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Hypersensitivity to lansoprazole and
rabeprazole with tolerance to other
proton pump inhibitors

To the Editor:
Proton pump inhibitors (PPIs) are drugs developed as

a powerful treatment for acid-peptic diseases. They are
generally well tolerated, with minimal adverse effects.
Omeprazole is the first drug in this class. Since it was
introduced in 1989, several other PPIs have emerged:
lansoprazole, rabeprazole, and pantoprazole. Lansopra-
zole has been reported as a cause of few hypersensitivity
reactions.1-7 We report here a case of reproducible allergy
to lansoprazole with cross-reactivity to rabeprazole, but
tolerance to omeprazole and pantoprazole.

A 24-year-old woman presented with sudden onset of
pruritic erythema and swelling of palms and soles, malaise,
nausea, dizziness, and loss of consciousness that devel-
oped within 30 minutes after ingesting 20 mg pyroxicam
and 30 mg lansoprazole. She was taken to the emergency
department and recovered fully after intravenous saline,
methylprednisolone, and dexchlorpheniramine. She was
regularly treated with pyroxicam for dysmenorrhea, as
well as lansoprazole, which was used under medical
recommendation as a gastric protector. No other medical
problems or history of drug allergy was reported by the
patient.

Skin prick tests were performed with pyroxicam (20 mg
suspended in 1 mL saline), which proved negative, and
lansoprazole (30 mg in 1 mL saline), which produced a
wheal at 20 minutes of 3 mm. Histamine and buffered
saline were used as positive and negative controls,
obtaining a 6-mm wheal to histamine and no reaction to
saline. Five normal controls were tested and proven to be
negative for prick test to lansoprazole. In spite of these
results, given the most frequent reactions observed with
nonsteroidal anti-inflammatory drugs, the challenge was
first performed with lansoprazole (3 doses at 60-minute
intervals: 7.5 mg, 15 mg, and 30 mg). Twenty minutes
after ingestion of the final dose (cumulative: 52.5 mg), she
presented erythema of palms, malaise, itching, and mild
rash, which resolved in 60 minutes after treatment with
methylprednisolone and dexchlorpheniramine. She sub-
sequently underwent challenge with pyroxicam (3 doses:
5 mg, 10 mg, and 20 mg), to which she had no reaction.

To investigate cross-reaction patterns, a study was
performed with other PPIs, to which the patient did not
remember previous exposure. Prick tests to omeprazole
(20 mg in 1 mL saline), pantoprazole (20 mg in 1 mL
saline), and rabeprazole (20 mg in 1 mL saline), as well as
intradermal tests to omeprazole (2 dilutions: 0.8 mg/mL
and 8 mg/mL) and pantoprazole (2 dilutions: 0.8 mg/mL
and 8 mg/mL), showed no skin reactions. An intradermal
test to rabeprazole was not performed because it was
available only as delayed-release, enteric-coated tables,
what did not make possible a safe and accurate dilu-
tion for intradermal use. Subsequently, challenge with
omeprazole, pantoprazole, and rabeprazole was planned
(3 doses: 5 mg, 10 mg, and 20 mg, given at 60-minute
e

intervals). There was no reaction with omeprazole and
pantoprazole, but 45 minutes after a single dose of 5 mg
rabeprazole, the patient presented with erythema of
palms, itching, malaise, and nausea, easily resolved after
treatment with prednisone and dexchlorpheniramine. The
patient provided an informed consent for all challenges.

Previous reports on reactions to PPIs describe the
presence of cross-reactivity of the whole group, according
to skin testing.4,7 Two cases of sequential reactions to
omeprazole and lansoprazole in the same patient have
been described,2,3 and a case of hypersensitivity to ome-
prazole showed a prick test positive to lansoprazole,8

although tests with other PPIs were not performed. We
have found only a previous case report of hypersensitivity
to lansoprazole and a possible cross-reactivity with rabe-
prazole, on the evidence of a positive intradermal test,
although it was performed from the commercially avail-
able formulation.6 The clinical features of the reactions
to PPIs described in most reports suggest an IgE-mediated
mechanism, as demonstrated by positive skin test re-
sults,4,6-10 including our case.

Proton pump inhibitors are modified benzimidazoles
with a pyridine ring, differing by virtue of substitutions
on both rings (Fig 1). Thus, omeprazole and pantoprazole
have respectively a methoxy and a difluoromethoxy chain
in their benzimidazole rings, whereas lansoprazole and
rabeprazole have no modifications in that ring, but their
pyridine rings have respectively a trifluoroethoxy and
methoxypropoxy chain. We think that this analogous
chemical structure between lansoprazole and rabeprazole
is responsible for the cross-reactivity observed in this
case. Furthermore, this case report underlines the impor-
tance of a thorough drug allergy work-up to offer safe
therapeutic alternatives to our patients, and of not assum-
ing the cross-reactivity of the whole group.
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FIG 1. Structural formulas of PPIs.
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In practice, after dosing a few patients by both the
pocket card and the formula used in the early studies, it
occurred to us that in several cases, the pocket card
produces a significantly greater dose. In some cases, the
dose per the pocket card is twice that produced by the
formula. For instance, a patient with a serum free IgE level
of 107 IU/mL and a body weight of 62 kg would, via the
dosing card, receive 300 mg Xolair (Genentech Novartis,
South San Francisco, Calif) every 4 weeks. However,
when the dose is calculated using the formula (0.016 3

107 IU/mL 3 62 kg 5 106 mg of omalizumab per month),
the calculated dose is less than half of this. This discrep-
ancy between the formula and the dosing card tends to
be greatest when the serum IgE level and the patient’s
weight are both at the lower end of the cutoff values that
have been placed on the dosing card.

To discover the frequency and magnitude of this
problem, we undertook the task of studying this problem
by 2 methods.

In the first method, we retrospectively examined the
records of patients who had been treated with omalizumab
at our institution. We compared the actual dose that was
chosen for these patients by use of the pocket card with the
dose that would have been given if the formula had been
used.

In the second method, we used a random number
generator (Microsoft Excel Data Analysis Tools; Micro-
soft Corp., Seattle, Wash) to create 130 hypothetical pa-
tients with asthma. Serum IgE levels, like most biologic
variables, fall into a log normal distribution. The Excel
random generator was used to create 130 IgE values
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Omalizumab dosing via the recommended
card versus use of the published formula

To the Editor:
Before the Food and Drug Administration approval of

omalizumab for the treatment of asthma, clinical studies
suggested that greater than 90% of the free IgE present
in the serum needed to be bound by this antibody to
achieve meaningful clinical gains in the management
of asthma. Pharmacodynamic studies suggested that to
achieve binding of >90% of free IgE, the dosing of oma-
lizumab must be at least equal to 0.016 mg omalizumab/kg
body weight/IU/mL of free IgE.1 In these initial studies, it
was stated that the dose of omalizumab was high enough
to ‘‘ensure for each patient a dosage approximately equal
to 0.016 mg/kg IgE (IU/ml).’’1 Using this formula, the
dose of omalizumab in milligrams is calculated by multi-
plying 3 numbers: the patient’s body weight in kilograms,
the patient’s pretreatment free IgE level, and the constant
0.016 (weight 3 IgE 3 0.016).

After this formula was developed, a pocket card was
created for use in the clinical studies with the purpose
of simplifying the dosing of omalizumab. This card was
based on the formula presented here. The intent was to
insure that patients dosed by means of the pocket card
received a dose of omalizumab that was at least equal to
(and possibly greater than) that suggested by the formula.

with a normal distribution, which was then converted to
a log normal distribution by raising to the power e. The
geometric mean IgE level of patients with severe asthma
is 112 IU/mL.2

The geometric mean of our hypothetical cohort was 116
IU/mL. Patient weights were taken from 130 consecutive
patients seen in an outpatient allergy clinic. We then
calculated the dose that would be prescribed and the cost
that would be incurred under both methods of determining
the dose.

Using the 130 randomly generated patients, the average
cost per patient when patients were dosed via the pocket
card was $14,031.71. The average cost per patient when
patients were dosed via the published formula was
$9,576.20. Thus, dosing with the pocket card represents
a 47% cost increase over dosing with the formula. The
formula was created with the goal of administering a dose
that would bind up at least 97% of the IgE. It is not clear
that there is any additional benefit to be gained by giving
more of the medication than the formula prescribes.

Perhaps the results would be different with a real patient
cohort. Of 12 patients seen at the Cleveland Clinic Foun-
dation, dosing via the pocket card produced an average
cost per patient of $15,155.00/year. Dosing by using the
formula method led to patients requiring $9,526.00/year
of omalizumab. This represents a 59% increase in cost. In
some of the these cases, use of the pocket card doubled
the yearly cost from $10,392.00 to $20,784.00 per patient
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