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ABSTRACT

As clinical experience with omalizumab increases, questions arise from clinicians that are not answered in the product insert
or clinical reports. How does this drug really work? There surely must be more than the simple reduction of free IgE which,
in and of itself, causes no disease. Can omalizumab be used in patients whose IgE level is below 30 or above 700 IU/mL? Can
you treat a pregnant asthmatic woman with omalizumab? What are the updated risks for cancer? Is there a risk for
omalizumab-treated patients who travel to parasite-endemic areas? What are the implications of skin-prick tests that remain
positive after treatment? Does this drug prevent anaphylaxis with enough assurity to use it in conjunction with immuno-
therapy (IT) or rush IT? Are the complexes formed as a result of therapy problematic, therapeutic, or inconsequential? How
long should this drug be used? It is the purpose of this review to examine these clinical issues and present common strategies
for approaching each. (Allergy Asthma Proc 27:S37–S42, 2006)

As clinical experience with a commercially available
anti-immunoglobulin E (IgE) agent omalizumab

(Xolair, Genentech) increases, questions inevitably arise
that are neither answered in the product insert of the
drug nor that can be found in most literature citations.
The purpose of this presentation is to examine these
critical issues and offer some common strategies for their
solution.

HOW DOES ANTI-IgE WORK?
The mechanism of action of anti-IgE so elegantly

described by Soresi and Togias1 in this Supplement is
extremely critical to physicians entrusted to the care of
patients with allergic disease, because it provides the
basis and direction for proper dosing, profiling, and
evaluation of successful treatment as well as length of
therapy. Nonetheless, it is clearly evident that the gen-
erally accepted explanation for the bicameral mecha-
nism of action of anti-IgE, i.e., decreasing free IgE and
down-regulating mast cell receptors suggested in the
original approval process, is incomplete.

The suggested dosing level suggested is designed to
reduce the free serum IgE levels below 10 IU/mL.
However, it should be pointed out that free IgE does
not cause disease, that its reduction does not produce
relief in and of itself, and that down-regulation of
Fc�R1 receptors may merely be a reflection of reduced
free IgE levels. Therefore, although lowered free IgE
levels and receptors are certainly effects of anti-IgE
treatment, they may not necessarily be a mechanism of
action. Eventually, a clearer understanding of the
mechanistic action of this agent should help extricate

us from the lock-step dosing regimen that continues to
guide its current use. The recent studies of Dr. T.W.
Chang2, described in this Supplement, suggest that
anti-IgE may have an effect on the B cell itself.

WHAT ABOUT THE USE OF ANTI-IgE IN
ASTHMATIC PATIENTS WITH TOTAL IgE
LEVELS >700 IU/mL?

The original concept of dosing was based on weight
versus free IgE levels and used a dosage of 0.016
mg/kg per IU of baseline serum IgE concentration. For
ease of calculation and to minimize the possibility of
dosing errors, the computations were converted into a
dosing table using a range of serum IgE levels ranging
from a low of 30 IU/mL to a high of 700 IU/mL.
Although a useful guide, issues arose (primarily legal
not scientific) for patients who did not fit the dosing
table described in the package insert.

Patients with slightly higher levels of IgE or those
with greater weight do not fit the dosing table. Those
who do not fit the criteria because of weight are “cov-
ered” by the “maximum” dose of 375 mg every 2
weeks (even though this runs counter to the generally
accepted mechanism of action, i.e., reduction of serum
IgE leading to reduction of IgE receptors). However,
patients with serum IgE levels �700 IU/mL are re-
jected routinely for consideration for therapy, prompt-
ing physicians to ask, “Why can’t I use the 0.016-
mg/kg formula from which the table was derived?”
“What are the dangers of levels �700 IU/mL that
would give me pause to treat a severe asthmatic pa-
tient who meets the other criteria?”

The use of high doses requiring the use of multiple
vials was discouraged for fear of the accumulation of
minute amounts of endotoxin that accompany all biolog-
ical products and the production of local or systemic
reactions. Physicians concerned about that possibility re-
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acted by giving smaller dosages more often than 2 weeks
so that no individual shot has more than the maximum
dosage. There has been no published or abstracted evi-
dence of endotoxin accumulation or reactions with a
more frequent dosage or even larger doses in the usual
frequency. However, the approach to very high IgE levels
in asthmatic patients is problematic because most of the
serum IgE in patients is nonspecific or “nonsense,” mak-
ing large doses less than efficient because only a modi-
cum of the free IgE is relevant clinically.

Physicians also have questioned the wisdom of rais-
ing the serum IgE (as reflected by complexes of IgE and
anti-IgE) to enormous levels via complexes. If the gen-
eral observations of an expected rise in serum IgE is
three to five times the baseline, a patient starting with
2000 IU/mL could have, after treatment, a serum level
of 10,000 IU/mL or more. We know that the majority of
complexes in the usual range are heximers and trimers,
but we do not have good studies of the environment
when very high levels of IgE exist. There are no pub-
lished reports or abstracts proving a good clinical re-
sponse in asthmatic patients with very high IgE. How-
ever, preliminary research done in atopic dogs shows
improvement in dermatitis in animals with extremely
high serum IgE levels.3 Dermatitis in the human still
has not paralleled the canine experience.4

Physicians do have the ability to use omalizumab
“off label,” but the seas are uncharted. Although most
physicians are clinically unconcerned about using the
agent in lower than recommended dosages, they feel
less comfortable using higher dosages.

WHAT ABOUT THE USE OF ANTI-IgE IN
PATIENTS WITH TOTAL IgE LEVELS <30 IU/mL?

Because the stated and approved purpose of therapeu-
tic anti-IgE is to lower the free IgE level, there was ini-
tially little enthusiasm for attacking processes having al-
ready low total IgE levels despite the established
observation that many patients with obvious, indeed life
threatening, food, insect, and latex allergy, and asthma,
may have “normal” or “low” total levels of IgE. Low IgE
levels may be more important in some asthmatic patients,
artificially lowered levels secondary to chronic steroid
use are seen.5,6 For the clinician and asthmatic patient, the
process of application for insurance coverage for poten-
tial anti-IgE therapy is frustrating if the minimum IgE
level of 30 IU/mL is mandatory for initial consideration.

Publications and abstracts have appeared suggesting
that some individuals with �30 IU/mL have good
responses with anti-IgE treatment in latex and peanut
sensitivity.7,8 The progress of these patients and others
has called into question the primary goal of anti-IgE
therapy as solely a reduction in serum levels of IgE and
Fc�RI expression on mast cells and basophils. It opens
up additional explanations for asthma improvement
including depression of IgE-bearing “B” cells.

Anti-IgE also has been shown to inhibit late-phase re-
actions and inflammatory cells, certainly a critical feature
of asthma.9 An intriguing study by Tedeschi et al.10 also
reviews the consistent presence of autologous antibodies
in patients with “nonallergic” asthma and suggests a
therapeutic effect of IgE: anti-IgE complexes in addition
to decreases in tissue eosinophils, lymphocytes, and in-
terleukin-4-positive cells. Could this be one of the expla-
nations for anecdotal success in patients with low total
IgE, so-called “intrinsic asthma”?10

Overall, most physicians and most enlightened insur-
ance carriers are likely not to use an IgE level of 29
IU/mL as a reason for denial, although the lower the IgE
level is, the more likely is denial. The author would add
anecdotally that the most consistent and dramatic re-
sponses in a series of 60 asthmatic patients in clinical
experience have come from the treatment patients with
the lower total levels of IgE,11 an observation diametri-
cally opposed to published profiling efforts working
from data and trials excluding these patients from
study.12

WHAT ABOUT THE USE OF ANTI-IgE IN
PREGNANCY?

Although it is not common clinical practice to initiate
omalizumab in a pregnant asthmatic patient, it is very
possible that a woman of child-bearing age, particularly
those with a good clinical response, may become preg-
nant while receiving this long-term therapy. Most aller-
gists have reacted by using the same principles used in
specific allergy (IT) immunotherapy—to continue the
treatment. Although the philosophy is parallel, there re-
ally is no knowledge as to parallel risk. Omalizumab is
rated as a category B drug. There have been reports of
spontaneous abortion during therapy, but no indication
that it exceeds the expected rate. Birth defects associated
with therapy still have not been reported.

WHAT IS THE RISK OF CANCER?
A common notion among physicians is that allergic

people may be more resistant to certain forms of cancer,
therefore raising the possibility of increased cancer if the
IgE system was compromised. This concept of a lower
cancer rate in atopy was first presented in 1977.13 It was
followed with a comparative survey of 392 patients with
three types of malignancy and 303 controls.14 The con-
clusion was that the patients with endodermal neoplasia
(lung, gut, bladder, and prostate) had lowered forms of
allergic disease. A more recent study with a larger sample
size of 6913 patients with smoking, asthma, hay fever,
hives, or food allergy suggested the contrary—that aller-
gic patients had a slightly higher risk odds ratio for
developing some types of malignancy.15 It is unlikely that
either study had sufficient patient populations.
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A detailed analysis of the available literature from clin-
ical trial patients managed with anti-IgE is reassuring.
Malignancies were noted in 20 of 4127 (0.5%) patients
exposed to anti-IgE compared with 5 of 2236 (0.2%) of
control patients, which on the surface might cause con-
cern. However, a more in-depth analysis finds that the
vast majority of the 20 cases occurred in an older patient
population, which was not matched with controls. At
least five of 20 had the same cancer before exposure to
anti-IgE or were entered in the trial with existing cancer.
The time of exposure to anti-IgE was too short for the
tumors to be induced and to grow to the substantial sizes
reported. The tumors found were of seemingly random
distribution of ectodermal, endodermal, and mesodermal
categories. These various observations have led a panel of
hemonchologists in preliminary analysis to suggest there
is no concern for causation of malignancy by anti-IgE
based on current data.

Although the surveys or initial data are not compel-
ling in implicating a role of IgE in protecting against
malignancy, such a possibility is intriguing and war-
rants additional studies. IgE receptor expression pro-
vides eosinophils with means to exert their antitumoral
activity through IgE-mediated antibody-dependent
cellular cytotoxicity. In addition, eosinophils play a
role in interleukin-4 antitumor activity and FcaR,
FcaR1, and FcyR contribute to antitumor activity. In-
deed, IgE-specific antitumor antibodies have shown
promise in animal models as therapy for ovarian tu-
mors, suggesting that IgE may be used, with manipu-
lation, as direct anticancer defense16

Ongoing studies of the potential for cancer associa-
tion include the “Epidemiologic Study of Xolair (oma-
lizumab): Evaluating Clinical Effectiveness and Long-
Term Safety in Patients with Moderate-to-Severe
Asthma” (Excels). This is a 5-year study seeking to
compare 5000 omalizumab-treated patients with 2500
nontreated patients. The primary outcome measures
will include the incidence of all malignancies excluding
nonmelanoma skin carcinoma.

IS THERE A GREATER RISK OF PARASITIC
INFECTIONS IN PATIENTS TREATED WITH
ANTI-IgE?

Because IgE has a role in the defense against para-
sites, there naturally is some concern about disabling
this defense mechanism—particularly in populations
of people who travel to areas where parasitic infections
are endemic.16 But the reduction of IgE, whether phar-
maceutical or by anti-IgE monoclonal antibodies, may
actually improve the disease process of parasitosis by
leading to reduced worm burden and decreased egg
production in schistasoma and Paragonimus westermani.
Suppression of nonspecific IgE may allow more spe-
cific antiparasitic IgE and IgE-independent cellular tox-

icity enhanced by reduction of parasitic-specific IgE to
Fc�R1/CD23 on macrophages and eosinophils.17,18

A more pressing issue clinically is the inadvertent
use of anti-IgE treatment in cases of existing parasito-
sis, particularly in cases of strongyloides because of the
possibility of super infection19. However, those indi-
viduals are likely to have an IgE of �1000 and are
therefore not good candidates for treatment of patients
under consideration for anti-IgE treatment. There is
additional evidence of lack of danger from anti-IgE
after an analysis of individuals in Brazil.20 One hun-
dred thirty-seven patients (68 patients with anti-IgE
and 69 patients on placebo) at high risk of infection
with ascariasis were observed for 1 year. The geo-
helmith infection rate was slightly higher in the treated
group than in the placebo group. Clinically, the course,
severity, and response to treatment were the same.

In clinical trials of anti-IgE in asthmatic and allergic
patients, 0.19% of patients on active drug reported
headlice, swimmers’ itch, pinworm, scabies, or amoe-
biasis compared with 0.16% of placebo-treated pa-
tients. There was no difference in the intensity or du-
ration of disease between the two groups.21 Despite
these reassuring studies, widespread use of anti-IgE is
being monitored carefully.

WHAT ARE THE IMPLICATIONS OF SKIN
TESTS THAT REMAIN POSITIVE AFTER
TREATMENT?

It is logical to assume that, because of careful initial
and follow-up studies showing reduction in receptors
and, indeed, skin tests, the clinical experience should
follow.22–24 However, some evidence from preliminary
abstracts and large numbers of anecdotal reports sug-
gest that skin tests may remain in many asthmatic
patients despite extended treatment.25–27

If skin-prick tests do remain for an extended period,
either the dosage suggested for anti-IgE is inadequate
or the half-life of IgE implanted on the mast cells is
longer than anticipated. In the review by Soresi and
Togias,1 there is a suggestion that skin mast cells reflect
those in the lungs closely. Positive skin-prick tests sug-
gest an immune system that is armed and dangerous.
Indeed, at least three cases of anaphylaxis with stan-
dard IT have been reported despite at least 6 months of
pretreatment with omalizumab.27 Figure 1 shows little
change in the initial and 6-month follow-up prick-
puncture tests for common antigens in a patient on
standard IT and anti-IgE concomitantly. This patient
experienced Grade III anaphylaxis within 20 minutes
of an allergy injection despite 1 year of anti-IgE treat-
ment. The potential for anaphylaxis should come as no
surprise because some anaphylaxis was noted in pea-
nut trials despite high levels of anti-IgE.28 Additional,
larger, and more rigorous studies of these observations
are indicated.
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IS ANTI-IgE USEFUL IN RUSH IT OR
CONCOMITANT-SPECIFIC IT?

One of the most attractive uses of anti-IgE might be
its assistance in preparing sensitive patients for either
rush IT, or even standard specific antigen IT. Initial
trials with the combination have raised both expecta-
tions and warnings.29,30,33,34

Follow-up studies, as reported in this review by
Parks and Casale,35 suggest that anti-IgE is helpful in
reducing most of the parameters associated with ana-
phylaxis; however, caution is advised for physicians in
interpreting these results for “off-label” use of anti-IgE
as preparation for standard clinical rush because the
final doses used in these studies are considerably lower
than what is normally considered “maintenance” for
usual rush doses. Indeed �70% of systemic reactions
are encountered in standard rush (with pretreatment)
in the last two doses, leading to maintenance doses as
defined in practice parameters.31 More studies with
more aggressive doses are definitely indicated.

Because IgE is tied up in a complex of IgE:IgG,
another theoretical concern for IT and anti-IgE is
whether injected antigen may be found by complexes
of IgE:IgG. That may affect the immune system’s pro-
cessing of antigen and contribute to a diminished ef-
fect. Although merely annoying with aeroallergens, the
combination of insect venom and anti-IgE with less
than optimal response is much more problematic.

ARE THE COMPLEXES ASSOCIATED WITH
ANTI-IgE USEFUL, PROBLEMATIC, OR
INCONSEQUENTIAL?

Omalizumab has two binding FAb arms for antigens.
IgE has two sites for the binding by omalizumab. For
the most part, the complexes formed by IgE and anti-
IgE have been considered inconsequential because the
complexes formed by omalizumab and IgE in the

treated patients are small, with the most common con-
taining three omalizumab IgG and three IgE molecules.
These complexes are soluble and stable, suggesting
that the immune complexes do not deposit in kidneys
and do not elicit antibody response in the treated pa-
tients. What is not known is whether the free FAb arms
of the bound IgE can attract and bind antigen it sees in
blood or tissue. Because it seems reasonable that they
can, the complex actually may act as a giant floating
buffer, particularly when the IgE level is initially high.
To see IgE levels increase 2–10 times is not unusual,
leaving many to wonder about the fate of absorbed or
injected antigen. “Is that good—are these complexes
therapeutic—do they prevent normal antigen process-
ing?” Varghese et al. reported a decrease in wheal size
immediately after injections of omalizumab and have
theorized that the IgE/allergen immune complexes
stearically hinder the use of allergen and IgE on mast
cells.32

There are anomalies of complex formation. Because
total IgE theoretically increases 2–10 times as commercial
assays detect both free IgE and that tied up in complexes,
total IgE assays are not commonly done. However, some
physicians following editorial suggestions25 have noticed
that total IgE may not consistently increase after anti-IgE
immunization.28 The serum levels, baseline and after 6
months of treatment are presented for 60 patients fol-
lowed in clinical patients on anti-IgE in Fig. 2. Although
the average rise of total IgE is 3.5 times that of baseline, as
many as 8–10% of patients may see either a decrease or a
minimal rise. These findings suggest that either the com-
plexes are being more rapidly metabolized or that lower
levels of IgE are being produced, perhaps as a result of
specific B-cell depression or B-cell switching. The aca-
demic hazard of using unpaired samples in national lab-
oratories is acknowledged, and rigid analysis of IgE level
using uniform labs and paired samples is suggested.
Additional, larger, and well-designed trials looking for
anomalies of B-cell function, complex formation and ef-
fect, total IgE levels above and below the usual recom-
mended levels for treatment, and skin-test persistence
may assist in profiling potential responders to treatment.

HOW LONG SHOULD ANTI-IgE BE USED?
Currently, there are no published studies to suggest

the length of time asthmatic patients should be treated
with anti-IgE. The lack of an end point is one of the
major reasons that insurance carriers place so many
barriers to approval. If the current mechanism of action
is correct, there is no reason to expect that discontinu-
ation of therapy would not result in reaccumulation of
IgE and resumption of the disease process. Although
some studies have confirmed that it may take a year for
the IgE levels to fall to normal, a notable omission in
our knowledge base has been follow-up of asthmatic

Figure 1. Skin testing on patients before and during anti-IgE therapy.
(A) Baseline skin-prick puncture; (B) 6-month skin-prick puncture.
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patients treated in the longer clinical trials. Although it
is a common opinion among physicians associated
with clinical trials that patients may not reexacerbate to
pretreatment levels, no studies or reports of clinical
follow-up are seen in the medical literature. However,

increasing evidence of the more central effect of anti-
IgE may give some hope to the establishment of an end
point. Many physicians extrapolate customs associated
with standard IT to alter both the frequency and the
length of anti-IgE therapy.

Figure 2. Left: Changes in IgE levels measured in commercial laboratories over six months of treatment with omalizumab. Right: Serum IgE
levels at baseline and at 6 months (horizontal axis: IgE, IU/mL baseline 6 months).
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HOW WILL ANTI-IgE BE MADE IN THE
FUTURE—WILL IT GET LESS EXPENSIVE?

Those physicians fortunate enough to visit the man-
ufacturing facilities for anti-IgE will see the equivalent
of a top-secret space-age brewery. Anti-IgE is brewed
in row after row of 15,000-liter stainless steel vats man-
aged by workers dressed in HAZMAT suits. There is at
least hope that, once research and development costs
are recovered and processes are smoothed out, the
large costs associated with this and other biotechno-
logical products will decrease.

On the distant horizon is the possibility of human
monoclonal antibodies being produced by transgenic
animals.36,37 Four milligrams of monoclonal antibodies
are found in each egg of transgenic chickens. Perhaps
someday the incredible edible egg also may manage
allergy and asthma.
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