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Abstract

Introduction Monoclonal antibodies (MAbs) targeting
epidermal growth factor receptor (EGFR) are effective in
treatment of metastatic colorectal cancer (mCRC). Cetux-
imab, a chimeric MAD targets EGFR. Even with premedi-
cation, cetuximab can cause a hypersensitivity reaction
(HSR). In case of severe HSR, further therapy with cetux-
imab is contraindicated, thus preventing these patients from
receiving potentially beneficial anti-EGFR therapy. Pani-
tumumab is a fully human MAb also targets EGFR. To
date, no human antihuman Ab have been detected, and
unlike CET, HSR are infrequent, and no premedication is
required. Safety of panitumumab in patients with a previ-
ous severe HSR with cetuximab is not fully known. We
present three patients with GI cancers who tolerated pani-
tumumab without HSR after experiencing severe HSR to
cetuximab.

Patients and methods Three patients were challenged
with standard dose of panitumumab (6 mg/kg) after experi-
encing grade 3 HSR to standard dose of cetuximab under
strict observation and no premedication. First patient, a 58-
year-old male with mCRC developed grade 3 HSR during
8th dose of cetuximab. Second patient was a 58-year-old
female with mCRC developed grade 3 HSR during 12th
dose of cetuximab. Third patient was a 61-year-old male
with pancreatic cancer who experienced grade 3 HSR dur-
ing loading dose of cetuximab. Charts were reviewed to
find history of prior allergy, including H1 blocker use, drug
allergy, bee sting allergy, eczema, allergic reactive airways
disease, or food allergy.
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Results  All patients were Caucasians with an average age
of 59 year with no history of prior allergy. No patient
received any premedication. First patient received pani-
tumumab for 2 months, second patient was treated for
6 months, and third patient who was rechallenged 1 week
after HSR to cetuximab had a partial response following
6 months of therapy.

Conclusions HSR are serious complications associated
with MAbs. Thanks to hybridoma technology that newer
generations of MAbs contain less or no mouse-specific pro-
tein sequences, hence reducing the risk of HSR. Identifica-
tion of individuals likely to develop severe and sometimes
life-threatening HSR is challenging. Our report of three
patients successfully treated with panitumumab after they
had severe HSR to cetuximab warrant further investigation.

Keywords Panitumumab - Epidermal growth factor
(EGFR) - Colorectal cancer - Cetuximab

Introduction

Agents targeting the epidermal growth factor receptor
(EGFR) pathway offer promise for the treatment of
patients with advanced malignancies. EGFR is over-
expressed in numerous types of solid tumors, including
colorectal cancer (CRC) [1]. EGFR activation is associ-
ated with proliferation, anti-apoptosis and metastatic
spread, making this pathway a particularly compelling
target for rational drug design [2]. Currently, there are two
classes of anti-EGFR agents; the monoclonal antibodies
(MAbs) directed toward the extracellular EGFR domain
(cetuximab, panitumumab) and small molecule tyrosine
kinase (TK) inhibitors, which inactivate the receptor
enzyme activity (gefitinib, erlotinib) [1].
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EGFR is expressed on nearly all normal cells, particu-
larly those of epithelial origin such as liver, skin, and gas-
trointestinal tract, but not on hematopoietic cells [3].
Cetuximab is a chimeric IgG; monoclonal Ab (MAD) that
selectively binds EGFR. Immunologic effects, such as cell-
dependent cytotoxicity (CDC) and antibody-dependent cell
mediated cytotoxicity (ADCC) may contribute to cetux-
imab’s mechanism of action [4]. A rash is the most com-
mon side effect of cetuximab. Allergic and anaphylactoid
reactions have been reported with cetuximab administration
[5-T7].

Panitumumab, a fully human IgG, antibody (Fig. 1)
has consistently shown to have less infusion reactions
compared to cetuximab [8]. This presents panitumumab
as a strong option to patients for use as monotherapy for
patients with CRC. It is difficult to predict which individ-
uals are likely to develop severe and sometimes life-
threatening HSR. It has been proposed that some risk
factors of HSR include repeated use of the agent and per-
sonal history of drug allergy [9]. Experience from ritux-
imab suggests that gender, age, and primary tumor type
may predispose patients to have severe HSR [10]. No
data is yet available to identify patients who are more
likely to have severe HSR to cetuximab infusion. With a
lower incidence of life-threatening HSR in patients with
CRC, we report three patients who were re-challenged
with panitumumab after developing severe HSR to
cetuximab.
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Fig. 1 Structure of monoclonal antibodies

Patients and methods
Patient # 1

A 58-year-old Caucasian male with mCRC initially
received FOLFOX-4 and bevacizumab as first-line therapy.
Due to progression of extrahepatic disease in the mediasti-
num and retroperitoneum, he was switched to single-agent
irinotecan. Irinotecan therapy was complicated by grade 3
diarrhea and febrile neutropenia, which required inpatient
admission to the hospital. After further progression of his
disease, he subsequently began single-agent cetuximab
(250 mg/kg) IV after receiving a loading dose (400 mg/kg).
The patient was treated with cetuximab for a total of
4 months before developing symptomatic bronchospasm,
urticaria, and hypotension consistent with grade 3 HSR
(Tables 1, 2). Cetuximab treatment was stopped and sup-
portive management was performed [11]. After further dis-
cussion and patient’s consent, panitumumab (6 mg/kg) was
administered 1 month later.

Patient # 2

A 58-year-old Caucasian female with rectal cancer and pul-
monary metastases was treated with FOLFOX-6 and bev-
acizumab till progression. At the end of 8 months of
previous therapy, she started irinotecan which she did not
tolerate well due to grade 3 neutopenia and grade 3 diarrhea
that required dose reduction to at a dose of 100 and then
75 mg/m?. Therefore, she was switched to capecitabine and
bevacizumab. Upon progression, she received cetuximab
but, developed grade 3 HSR during her initial treatment.
Therefore, cetuximab was discontinued.

Patient was referred to us for second opinion and differ-
ent options including phase I studies and rechallenge with
anti-EGFR therapy, such as panitumumab was offered.
Patient opted to go for panitumumab.

Patient # 3

A 61-year-old Caucasian male with locally advanced unre-
sectable pancreatic carcinoma was initially treated with
gemcitabine/oxaliplatin plus cetuximab (GEMOX-CET),
based on a phase II study showing a high response rate
[12]. During the first dose (400 mg/kg), he developed grade

Table 1 Common toxicity criteria (ver. 3.0) of the National Cancer Institute

Adverse event Grade 1 Grade 2

Grade 3 Grade 4 Grade 5

Allergic reaction/hy  Transient flushing or ~ Rash; urticaria; dyspnea

persensitivity rash Drug fever Drug fever >100.4°F
<100.4°F and/or asymptomatic
bronchospasm

Symptomatic bronchospasm with Death
or without urticaria; parenteral
medication(s) indicated; allergy-related

edema/anigiodema

Anaphylaxis
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3 HSR to cetuximab manifested as bronchospasm, sweats,
facial flushes, and diaphoresis. Cetuximab was stopped and
the patient was treated with diphenhydramine 50 mg IV,
famotidine 20 mg IV, and dexamethasone 20 mg IV. He
later developed rigors and was again treated with diphenhy-
dramine along with meperidine 25 mg I'V. A second dose of
meperidine was administered which stopped the rigors;
however, the patient’s blood pressure remained elevated.
The patient was later hospitalized for continued observation
and discharged 24 h later.

The patient was followed up 3 days later and further
treatment options were discussed. Since patient had unre-
sectable disease, surgery was the only potential cure if he
has a significant response. Therefore, after discussion
patient consented to be treated with GEMOX plus pani-
tumumab.

Results

Summary demographics

All patients were Caucasians with an average age of
59 years. No patient has prior history of drug or food
allergy, use of chronic intake of H1 blocker, bee sting

allergy, eczema, or allergic reactive airways disease. No
patient received any premedication (Table 3).

Table 2 Signs and symptoms of anaphylaxis

Neurological Dizziness, headache, weakness, syncope,
seizure

Psychiatric Anxiety, “sense of impending doom,”

Respiratory Nasal congestion, rhinitis, sneezing,
oropharyngeal or laryngeal edema,
bronchospasm, tachypnea, cyanosis,
respiratory arrest

Cardiovascular Tachycardia, hypotension, arrhythmias,
chest pain, ischemia or infarction,
cardiac arrest

Cutaneous Flushing, erythema, pruritus, urticaria,
angioedema, maculopapular rash

Gastrointestinal Nausea, vomiting, cramping, diarrhea

Table 3 Summary of safety and response to re-challenge with PAN

Outcome
Patient # 1

The patient continued on therapy without any grade of HSR
and without premedication for 8 weeks at which point ther-
apy was discontinued due to disease progression.

Patient # 2

The patient received her first dose of panitumumab
3 months since her grade 3 HSR to cetuximab. She sus-
tained stable disease with combination irinotecan and pani-
tumumab for 6 months. She tolerated the therapy well
requiring no premedication and no HSR. At the end of
6 month, CT scan showed progressive disease and of irino-
tecan and panitumumab were stopped.

Patient # 3

The patient received the first treatment of GEMOX-PAN
on day 8 from the last dose of cetuximab and no premedica-
tion was given. Patient was observed for 4-h after finishing
the cetuximab therapy and no HSR was observed. Two
weeks later, he developed grade 2 acnieform rash on nose
and scattered spots on chest and forehead which was treated
with minocycline. Patient received a total of 11 treatments
with GEMOX-PAN with partial response and was success-
fully resected for his tumor. Currently, he is receiving adju-
vant therapy with gemcitabine—panitumumab based on his
excellent response.

Discussion

Similar to other agents targeting the EGFR pathway, rash
has been the primary toxicity with panitumumab [13-15].
The anti-tumor activity of panitumumab has been tested
in vitro and in vivo, and inhibition of tumor growth has
been observed in numerous cancer models, particularly
lung, kidney, and colorectal [16]. It has been efficacious
and well tolerated in combination with other chemothera-

Case  Age/sex  Diagnosis Cetuximab Grade Time interval Panitumumab Tolerance ~ Duration of
dose (mg/kg) of HSR  between Cetuximab dose (mg/kg) Panitumumab
and Panitumumab (months)
58/'M CRC 250 G3 1 month 6 No HSR 2
58/F CRC 250 G3 3 months 6 No HSR 6
61/M Pancreatic cancer 400 G3 1 week 6 No HSR 6

M male, F female
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peutic agents as well as monotherapy [17-19]. Recent
studies in pretreated and chemo-naive mCRC colorectal
cancer have shown very few, if any, HSR to pani-
tumumab. Our cases provide further data to support the
lower incidence of HSR with panitumumab. In addition,
these data offer an alternative therapy with anti-EGFR
when further therapy with cetuximab is contraindicated,
especially when these patients can receive benefit from
receiving anti-EGFR therapy. First patient received pani-
tumumab for 2 months, second patient was treated for
6 months, and third patient who was rechallenged 1 week
after HSR to cetuximab had a partial response following
6 months of therapy. This patient restarted panitumumab
after Whipple’s procedure.

Severe HSR is observed in approximately 3% of patients
following cetuximab administration, with a fatal outcome
in 0.1% of patients [20, 21]. Up to 90% of severe HSR are
associated with first dose of cetuximab despite routine use
of premedication. Needle et al. [22] reported that while
majority of HSR occurred with the first infusion, 33% of
patients who experienced grade 3/4 HSR developed after
their second dose. Furthermore, all grade 4 HSR were
observed within minutes of the first infusion indicating pos-
sible difference in mechanisms between mild and severe
HSR. This issue gains more clinical significance after a
recent finding indicated a high incidence of cetuximab-
related infusion reactions in Tennessee and North Carolina
[23]. Data for 88 patients treated with cetuximab on clinical
trials and an additional 55 patients treated outside of trials
were included in this analysis. For the clinical trial group
(n = 88), the overall rate of grade 3—4 HSR was 22%, sig-
nificantly higher than the rate noted in any large published
trial (<3%). All HSRs occurred during the first dose. The
investigators also found a strong relationship between prior
allergy history and chance of HSR.

Pathophysiology of cetuximab-associated HSR is not
completely understood. Chung et al. [24] analyzed serum
samples from four groups of subjects for IgE antibodies
against cetuximab: pretreatment samples from 76 case sub-
jects who had been treated with cetuximab at multiple cen-
ters, predominantly in Tennessee, Arkansas, and North
Carolina; samples from 72 control subjects in Tennessee;
samples from 49 control subjects with cancer in northern
California; and samples from 341 female control subjects in
Boston. Among 76 cetuximab-treated subjects, 25 had a
HSR to the drug. IgE antibodies against cetuximab were
found in pretreatment samples from 17 of these subjects;
only 1 of 51 subjects who did not have a HSR had such
antibodies (P < 0.001). IgE antibodies against cetuximab
were found in 15 of 72 samples (20.8%) from control sub-
jects in Tennessee, in 3 of 49 samples (6.1%) from northern
California, and in 2 of 341 samples (0.6%) from Boston.
The IgE antibodies were shown to be specific for an oligo-
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saccharide, galactose-a-1,3-galactose, which is present on
the Fab portion of the cetuximab heavy chain.

Unlike most other MAbs, cetuximab is produced in the
mouse cell line SP2/0, which expresses the gene for o-1,3-
galactosyltransferase. It is now recognized that all humans
have IgG antibodies specific for the oligosaccharide galact-
ose-o-1,3-galactose, which is closely related to substances
in the ABO blood group. This oligosaccharide is one of the
major barriers to the transplantation of organs from other
mammals in humans and has prompted the development of
a strain of pigs in which the gene for a-1,3-galactosyltrans-
ferase has been knocked out. Natural exposure to galactose-
a-1,3-galactose appears to induce the production of IgE
antibodies against galactose-o-1,3-galactose in some peo-
ple. The presence of such IgE antibodies before treatment
may put patients who receive MAbs containing galactose-
a-1,3-galactose at risk for HSR. The rapid reactions to
cetuximab may be explained by intravenous injection, and
the presence of galactose-a-1,3-galactose on both Fab seg-
ments of the cetuximab antibody allows for the efficient
cross-linking of IgE on mast cells. Patients who have such
antibodies do not report a rapid onset of allergic symptoms
after the ingestion of beef, pork, or cow’s milk. However,
the same investigators claim to have identified a series of
patients with IgE antibodies against galactose-a-1,3-galact-
ose who reported having had episodes of anaphylaxis or
severe angioedema 1-3 h after eating beef or pork (unpub-
lished data). The explanation for such a delayed reaction is
not clear, but a similar delay has been reported in patients
with IgE antibodies against carbohydrate epitopes of plant
proteins. In addition, it has recently been reported that some
patients with cat allergy have IgE antibodies that bind to a
carbohydrate epitope on cat IgA [25-28].

Severe HSR require immediate interruption of infusion
followed by supportive care including appropriate use of
vasopressors, corticosteroids, antihistamines, bronchodila-
tors, and oxygen (Table 4). In cases of mild to moderate
HSR, cetuximab infusion may be safely resumed with
slowed rate of infusion [20].

Panitumumab is the first fully human MAb to EGFR that
was constructed by introducing human immunoglobulin
genes into genetically engineered mice without functional
mouse immunoglobulin expression. Across clinical trials
including 1,336 patients, only 3% of patients experienced
HSR of all grades and severe reactions were extremely rare
occurring approximately 1%. No fatal reactions have been
reported yet [29]. The proposed low immunogenicity of
panitumumab was also supported by immunoassays that
detect anti-panitumumab antibodies. Approximately 1% of
patients’ serum was tested positive for neutralizing antibod-
ies [29]. As with cases of earlier generation MAbs, exact
mechanism of panitumumab HSR is not clear at this point.
No reported case of re-challenging panitumumab after
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Table 4 Pharmaceutical management of acute anaphylaxis in adults: recommendations from Joint Council of Allergy, Asthma and Immunology

Life-threatening signs and symptoms present

Epinephrine

Initial dose: 0.2-0.5 mL of a 1:1,000 dilution (0.2-0.5 mg) SC or IM may repeat every 10-15 min up to

1 mg per dose If indicated, initiate IV epinephrine: use dilution of 1:10,000 (10 pg/mL) or 1:100,000
(1 pg/mL) Infuse initially at 1 pg/min; may increase to 2—10 pg/min

Oxygen
Bronchodilators

Vasopressors

When bronchospasm present: aerosolized beta-agonist (nebulized albuterol, 2.5-5 mg in 3 mL of saline

When hypotension presents: may be used in concert with placing patient in recumbent position and infusion

of large volumes of IV fluids/colloid.

Glucagon
5-15 pg/min

Corticosteroids

Life-threatening signs and symptoms absent

Epinephrine

per dose
Diphenhydramine 1-2 mg/kg maximum to 50 mg IV
Corticosteroids

When concomitant beta-blocker use complicates treatment (1-5 mg I'V over 5 min, followed by infusion at

May prevent protracted or recurrent anaphylaxis (methylprednisolone IV, up to 0.5 mg/kg every 6 h)

Initial dose: 0.2-0.5 mL of a 1:1,000 dilution (0.2-0.5 mg) SC or IM may repeat every 5 min up to 1 mg

Oral prednisone 0.5 mg/kg may be considered

IM intramuscularly, /V intravenously, SC subcutaneously

severe HSR was published due to lack of clinical experi-
ence. A 50% reduction of infusion rate is appropriate with
grade 1-2 HSR. Infusion must be stopped immediately
with grade 3-4 HSR with appropriate supportive care
regimen described above. Use of premedication was not
standardized in clinical trials and it is not routinely recom-
mended.

Scarce data is available on the safety of panitumumab in
patients who developed HSR to cetuximab. One anecdotal
report was published in May of 2007 describing a 53 year-
old male with mCRC who was pretreated with diphenhy-
dramine before receiving an infusion with cetuximab [30].
During the infusion, the patient developed HSR and
infusion was stopped and the patient was treated with
diphenhydramine 50 mg and dexamethasone 4 mg. The
patient was switched to panitumumab 6 mg/kg and began
treatment 5 weeks after his reaction to cetuximab. He
received one dose every 2 weeks. He completed six doses
of panitumumab without premedication and without inci-
dent before experiencing further disease progression. A
decision was made by the patient and his family to cease
active therapy and he was referred to hospice. A similar
case also describes a 39-year-old white male with mCRC
who received cetuximab monotherapy as third-line treat-
ment and experienced an HSR with massive facial urticaria
within 5 min despite premedication with dexamethasone,
clemastine, and ranitidine [31]. A second attempt was made
at a reduced infusion rate 90 min later with the same
response. No subsequent cetuximab was given. The patient
was then given panitumumab. The patient was premedi-
cated with cetrizine. No HSR occurred and the patient
received in total six infusions of panitumumab every
2 weeks. Our cases show a similar response demonstrating

a decrease in the incidence of severe HSR to panitumumab
requiring no premedication when switched from cetuximab.
The most severe reaction to panitumumab presented as a
grade II acneiform rash.

Though there is documentation of the low risk of HSR to
panitumumab in the trials as mentioned above, these trials
do not include patients with a previous reaction to cetux-
imab. Therefore, the actual risk of HSR to panitumumab in
patients with a previously documented reaction to cetux-
imab is not known. Hypothetically, there should not be
cross-over effect given most HSR are likely related to the
murine component of cetuximab. However, this hypothesis
has yet to be confirmed clinically in future trials of pani-
tumumab in patients with previous cetuximab reactions.

Conclusions

It is important that clinicians treating patients with cetux-
imab, especially in the middle South region must obtain a
thorough history of allergic reaction and be prepared to
use an alternative drug, such as panitumimab, for patients
with a history of HSR. Bristol-Myers Squibb is studying a
screening test for the specific factor that leads to the
reaction.

Based on the results of this study, UNC has a physician,
physician assistant or nurse practitioner present for the first
30 min of all infusions of cetuximab. The Sarah Cannon
Cancer Center halted all studies the drug. Panitumumab can
be used safely in patients who previously developed HSR
to cetuximab. No fatal HSR has not been reported with
panitumumab to date. In case of severe HSR, stop the infu-
sion and administer steroid and antihistamines. Consider to

@ Springer



1022

Cancer Chemother Pharmacol (2009) 63:1017-1022

discontinue the use of panitumumab in cases of the severie

or

persistent reaction. For prolonged severe reactions

admission to hospital should be considered. These occur-
rences, however, are rare. Further clinical surveillance will
be needed to help decide if panitumumab is a safe thera-
peutic alternative for patients who developed HSR to
cetuximab.
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