S9sPISIP

g
g
3
g
<

g
5
3
g
E
2.

Efficacy of combination treatment with
anti-lgE plus specific immunotherapy in
polysensitized children and adolescents
with seasonal allergic rhinitis
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Uwe Schauer, MD,d Wolfgang Kamin, MD,¢ Andrea Von Berg, MD,f

Wolfgang Leupold, MD,9 Karl-Christian Bergmann, MD,h Claudia
Rolinck-Werninghaus, MD,i Michael Griave, MSc,» Thomas Hultsch, MD,i Ulrich
Wahn, MD,i and the Omalizumab Rhinitis Study Group Freiburg, Nuernberg, Bonn,

Bochum, Mainz, Wesel, Dresden, Bad Lippspringe, and Berlin, Germany, and Basel, Switzerland

Background: Specific immunotherapy (SIT) and treatment
with monoclonal anti-IgE antibody have complementary
modes of action.

Objective: The purpose of this study was to determine whether
combined therapy could provide better efficacy than either
treatment alone.

Methods: We conducted a randomized, double-blinded trial to
assess the efficacy and safety of subcutaneously administered
anti-IgE (omalizumab) or placebo in children and adolescents
with seasonal allergic rhinitis in both a birch pollen season and
a grass pollen season (sequential seasons together lasting an
average of 84 days). There were 4 treatment arms. Each sub-
ject was started on SIT-birch or SIT-grass, and anti-IgE or
placebo was started before and maintained during the antici-
pated pollen seasons (a total of 24 weeks). The primary effica-
cy variable was symptom load, the sum of daily symptom
severity score plus rescue medication use.

Results: A total of 221 subjects (intent-to-treat population) aged
6 to 17 years were analyzed for efficacy. Combination therapy
reduced symptom load over the 2 pollen seasons by 48% (P <
.001) over SIT alone. When analyzed separately by season, the
2 groups receiving unrelated SIT were considered placebo con-
trols. In the grass season, symptom loads were as follows: unre-
lated (birch) SIT + placebo, 0.89 (reference value); unrelated
(birch) SIT + anti-IgE, 0.49 (-45%); SIT-grass + placebo, 0.61
(=32%); SIT-grass + anti-IgE, 0.26 (-71%).

Conclusion: Anti-IgE therapy conferred a protective effect
independent of the type of allergen. Additional clinical benefit
was demonstrated in both pollen seasons, whether there was
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coverage by SIT or not. This combination might prove useful
for the treatment of allergic rhinitis, particularly for polysensi-
tized patients. (J Allergy Clin Immunol 2002;109:274-80.)

Key words: Anti-IgE, omalizumab, specific inmunotherapy, sea-
sonal allergic rhinitis, children, adolescents

The management of allergic diseases is based on the
general principles of environmental control (allergen
avoidance), pharmacologic therapy, allergen immunother-
apy, and patient education.!:2 Specific immunotherapy
(SIT) can be an effective treatment for allergic rhinitis and
allergic asthma3 if adequate doses of standardized aller-
gens are administered,* with the possibility of long-term
benefits extending beyond the course of treatment.5 How-
ever, there are safety concerns associated with SIT, par-
ticularly the risk of systemic anaphylactic reactions (in
<1% of patients receiving conventional immunotherapy,
increasing to >36% in patients receiving rush protocols®).
The clinical effect of SIT might be incomplete in the first
year of therapy,’ especially in polysensitized patients.8

The monoclonal anti-IgE antibody, omalizumab, low-
ers levels of serum free IgE in human beings and reduces
IgE-mediated symptoms,® regardless of the allergen
specificity (and biological role) of the IgE involved. Effi-
cacy of anti-IgE versus placebo in reducing the severity
of symptoms of seasonal allergic rhinitis (SAR) and in
improving rhinoconjunctivitis-specific quality of life has
been reported.® Efficacy in patients with allergic asthma
has also been reported, anti-IgE being used as an intra-
venously administered formulation!? and, more recently,
as a subcutaneous injection given every 2 or 4 weeks.11
In these studies, anti-IgE treatment significantly reduced
the requirement for concomitant medication (antihista-
mines for rhinitis, inhaled corticosteroids for asthma).

We were interested in determining whether the combi-
nation of “passive immunization” (with anti-IgE) and
active immunization (SIT, with standardized allergen
extracts) would prove clinically superior to SIT alone.
The objective of our study was to investigate the effect of
anti-IgE in combination with SIT in polysensitized chil-
dren and adolescents with moderate-to-severe SAR who
had not been adequately controlled by pharmacotherapy
during the previous season.
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Abbreviations used
ITT: Intention-to-treat
SAR: Seasonal allergic rhinitis
SIT: Specific immunotherapy

METHODS
Study design

This was a randomized, double-blinded, placebo-controlled, par-
allel-group study conducted in 17 centers in Germany. We enrolled
children and adolescents aged 6 to 17 years, each with a clinical his-
tory of birch pollen-induced and grass pollen—-induced SAR within
at least the previous 2 years. The presence of IgE specific for birch
and grass pollen was confirmed in all subjects (0.7 U/L; CAP
class, >2). Subjects with perennial allergic rhinitis were excluded,
as were (a) those with total serum IgE levels outside the range 30 to
1300 IU/mL and (b) those who had body weight >100 kg for rea-
sons of dosing. Signed informed consent was obtained from all sub-
jects and/or their guardians, and the study design was approved by
the ethics committees of the participating centers.

The pollen seasons for birch and grass in Germany are sequential
and well defined; they run from February to July, depending on the
location of the center. Pollen counts were assessed systematically in
all centers, and the start and the end of the pollen season were each
defined as a threshold of >10 grains/m3/24 hours for 3 consecutive
days for birch and >5 grains/m3/24 hours for grass. The efficacy
analysis was based on diary information collected only during the
defined pollen seasons (on average, a total of 84 days in this study).

Each subject was randomized to one of 4 treatment groups. For
at least 14 weeks before the start of the birch pollen season, 2 of the
groups (A and B) received SIT-birch given subcutaneously (ALK-
Scherax/Abello, Berlin, Germany); the other 2 groups (C and D)
received SIT-grass. The birch pollen extract contained 12.3 ug of
major allergen (bet v 1) per 100,000 SQ units. The grass pollen
extract, a mix of 6 grasses and secale, contained the following quan-
tities of major allergen (in pug per 100,000 SQ units): Phleum
pratense, 20.2; Avena eliator, 12.0; Dactylis glomerate, 12.0; Loli-
um perenne, 12.5; Poa pratense, 15.2; Festuca pratense, 18.6;
Secale sereale, 10.2. The grass pollen extract thus provided an aver-
age of 14.4 pg of major allergen per 100,000 SQ units. For both
birch pollen and grass pollen, 12 SIT injections at 1-week intervals
were given during the build-up phase before the birch season; this
was followed by 5 maintenance injections at 4-week intervals. In 27
subjects (12.2%), build-up continued beyond the 12th week. A total
of 181 patients (81.9%) reached the maintenance dose of 100,000
SQ units, and a mean maintenance dose of 86,905 SQ units was
achieved. The mean cumulative dose of SIT-birch allergen extracts
administered before the birch season was 394,300 SQ units; the
mean cumulative dose of SIT-grass allergen extracts administered
before the grass season was 478,000 SQ units. After 12 weeks of
SIT titration, placebo (groups A and C) or anti-IgE (omalizumab;
groups B and D) was added for 24 weeks (Fig 1).

Anti-IgE or placebo was given in parallel to the SIT maintenance
injections, the result being no additional office visits for patients
receiving the study drug at 4-week intervals. Additional visits were
required only if anti-IgE/placebo was administered at 2-week inter-
vals (in patients with high IgE levels or high body weight). Anti-IgE
was administered subcutaneously on the basis of body weight and
serum total IgE, providing a dose of at least 0.016 mg/kg per IU/mL
of IgE every 4 weeks.

Daily symptom severity scores (eyes and nose) and rescue med-
ication usage were assessed during the pollen seasons. The symptom
severity score was the mean of the daily symptom severity scores
during the pollen seasons; the rescue medication score was the mean

Kuehr et al 275

of the daily rescue medication scores during the pollen seasons. The
primary efficacy variable was the daily symptom load—ie, the sum of
the mean daily symptom severity score plus the mean daily rescue
medication score. For the symptom severity score, the severity of
each of the following 7 symptoms was recorded daily by patients on
a 4-point scale (0 = none; 3 = severe): itchy, runny, or stuffy nose or
sneezing; itchy, watery, or red eyes. Rescue medication usage was
scored daily on a 4-point scale (0 = no rhinitis medication; 1 = topi-
cal nasal, ocular, or lung treatment apart from corticosteroids; 2 =
systemic antihistamines; 3 = systemic or topical corticosteroids for
nose or lung). When more than one rescue medication was used on
the same day, only the maximal score medication was recorded.
Patients were supplied with certain permitted rescue medications for
use as needed according to a predefined schedule: topical levocabas-
tine (eye drops and nasal spray) and inhaled salbutamol (step 1), cet-
irizine (step 2), and prednisolone (step 3). Leukotriene antagonists
and cromones were not permitted.

All adverse events were recorded and monitored. Hematology
evaluations, blood chemistry evaluations, urinalysis, baseline IgE
determination, and specific IgE assays were carried out at a central
laboratory. Hematology evaluations included hemoglobin, hemat-
ocrit, white blood cell count and differential, red blood cell, and
platelet counts. Blood chemistry included sodium, potassium, pro-
tein, albumin, calcium, total bilirubin, serum glutamic pyruvate
transaminase, serum glutamic oxaloacetate transaminase, alkaline
phosphatase, glucose, creatinine, blood urea nitrogen, and uric acid.

Statistical analysis

The Wilcoxon rank sum test was used for confirmatory analysis
of efficacy variables. Mean ranks were used for tied observations,
the test being based on normal approximations. The predefined
multiple type I error was set to 5%. Corresponding 2-sided CIs were
calculated.

All analyses were performed on the intention-to-treat (ITT) pop-
ulation. The ITT population was defined as all patients in the safe-
ty population for whom an efficacy evaluation was performed (the
safety population comprised all patients who received at least 1
dose of anti-IgE or placebo).

RESULTS
Patients

In all, 225 patients were randomized and 219 com-
pleted the study. A total of 221 patients (the ITT popula-
tion) received combination therapy and were analyzed
for efficacy (Table I). The safety population included an
additional patient who started treatment but withdrew
consent before the birch pollen season.

Efficacy

The symptom load during the entire pollen season
(birch and grass) is shown in Fig 2, A. A reduction of 48%
in the median symptom load score in favor of anti-IgE
versus placebo was observed for both analyses, SIT-birch
+ placebo vs SIT-birch + anti-IgE (P < .001) and for SIT-
grass + placebo vs SIT-grass + anti-IgE (P < .001).

For the birch season (Fig 2, B), the SIT-grass therapy
(group C, the unrelated grass allergen for that season) was
considered a placebo control (reference) for SIT-birch. In
comparison with the reference (group C), anti-IgE (group
D) reduced symptom load by 39% (P = .1). Unexpected-
ly, the relevant SIT-birch (group A) showed no improve-
ment over group C (symptom load increase, 5%; P = .43).
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| SIT (grass) + anti-IgE (D)

: : n =59

| SIT Titration *SIT build up + study drug !
Week 0 Week 12 Week 36
*NO SIT dose reduction planned for allergen season
FIG 1. Study design.
TABLE I. Baseline characteristics of the subjects (ITT population)
Group
A: SIT-birch B: SIT-birch C: SIT-grass D: SIT-grass

Characteristic + placebo + anti-lgE + placebo + anti-IgE All subjects
n (F/M) 54 (23/31) 55 (24/31) 53 (15/38) 59 (31/28) 221 (93/128)
Age (y)* 12 (6-17) 12 (6-17) 12 (6-17) 12 (6-17) 12 (6-17)
Duration of SAR (y)t 5(@3,13) 6(3,13) 5@, 13) 6(3,12) 5@, 12)
Total IgE (kU/L)¥ 302 (52, 880) 315 (71, 913) 409 (53, 745) 413 (87, 962) 345 (75, 906)
Specific IgE# to birch (kU/L)¥ 9 (1, 125) 6(1,73) 5(0, 125)§ 10 (1, 125) 7 (1, 125)
Specific IgE# to grass (KU/L)T 52 (2, 125) 66 (2, 125) 58 (1, 125) 75 (3, 125) 62 (2, 125)

SIT, Specific immunotherapy; SAR, seasonal allergic rhinitis; F, female; M, male.

*Data are presented as median (range) values.

fData are presented as median values; (5%, 95%) percentiles are given in parentheses.
#Specific IgE values greater than 100 were set to 125; values less than 0.35 were set to 0.
§One patient with the 0 value at baseline had positive IgE to grass within 3 months before baseline and a clear clinical history of grass-induced symptoms.

The combination of relevant SIT with anti-IgE (group B),
however, showed the lowest symptom load score (48%
reduction from group C, P = .08). Moreover, in compari-
son with relevant SIT alone, the addition of anti-IgE
reduced symptom load by 50% (A vs B, P =.003).

For the grass pollen season (Fig 2, C), SIT-birch alone
(group A) was considered a placebo control (reference).
Addition of anti-IgE (group B) reduced symptom load by
45% in comparison with group A (P < .001). The relevant
SIT-grass (group C) showed the expected outcome, reduc-
ing symptom load by 32% in comparison with reference
group A (P = .1). The combination of relevant SIT and
anti-IgE (group D) had the maximum effect, with a 71%
decrease from group A (P < .001). Finally, anti-IgE also
had a significant effect over and above the relevant SIT
(group D vs group C), decreasing symptom load by 57%
(P =.001). Fig 2, C also illustrates that SIT had an addi-
tive effect to anti-IgE, inasmuch as the group receiving
anti-IgE plus relevant SIT (group D) had a significantly

lower symptom load (P = .032; data not shown) than
those receiving anti-IgE plus the unrelated SIT (group B).

When symptom load was broken down into its 2 com-
ponents, rescue medication score and symptom severity,
it was apparent that rescue medication reduction was a
major contributing factor to improved symptom load. In
the SIT-birch group, the median rescue medication score
was reduced by 78% (0.27 vs 0.06; P < .001). In the SIT-
grass group, the median rescue medication score
decreased by 81% (0.16 vs 0.03; P = .001). The use of
corticosteroids was recorded by 15 patients in the pooled
SIT + placebo group (including 11 in the SIT-birch group
during the grass pollen season) and 5 patients in the SIT
+ anti-IgE group. The proportion of days when rescue
medication was used was significantly lower in the SIT +
anti-IgE groups than in the placebo groups (median per-
cent of days of the entire pollen season, 4.36 vs 15.07; P
< .001). The proportion of days when allergy symptoms
occurred was also significantly lower in the SIT + anti-
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FIG 2. A, Symptom load during the entire pollen season (birch and grass).

IgE groups versus placebo (median percent of days of the
entire pollen season, 58.6 vs 79.3; P < .001).

The second component of symptom load, symptom
severity, decreased significantly with the addition of anti-
IgE in the separate SIT groups and overall (median
scores from pooled data, 0.40 vs 0.24; P < .001).

Safety

A total of 221 patients entered the pollen season and
received combination therapy; 219 patients completed the
study. For the safety analysis, all anti-IgE patients were
pooled (n = 114) and compared with the rest of the popu-
lation. There were no serious adverse events related to
study drug administration reported in the study. Eighty
percent of the patients in the 2 treatment groups reported
adverse events (Table II), of which the most frequently
reported in both groups were cough, headache (each in
approximately 25% of patients), and upper respiratory
tract infection (approximately 15%). Interestingly, eczema
lesions were reported exclusively in the placebo group;
there were none in the anti-IgE group. Events considered
related to the study drug (either SIT or anti-IgE/placebo)
were more frequent in the SIT + anti-IgE groups (25%)
than in the SIT + placebo groups (16%). This difference
was already observed during the titration period (SIT
injections only) and hence seems unrelated to anti-IgE.

Injection site reactions, defined as redness, swelling,
induration, pain, reduced mobility, or any combination of
these, were assessed for SIT and anti-IgE/placebo injec-
tion sites separately. Such reactions were common and
did not differ significantly between the 2 types of treat-
ment (in 77% to 92% of patients at the anti-IgE/placebo
site and in 78% to 91% of patients at the SIT site).

Urticaria occurred in 2 patients on anti-IgE and in no

patients on placebo during the 24-week combination
treatment period. Both cases were moderate, were con-
sidered unrelated to the study drug, and resolved within
1 week. There were no cases of anaphylaxis. The fre-
quency of adverse events in the younger children (6-12
years old; n = 132) did not differ from that in the overall
population (n = 222).

Of the 900 blood samples taken during this study, isolat-
ed occurrences of platelet counts <150 x 109/L were seen
during the treatment phase on 13 occasions (10 subjects, 9
on active and 1 on placebo treatment; range, 47 to 148 x
10%/L). In addition, platelet counts in 4 subjects were low
before anti-IgE administration. Both in subjects with low
values during treatment and in subjects with low baseline
values, the levels returned to normal counts (>150 x 109/L)
at the subsequent blood sampling while the subjects were
receiving anti-IgE treatment. No bleeding was observed.

DISCUSSION

Complex cases of SAR—eg, patients with multiple
allergic symptoms incompletely controlled by conven-
tional pharmacotherapy or immunotherapy—represent a
clinical challenge. In this study we investigated the ben-
efit of anti-IgE in the management of these patients.

The burden of the disease was assessed with a symp-
tom load score, a construct combining symptom severity
and rescue medication use. We propose this score to be
more robust than either symptom severity score or rescue
medication score alone, inasmuch as it assesses the ben-
efit for patients regardless of their preference to reduce
medication or to reduce clinical symptoms.

The results show a reduction of 48% in symptom load for
the entire combined pollen season (average length, 84 days)
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B. Birch-season only
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P <.001
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FIG 2. (continued) B, Symptom load during the birch pollen season. C, Symptom load during the grass pollen season.

for SIT + anti-IgE—treated patients in comparison with those
on SIT alone. This observation strongly supports the prima-
ry hypothesis of the study and suggests that combination
therapy is a meaningful improvement over current standard

therapy for the management of complex cases of SAR.
Moreover, when analyzed by season, anti-IgE reliably
reduced allergen-induced symptom load regardless of the
nature of the allergen and the efficacy of conventional SIT.
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TABLE Il. Adverse events in most frequently affected body systems (>5.0% in any group, safety population)

No. of patients (%)

System organ class and adverse event

SIT pooled + anti-IgE (n = 114)

SIT pooled + placebo (n = 108)

Ear and labyrinth
Earache
Gastrointestinal
Sore throat*
Nausea
Diarrhea*
General disorders and administration site conditions
Injection site pain
Injection site reaction®
Pyrexia
Injection site edema
Peripheral swelling
Injection site pruritus
Infections and infestations
Upper respiratory tract infection*®
Nasopharyngitis
Influenza
Nervous system
Headache*
Respiratory, thoracic, and mediastinal
Cough
Dyspnea*
Rhinitis*
Asthma*
Skin and subcutaneous tissue disorders
Eczema*
Pruritus*

6 (5.3) 3(2.8)
16 (14.0) 7(6.5)
8 (7.0) 8 (7.4)
7(6.1) 6 (5.6)
7(6.1) 2(1.9)
7 (6.1) 1(0.9)
6 (5.3) 5 (4.6)
6 (5.3) 4(3.7)
6 (5.3) 4 (3.7)
5 (4.4) 6 (5.6)
17 (14.9) 13 (12.0)
16 (14.0) 14 (13.0)
1(0.9) 7 (6.5)
29 (25.4) 25(23.2)
30 (26.3) 25(23.2)
6 (5.3) 5 (4.6)
2 (1.8) 9 (8.3)
2(1.8) 7 (6.5)
0 (0) 7(6.5)
6 (5.3) 6 (5.6)

*Not otherwise specified.

In the first pollen season (birch; average length, 23
days) anti-IgE reduced symptom load in combination with
either form of SIT: related SIT (group B vs group C, 48%)
or placebo SIT (group C vs group D, 39%). The unexpect-
ed lack of efficacy of SIT-birch (group A vs group C) was
possibly caused by early pollen exposure—before ade-
quate cumulative SIT doses were administered—and lim-
its our findings during the first pollen season (birch). The
observed poor effect of SIT-birch might also reflect the
very modest symptom load score in this group.

In the second pollen season (grass; average length, 61
days), marked benefits were observed with the addition of
anti-IgE: a 71% reduction of symptom load in combination
with related SIT-grass (group A vs group D) and a 45%
improvement over unrelated SIT (group A vs group B). The
expected effect of SIT-grass was seen in the grass season
(group A vs group C), likely related to the higher cumula-
tive dose of allergen extract administered before grass
pollen exposure. It is also of interest to examine whether
SIT adds to the response to anti-IgE, given that it has
already been established that anti-IgE is an effective treat-
ment for seasonal allergic rhinitis.” The significant 47%
decrease in symptom load for the patients receiving the rel-
evant (grass) SIT with anti-IgE in comparison with those
receiving anti-IgE with the unrelated (birch) SIT indicates
that there is an additive effect of the 2 forms of treatment.

The changes in rescue medication and symptom sever-
ity scores mirrored the overall symptom load, though to
differing extents: anti-IgE reduced symptom scores by
35% to 45% and rescue medication scores by 78% to

81%. Patients receiving anti-IgE required almost no
additional rhinitis medication, which is of particular
interest in a pediatric population.

The mean exposure to anti-IgE before the start of the
birch pollen season was 45 days. This contrasts with the
findings in the study by Adelroth et al,? in which one half
of the patients were dosed only 7 days or less before the
birch pollen season. The difference in anti-IgE exposure
before the season appears to be crucial for the greater effi-
cacy observed in our study. This accords with other obser-
vations showing significant suppression of IgE-mediated
clinical!213 or in vitro!4 responses after 27 to 90 days.

We believe that the additive efficacy of immunothera-
py and anti-IgE reflects their complementary modes of
action. Whereas SIT is an example of active immuniza-
tion, the administration of anti-IgE reduces the immune
response by decreasing levels of free IgE in the serum
within hours to approximately 10 IU/mL.

Patients with allergic airways disease are commonly sen-
sitized to multiple allergens.!5 Polysensitized patients might
have an enhanced IgE immune response, as shown by high-
er serum levels of total and specific IgE.16 However, SIT
with multiple allergens appears to be less effective than sin-
gle-allergen SIT!7 because the mixture contains too many
allergens for doses of the single allergens to be optimal.!-3
Therefore, anti-IgE is particularly useful for these patients.

The clinical response to SIT generally matures over
several years.”-8 In the early years, when the response is
incomplete, anti-IgE could form a useful adjunctive ther-
apy. It will be of great interest to study whether the addi-
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tive effect of treatment is maintained when the full doses
of SIT have been administered for a prolonged period of,
say, 3 seasons.

Should anti-IgE be chosen over conventional pharma-
cotherapy for combination with SIT in this subgroup of
patients with SAR? As a systemic treatment, anti-IgE can
be administered on a schedule of outpatient visits similar
to that used for SIT, a regimen that patients might prefer
to daily medication.18 Patients with symptoms over a long
period of sequential seasons or with perennial exposure
are likely to find continuing use of conventional medica-
tions unacceptable.*19 In addition, a significant propor-
tion of patients with SAR have inadequate symptom con-
trol despite optimal use of pharmacotherapy20 (and these
patients are candidates for SIT). Because SIT can result in
worsening of atopic eczema, our observation of eczema
lesions only in the placebo group could speak in favor of
beneficial effects of anti-IgE on atopic dermatitis. Previ-
ous studies have shown a reduction of IgE-mediated
early-phase and late-phase reactions 4 to 8 hours after
allergen challenge.!2:13 A further speculative reason for
choosing to use anti-IgE in conjunction with SIT is that its
effect of lowering levels of free IgE in the serum could
help to reduce the risk of SIT-induced systemic IgE-medi-
ated early-phase and late-phase reactions. Of course, this
would not replace the need to administer SIT carefully in
an appropriate setting.1:3 If anti-IgE is protective in
decreasing reactions to SIT, it might have a potential use
in enabling more patients to receive rush SIT, or it might
permit allergists to use higher doses of SIT, inasmuch as
the total allergen dose received is crucial to the efficacy of
SIT. A study is planned to investigate this issue.

In conclusion, treatment with monoclonal anti-IgE
antibody and SIT was more effective than immunothera-
py alone and was well tolerated. This combination thera-
py might be a novel strategy for further reducing symp-
toms and additional rhinitis medication requirements in
patients for whom SIT is indicated. The lack of depen-
dence on allergen specificity makes anti-IgE especially
suitable for use in polysensitized allergic patients.
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