross-reactive with

cetuximab experienced an SIR (PPV) (Table 2). The sen-

sitivity of the assay in all patients with IgE measurements

was 0.714 (95% CI, 0.478–0.887), and its specificity was

0.956 (95% CI, 0.935–0.972).
There were both false-positive and false-negative results

(Table 2). In the subset of patients with matched con-

trols, 11 patients tested IgE positive but had no reference

in their clinical records of having experienced an SIR that

met the study criteria (false-positive results) and five

patients had a documented SIR but had a negative IgE

test result (false-negative results). In the all-patient group,

23 had false-positive results, whereas six patients had

false-negative results.

An exploratory analysis (Table 3) suggested that the

majority of patients (14 of 21) who experienced an SIR

had titers of anti-cetuximab IgE ≥0.35 kUA/L, and the

majority of patients (14 of 21) with titers ≥0.35 kUA/L

experienced an SIR.

Discussion

Biological agents, including cetuximab, are associated with

varying frequencies of mild to life-threatening infusion-

related reactions [1–6]. SIRs occur in 2–5% of patients

treated with cetuximab. Preexisting IgE antibodies cross-

reacting with a glycosylation site in the Fab fragments of

cetuximab were previously found to be associated with

SIRs [11]. A goal of the current study was to evaluate this

association in a larger independent population.

The study included patients with various tumor types

who received various lines of treatment and excluded

patients analyzed by Chung et al. [11]. The overall inci-

dence of SIRs in the study population was ~4%, consis-

tent with the frequency for cetuximab in the U.S. [5].

Thus, this population appears to be representative of a

typical cetuximab-treated population. Nevertheless, it rep-

resents a convenience sample, because the patients were

included retrospectively based on the availability of a

blood sample and appropriate consent.

In the case–control sample set, pretreatment IgE anti-

bodies cross-reactive with cetuximab were correlated with

Table 2. Association of IgE status with severe HSRs: odds ratio and

predictive value of HSR reaction.

Patients with site-matched controls (N = 155)

Severe

HSR

(n = 20)

No severe

HSR

(n = 135) Predictive value

IgE positive 15 11 Positive: 0.577 (0.369–0.766)

IgE negative 5 124 Negative: 0.961 (0.912–0.987)

Odds ratio1 61.994 (7.637–503.25)

P ≤ 0.0001

Sensitivity 0.750 (0.509–0.913)

Specificity 0.919 (0.859–0.959)

All patients (N = 545)

Severe

HSR

(n = 21)

No severe

HSR

(n = 524) Predictive value

IgE positive 15 23 Positive: 0.395 (0.240–0.566)

IgE negative 6 501 Negative: 0.988 (0.974–0.996)

Sensitivity 0.714 (0.478–0.887)

Specificity 0.956 (0.935–0.972)

HSR, hypersensitivity reaction.
1Odds of a patient testing positive to IgE having a severe HSR com-

pared with the odds of a patient testing negative for IgE having a

severe HSR.

Table 3. IgE antibodies to cetuximab as predictors of hypersensitivity

reactions during the first infusion of cetuximab in all patients

(n = 545)—exploratory analysis of different cutoffs.

Titer of IgE antibodies to cetuximab

≤0.10 kUA/L

n = 507

>0.10 to <0.35 kUA/L

n = 17

≥0.35 kUA/L

n = 21

SIR 6 1 14

No SIR 501 16 7

SIR, severe infusion reaction.
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the occurrence of SIRs during initial infusion. Patients

with a positive test result had a 62-fold higher risk of

experiencing an SIR, supporting previous observations

[11]. However, the presence of IgE antibodies did not

result in SIRs in the majority of patients. Conversely,

nearly one-third (six of 21) of patients who experienced

an SIR did not have preexisting IgE; thus, the absence of

specific IgE does not preclude infusion reactions with

cetuximab, which may be mediated by other mechanisms.

A predictive marker may gain clinical utility if test-

positive patients can be treated and/or managed differ-

ently compared with test-negative patients. In our study,

test-negative patients had a high likelihood of not devel-

oping an SIR (98.8%; 95% CI, 97.4–99.6). However,

physicians treating these patients would still need to

follow the same precautions recommended for cetuximab

administration. Alternatively, test-positive patients had a

39.5% (95% CI, 24.0–56.6) risk of experiencing an SIR,

for example, the presence of IgE antibodies >0.1 did not

result in SIRs in 23 of 38 patients. Furthermore, as

reflected by broad CIs, the true risk in test-positive

patients is difficult to estimate due to the moderate sam-

ple size of this study and the (expected) low incidence of

SIRs. Therefore, each patient must be evaluated carefully

for risk versus benefit before receiving cetuximab, regard-

less of the test results.

The PPV of a test can also be increased by limiting test-

ing to a population with a higher baseline risk. A higher

incidence of SIRs in some areas in the southeastern U.S.

has been observed [8, 11], and it has been suggested that

the lone star tick prevalent in this area may contribute to

the development of anti-alpha-gal IgE [12]. Importantly,

our study included patients from a broad range of sites

across the U.S. Although most patients testing positive for

IgE antibodies were treated in the southeastern U.S., SIRs

and anti-cetuximab IgE were observed elsewhere, and

establishing a definitive association between location and

the presence of anti-cetuximab IgE or risk of SIR may be

difficult to determine in a mobile society. Of note, in a

similar retrospective study, anti-cetuximab IgE was identi-

fied in a similar proportion in patients in France [16].

Thus, the risk of experiencing an SIR or the existence of

pretreatment IgE cross-reactive with cetuximab may not

be limited to the Southeast area of the United States.

This large validation study provides substantial evi-

dence of an association of cross-reacting IgE antibodies

and an increased risk of SIRs. The main limitations of the

study include its retrospective nature, the use of a conve-

nience sample, and the expected small number of patients

with an infusion reaction. Due to the retrospective nature

of the study, relevant clinical information regarding the

HSRs may have been missing in the case report forms.

Because the frequency of SIRs was low (as expected), the

data were associated with wide CIs, which made it diffi-

cult to assess the true strength of the association. The

analyses may be further complicated by the likelihood of

multiple underlying mechanisms for HSRs.

It is currently unclear whether the mere presence of IgE

antibodies predisposes individuals to a severe HSR upon

exposure or whether a certain threshold is required. This

manuscript provides the first evidence that the detection

limit may affect the utility of an assay designed to measure

the presence or absence of anti-cetuximab IgE. The earlier

study investigating a potential correlation between anti-ce-

tuximab IgE and severe HSR used an assay with a detec-

tion limit of 0.35 kUA/L, whereas the assay used in the

current study has a detection limit of 0.10 kUA/L. Our

exploratory analysis using the ≥0.35 kUA/L cutoff suggests

that the degree of association between the presence of IgE

and the likelihood of SIRs occurring will depend on the

assay cutoff. While these data should be considered explor-

atory and hypothesis generating, they provide valuable

information about the complexities of designing diagnostic

assays based on the retrospectively obtained samples.

Acknowledgments

The authors would like to thank David Mauro, M.D., for-

merly of Bristol-Myers Squibb Company for the concept

and design of this study and Anita Kober, Ph.D., of

Phadia, A Division of Thermo Fisher Scientific, for her

review. Jamie Zhang, Ph.D., C.M.P.P., a professional medi-

cal writer employed by the study sponsor, provided writing,

and editorial assistance. Sandra Harris, Ph.D., provided

editorial assistance with formatting and referencing.

Conflict of Interest

S. M., L. T., P. M., P. B., and J. R. are employees of Bris-

tol-Myers Squibb Company (BMS) and hold BMS stock.

C. C. has undertaken consultancy for Novartis and Boeh-

ringer Ingelheim Pharmaceuticals, Inc. and has received

grants from Bayer, Boehringer Ingelheim Pharmaceuticals,

Inc., and ImmunoGen. M. M. reports receiving personal

fees from BMS outside the submitted work. T. P.-M. has

received National Institutes of Health grant support out-

side the submitted work and holds a relevant patent with

royalties paid. O. T. is a former employee of BMS and

holds BMS stock.

References

1. Herceptin (trastuzumab) [package insert]. 2014.

Genentech, Inc, South San Francisco, CA.

2. Rituxan (rituximab) [package insert]. 2013. Genentech,

Inc, South San Francisco, CA.

ª 2014 The Authors. Cancer Medicine published by John Wiley & Sons Ltd. 41

S. Maier et al. Severe Infusion Reactions



3. Avastin (bevacizumab) [package insert]. 2013. Genentech,

Inc, South San Francisco, CA.

4. Remicade (infliximab) [package insert]. 2013. Janssen

Biotech, Inc, Horsham, PA.

5. Erbitux (cetuximab) [package insert]. 2004–2013. ImClone,

a wholly-owned subsidiary of Eli Lilly and Company and

Bristol-Myers Squibb Company, Branchburg, NJ, and

Princeton, NJ.

6. Vectibix (panitumumab) [package insert]. 2013. Amgen

Inc, Thousand Oaks, CA.

7. Pichler, W. J. 2007. Drug hypersensitivity reactions:

classification and relationship to T-cell activation.

Pp. 168–189 in W. J. Pichler, ed. Drug hypersensitivity.

Karger, Basel, Switzerland.

8. O’Neil, B. H., R. Allen, D. R. Spigel, T. E. Stinchcombe, D.

T. Moore, J. D. Berlin, et al. 2007. High incidence of

cetuximab-related infusion reactions in Tennessee and

North Carolina and the association with atopic history. J.

Clin. Oncol. 25:3644–3648.

9. Kiwan, E. N., E. Siegel, L. F. Hutchins, A. Maddox, R.

Govindarajan, A. M. Safar, et al. 2011. Cetuximab-related

infusion reaction rate in cancer patients differs by race

[abstract]. J. Clin. Oncol. 29(Suppl.):e14075 Abstract.

10. Owera, R., A. Gill, S. Haddadin, R. Khozouz, and M. C.

Perry. 2008. High incidence of hypersensitivity reactions to

cetuximab in fusions in mid-Missouri: association with

prior history of atopy [abstract]. J. Clin. Oncol. 26

(Suppl.):20747 Abstract.

11. Chung, C. H., B. Mirakhur, E. Chan, Q. T. Le, J. Berlin,

M. Morse, et al. 2008. Cetuximab-induced anaphylaxis and

IgE specific for galactose-a-1,3-galactose. N. Engl. J. Med.

358:1109–1117.

12. Commins, S. P., H. R. James, L. A. Kelly, S. L. Pochan, L.

J. Workman, M. S. Perzanowski, et al. 2011. The relevance

of tick bites to the production of IgE antibodies to the

mammalian oligosaccharide galactose-a-1,3-galactose. J.
Allergy Clin. Immunol. 127:1286–1293.

13. Commins, S. P., S. M. Satinover, J. Hosen, J. Mozena, L.

Borish, B. D. Lewis, et al. 2009. Delayed anaphylaxis,

angioedema, or urticaria after consumption of red meat in

patients with IgE antibodies specific for

galactose-a-1,3-galactose. J. Allergy Clin. Immunol.

123:426–433.

14. Yman, L. 1991. Standardization of IgE antibody assays. J.

Int. Fed. Clin. Chem. 3:198–203.

15. Yman, L. 2001. Allergy. Pp. 664–680 in D. Wild, ed. The

immunoassay handbook. Nature Publishing Group, New

York, NY.

16. Mariotte, D., B. DuPont, R. Gervais, M. P. Galais, D.

Laroche, A. Tranchant, et al. 2011. Anti-cetuximab IgE

ELISA for identification of patients at high risk of

cetuximab-induced anaphylaxis. MAbs 3:396–401.

Supporting Information

Additional Supporting Information may be found in the

online version of this article:

Table S1. Patient demographics and baseline characteris-

tics.

Table S2. The frequency and percentage of subjects that

experience, or do not experience a severe HSR by

geographic site.

42 ª 2014 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

Severe Infusion Reactions S. Maier et al.


