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Anti-cetuximab IgE ELISA for identification
of patients at a high risk
of cetuximab-induced anaphylaxis
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Cetuximab, a chimeric mouse-human IgG1 monoclonal antibody against the epidermal growth factor receptor, has
proven effective in the treatment of metastatic colorectal cancer and squamous cell carcinoma of the head and neck.
However, a high incidence of immediate hypersensitivity reactions (HSR) to cetuximab after the first infusion has been
observed. We have developed a test for identification of patients likely to show treatment-related HSR to cetuximab. An
enzyme-linked immunosorbent assay (ELISA) for detecting anti-cetuximab IgEs was developed and tested on serum
samples collected from cancer patients before start of cetuximab treatment, and from healthy blood donors. Similar
levels of anti-cetuximab IgE were detected in pre-treatment patient sera (24/92, 26.1%) and sera from healthy blood
donors (33/117, 28.2%). HSR were observed in 14 out of the 92 patients (15.2%), and 8 of these (57.1%) were grade 3-4. Anti-
cetuximab IgEs were detected in 7/8 of the patients (87.5%) with severe HSRs as compared with 14/78 patients (17.9%)
with no HSR (p = 0.0002). Predictive value of the anti-cetuximab IgE test for HSR events of grades 3-4 was calculated using
Receiver Operating Characteristics analysis. With a cut-off value of 29 arbitrary units for the anti-cetuximab IgE, the ELISA
test showed a sensitivity of 87.5%, specificity of 82.1%, positive predictive value of 33.3% and negative predictive value
of 98.5%. Anti-cetuximab IgE ELISA detection could be a valuable tool to help the physician anticipate an anaphylaxis

episode following cetuximab infusion and opt for a suitable alternative treatment.

Introduction

Various monoclonal antibodies (mAb) including rituximab,
alemtuzumab, trastuzumab, bevacizumab, cetuximab and pani-
tumumab are now in use for the treatment of malignancies.
Although generally well tolerated and less toxic than conven-
tional anticancer agents, mAbs can cause infusion-related reac-
tions. These reactions include cytokine release syndrome and
hypersensitivity reactions (HSR). The former, consisting of flu-
like symptoms of varying intensities that are likely due to the
interaction of the mAb with the target itself, as has been observed
with OKT3, rituximab and more recently with anti-CD28."?
HSR is related to IgE-dependent mechanisms and is usually
observed after repeated injections of the mAb.*” In contrast to
the development of sensitization during treatment, severe HSRs
have been reported after the first infusion of some mAb, such as
abciximab, OKT3, omalizumab 8'° and cetuximab.!'"?
Cetuximab (Erbitux®, Merck KGaA), a chimeric mouse-
human IgGl mAb against the epidermal growth factor recep-
tor (EGFR) is approved for treatment of metastatic colorectal
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cancers and metastatic or locoregionally advanced head and neck
cancers. It improves the efficacy of chemo- and radiotherapy.'*'¢
However, severe HSR to cetuximab were reported, initially
with a low incidence (1-3%) and more recently at levels reach-
ing 22% depending on the geographic location."” Another study
confirmed this frequency and demonstrated that HSR may arise
via IgEs that are directed against the galactose-a-1,3-galactose
(Galal,3Gal) glycosylated portion of the Fab region of this chi-
meric mAb. In that study, 17 out of the 25 patients who displayed
HSR had anti-cetuximab IgE antibodies as compared with 1
out of the 51 subjects without any HSR.”® In our experience at
Frangois Baclesse Centre (FBC, Caen, France), 9.9% patients
presented HSRs after the first infusion of cetuximab and 5.2%
were grade 3—4 episodes.

The aim of this study was to develop a predictive test for
the anaphylactic reaction at cetuximab treatment initiation.
An enzyme-linked immunosorbent assay (ELISA) for quantita-
tion of anti-cetuximab IgEs in serum samples was designed and
performed retrospectively on serum samples that had been col-
lected from a cohort of cancer patients prior to start of cetuximab
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Table 1. Patient characteristics (n = 92)

Characteristics With HSR reaction ~ Without HSR reaction
(n=14) (n=78)
Age (years)
Median (Range) 58 (40-78) 62 (36-83)
Gender (M/F) 11/3 52/26
Primary tumor site
Head and neck 9 23
Colorectal 4 53
Other 1 2
Metastasis
Absence 8 21

treatment. Correlation between the ELISA results and the inci-
dence of HSR that had been recorded during treatment was
assessed. Data were analyzed by the receiver operating character-
istics (ROC) method to obtain the values for sensitivity, specific-
ity and reliability of the ELISA for predicting HSR reactions.

Results

Patient characteristics and HSRs. Between October 2005 to
March 2009, 213 patients had been treated with cetuximab at
Frangois Baclesse Centre, Caen, France. Of these, 21 exhibited
hypersensitivity reactions (HSR) after the first infusion (9.9%),
including 11 severe episodes (5.2%) of grade 3—4. Pre-treatment
serum samples were available from 92 patients who were included
in this study (Table 1). Among the above 92 patients, 14 (15.2%)
had HSR after the first injection of cetuximab. Of these, six
patients had low-to-moderate reactions (grade 1-2), six had
severe reactions (grade 3) and two died following the HSR event.

Histamine and tryptase measurements were performed on
serum samples from eight patients who had HSR (Table 2).
Histamine and tryptase concentrations increased significantly
in all 8 and 7/8 patients, respectively. The observed kinetics of
variation of both these markers of hypersensitivity were compat-
ible with mast cell degranulation. In one patient who experienced
a grade 1 HSR limited to urticaria, there was no evidence of mast
cell degranulation, as indicated by low levels of histamine and no
tryptase release. In this patient the anti-cetuximab IgE were at an
undetectable level.

Specificity of ELISA for detecting anti-cetuximab anti-
bodies. In this assay, we used a positive sample obtained from a
healthy donor as a standard. When titrated, the highest positive
dilution for this sample was 1/320. The detection limit based on
this standard was 3.5 EAU. In order to confirm the specificity
of the test, we used a competition assay by incubating positive
serum samples with an excess of cetuximab or alternatively with
rituximab which is an isotype matched control or with basilix-
imab which has the same allotype (G1m3)."” As seen in Figure 1,
in all positive samples the reaction was inhibited in the presence
of excess cetuximab, but not in the presence of PBS or rituximab
(Fig. 1A) nor basiliximab (Fig. 1B), confirming the specificity
of the assay for anti-cetuximab antibodies, which are probably

www.landesbioscience.com

mAbs

REPORT

targeting the known Gal oligosaccharides but not isotypic or
allotypic determinants.

Prevalence of anti-cetuximab antibodies in healthy donors
and cancer patients. The median value of anti-cetuximab anti-
bodies in the patients was 5 EAU (range, 0-3,300 EAU), which
was not significantly different from that of healthy blood donors,
9 EAU (range, 0-400 EAU). In the 14 patients with HSR reac-
tion, anti-cetuximab IgE levels reached a median level of 43.5
EAU (range, 0-3,300 EAU) as compared to 4 EAU (range, 0-250
EAU) in those without reaction, which was highly significant
(p =0.0002; Fig. 2). Out of the two patients who died due to grade
4 HSR, one showed the highest level of anti-cetuximab IgE (3,300
EAU) recorded in this study, while the other patient showed a
much lower level (40 EAU). There were no statistically significant
differences in the levels of anti-cetuximab IgEs between patients
with grade 1-2 HSR and those with grade 3-4 HSR.

Data from healthy donors indicate an incidence rate of anti-
cetuximab IgE in 33 out of the 117 (28.2%) serum samples, with
a comparable prevalence between the two blood banks from Caen
(29.3%) and Rouen (27.1%). These values were not significantly
different from the frequency of positive samples observed in the
cohort of treated patients (24 out of 92, 26.1%).

Predictive value of the ELISA testing for cetuximab-
induced HSR. An ROC analysis was performed with data
from all patients and the area under the curve was calculated
to be 0.806 (95% confidence interval: 0.688 to 0.925; Fig. 3).
A threshold of 29 EAU was selected, giving a sensitivity of
71.4% and a specificity of 82.1%. Accordingly, anti-cetuximab
IgE were considered positive in 14 out of 78 (17.9%) patients
without HSR as compared with 10/14 patients (71.4%) with
HSR reaction. When applied to grade 3—4 patients the ROC
analysis gives an area under the curve of 0.878 (95% CI:
0.796-0.961; Fig. 3). With the same threshold of 29 EAU
the sensitivity of the test was raised to 87.5%, with the same
specificity, for this group of patients. The calculated positive
predictive value and negative predictive value of the test were
33.3% and 98.5%, respectively (Table 3). The odds ratio for
HSR reaction between patients with or without anti-cetuximab

IgE was 32 (CI: 3.6-281).
Discussion

Cetuximab is the first anti-EGFR mAb approved for cancer ther-
apy. Since its introduction in the clinic, occurrence of HSR dur-
ing treatment has been observed. Anti-cetuximab IgEs involved
in the HSR have recently been reported to be directed against the
Galal-3Gal oligosaccharide.”® This motif represents about one-
third of the 21 oligosaccharide motifs characterized on both CH,
and Fab fragments of this mAb produced in the murine SP2/0
cell line.”® In order to detect these pre-existing IgE we developed
an ELISA to screen patients’ sera prior to cetuximab treatment.
This test was based on using cetuximab itself as a coating
reagent to allow detection of the specific IgE. This method pro-
vided sufficient surface-bound Gala1,3Gal determinants, which
are the only known determinants involved in immunization
against cetuximab.'” Moreover, since the whole mAb molecule
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Table 2. Quantitation of biological markers of HSR and the levels of anti-c

etuximab IgEs in patients with HSR

Histamine (nM) Tryptase (ug/L)
HSR Grade Anti-cetuximab IgE (EAU)
45 min 15h 3h 16 h 45 min 15h 3h 16 h

4 6580 ND ND ND 277 ND ND ND 3300
4 ND ND ND ND ND ND ND ND 40
3 439 39.6 19.6 1.9 35.3 31.7 20.9 3.3 105
3 337 4.8 ND 2.1 15.6 18 ND 4.2 70
3 ND ND ND ND ND ND ND ND 60
3 62.5 13.4 5.5 1.7 30.2 32.8 279 3.2 42
3 590 62.3 20.3 1.5 78 62.8 53.7 4.9 31
3 321 45.5 5.1 1.7 11.5 10.9 10.1 1.2 15
2 529 47.6 6.2 2.7 17.8 17.2 10.2 2.6 45
2 ND ND ND ND ND ND ND ND 16
2 ND ND ND ND ND ND ND ND 5
1 8.1 ND ND 3 3.6 ND ND 3.2 0
1 ND ND ND ND ND ND ND ND 147
1 ND ND ND ND ND ND ND ND 80

median 577 42.6 6.2 1.9 24 24.8 20.9 3.2 43.5

Biological markers (histamine and tryptase) of IgE-dependent reactions and anti-cetuximab IgE levels in patients with HSR. Blood samples were col-
lected within 24 h after the HSR episode, at the times indicated, as recommended. Serum anti-cetuximab IgE were detected in samples that had been

collected prior to the start of treatment. ND, not determined.
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Figure 1. Specificity of anti-cetuximab IgE assay. Diluted blood samples were incubated in coated wells with either phosphate buffered saline (PBS)
or an excess of cetuximab or rituximab (A) or basiliximab (B) as indicated. Results from 15 subjects are shown for rituximab (7 control, ®; 5 patients
without HS, ®@; 3 with HS, O), and from 17 subjects for basiliximab (16 controls, ®; 1 with HS, O). Presence of anti-cetuximab IgEs was detected with
biotinylated rat monoclonal anti-human-IgE and streptavidin-alkaline phosphatase followed by PNPP. Optical densities corresponding to different

was used, the assay was not restricted to detection of the oli-
gosaccharide determinants but could detect all anti-cetuximab
reactivity. Although we did not investigate the oligosaccharide
specificity of the bound IgE, we confirmed the specificity of the
IgEs to cetuximab by verifying the lack of inhibition of reaction

in the presence of an excess of another chimeric mAb of the same
isotype (IgG1) or allotype (G1m3).

According to the results of our ELISA, the prevalence of
anti-cetuximab IgE observed among the patients was compa-
rable with that in the healthy blood donor cohort, confirming
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Figure 2. Prevalence of anti-cetuximab IgE. IgE levels were measured
in serum samples from a control population of healthy blood donors
(HBD) and in samples collected from patients prior to receiving
cetuximab treatment. Patients who showed hypersensitivity reaction
(HS reaction) and those who did not (no reaction) were included in
the study. Median value per group is given as a horizontal bar. Dotted
line corresponds to the threshold calculated by the ROC analysis of 29
EAU. ***significant difference between HS group and patients without
reaction (p < 0.001); **significant difference between HS group and

control population (p < 0.01).

previous reports.'"? It was higher than the one observed in
other populations,'*'*" and supports the idea of unexplained
regional variations.”

Anti-cetuximab IgE were detected in 10/14 patients who had
HSR (71.4%) as compared to 14/78 (17.9%) in patients who did
not have HSR (p = 0.0002). Incidence rate of anti-cetuximab
IgEs reached 87.5% in patients who exhibited grade 3—4 HSR
(7/8). The odds ratio of 32 (CI: 3.6-281.4) between IgE* and
IgE- patients was highly significant, strongly suggesting that
pre-treatment determination of pre-existing anti-cetuximab
IgE might help to manage the risk of HSR. Although there is
no clear correlation between the levels of IgE and the severity of
the HSR episode, it should be noted that the exceedingly high
level of 3,300 EAU observed was associated with severe HSR that
resulted in death. On the other hand, in the group of patients who
experienced HSR, three patients were negative for IgE. These
three episodes being mild (grade 2), blood samples for histamine
and tryptase assays had not been collected, but would have been
useful to confirm the allergic origin of the clinical episode.

The ELISA described here can predict a higher risk of reac-
tion, but not a reaction. In order to confirm sensitization, other
conventional tests used in diagnostic of allergy, including tests
for basophil activation or cutaneous reaction might be help-
ful. Furthermore, a desensitization strategy has been used suc-
cessfully in a patient, which allowed treatment continuation.?’
Alternatively, other treatment options such as inhibitors of tyro-
sine kinase or another EGFR targeting mAb such as panitu-
mumab? may be used in case of a predicted infusion reaction
against cetuximab in patients with metastatic colorectal cancer.

Although the Galal,3Gal is a well-known, potent inducer
of natural antibodies (IgM or IgG) the origin of IgE sensitisa-

tion is still elusive. Among the factors

Sensitivity (%)

0 T T T T

suggested to be involved, the B or AB
blood group have been correlated with
lower levels of anti-gal antibodies and
might be less prone to IgE immunisa-
tion.”> However, in this study we did
not observe any correlation between
the blood group and the level of anti-
cetuximab IgE in patients or control
groups (data not shown).

A limiting factor of our retrospec-
tive study is the number of serum

o 20 20 50 20 100 Egl};{)lzs af/allable from paIt\}ents Zli:h a

100% - Specificity % uring treatment. Nevertheless,

] the ROC analysis on this study popula-

all patients grade 3-4 tion indicated a good potential of the

Area 0.8063 0.8782 ELISA developed here for predicting

Std. Errorl i 0.06038 0.04211 high grade HSR during cetuximab

95% confidence interval 0.6879 to 0.9247 0.7957 to 0.9608 treatment. A well-designed prospec-
P value 0.0002796 0.0004542 '

tive study is warranted to evaluate the

applicability of ELISA testing for anti-

patients with grade 3-4 HSR episodes (— ®—).

Figure 3. ROC curve and analysis report. Analysis was performed with all patients (----O----) and

cetuximab IgEs as a predictor of treat-
ment-related HSR.
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In summary, pre-existing anti-cetux-
imab IgEs are known to be associated
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Table 3. Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) in patients with grade 3-4 hypersensitivity

reactions
Anti-cetuximab IgE (>29 EAU) IgE*
Patients with HSR grade 3-4 (n = 8) 7
Patients without HSR (n = 78) 14
Total 21

Sensitivity (%)

IgE Anti-cetuximab ELISA assay 87.5

Incidence of IgE in patients with grade 3-4 HS reaction.

with severe anaphylactic reactions after the first infusion of cetux-
imab. A sensitive anti-cetuximab IgE ELISA was developed to
identify patients at risk of HSR. This test could be a useful tool to
optimize prophylactic measures and management of symptoms or
to help the physician select an alternative treatment when available.

Materials and Methods

Control subjects and patients. Blood samples were obtained
prior to cetuximab treatment from 92 patients who were being
treated for metastatic colorectal cancer or squamous-cell carci-
noma of the head and neck, between October 2005 and March
2009 at Francois Baclesse Centre, Caen, France. Samples from
117 healthy blood donors were obtained from local blood banks
(Etablissement Frangais du Sang), of which 58 were from Caen
and 59 from Rouen.

Grading system of hypersensitivity reactions. Definition of
reaction episodes and grading of hypersensitivity reactions were
based on the classification of Ring and Messmer.?> Grade 1 cor-
responded to generalised skin symptoms (flush or rash, urticaria,
angioedema), grade 2 to mild to moderate pulmonary, cardio-
vascular, and/or gastrointestinal symptoms, grade 3 to severe
hypotension or anaphylactic shock and grade 4 to cardiac or
respiratory arrest.

Anti-cetuximab IgE detection. Anti-cetuximab IgEs were
measured using an enzyme-linked immunosorbent assay
(ELISA). Polystyrene microtiter plates (Maxisorp Nunc,
Roskilde, Denmark) were coated with 100 pL of a 0.5 pg/L
cetuximab solution (Erbitux®, Merck Serrano) in phosphate
buffered saline (PBS), overnight at 4°C. After three washes with
PBS containing Tween-20 (0.1%), plates were saturated with a
solution of human albumin (0.1%) for 2 h at 37°C. Duplicate
serum samples (diluted 1/25) were added and incubated over-
nightat 4°C. Bound anti-cetuximab IgE antibodies were detected
using a biotinylated rat monoclonal anti-human-IgE (LO-HE-
17, P.A.R.LS, Compitgne, France), allowed to react for 1.5 h
at 37°C. Streptavidin-alkaline phosphatase Beckman Coulter,
Fullerton, USA, 1/2,000 dilution, was added, followed by
1 mg/mL paranitrophenyl phosphate solution (PNPP, Interchim,
Montlugon, France). Positive samples were titrated after serial
dilutions from 1/50 to 1/200 or more as appropriate. Optical
density (OD) was measured at 450 nm (EIx808, KC4 software,
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IgE- Total
1 8
64 78
65 86
Specificity (%) PPV (%) NPV (%)
82.1 333 98.5

Bio-Tek) and the mean of duplicates was calculated. Results were
expressed in arbitrary units of IgE (EAU) using a positive serum
sample from a healthy donor as a standard.

To assess the specificity of the detection, a competition ELISA
was performed on sera diluted 1/25 using an excess of cetuximab
or an IgGl isotype control (rituximab, Mabthera®) or a GIm3
allotype control (basiliximab, Simulect®), at 1.1 mg/mL final
concentration.

Histamine and tryptase measurements. Histamine and
tryptase measurements were carried out on blood samples col-
lected from patients who experienced severe hypersensitivity
reactions. EDTA-blood samples were obtained at 45 min, 1.5, 3
and 16 h after the HSR. Plasma histamine was measured after
alkylation by radio-immunoassay according to the manufac-
turer’s instructions (RIA Histamine, Immunotech, Beckman
Coulter). Total tryptase was measured using tryptase fluoro-
immunossay UniCAP (Phadia, Uppsala, Sweden) on the same
samples. The accepted limits for the pathological values of
histamine and tryptase are 6 nM and 12 gL, respectively.*
A doubling of the basal value of tryptase indicates mast cell
degranulation.”

Statistical analysis. Statistical analysis was performed using
the non-parametric Kruskal-Wallis test and ad hoc post-tests or
Mann-Whitney test. A value of p < 0.05 was considered statisti-
cally significant. Area under the ROC curve and 95% confidence
interval (CI) were calculated. The threshold for IgE positivity
was calculated using the maximized Youden index. Sensitivity,
specificity, positive predictive value (PPV) and negative predic-
tive value (NPV) were calculated according to the results of
the ROC analysis. All statistical analyses were performed using
Prism v5.01, GraphPad Software Inc.
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